
D. Ability to  facilitate far more pre- 
cise applications of pesticides. 

Trial results strongly suggest that peach 
and nectarine varieties dwarfed by this 
particular gene are more precocious and 
more productive (for their size) than 
standard varieties. 
Commercial acceptability of these drawf 
varieties hinges on the development of 
varieties with higher fruit quality than 
presently available in existing varieties. 

Full exploitation of the potential of 
genetic dwarfs will probably depend on 
some modifications of the cultural 
methods appropriate for trees of stand- 
ard size. 

Dwarf tree breeding 
Fortunately, dwarfing of tree fruit 

breeding stocks of the University of Cali- 
fornia will induce a several-fold increase in 
the effectiveness of its variety improvement 
programs because the cost of evaluating 
individual dwarf seedlings is only a small 
fraction of the cost of evaluating large- 
sized standard tree fruit seedlings. That 
means more seedlings can be evaluated 

without increasing costs, and the more 
seedlings evaluated the greater the odds are 
for breeding improved varieties. 

Because of the potential advantages of 
dwarf tree fruit varieties, we initiated in 
1975 a breeding program designed to  im- 
prove fruit quality of dwarf freestone and 
clingstone peaches and nectarines. The best 
available genetically-dwarfed peaches and 
nectarines were crossed with standard 
breeding stocks maintained by the Univer- 
sity of California a t  Davis and at Parlier. 
Inasmuch as the dwarfing gene involved is 
recessive, the F, progeny are all heterozy- 
gous (Dw/dw) for the dwarfing gene and 
therefore of standard size. Intercrosses be- 
tween F1 seedlings having superior fruit 
quality were made this past year and one- 
fourth of the resulting progeny are F2 
genetic dwarfs (as genetic theory predicts). 
These dwarfs should have significantly im- 
proved fruit quality. Evaluation of im- 
proved genetically dwarfed F2 selections 
should begin in 1981. 

Paul E.  Hansche is Professor of Genetics and 
Pomology, CIaron 0. Hesse is Projessor of Pomology, 
James Beutel is Cooperative Extension Specialist, Wil- 
liam Beres is Staff Research Associate, Department of 
Genetics, and James Doyle is Staff Research Associate, 
Department of Pomology, U.C.,  Davis. 

Mature dwarf trees are only about 6 feet tall, less than half t h e  height of the standard variety 
shown next to Staff Research Associate Jim Doyle. Dwarf trees require little pruning. 

The invesi 
research: 

C r i t i c i s m  of the land grant college 
system’s research and extension programs 
began in 1972 with Jim Hightower’s book, 
Hard Tomatoes, Hard Times, and has ex- 
tended to  the recent lawsuit by the Califor- 
nia Rural Legal Assistance to  arrest farm 
mechanization research at the University 
of California. Numerous studies have esti- 
mated the returns to  society from public 
monies spent for agricultural research and 
extension, but these studies have generally 
been couched in academic jargon intended 
only for academicians to  read. Our purpose 
here is to  explain clearly and simply the es- 
sence of these studies. 

In one of the first attempts to  estimate 
returns to research expenditures (in 1958), 
Agricultural Economist Zvi Griliches used 
the development of hybrid corn as a case 
study. He added up private and public re- 
search costs between 1910 and 1955 and 
concluded that for every dollar spent on 
hybrid corn research, society can expect 
back about seven dollars each year in per- 
petuity. 

Subsequently, agricultural economics re- 
searchers used Griliches’ model as a proto- 
type or developed their own methodology 
to  estimate the returns from agricultural re- 
search and extension in the U.S. and else- 
where. Serious criticisms have been 
launched against these studies, many with 
valid points, but the fact remains that the 
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studies-using different methodologies, 
different commodities, and different time 
periods, and undertaken in different areas 
of the world-universally acclaim tremen- 
dous benefits to  society from its invest- 
ment. 

How does society capture the returns? 
Generally, farmers have not joined the 
ranks of the wealthy. Consumers are per- 
haps unaware of the benefits they are en- 
joying. Changes in the structure of Ameri- 
can agriculture, partially as a result of re- 
search achievements, have meant painful 
adjustments, a t  least in the short run. One 
of the most painful adjustments: the dis- 
placement of farm laborers by mechaniza- 
tion. Nevertheless, in examining the eco- 
nomics of technological change, brought 
about in part by public agricultural 
research, consumers generally benefit the 
most. 

Basic types of research 
Two basic types of research lead to  two 

different kinds of change: (1) yield-increas- 
ing crop and animal-improvement research 
and (2) mechanization research. Frequent- 
ly, the two are complementary. 

First, let us consider yield-increasing re- 
search, such as in hybrid corn. The first 
farmers to  adopt the new variety reap “ab- 
normal” profits, for they harvest a greater- 

than-normal quantity and sell it a t  the pre- 
vailing market price. As more farmers 
grow the new variety, however, the supply 
of corn is greatly increased. Given that de- 
mand for most farm products is inelas- 
tic-that is, when the quantity increases by 
1 percent the market price drops more than 
1 percent-producers soon return to  a 
“normal” profit, selling more for less and 
consumers enjoy getting more and paying 
less. 

It was shown by two researchers, for 
example, that the urban poor benefit most 
from yield-increasing rice research in 
Colombia, for they spend the largest por- 
tion of their budgets on rice and pay less in 
taxes supporting the research. The argu- 
ment can be extended t o  low-income per- 
sons of any country, for they must spend a 
higher percentage of their incomes on 
food, and in any country with a progressive 
income tax system, they pay little or no 
taxes. Thus, they benefit more from re- 
search and pay less to  support it. 

Although the intention of a farmer who 
adopts a mechanical device-say, a new 
harvester-differs from that of a grower 
planting a new variety, the same economic 
forces ultimately determine the distribution 
of society’s benefits. A farmer risks capital 
to  invest in a new machine because he be- 
lieves it will lower his per-unit costs of pro- 
duction. To make the best use of the invest- 

ment, he will devote more acreage to  the 
crop for which the machine was designed 
and may rent or purchase additional land 
to spread the high initial cost. Many 
farmers behaving similarly will produce a 
greater quantity of the crop. At this point 
all of the market forces previously ex- 
plained come into play, and consumers will 
gain again, getting more and paying less. 

Some of the gains accruing will, of 
course, be offset by a reduction in the 
quantity of the product that would have 
been produced had the change not oc- 
curred. Nevertheless, there is generally a 
net gain from the shift. 

Rates of return from 14 to 77 percent an- 
nually (see table 1) are far higher than the 
average return to  capital investment in the 
economy as a whole. With technological 
change, however, occur adjustment costs. 
The expansion that accompanies invest- 
ment in a new machine results in larger 
farm operations-and fewer farms. The 
nonadopting farmer whose per-unit costs 
have not been lowered may be faced with a 
market price that no longer covers his 
costs. He is forced to  get out or catch up. 

Yield-increasing research can have a 
similar impact on increasing farm size and 
reducing farm numbers. Tremendous pro- 
ductivity increases and resulting price ef- 
fects have also taken their toll among U.S. 
farm operators; to  maintain an acceptable 
family income level from farming at the re- 
duced price that productivity increases en- 
tail, more acreage must be added. Further- 
more, yield increases subsequently call for 
mechanization to  handle the increased 
quantities. 

According to  the U.S. Department of 
Agriculture, 58 percent of farmland 
transfers in 1977 were for purposes of ex- 
pansion; 68 percent for the same reason oc- 
curred in 1976. This process has been going 
on for several decades. Much concern has 
been expressed about the growing concen- 
tration within the food and fiber industry 
as fewer farms account for a greater 
share of our agricultural product. (Accord- 
ing to the Census of Agriculture, under 7 
percent of America’s farms produced 54 
percent of total commodity sales in 
1974.) Sociologists worry about the de- 
terioration of the quality of life in rural 
communities when they are no longer sur- 
rounded by many small farming units. 
Some call for subsidies to  smaller family 
farms to  preserve some of these important 
noneconomic factors. 

Technological change resulting in part 
from public investment in agricultural re- 
search is a mixed blessing. Gradual attri- 
tion in agriculture has been one of the nec- 
essary adjustments. Although the process 
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has been costly, it has conferred significant 
net benefits on society 

Statistical analyses 
To test the hypothesis that a nation’s 

economic welfare is inversely related to the 
percentage of population in agriculture, we 
did two statistical analyses. In the first, 
the relationship between the 1970 per capi- 
ta gross domestic product and the percent- 
age of the population in agriculture in 
1970 was plotted for 1 1 1  nations. The 
United States had the highest per-capita 
product ($4,789) and the second lowest per- 
centage in agriculture (4 percent). Mali, a 
small African nation, had the lowest per- 
capita product ($54) and nearly the highest 
percentage in agriculture (91 percent). The 
graph revealed a strong nonlinear relation- 
ship between the two variables. Regressing 
the percent of the population in agriculture 
on the natural logarithm of per-capita 
gross domestic product resulted in a corre- 
lation coefficient of -.92. This strong non- 
linear result means not only that a high per- 
capita product is associated with a low 
percentage in agriculture and vice versa, 
but that as the percentage in agriculture 
declines, the per-capita product increases 
at a faster rate (exponentially). 

The second statistical analysis was for 
the United States only from 1939-1977. 
Although no direct causal connection can 
be proved from the analysis, there is an ex- 
tremely high negative linear correlation be- 
tween the percentage of the population in 
agriculture, which has declined steadily 

over time, and per capita, disposable, per- 
sonal income, which has increased steadily 
over time. Income figures were computed 
in “real” terms; inflationary effects were 
removed. The correlation coefficient of 
-.88 indicates that a high percentage in 
agriculture is associated with low per- 
capita income and a low percentage (3.6 
percent in 1977) with a high per-capita, 
personal, disposable income ($4,290 in 
“real” dollars, 1977). 

Both analyses lend strong empirical 
support to our hypothesis that attrition 
from agriculture has been of economic 
benefit to society. The long-term impact 
has been twofold: hundreds of Americans 
each year are freed from growing our raw 
food and fiber to produce other goods and 
services, while those remaining in agricul- 
ture produce more food and fiber than ever 
before. American agriculture has “come of 
age.” Managing a large, efficient farm is 
no longer very different from managing a 
large, family business in the nonagricul- 
tural sector. 

Costs of progress 
Progress, however, has its costs, the 

most conspicuous being the displacement 
of hired farm laborers by mechanization. 
Only a few studies have subtracted these 
displacement costs before calculating the 
returns to society. Under varying assump- 
tions about alternative employment oppor- 
tunities for the displaced, Schmitz and 
Seckler in their 1970 study of the impact of 

the tomato harvester included compensa- 
tion for wages lost. Their estimate that the 
return was “still above 15 percent” is pro- 
bably conservative when one considers the 
expansion of the tomato processing indus- 
try in California made possible by the 
harvester. 

Although new jobs in canneries, 
transportation, farm machinery factories 
and sales, and even pizza parlors do not 
generally draw from the displaced farm 
worker population, the overall gain to so- 
ciety is apparent. Furthermore, on the eve 
of the harvester’s adoption, processors 
were in serious conversation with growers 
in Mexico and Guatemala. Sales from 
processing tomatoes, valued at $426 mil- 
lion in 1977, would have been lost to Cali- 
fornia growers. 

Fol lowing  the  Schmitz-Seckler a p -  
proach, Martin and Johnson included 100 
percent of the displaced persons’ wages for 
one year in their formula for computing the 
returns to tobacco harvester research. They 
concluded: “It is clear that no reasonable 
definition of adjustment costs will reduce 
the estimated benefits from agricultural re- 
search enough to suggest that outlays be re- 
directed. ” 

It is essential that displacement and tran- 
sition costs be recognized in evaluating the 
impact on society of any new development. 
The weight of these costs will differ from 
commodity to commodity: the number of 
workers involved will, of course, differ, 
whether they are seasonal or fulltime, 
whether the job provides supplemental 
family income or is the family’s sole source 
of livelihood, etc. 

Analogous to price supports and other 
government programs designed to assist 
farm operators are programs for displaced 
farm workers, such as unemployment 
compensation, retraining and education, 
job referral services, and welfare. It is not 
our purpose here to discuss the relative 
merits of remedies, except to say that those 
facilitating adjustment are preferable to 
those that are only compensatory. With 
compensatory policies the underlying as- 
sumption is that the displaced will remain 
unemployed at least for a time. Society in 
general and the displaced persons in par- 
ticular fare better with policies that seek to 
shorten that unemployment period and 
speed adjustment. 

Public investment in agricultural re- 
search has paid off handsomely, even when 
including adjustment costs. Benefits have 
far outweighed the costs, economically 
speaking. Social costs resulting at least in 
part from agricultural research, however, 
need to be recognized and dealt with. The 
solution to social problems is not to curtail 
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agricultural research in general nor me- 
chanization research in particular, for so- 
ciety would surely be the loser. Rather, ad- 
ditional research needs to be undertak- 
en-research that is directed at social 
pro blem-solving . 

Change has been integral to agricultural 
development, and research has been an 
important part of the process. Today in 
America, one commercial farm operator 

provides the raw food and fiber for 125 
Americans and many in other countries as 
well. The others in the nation’s vast food 
and fiber system are in farm input man- 
ufacturing industries, food processing 
plants, transportation, textile mills, cloth- 
ing manufacture, wholesale and retail 
trade, and restaurants. Still others are freed 
from any direct connection with the food 
and fiber system. Consumers in America 

enjoy variety, quality, and abundance of 
reasonably-priced food and fiber products 
unrivaled anywhere else in the world and at 
a level never before attained. Much of this 
success is thanks to what can literally be 
called “seed money”-the public’s invest- 
ment in agricultural research. 

Carole Frank Nuckton is Research Associate, Depart- 
ment o.fAgricultura1 Economics, University of Califor- 
nia. Davis. 

Spider mite damage to soybean plots at the West Side Field Station at Five Points. 

to 
Testing soybeans for resistance 

spider mites 
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S p i d e r  mites [ Telranychus urticue (Koch) 
and T. pacificus (McGregor)] have been the 
most important pests on soybeans grown in 
California in at least five of the last seven 
years. While it may be possible to control 
these pests with chemicals or even with inte- 
grated pest management, host-plant resist- 
ance would be more satisfactory. As early 
as 1966, potential for this was found at the 
West Side Field Station when a few culti- 
vars were found to have lower mite infesta- 
tion and damage levels. 

Testing procedures have been developed 
to find spider mite-resistant soybean germ- 
plasm as a first step in developing resistant 

cultivars for commercial production in 
California. Field and greenhouse tests are 
useful and necessary to determine resistant 
lines. Since testing began in 1967 we have 
found that B-106, B-107, L62-561, L67- 
3388, and P.I.86,452 are resistant lines 
compared with Wells, Chippewa 64, or 
Portage, which are used as susceptible 
checks. 

How damage starts 
Damage to soybeans begins when a small 

number of mites feed, causing a white-stip- 
pled type of injury to appear on the upper 
surface of the leaflet. Increasing numbers 

of mites cause leaflets to turn yellowish and 
then brown and to drop prematurely. De- 
foliation reduces seed yield significantly, 
particularly if it occurs early in the growing 
season. 

Yield loss is difficult to correlate with ac- 
tual mite counts because the relationship 
varies from one leaflet to another and mite 
numbers vary from one to another area of 
the same leaflet. Experiments have indicat- 
ed, however, that five or more mites in a 
12.7 mm circle on a leaflet (about 100 mites 
per leaflet) will lead to leaf yellowing and 
some yield loss. At counts above 25 per 
circle (1,000 or more mites per leaflet), 

CALIFORNIA AGRICULTURE, SEPTEMBER 1979 9 


