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AN ABSTRACT OF THE THESIS OF Tracy Scott Lebenzon for the 

Master of Arts in History presented February 18, 1988. 

Title: Double Cross: Agriculture and Genetics, 1930 to 

1960. 

APPROVED BY MEMBERS OF THE THESIS COMMITTEE: 

Michael Reardon, Chairman 

This paper discusses the role of genetic technology 

and application in agriculture between 1930 and 1960. Topics 

covered include the role of genetics and the relationship 

that theory, education, administration, professionalism, 

economic and social considerations bore to genetics. 



source material was obtained from literature on 

various aspects of the subject, found at the libraries of 

Portland state University, the University of Washington, 

Oregon State University and the University of Oregon. 

2 

The facts reported in this paper indicate a dramatic 

increase in the use of genetic technology during this era. 

This increase was achieved largely by using analogic 

variants of very few true innovations. Also, as a by-product 

of this increase, there was a concurrent decrease in the 

diversity of cultivars used in agriculture. This decrease 

occurred in part due to neglect on the part individuals 

doing genetic research to develop and/or utilize statistical 

means to measure the relationship between increased use of 

one type of cultivar and concurrent decreases in other types 

of cultivars as a result of non-use. 
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PREFACE 

Genetics is the study of heredity and heritable change. 

Through the period of 1930-1960, the study of agricultural 

genetics and genetics in general was pursued by gaining 

knowledge in the mechanisms of heredity in a multitude of 

cultivar types, and using this knowledge to manipulate 

genetic mechanisms with the goal of increasing productivity 

and quality. This era represents a transformation in that at 

the beginning of this era, geneticists primarily studied 

heredity, and by the end they were working for the first 

time to manipulate the potentials and attributes of 

heredity. 

This paper discusses selected aspects of the 

development of genetic technology in its agricultural 

applications during this era. This time period is notable 

for developments in genetic techniques, the growth of 

professional genetic research and theory, and a significant 

decline in the number of farmers and land used for 

agricultural production in the United States as well as in 

the genetic diversity of cultivars. 

There are several meanings inherent to "Double Cross," 

the title of this paper. These include the predominant 

technique used for agricultural genetics during this era, 

the effect(s) that about 3.2 million farmers who stopped 
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farming, might have felt directly as a result of the wide­

spread application of this technique, and the effects this 

technique has brought upon farming in general as well as the 

biosafety of the planet. 

Additionally, the title has an ironic pertinence to 

what was not done, at least with regard to the apparent 

intentions of genetic researchers in agriculture. What was 

not done was to track the relation between an increased use 

of a select cultivar, and the reduction of other cultivars 

occurring as a by-product of this process. Research in 

agricultural genetics is for a positive end--providing 

increased quantities of nutritional food for a rapidly 

growing population. Due to this, the likelihood of any 

single geneticist or group of geneticists deliberately 

planning to promote one type of cultivar over another, with 

the thought in mind of causing the extension of other 

cultivars, is very slight. Yet that has been one effect of 

the double cross technique. 

What was not done, may be seen as perhaps the most 

elaborate by-product of the double cross. That is, in part 

due to the use of this technique, tens of thousands of 

cultivars were lost between 1930-1960. To this end and in 

the larger issue of the use of Applied Genetics, the double 

cross has perhaps its most ironic (and cynical) application 

in the effect the process of scientific-agricultural 

research may be seen to have brought upon itself and the 
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world at large due to its lack of attention during this era 

to the so called homogeneity issue. The irony is that by 

emphasizing very few cultivar types for production, the 

scientific field has overlooked the most fundamental means 

of perpetuating its product--diverse seed stock. 

However, to emphasize that aspect of the issue would 

be to condemn that area of science beyond the role it played 

in the transformation. The research and increased use of 

hybrid technology was promoted due to the need for securing 

food for the people of the United States and other 

countries, and there is little doubt that these needs could 

have been met without increased technology. However, in 

providing a means to fulfill this need, it is perhaps a 

truth that the extent to which the double cross has been 

used has gone beyond that which was necessary. 

With non-organic production, a tendency to emphasize 

one technique of production extensively over another for the 

purpose of ease of production as well as standardization of 

production is considered common wisdom. In organic 

production, this emphasis will lead to a high degree of 

specialization in the organisms produced. The difference is 

that with organic production, once the base material is 

gone, there is no current way to re-produce it: We can not 

just use another material or combinations of materials to 

produce the same thing. 
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This paper does not make a statement that there was a 

deliberate attempt to cause the destruction of thousands of 

cultivars; rather, that the emphasis was placed so strongly 

upon increasing agricultural production that the loss was a 

by-product which was neither expected or anticipated. 

Histories of genetics emphasize the development of 

genetic technology and theory, usually without going into 

extensive details regarding the extent to which the 

technology has been applied. The emphasis in histories of 

genetics is primarily to show how the theory developed and 

the different aspects to which the technology has been 

adapted. 

Agricultural histories, on the other hand, 

characteristically emphasize the diminishing numbers of 

farmers despite moves to organize farming by the use of 

unions and cooperatives to increase their stability as a 

productive force. The cause or blame of both the decrease 

and the need to organize is attributed primarily to changes 

in Federal policy. 

This paper combines the development of genetic 

technology and agriculture in an attempt to create a 

synthesis in an area were historical information on these 

combined effects is lacking. The focus of this paper is on 

1) the course that agricultural genetics followed and 2) the 

effects brought about by the transformation of genetics in 

the areas of theory, education, administration, 
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professionalism, economic, and social considerations. The 

development of genetic technology has brought about many 

benefits and changes, as well as risks; for that reason, the 

primary issue raised by this paper is whether the benefits 

and changes outweigh the risks. Stated differently, may the 

result of these changes, for whatever reason, be seen as a 

double cross? 



CHAPTER I 

GENETIC TECHNOLOGY, 1930-1960 

A. PRE-1930 BACKGROUND 

The study of genetics was performed by observing 

hereditary attributes of a given organism in an attempt to 

determine the frequency that a given trait will occur 

through several generations. By observing, categorizing, and 

documenting his research, Gregor Mendel wrote the first 

account of hereditary transference in 1866, two years before 

Charles Darwin's study of the variation of Animals and 

Plants was published.1 

Briefly, Mendel's formula for genetic recombination 

incorporated two so-called laws. The first law states that 

the ratio of recombinant dominance will be at approximately 

3 to 1 (3:1) in the second generation. The second law, 

called the law of independent assortment, states that when 

three or four pairs of characters are crossed, their 

elements are independently assorted in the germ-cells of the 

next generation. Although the second law was later found to 

be true only in some instances, the utility of Mendel's 

perspective may be seen as both a fundamental change and an 

advancement over Darwin's perspective of heredity. 
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Darwin stated that the process of natural selection 

was why species evolved from more primitive species. He 

maintained that selection works spontaneously in nature. He 

pointed out that not all individuals of a species are 

exactly the same but, rather, that individuals have 

variations, and that some of these variations make improved 

adaptation to particular ecological conditions. Diversity is 

central to Darwin's perspective of the "survival of the 

fittest." Mendelism may be viewed as a change of perspective 

on evolution which utilizes an instrument to determine 

adaptation "to particular ecological conditions" by showing 

at what rate some aspects were dominant and others were not. 

Mendel's perspective permitted an advancement in that 

by the 3:1 reproductive ratio, he in effect provided a way 

to determine specific traits for recombination. Further, due 

to his law of independent assortment, means or instruments 

were developed to examine the viability of this law. In 

short, by showing a consistent way to observe selection, 

Mendel provided a pattern useful in selecting hereditary 

transference. In turn, this provided the basis for the 

science of genetics. 

B. INSTRUMENTATION PRIOR TO 1930 

One instrument developed prior to 1930 was "linkage," 

the study of the behavior of sex chromosomes. This was 

studied partly to determine what traits were transferred by 
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a given chromosome and partly to find a common basis for 

measuring the frequency of a given trait in successive 

generations. Incomplete linkage was researched by Bateson 

and Punnett in 1905 at Cambridge. In one experiment they 

found that two dominant characteristics were contributed by 

the same parent, a phenomenon called "coupling." In another 

experiment they found that one dominant and one recessive 

gene had been contributed from each parent, a phenomenon 

called "repulsion." The discovery of coupling and repulsion 

led to Bateson's postulate that linkage would work on either 

a 7:1 ratio or a 15:1 ratio, which he called reduplication. 

Unfortunately this postulate was wrong, but it led to the 

identification the male chromosome. 

Mcclung, in 1901 at Columbia University, suggested 

that what is now known as the X chromosome is male 

determining, which was later found to be opposite of of what 

it is. (For a long time there was doubt that it was a 

chromosome; hence the designation "X.") This occurred in an 

attempt to count and identify chromosomes, which later, in 

1905, was successful. In this later analysis, the Y 

chromosome was also found, providing the now familiar XX 

designation for female and XY for male. 

Finding out which chromosome determined which sex 

provided a base of reference for variance on a perceived 1:1 

ratio for male and female, the first ratio that incorporated 

linkage to sex. 2 (Later studies would show that males have a 
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slightly larger reproductive ratio than females; however, 

they also have a higher lethal ratio, allowing the 1:1 ratio 

to stand. 3 ) Having a ratio based on sex provided a greater 

potential of determining the frequency of a given trait. 

This was later aided by the study of crossing over, another 

instrument, developed by Morgan in 1911, at Columbia 

University. 

Crossing over is a process that occurs during meiosis, 

whereby a part of one strand of chromosomes may be exchanged 

with an equivalent part from its partner. The result of 

crossing over is the transmission of parental genes. The 

higher the cross-over frequency, the more extensive the 

recombination of parental genes. Linkage and crossing over 

were two of the primary scientific means of determining 

heredity transference. In effect, they were primary 

instruments in the geneticist's tool box. These instruments 

were not significantly refined until the 1930's, when a 

third, older observational process, called "cytology" was 

integrated into genetic study. 

Cytology, the study of cells, was one of the basic 

means of genetic research, and was existent earlier than 

Mendel's work. The early influence of cytology contributed 

to much of the later genetic research. In brief, cytology is 

a process by which the physical attributes of the cell may 

be determined. By 1924, knowledge of the location of the 

chromosomes within the nucleus were determined on a gross 



level, which led to increased study on several plants and 

animals, in an attempt to determine the the locations of 

crossing over and linkage. 
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In turn, cytological study provided a greater 

understanding of how given characteristics are reproduced in 

successive generations. The recombinant characteristics 

revealed by cytology show that when crossing, any given 

characteristic that will be transferred is dependent upon 

its position on the chromosome and how that interacts with 

its partner. That is, as the transference of heredity 

material is contingent on the physical position of the 

chromosomes during meiosis, and as these tend to act 

consistently, times when Mendel's law of independent 

assortment may apply are limited mostly to contingencies of 

environmental or other outside differences. This contingency 

was the reason for much of the work on recombination and 

environmental effects, and served to lay the foundation for 

later work.s 

C. DEVELOPMENTS IN THEORETICAL GENETICS 

From 1930 to 1960, called the Contemporary era of 

Genetics, the development of Genetic theory was significant 

for increased classification and resolution to determine 

heritable change. Including changes which may be observed on 

a cellular, chemical, and statistical level, as well as 

observable changes occurring on the progeny of a subject, 



Genetic studies incorporated many different aspects of 

biology, chemistry, and statistics to aid the development 

and codification of the subject. 
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The state of the art in genetic developments during 

1931 was a dramatic comprehensive increase in the 

understanding of the relation between cytological and 

genetic phenomena. By 1930, work by Muller6 and others who 

studied the effects of radiation causing mutation to 

specific parts of chromosomes, developed a basically 

codified understanding of the relation between some physical 

characteristics of a specimen, (primarily Drosphila 

Melanogaster--the fruit fly) and the relative positions of 

certain aspects of chromosomes on the cellular level. 

Harriet B. Creighton and Barbara McClintock7 realized that, 

based on the combination of cytological mapping and 

observable heritable characteristics, there were specific 

phenomena originating on a cellular level which produced a 

specific trait in successive generations. By back crossing 

specimens with other specimens not having these traits, 

Creighton et al showed the relation of linkage to the 

reproductive frequency or rate of a given trait. 

Creighton et al investigated Zea may, (Maze) and 

showed by a map of the frequency and type of evidence of a 

knob on the second smallest chromosome that the relation of 

the knob to the number of first generation offspring (Fl) 

also having such a knob, when determined cytologically, was 



a consistent feature of the chromosome having that 

characteristic. That is, the relation of linkage and 

crossing over may be determined cytologically, and those 

findings tend to be consistent with the reproduced 

characteristics of the Zea may8 • The significance of this 

correlation was the realization that paring chromosomes 

change parts at the same time they exchange genes, which is 

during meiosis, as well as providing cytological 

(observable) evidence of the phenomenon. 
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The relation that linkage and crossing over were 

determining aspects of heredity occurring during meiosis was 

allowed by the confluence of cytology and genetics. This 

confluence enabled a consistent measurement on two separate 

occasions, cellular and heritable, to show the rate of 

consistency or frequency of reproductive types, which 

provided a means or "instrument" of predetermining 

hereditary types. Growth in genetics during the 1930's 

consisted of continued combinations of different codified 

aspects of the biological sciences as well as the 

introduction of new aspects, which, focused on rapidly 

reproducing subject matter (homo- or heterozygously), 

permitted an acceleration of investigative techniques. 

G. W. Beadle and E. L. Tatum9 researched biochemical 

reactions in Neurospora (mold) during 1941, to determine the 

nature of genetic interaction on a chemical basis. It was 

accepted that although genes were themselves part of an 



overall organic system, they served to control or regulate 

specific actions-within the system, either by serving as an 

enzyme or by determining the specifications of an enzyme. 

Beadle et al applied the known fact that an organism can be 

irradiated to eliminate its ability to perform a given 

internal process (in this case nutrient metabolism), and 

then placed the irradiated organism on an external medium 

which could provide this removed metabolic ability to 

synthesize nutrients. 

8 

In doing this with Neurospora, they were able to 

determine the relation between the rate of growth and the 

amount of pyridoxine (Vitamin B6) in the culture medium 

provided for the mold. This new procedure provided a means 

of determining what nutrients are necessary for the growth 

of Neurospora. By analogic application of this technique to 

other plants, an increase of plant growth knowledge 

followed. In addition, the potential discovery of new 

vitamins and vitamin-growth relationships became more 

probable. This development was significant toward the 

increased theoretical means of determining nutrient 

benefits. 

Beadle et al investigated the relation between mutated 

specimens and cultures designed to permit growth despite the 

altered state of the organism, with a result of finding a 

predictable means of determining and inducing specific 

changes by chemical modifications. Oswald Avery, Colin 
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Macleod and Maclyn McCarty10 took a similar approach, though 

on a more minute level, when they investigated the chemical 

nature of substances causing transformation in the 

Pneumococcal type bacteria from non-virulent to virulent. 

This research yielded the first account of the significance 

of desoxyribonucleic acid (DNA) as the primary material of 

heredity, and served to link bacteriology with genetics. 

The focus of Avery et al was "to isolate the active 

principle from crude bacterial extracts and to identify, if 

possible, its chemical nature or at least to characterize it 

sufficiently to place it in a general group of known 

chemical substances. 1111 They were looking for a cause of the 

transformation of a strain from non-virulent to virulent, 

and the test results showed that DNA was the principal agent 

in the transformational process. This was the first time DNA 

had been isolated as the cause of such a transformation. 

Refined DNA, "an intracellular enzymen12 was released into 

an active colony of Pneumococcus type II and allowed the 

transformation to Pneumococcus type III. The DNA was 

extracted from type II and applied to type III, with the 

result that the culture colonies became type III. 

This finding was dramatic to the field of genetics. It 

presented a means of explanation on the basis of sub-

cel l ul ar activity to the question of hereditary 

transference. This led to a closer study of the mechanisms, 

physical and chemical, comprising DNA, with the primary aim 



of determining those characteristics and the secondary aim 

of manipulating DNA to effect the base mechanisms of 

heredity. 
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James D. Watson and Francis Crick13 built the first 

model showing the double helical design of DNA. In doing so, 

they explained both its physical and chemical nature. The 

structure they defined has "two helical chains, each coiled 

around the same axis,n14 held together by purine and 

pyrimidine bases which are joined together in pairs, making 

a single base from one chain which is hydrogen bonded to a 

single base on the other chain. The chemical compositions of 

the bases consist of "adenine (purine) with thiamine 

(pyrimidine) and guanine (purine) with cytosine 

(pyrimidine). 1115 

This model set the stage for increased verification of 

differing relations of DNA, with regard to the composition 

of paring types and their composition. Moreover, the DNA 

model provided a virtual stratification of genetic 

instrumentation ranging from the relation of Cytology and 

Genetics down to the physical characteristics of DNA. The 

model also showed how the structure permitted recombination 

as well as being the base mechanism of heredity. 

On a statistical level, the development of so-called 

population genetics was adding interesting aspects to the 

question of heredity. From the 1930's onward, the question 

of genetic stability was investigated. A controlled 
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environment is essential to determine genetic stability, 

which is rare in nature, to obtain accurate probability. 16 

The Hardy-Weinberg formula of determining genetic stability, 

based on a Mendelian formulation, provided one acceptable 

means of theorizing about genetic stability. 

The Hardy-Weinberg formula requires primarily 1) using 

a population large enough so that sampling errors may be 

statistically insignificant, 2) ensuring that no mutation 

occurs within the population, and 3) ensuring that there is 

no selective mating. 17 Based on these requirements and on 

the theoretical level only, it was found that in large 

populations, significant genetic changes tended to be 

prohibited by nature. Additionally, induced changes in 

populations tended to be eliminated through time due to the 

overall diversity in any given gene pool of predominating 

over specialized or selected traits. The significance of 

this to theoretical genetics tended to provide a sense of 

assurance that induced changes would have no lasting effect 

on any given gene pool. Population genetics experienced slow 

development, in part due to the lack of statistical 

knowledge, and in part due to a general lack of 

understanding of the utility of this instrument. 

But for all these advances, genetic theory during this 

era had just begun to explain what was done in the form of 

applied genetics. Theoretical developments were slow and 

methodical, the norm for scientific development, and it was 
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not until the Watson-Crick model that a highly stratified, 

diverse understanding of genetics begin to form. Meanwhile, 

applied genetics was finding wide spread utilization. 

D. DEVELOPMENTS IN APPLIED GENETICS 

The most significant developments in plant genetics 

occurred in hybridization as a result of the so-called 

double cross technique, originally developed by Donald F. 

Jones. 18 The double cross is a process in which first a 

strain having a given, desirable trait is self-fertilized. 

This process is repeated with at least three other strains, 

each having a select favorable trait, though not necessarily 

the same trait as the first one, with a result of at least 

four distinct or purified strains being produced. Following 

this, the strains are grown and the two groups of two 

purified strains are cross bred into one strain, with the 

result of a vigorous hybrid, showing all the selected 

aspects, being produced. 

A\ 
+ = Aa\ 

a I \ 
+ = AaBb 

B \ I 
+ = Bb/ 

b/ 

Fl F2 FJ 

Figure i. Model of double cross. 

The above representation shows that there are three 



generations (Fl, F2, F3) necessary for the production of 

double crossed hybrids. During the second generation (F2) 

there is a 50 per cent average drop in the plant's vigor 

which by the third generation (F3) is replaced by an 

approximate 125 to 150 per cent increase. Stated 

differently, if any of the strains in Fl will produce 10 

ears of corn per square foot, in F3 they will produce 12.5 

to 15 ears per square foot,1 9 as well as being an 

effectively designed plant. 

13 

This innovation was developed in 1914, and although 

there was an initial hesitation to use this technique, 20 it 

was soon found that this process could be duplicated with 

virtually any heterozygous (self-fertilizing) plant21 (with 

varying degrees of difficulty), with the result that by 1930 

this process was introduced commercially and by 1940 it was 

widespread. 22 In 1930, however, this process was understood 

in terms of the frequency with which the genes in the F3 

generation recombined, at a ratio of approximately 12.5 

percent of each of the Fl generation and 25 percent of the 

F2 generation. 

Double crossing allowed a shift in plant breeding, 

which earlier was based upon largely empirical data. Through 

double cross based innovations, genetic control of herbicide 

resistance, lodging, pest and disease control, and 

environmental adaptability were facilitated. Although 

attempts to control lodging originated at the turn of the 
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century, it was not until the late 1940's, that effective 

modification of stem length in wheat crops, from longer to 

shorter, was attempted by the development of Gains wheat.23 

Experiments in Indiana showed an increase from about 1200 

kilograms per hectare (kg/ha) to 1500 kg/ha from 1940-49 and 

to almost 2000 kg/ha by 1966. Similar results were found in 

London during the same periods. For cereals, lodging control 

was perhaps the most significant innovation. By this time, 

Gains wheat was explained genetically by both the 

statistical contributions of the preceding generations and 

the necessities of the wheat plant's vigor. This could also 

be understood in terms of the biomechanical nutritional 

necessities, showing the genetic necessity of select 

nutrients for a regulation of growth rate and, to a certain 

extent, growth type. 

Lodging control was a means of strengthening plants 

against some levels of natural hazards, primarily high winds 

and heavy rains. Breeding for resistance to pests was more 

complex (and is still in experimental stages today). 

Fundamentally, breeding for resistance requires 1) the 

development of effective screening techniques, 2) finding 

sources of resistance, and 3) recombining resistant 

cultivars with other desired effects. The first partially 

successful attempts were made in the 1950's, under the so­

called gene for gene theory. 24 This theory was applied by 

matching genes for resistance in the host with genes for 
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pathogenesis in the pest or parasite. After the theory was 

first applied to provide rust resistance in Flax, it was 

soon found that fungus, bacteria, and "viruses" could also 

be genetically resisted. The limitation of this method lies 

in the diversity and adaptability of the parasite. The 

disadvantage is that by creating resistance to one parasite, 

invariably resistance to another diminishes. 25 

The discovery by Avery et al, showing that DNA 

determined heredity, contributed to selection for resistance 

by providing a means of classifying what types of mechanism 

in what relations are necessary for preferential traits. 

This type of hybridization required many generations of 

controlled experiments to develop vigorous cultivars. The 

increasing classification of what produces change, or in 

this case, change in the form of increased resistance as a 

heritable potentiality, allowed for an increased 

understanding of selection for this end. 

Genetic pursuit of environmental adaptability involves 

selection of strains whose growth may be adapted to 

differing climates. Research of this type originally was 

developed to increase crop production at Katumani in Kenya, 

which has a tropical climate. In 1957, B. D. Dowker26 used a 

technique for calculating the probability of the amount of 

rain fall over 60 day periods, and then bred both domestic 

and imported cultivars via double crossing so that they 

would show early viqor as well as early maturation, with 



successful results. This involved a different use of 

population genetics in that Dowker selected for a 

predominance of early developing cultivars (for a selected 

population) to accommodate the environmental necessities. 

16 

In temperate climates, growing seasons are determined 

by average temperature. Red beets, carrots and turnips are 

susceptible to "bolting," or flowering early due to 

temperature change and longer daylight hours. G. Bell did 

research in 1946, and found that bolting was a heritable 

characteristic. As above, by recombining select seed stock, 

he was able to increase the red beet's resistance to 

bolting. This permitted the beet to grow for an additional 

six weeks. This change permitted an increase in crop 

production from 25 tons/ha in 1940's to 35 tons/ha in the 

1960's. 

The employment of the double cross technique of 

hybridization in combination with an increased knowledge 

about adaptability, environmental necessities, and pest 

resistance, enabled a substantial improvement in overall 

crop quality and quantity. However, the double cross 

technique is utilizable only on heterozygous cultivars, 

which does not include animals. 

Genetic research was also forming a basis in the 

animal industry, particularly in the hog industry. As 

mammals can not self-fertilize, it was not possible to 

incorporate the double cross technique or other means of 
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direct in-breeding. What was done in the case of hogs was 

based on research done in Denmark, where the Wiltshire hog 

originated. Initially, 15 families of this hog were imported 

to the United States (beginning in the 1930's) and studied 

through successive generations for high meat to fat content. 

Four families having the most favorable ratios were 

selected, then bred so that two preferred animals were bred 

with the two next best. In turn, the offspring of these were 

out-bred with other hogs showing favorable characteristics, 

so that new, highly bred strains were developed. With this 

innovation came a more rigorous tagging of hogs to diminish 

the potential of accidental inbreeding,27 and to adapt the 

previous role of tagging for pedigree lines, as well as the 

development of so called selection indexes, a codified chart 

of favorable physical characteristics. 28 Much like the 

dissemination of the hybrid tendency found in corn, the 

means and ability to up-breed hogs as well as horses, cows, 

goats, and sheep, followed suit. This form of genetic 

breeding rapidly gained momentum due to its simplicity, and 

of course, its productivity. 

In the late 1940's, the use of artificial insemination 

(AI) was initiated. The advantages of this type of genetic 

control were two fold. The first advantage was that through 

the use of AI, semen could be safely stored in cooled carbon 

dioxide for several years, which increased a sire's 

reproductive longevity. The second advantage was that a 
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single bull could greatly increase its breeding productivity 

at a reduced cost, compared to natural methods. By 1960, 

artificial insemination accounted for one-third of the 

cattle production in the United States and half of the 

production in Great Britain. Due to these advantages, 

artificial insemination rapidly gained wide popularity. 29 

In light of the utilization of genetic technology, it 

is apparent that on the part of both animal and plant 

geneticists, as well as the agricultural population at 

large, double crossing for plants and up-breeding and 

artificial insemination for animals gained great popularity 

and was used widely. This utilization was conducted despite 

the lack of theoretical knowledge to explain why it worked. 

What was important was that crossing technology worked and 

that it dramatically increased agricultural production while 

reducing costs. There was the additional perception that 

genetic breeding and crossing helped to stabilize crop 

production through providing increased quantities of 

production, which was permitted by the practice of 

predominantly using the most ostensibly favorable strains 

within a given species. 

In light of the success of genetic breeding and 

crossing, it is not surprising that educational institutions 

tended to advance the belief that a steady increase in 

numbers of effectively purified strains would be beneficial. 

The perpetuation of this belief transformed the perspective 
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of agricultural production from a Darwinian approach, which 

was prominent in the late nineteenth and early twentieth 

centuries, to a Mendelian approach--utilizing selection for 

predetermined ends--which was gaining popularity due to its 

expedience and economy, throughout this era. 



CHAPTER II 

EDUCATIONAL DEVELOPMENTS 

A. TRAINING IN GENETICS 

What was worse, it was possible to get a 
university degree in biology without learning any 
genetics. That was not to say that the geneticists 
themselves provided any intellectual help. You would 
have thought that with all their talk about genes 
they should worry about what they were. Yet almost 
none of them seemed to take seriously the evidence 
that genes were made of DNA. This fact was 
unnecessarily chemical. All that most of them wanted 
out of life was to set their students onto 
uninterpretable details of chromosome behavior or to 
give elegantly phrased, fuzzy-minded speculations 
over the wireless on topics like the role of the 
geneticist in this transitional age of changing 
values. 30 

The so-called "land grant colleges" were established 

by the Morril Land Grant Act to help rural America maintain 

and increase productivity in the agricultural realm by 

education and educational extension into the community. As 

the land grant colleges were, in effect, designed for the 

purpose of maintaining this relationship with the community, 

it is no surprise that educational methods and the 

possibilities yielded by these institutions were 

traditionally focused toward applied technology rather than 

emphasizing developments in theory. It is due primarily to 

this vocational emphasis that the land grant colleges were 

rather slow in building an emphasis in the biological and 



theoretical considerations of agriculture, as opposed to 

technological considerations. 
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In part as a result of this emphasis, there was a slow 

increase in the educational possibilities in Genetics 

between 1930 and 1960. At the outset, training was almost 

nonexistent, and by 1960, there were the beginnings of 

training based on enormous amounts of information pertaining 

to crossing techniques, disease and pest resistance, 

environmental adaptation, and nutrients to increase crop and 

livestock production. However, education and guided 

experimentation in these developments did not begin to occur 

until the late 1950's. Leading to that development, 

education was modified by the perceived utility of genetic 

technological applications to serve agricultural production. 

Training in agricultural genetics was, for the most 

part, focused on increasingly well known concepts of applied 

double-crossing, the use of fertilizers for nitrogen 

fixation and other nutrient benefits, a gradual increase in 

animal crossing, and, by the late 1950's, the use of 

artificial insemination. However, by the time artificial 

insemination was taught as a technology in general 

curriculum it, like other animal crossing techniques, was 

taught in veterinary schools, which was by then a study 

taught with distinct differences from agricultural 

education. 
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The general agricultural education curriculum included 

training in agricultural production, supplies, mechanics, 

products, horticulture, forestry, resource management and 

conservation. 31 Education in genetics played a comparatively 

small but significant role, having most exposure in the form 

of product development and equality. 32 By the mid 1960's, as 

part of a fundamental shift in educational emphasis, 

genetics was also included in resource management, in the 

form of "conservation." 

In the 1930's, the classes used in agricultural 

education included in the first and second years geography, 

chemistry, mathematics, English composition, plant anatomy 

and physiology. In the third and fourth years there was an 

increased emphasis in laboratory training focused toward 

resource production and conservation. 

The primary change in curriculum occurring between 

1930 and 1960, lies in the gradual but steady shift in 

emphasis from lecture classes to an increase of research and 

experimentation. The origin of this shift occurred between 

1946 and 1952, which was in part due to the general increase 

of PhD's trained in biology33 beginning to work in the land 

grant institutions. Between 1956 and 1965, curricular 

options begin to include scientific, technological 

production, and business courses; 34 the former two are 

notable for their emphasis in experimentation. These 

transformations may also have been attributed to the 
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increased national emphasis in the 50's to make the 50's the 

"decade of the physical sciences."35 

These changes, as well as the increase of genetic 

theory by the 1950's, permitted a concomitant shift in lower 

division classes towards base explanations of heredity in 

the course of general biology classes, though the training 

was as incomplete as the knowledge at the time. The shift in 

emphasis was often paralleled in upper division classes by 

experiments in cross-induced hybridization and the relation 

of hybrid vigor to beneficial nutrient solutions, as well as 

to crossing techniques themselves. In addition to this, and 

as the knowledge and practice developed, through the 1950's, 

there was a gradual inclusion of preferential crop types for 

select environmental and climatic conditions. Although 

developing as a result of increased genetic technology, this 

is said to have become emphasized as a means of dealing with 

the increased consciousness of feeding a hungry world. 36 

This shift towards increased experimentation, of which 

genetic based manipulation was being gradually included, has 

been slow but steady since the turn of the century, with an 

acceleration between 1930 and 1960. The shift is attributed 

to the long standing emphasis on applied training in the 

land grant institutions. As well as the 1950's being the 

decade of the physical sciences, it was also a decade of 

anti-vocationalism, 37 which contributed greatly to the 

increased emphasis on experimentation. This shift enabled 



the curricula of the land grant institutions, which 

accounted for roughly 3.5 percent of the institutions of 

higher learning, to produce by 1958-59, 54 percent of the 

degrees in biology. 
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In summary, the development of genetic training within 

the undergraduate realm of education consisted of 

fundamental concepts with pertinence to those aspects 

contributing towards increased productivity and consistency, 

changing as the focus of educated individuals and national 

emphasis changed. However, through out this time, 

agricultural education revolved around technologies that 

were perceived to increase production and thereby improve 

the economy. 

Subjects which tended to be excluded from study were 

as significant as those included. Subjects such as Taxonomy 

and Morphology of plant types, for example, which at their 

basis contribute to production by knowledge of indigenous 

(and thereby potentially preferential) cultivars, were 

considered more peripheral than the study of genetics. 38 The 

same was true of the study of Ecology. Through 1945 and 

after, there was a notable absence of ecological studies 

included in other biological and agricultural course work. 

One author noted that when studied, ecology was generally 

included as a fundamental part of introductory biology. She 

attributed this to two primary reasons: 



This condition has probably arisen from the adoption 
of either of two extreme premises ••• first an over­
simplification approach that regards elementary 
ecology as no more than grammar school natural 
history and hence unworthy of inclusion at the 
college level; secondly, an over-specialization 
approach, considering ecology as too advanced and 
difficult for incorporation in a freshman subject. 39 

What was studied that was often perceived as 

"ecological" was the conservation of renewable natural 

resources. Through the 1940's and 1950's, emphasis on 

ecology was fundamentally "custodial," and focused towards 
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"protection against fire, insects, and disease, inventory of 

the resource, and the development of means to convert [the 

resources] to goods and services. 1140 The role of genetics in 

this was to improve means of nutrient provisions and pest 

resistance, and determine favorable prolific types showing 

increased stability and productivity. 

By the 1960's and later, conservation referred to 

optimizing the outputs of products for commerce, industry, 

and social services for the general population. 41 As a very 

late part of this shift, in 1970, the first "gene banks," or 

repositories of diverse seeds stock, began to develop. 42 

This indicates the late entrance of ecologically or 

environmentally oriented conservation into agricultural 

education. Traditionally, resource conservation had little 

to do with concern for the ecology beyond what an eco-system 

would bear for immediate output. 

Another subject not widely studied was population 

genetics, which, as mentioned in the previous chapter, 
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achievement of a broader sense of national security, which 

in the public realm was also seen as property, or at least 

property insurance. The United States contributions of food 

has been described as "one of the marvels of the world [is] 

that the United States can feed its own population and still 

export ••• its wheat and rice crops ••• its soybeans, ••. 

its grain sorghum, and ••• its corn."121 This type of 

national property, or security, has been considered 

inexpensive due to the exports of these commodities coming 

from surplus production. 

Despite this description, recipient countries did not 

necessarily see the relationship between the production 

incentives provided by the United States Government to 

United States farmers, and agricultural contributions to 

other countries, but often United States farmers were aware 

of the relationship: "However [the farmer] sometimes 

realizes that man's fate ••• depends on decisions and 

actions which range far beyond the market price of hogs or 

the price support level for corn."122 The significance of 

this realization is that the property created by farming 

represents a significant contribution toward national 

security, a fact which although most apparent within the 

boundaries of the United States was effective throughout the 

world. 

The combination of these and other elements in the 

public realm were based on using agricultural property to 
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maintain and improve the quality of life while providing 

insurance and security. In the United States the quality of 

life was often based on the power, both politically and 

physically, to maintain agricultural property at a surplus 

level. This combination served to devaluate agricultural 

property internally, and to provide other countries with 

surplus agriculture for the betterment, security and 

increased quality of life for all concerned. Due to United 

states incentives to produce agricultural commodities to the 

level of surplus, the benefits are perceived by a recipient 

to be more valuable and therefore more important than the 

actuality of the value to the United States. By this 

combination, the effects of public knowledge producing 

property to a level of overabundance led to devaluation, 

which ultimately served the end of security. 

What has been the most predominant as public knowledge 

during this era have been the factors promoting the uses of 

genetic technology to achieve this end. This predominance 

has permitted the steadily increasing use of genetic 

technology with the chief source of public complaint coming 

from farmers displaced in part as a by-product of the 

technology. However, the loss of property and income farmers 

have suffered has been deemed of less significance than the 

gain of property and security achieved by virtually all 

other aspects of society. Meanwhile, the loss of diversity 

has been all but ignored. Due to this, genetic technology 
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may be seen to have been applied in the realm of public 

welfare, to serve as a means of increasing food production 

for the betterment or at least the maintenance of the 

nation's people. In this sense, genetic technology may also 

be seen to have served a utilitarian purpose for the 

betterment of life by providing an immediate cure for a 

problem that has been facing society from its beginning. For 

the most part, genetic research has virtually removed the 

threat of famine, which has recurred throughout the history 

of civilization. In removing this threat, the interests of 

the public may be seen to have been served by ensuring the 

feeding and security of the public through making genetic 

technology public knowledge. 

B. GENETIC DIVERSITY AS NATIONAL PROPERTY 

Arising from this perception of a humanitarian utility 

is the question of what utilities are truly served, and what 

effects are brought about as a result of utilizing genetics 

to increase production. The most favorable effects are well 

known to the public, as are the effects in terms of farmers 

lost due to the change in technology. As stated above, in 

the latter case, the loss of farmers was seen as 

contributing toward public welfare on a larger scale. 

Genetic technology served to create an increase in food 

production in terms of both its quality and quantity, though 

at the cost of genetic diversity. In turn, this helped the 

increasing urbanization of the United States by allowing 
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more people to pursue non-agricultural activities (and earn 

other property) while enabling people to feed themselves for 

substantially less money and time than may have otherwise 

been possible. 

In the realm of public knowledge, it is interesting to 

note that there was no formal society or journal to indicate 

or track trends and relationships between increased genetic 

technology and "biosafety" until 1955. 123 This silence is 

more interesting in light of the fact that of the three 

hundred thousand known higher plants, only about 1 percent 

has been used for the combined food, animal feed, fiber and 

pharmaceutical needs of society.124 

Contributing to this silence has been the almost 

complete lack of mention in popular literature of the 

relationship between using select cultivars for a given 

crop, and the resulting effect upon the diversity of the 

gene pool of that crop. During this era, general fiction was 

more concerned with human drama and rarely featured themes 

of scientific lore for entertainment or didactic value. 

Science fiction, on the other hand, has made notice 

of the use of genetics as a panacea or goal of society, but 

seldom did it elaborate on the consequences. Aldous Huxley's 

1932 book, Braye ~ World, is one example of writing that 

reflects a culture predominately designed by the use of 

genetics. Implicit in the portrayal of this society is the 

homogeneity of society as well as the effects of homogeneity 



upon society. Brave ~ World portrays the use of genetics 

to be well enough developed so that risks regarding 
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"manufactured" (or cultivated) versus "native" life are seen 

as a nominal concern. In this story genetics is used to 

control people from inception. The apparent goal of this is 

to condition people for pre-determined roles. The 

consequence of this approach is a lack of diversity. It 

would seem that due to the conditioning, society simply does 

not apprehended any issue in its loss of diversity. 

In an essay entitled "The Double Crisis," Huxley 

continues upon perspective of obtaining a goal without 

regarding the consequences of the means: 

••• and we need a new system of ownership that will 
check the tendency towards monopoly in land and make 
it impossible for individuals to lay waste to 
planetary resources which belong to all mankind. But 
changes in social and economic organization are not 
enough, of themselves, to solve our problem. 
Production is inadequate to present population, and 
population, over large areas, is rapidly rising. A 
change in the laws governing the ownership of land 
will not change its quantity or quality. The 
equitable distribution of too little may satisfy 
men's desire for justice; it will not stay their 
hunger. In a world where population is growing at a 
rate of about fifty-six thousand a day, and where 
erosion is daily ruining an equal or perhaps greater 
number of productive acres, our primary concern must 
be with reducing numbers and producing more food 
with less damage to the soil. 125 

Huxley's attitude is perhaps best explained later in the 

same essay where he states: "It does not matter which comes 

first, the political chicken or the technological egg. What 

is important is that, in some way or other, we should get 

both.11126 
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These representations serve to indicate perceptions of 

need. This need is stated without emphasizing the potential 

consequences. On a larger scale, the apparent silence 

regarding the consequences of genetic selection for 

predetermined traits may be seen to represent the 

predominance of orientation towards short-term goals, or 

perhaps goals which are merely standardized in their spoken 

orientation so that the needs of society will seem to the 

public to be obtained. 

What has been obtained by genetic technology has been 

a great standardization of cultivation techniques coupled 

with increasing uses of select cultivars for growth in the 

United States. A 1970's estimate made by the National 

Academy of Sciences is that at the time there were 51 

varieties of cultivars used on 13 primary food types. All of 

these were imported cultivars and include dry beans, snap 

beans, corn, millet, peanuts, peas, potatoes, rice, sorghum, 

soybeans, sugar beets, sweet potatoes, and wheat. 127 

Types of cultivars or agricultural property indigenous 

to the United States include sunflower, cranberry, 

blueberry, strawberry, and pecan. 128 As most cultivars used 

in the United States have been imported, it is possible that 

any concern with regard to standardization has been 

minimized. However, the exportation of United States 

technology to other countries has also served to reduce the 

number of living cultivars in those countries. A seed is 



capable of germinating for only so long, depending on the 

type of seed and the climate in which it naturally exists. 

By exporting crops, the amount of cultivation of a 

comparable crop in another country has been reduced, which 

has caused an attrition in the amount of indigenous 

diversity for cultivar types in that country. 
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Additionally, by exporting cultivation techniques for 

predominantly hybridized seed stock in other countries, the 

attrition rate of indigenous seed stock has been further 

accelerated. The countries where this process has taken 

place were comparatively poor and underdeveloped, and there 

were little research or attempts to document the quantities 

of indigenous stock. Due to this combination, a predominance 

of silence regarding the attrition of cultivars has been 

perpetual until very recently, despite concern about the 

trend having been voiced since the 1940's. 

Due to lack of concern, at least partly caused by a 

lack of public knowledge, the utility served by 

hybridization has been to serve the short-term needs of 

society by creating a profession which created and developed 

highly uniform properties along the same guidelines which 

created the industrial revolution. Nevertheless, the real 

benefits in terms of ~ublic knowledge have been significant: 

With the potential benefits ••• come risks. 
Because genetic changes during the development of 
new varieties are often cumulative, and because 
superior varieties are often used extensively, the 
new technologies could increase both the degree of 



genetic uniformity and the rate at which the 
improved varieties displace indigenous crop types. 
Furthermore, it has not been determined how 
overcoming natural breeding barriers ••. will affect 
a crops susceptibility to pests and diseases. 129 
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There have been reductions in cultivar types since the start 

of cultivation, and the rate was substantially accelerated 

during this era. Estimates range up to 40,000 lost cultivar 

types due to the use of hybridization, but "what is not 

known is how much species disruption can take place before 

the quality of life is also affected. 11 130 

Thus, the concern during this era has been to 

disseminate knowledge for the betterment of public property, 

which is the equivalent of public welfare. What has been 

achieved is an abundance of select property. What has been 

lost is a much greater abundance of diverse property. The 

sense of security felt during this time was perhaps the 

reason for the obscureness of potential problems resulting 

from standardization of cultivars. Most of this loss has 

occurred outside the boundaries of the United States, and 

where the United States was able to alleviate hunger in 

other countries it is interesting that, in the long run, 

this process may serve to remove the abilities of both the 

United States and other countries abilities to secure food. 

In view of the foregoing, what some people may have 

interpreted to be a form of social evolution, may just as 

well have been seen as the enactment of pre-determined 

social modification. 



CHAPTER VII 

SUMMARY ANO CONCLUSIONS 

This paper has covered selected aspects of the 

development of genetic technology in its application to 

agriculture. As has been discussed, the development of 

genetic theory between 1930 and 1960 was significant 

primarily for increased resolving power. The increases 

included the confluence of cytological cell mapping with 

genetics, a furthering of the understanding of genetic 

linkage and crossing over, an increase in the understanding 

of the chemical basis for plant nutrient requirements, the 

realization that DNA was the basic mechanism of heredity, 

and finally, modeling DNA after the double helical design. 

These findings and others permitted a dramatic 

increase in both the resolving ability of the study of 

heredity and provided for a means of understanding as well 

as manipulating inherited characteristics. Additionally, the 

manipulation of hereditary characteristics occurred during 

this time without the application of population statistics, 

introduced early in this era. 

Techniques of applied genetics were aided by the above 

developments and discoveries. However, applied genetics was 

actually well ahead of theoretical means of explanation. The 
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most predominant form of applied genetics was the double 

cross technique of hybridization. By means of this crossing 

technique it was possible to breed cultivars for greater 

resistance to natural hazards. This included resistance to 

pests and disease, lodging and other climate caused hazards, 

as well as inducing cultivars to grow more vigorously and to 

maturation in less time. The use of double crossing provided 

an average increase in yield which ranged from about 25 to 

50 percent. 

The other most predominant technique in applied 

genetics was the development of artificial insemination and 

so-called up breeding of livestock. Artificial insemination 

allowed livestock to be grown by the use of a preferable 

male animal's semen on greater numbers of a females than 

would be possible by natural means. 

Artificial insemination achieved this end by 

increasing the productive longevity of a male animal as well 

as its productive frequency. This method was often applied 

in combination with up breeding, whereby live stock showing 

preferable traits were bred through successive generations 

for high meat to fat ratios as well as preferable growth 

rates. The combination of these two aspects of animal 

breeding accounted for about one third of the cattle 

production in the United States and half the production in 

Great Britain. 

Both theoretical and applied aspects of genetics were 

taught in educational institutions, primarily the land grant 
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colleges and the experiment stations, which were affiliated 

with the land grant colleges. Education in genetics expanded 

with developments in technology and theory. Other 

educational measures included training in conservation and 

an increased guided experimentation. Emphasis on 

agricultural education was aimed primarily toward those 

aspects of agriculture that most promoted a reduction of 

cultivar diversity. Training in genetics was focused 

primarily on double crossing techniques to increase 

production quantities as well as qualities. This was often 

applied to land suffering from generations of overuse or 

neglect. 

The techniques developed at the land grant colleges 

and experiment stations were applied in field experiments in 

other countries. There, students and instructors utilized 

the latest United States technology for the combined 

education and well being of all parties. Support for these 

field experiments came from both public and private sources. 

The administration of genetics in the United states 

was mainly in the form of Federal regulation. This provided 

economic emphasis on growth of select crop types and 

economic discouragement of growth of non-supported crop 

types. Several agricultural regulations during this era had 

the effect of greatly increasing the cultivation of select 

crop types while also reducing the amount of land utilized 

for production by about 50 million acres. State regulations 
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favoring commerce, industrialization and living 

accommodations over agriculture were the principal 

contributors of land reduction. Other significant 

contributors the decrease in the number of farmers and 

increased productivity of hybrid crops. This combination of 

economic support for select crops and land use reduction 

necessitated the use of hybridized cultivar types to achieve 

profitable production. 

The professionalization of agriculture has been the 

central factor in the shift toward engineered agriculture in 

response to government-directed, economic and social 

perspectives of need. Applied genetics has been the enabling 

force in this transformation. It has been the factor most 

responsible for the decreased number of farmers and the 

increased homogeneity of cultivated species both in the 

United States and abroad. 

Production was increased primarily by the development 

of professionalism, whose product--improved biotechnology-­

served to permit increased production and improved quality. 

In turn, this enabled an economically feasible decrease in 

land use. The growth of professionalism and the concurrent 

increase in technology was attributable to the attraction of 

agricultural genetics, which worked on at least two 

different ways. The first way was the ability of people, 

primarily from poor families (many of who earned their 

living in agriculture), to utilize the educational system to 
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obtain training in genetics, thereby leading to a career in 

agriculture. This may have been perceived as a form of state 

patronage that was more intellectually intensive than the 

labor intensive careers of their parents, as well as 

permitting a potentially higher income than their parents 

could have earned. Agricultural genetics also attracted 

professionals trained in physics, chemistry, biology and 

several other scientific professions, who switched their 

professions to focus on genetics. The effect of 

professionals trained in different disciplines who focused 

on agricultural genetics served genetic research by rapidly 

increasing the methodological and technical abilities of 

genetics. Further, their influence helped to expand 

observational techniques to include the physical, 

structural, cellular, and chemical levels of genetics. 

Professionalism was enhanced by autonomy, which 

granted independence to the professional and protected him 

from outside influence and judgment. As the profession 

developed from academic traditions rather than through 

private industry, agricultural professionalism had the added 

protection of being, in effect, an extension of the 

government. 

Regulation of professionalism was accomplished 

primarily by providing economic and research incentives, 

usually in the form of grant writing. Grant writing was made 

effective by extending and/or adapting previous successful 
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research to new cultivars. In addition, grants for different 

types of research than were traditionally utilized would be 

more readily accepted if they included a potential of 

increased spillover. 

Often serving the end of increased technology, 

productivity, and spillover, was the exporting of 

agriculture to other countries. Traditionally, this involved 

sending agricultural professionals and students to poor 

countries to help increase agricultural output for the 

recipient country. Production increases were achieved by 

applying Western cultivation techniques coupled with 

hybridized cultivars along with western methods of storage 

and transportation. 131 These cultivars were often, but not 

always, of indigenous origin. In addition to the benefits 

provided to the recipient country, the professionals and 

students benefited from the field excursions by increasing 

their knowledge (also a form of spillover). By the extensive 

internal use of professionalism as well as by exporting 

professional techniques, the importance of the agricultural 

profession increased dramatically. Consequently, 

professional agricultural geneticists became the consultants 

of agriculture. Regulation further contributed to an 

increase in the status of the profession. 

In terms of economics, agricultural genetic research 

provided the government with a true return on investment. 

However, this return came at the cost of many farmers and a 
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great amount of diversity in the types of cultivars grown. 

The product of research--genetically preferable cultivars-­

was indirectly coupled with agricultural parity. Parity and 

research were combined to permit an increase in 

productivity, thereby allowing a greater return by area 

while economically decreasing the government's cost in terms 

of parity on the same basis. 

The returns on investments in agricultural genetics 

were substantial. A conservative estimate shows that maize 

provided a rate of seven dollars returned for every dollar 

invested. The cost to the farmer of obtaining this return, 

however, was not accounted for. Primary requirements for the 

profitable use of hybrid technology were adequate land, 

fertilizer, storage, and transportation facilities. Central 

to generating a profitable return was the ability to utilize 

increased technology. These factors are the basis of the so­

called economics of size. These economics determine return 

on investment by including both the cost and types of 

hardware and land needed to generate a profitable return. 

By the mid 1940's, it became necessary for a farmer to 

utilize the latest technology to be competitive in a 

relatively inelastic market place, which is a partial basis 

for the economics of size. To achieve profitability, it was 

essential to have enough land to generate a profit plus 

harvesting equipment capable of processing the land. 

Harvesting equipment was increasingly designed to 
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accommodate the general growth characteristics of hybridized 

cultivars, as were fertilizers and pesticides. Therefore, it 

was commonly necessary for a farmer to accommodate the needs 

of biotechnology or lose his farm. 

Following this trend of the economics of size were the 

increases in farming cooperatives, partnerships, and 

corporations with the capital and credit worthiness needed 

to finance the change in technology. The change brought 

about by genetic technology was evidenced by the decrease of 

about 3.8 million farmers in the 30 year period this paper 

covers. 

While government regulation provided the greatest 

control over the farmer, the production and processing 

houses were next. As by 1950 one processing plant could 

utilize the production of up to ten thousand farmers, both 

the price and required quality of production were regulated 

by the farmer's principal source of sale. 

In short, parity served to regulate support for select 

agricultural commodities, production plants served to 

regulate quality and sale price, and research served to 

modify and regulate what was economically profitable to 

cultivate. The combination of these tended to promote 

hybridization to achieve the quality, production, and cost 

requirements imposed upon agriculture. 

To the United States of America, a most significant 

aspect of national security was concept of property. Public 
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property was most commonly exemplified as public knowledge; 

that is, knowledge which was accessible to the people of the 

United States. Public knowledge contributes to national 

security in part by enhancing the probability of consistency 

throughout the nation. To the farmer, the most apparent 

aspect of public knowledge provided by agricultural genetics 

was the ability to increase production and improve quality 

by applying techniques developed at the land grant colleges 

and experiment stations. To the general public, the most 

apparent results of agricultural genetics were lower costs 

and better quality of agricultural commodities at the 

grocery store. 

During this period, one was not allowed to patent or 

claim proprietary rights to a cultivar that was sexually 

reproducing, even though it was hybridized. Thus, cultivars 

were perceived as public property, unless the cultivars were 

purchased as plants or seed stock (for resale or personal 

consumption). Consequently, most cultivars in the United 

States were considered public property. 

Despite the effective ownership of the diversity of 

cultivars by the people of the United States, the incentives 

in agriculture to grow primarily homogeneous, hybridized 

cultivars, has greatly contributed to the estimated 

reduction of genetic diversity by 40,000 types during this 

era. 

Literature, a principal means of disseminating 

knowledge, tended to promote the use of genetic technology, 
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as did scientific journals. Due to this direction of public 

knowledge, the risks of hybrid technology tended to suffer 

from silence in publications. This may be seen to have 

contributed to the reduction of diversity. Due to the 

knowledge of at least a few professionals of the reduction 

of cultivar types, and the general lack of public 

notification, in this instance, a great disservice to public 

property has been done. In the long run, this could be a 

disservice to our national security. 

As has been seen, approaches utilizing genetic 

technology are indeed more productive than previous 

approaches that did not utilize this technology. With the 

change in approach toward agriculture has come an inherent 

short sighted outlook on the productivity of select cultivar 

strains and the effects of not utilizing cultivar diversity. 

By forming agricultural technology and productivity in the 

same mold as non-agricultural commodities, the trend toward 

homogeneity of productive means and types developed quickly. 

This approach set the stage for the so-called "Green 

Revolution," which occurred during the 1960's and 1970's and 

continues today, spreading hybrid technology throughout the 

world. 

The Green Revolution has generated two primary 

changes: One is the use of desoxyribonucleic acid for the 

recombination of genetic characteristics (r-DNA) and 

cultivar cloning. The other is the granting of patents for 
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cultivars so "created," even though genetic material 

actually is cut and moved rather than created. This allows a 

corporation, company, or individual to own a cultivar-­

something whose ancestors were public property--and to have 

all the rights of private ownership. Further, research in r­

DNA has developed seed stock which is capable of germinating 

and growing only by the use of fertilizers having a specific 

genetic complement to the seed stock's designed traits. 

Although there can be no understating the ability of 

genetic technology to reduce and help eliminate famine, 

there can equally be no understating the ability of this 

technology to both remove genetic diversity from the planet 

and to place existent gene stock in the hands of very few 

corporations. This latter trend has been followed by an 

increased step away from accommodating nature and toward 

engineering nurture. The result has been an increase in both 

productivity and genetic homogeneity. 

Through this combination of genetically designed seed 

stock and fertilizers, the tendency of corporations to 

"collect" patents by utilizing preferable seed stock to 

create hybrids has accelerated. This has led to acceleration 

of the use of cloned cultivars, manufactured by a cut and 

move technique. This technique incorporates refined pre­

selected traits distinct from naturally occurring cultivars 

and previously hybridized cultivars in agriculture to 

maintain what is perceived to be necessary productivity. 
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The loss of this type of public property has been 

accompanied by an increase of private property, although at 

different rates. The latter is characterized by economic 

control by a few corporations. To this trend the statement 

"Give us this day our daily bread, should not be a prayer to 

Shell Oil Company, 11132 especially when viewed in the light 

of Huxley's Brave ~ World, becomes both foretelling and 

alarming. 

The trend of a few corporations producing the majority 

of cultivars brings up the question of how much homogeneity 

is considered safe: 

Successful plant breeding is based on the 
availability of genetically diverse plants for the 
insertion of new genes into plants •••• However, the 
rate and extent of this trend is unknown; the data 
simply do not exist. Therefore, it is essential to 
have an adequate scientific understanding of how 
much genetic loss has taken place and how much germ 
plasm (the total genetic variability available to a 
species) is needed. Neither of these questions can 
be answered completely at this time. 133 

While it is true that to date, few disasters have 

resulted from the use of homogeneous crop types--leading to 

the belief that there is little risk in this approach to 

agriculture--it is equally true that there neither the 

Government nor private industry has made an intensive effort 

to estimate the risks. In light of the seemingly systematic 

exclusion of statisticians through this era and after to 

construct "adequate" statistical models to evaluate the 

risk(s), one wonders why this has been avoided. A lack of 

knowledge has seldom been the cause of avoiding intensive 
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research on a problem, particularly where Government support 

is involved. 

It is also true that there has been both selection for 

preferable characteristics in agriculture since man began to 

cultivate, and there also has been a steady decrease in 

genetic diversity. This combination and what was perhaps too 

much bureaucratic pragmatism has served as precedent. The 

current emphasis is on expanding r-DNA research in the 

belief that it may provide compensation for both past and 

current losses. However, current abilities in r-DNA only 

enable moving known aspects of genes to produce preferable 

traits, not designing them to reconstruct genetic elements 

lost to the past. 
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