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Organization and Productivity 
of Agricultural Research Systems in Japan 

hifiro Hayam. and Masakatsu A kino 

Agricultural growth in Japan since the Meiji Restoration (1868) is unique in 
that it was achieved without disrupting Japan's traditional rural structure 
even though there were strong constraints on the land. )ata indicate that 
,lciji Japan inherited a man/land ratio from the feudal Tokugawa period

which was even more Unfavorable than that in South and Southeast Asia to
day (Table 2-1). IHowever, it appears that the unfavorable endowment of 
land relative to labor was compensated for 1)y Ihigher land productivity. Be
cause of this, labor productivity in agriculture in Mciji Japan was at the level 
prevailing in Asia today. 

From this initially low level, Japanese agriculture has grown to a level of 
agricultural output per male worker which exceeds Asian standards by a wide 
margin. A major component in this growth of output per worker was tle in
crease in yield per unit of agricultural land. Meanwhile, there has been little 
change in rural structure; Japan remains a nation of small farms (Table 2-2).

This clearly indicates that technical innovations in Japanese agriculture 
were consistent with both its resource endowments and its rural organization.
Central to these innovations was the development of biological technology in 
the form of fertilizer-responsive high-yiclding varieties of major cereal crops,
especially rice, complemented by' improvements in land infrastructure. 

The agricultural research s'stem that dcvclopcd the land-saving and yield
increasing biological technology was essential to the growth in output and 

29 
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,rable 2-1. Agricultural Productivity and Man/Land Ratios 
in Japan and Selected Asian Countries 

Agricultural Output Agricultural Output Agricultural Land 
per Male Farm per I ectare of Area per Male 

Workera Agricultural Land') Worker c 

(wheat units (wheat units (hectares per 
Country per worker) per hectare) worker) 

Japan
 
1878-82 ........ ... 2.5 2.9 0.9
 
1898-1902 ....... .. 3.4 3.6 0.9
 
1933-37 ........ ... 7.1 5.5 1.3
 
1957-62 .......... 10.7 7.5 1.4
 

Asia, 1957-62 
Ceylon ........... 3.9 2.9 1.3
 
India ............. 2.1 1.1 1.9
 
Pakistan ........ ... 2.4 na. n.a.
 
Philippines ....... .. 3.8 1.9 2.0
 

Source: Yujiro Ilayami and Vernon W. Ruttan, Agricultural I)evelopolent: An Interna
tional Perspective (Baltimore and London: Johns Hlopkins Press, 1971), pp. 70 and 328. 
Japan's time series revised to accord with presentation in Vujiro Ilayarni, in association 
with .'asakatsu Akino, Masahiko Shintani, anti Sahuro Yamada, A Ce',tu, of Agricnl
tnral Growth in japan. Its Relevance to .1.siani Development (,Mlinneapolis and Tokyo: 
University of Minnesota Press and University of Tokyo Press, 1975), pp. 220-230. 

" Farm workers = economically active male population engaged in agriculture. 
b Agricultural output in wheat units is the gross agricultural output net of internedi

ate products such as seed and feed. Individual products are aggregated by the price ratios 
to the price of wheat per one metric ton. 

c Agricultural land area includes permanent pasture I-I. 

productivity of Japanese agriculture. This chapter will review the current sta
tus and the historical evolution of agricultural research in Japan and will meas

ure the productivity of investments in agricultural research. 

Current S)ystem of'lgricutural Research in Japan 

In Japan, research is conducted mainly in public experiment stations under 
the auspices of national and prefectural governments. The mix of public and 

private agricultural research is shown in Trable 2-3. Measuring both research 
expenditures and personnel, we find that about 59 percent of agricultural re
search is conducted at government institutions, nearly 38 percent at universi
ties, and just over 3 percent in the private sector. 

This structure contrasts markedly with industrial research in Japan (Table 
2-3). It also differs from the United States, where roughly half of all agricul
tural research expenditure is made by private firms. 2 

Another distinctive aspect of the agricultural research system in Japan is 
the separation of agricultural experiment stations from education and exten



Table 2-2. Distribution of Farms in Japan by Size of Cultivated Land Area 

Number of Farms, in thousands (% of total in parenthesis) 

Less Than Larger Than 

Year 0.5 Ha. 0.5-1 Ha. 1-2 Ila. 2-3 1la. 3-5 Ha. 5 Ia. Total 

, 
-

1908 ........ 2,016 
(37.3) 

1910 ...... .. 2,032 
(37.5) 

1920 ........ 1,935 
(35.3) 

1930 ........ 1,891 
(34.3) 

1940 ...... .. 1,796 
(33.3) 

1950 ...... .. 2,531 
(41.0) 

1960 ...... .. 2,320 
(38.3) 

1970 ........ 2,025 
(38.0) 

1,764 
(32.6) 
1,789 
(33.0) 
1,829 
(33.3) 
1,892 
(34.3) 
1,768 
(32.8) 
1,973 
(32.0) 
1,923 
(31.7) 
1,614 
(30.2) 

1,055 
(19.5) 
1,048 
(19.3) 
1,133 
(20.7) 
1,217 
(22.1) 
1,322 
(24.5) 
1,339 
(21.7) 
1,430 
(23.6) 
1,286 
(24.1) 

348 
(6.4) 
322 
(5.9) 
341 
(6.2) 
314 
(5.7) 
309 
(5.7) 
208 
(3.4) 
233 
(3.8) 
256 
(4.8) 

163 
(3.0) 
156 
(2.9) 
154 
(2.8) 
128 
(2.3) 
119 
(2.2) 
77 

(1.2) 
91 

(1.5) 
90 

(1.7) 

62 
(1.1) 
71 
(1.3) 
92 
(1.7) 
70 
(1.3) 
76 
(1.4) 
48 
(0.8) 
60 
(1.0) 
71 
(1.3) 

5,408 
(100.0) 
5,417 
(100.0) 
5,485 
(100.0) 
5,511 
(100.0) 
5,390 
(100.0) 
6,176 
(100.0) 
6,057 
(100.0) 
5,342 
(100.0) 

Source: Institute of Developing 
culture and Forestry, Statistical 

Economics. One Hundred Years of AgriculturalStatistics in Japan (Tokyo, 1969), p. 116; Ministry of Agri-

Research Division, 1970 World Census of Agriculture Report on Farnbouseboldsand Population (Tokyo, 

1971). 
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Table 2-3. Allocation of Expenditures and Staff to Agriculture and Nonagriculture 

in Public and Private Research in Japan, 1972 

Staff
IxpenditurcsaType of Research 

b NonagriculturecNonagriculturec Agricultureb
Institution Agriculturc


35% 14% 40% 24%

Universityd ...... ...
 
Public
 

National
 
4 17 317govcrnment .... 

Local 22 4044government . . 
7180 3

Private ......... .... 4 


100 100

Total ........ 100 100 


Source: Bureau of Statistics, Office of the Prime Minister, Kagaku Gijutsu Kenkyu Cbosa 

the Survey of Research and Development in Japan) (Tokyo, 1972),
Ilokoku (Report on 

pp. 62, 150, anti 166.
 

a Includes both current anti capital expenditures. 
b Includes forestry and fisheries research.
 
c Excludes medical research.
 
d Includes both public and private universities.
 

sion. This contrasts with the United States land grant college system, which is 

characterized by the trinity of education, research, and extension. In Japan, 

under the Ministry of Agriculture and
agricultural experiment stations are 

Forestry. Agricultural colleges or university faculties of agriculture are under 

the Ministry of Education. No formal links between experiment stations and 

universities have been established. 
are also separate from the experiment stations. They

Extension programs 
because both

carried out by the prefectural extension services. However, 

the prefectural experiment stations and the prefectural extension services are 

under the agricultural departments of the prefectural governments, they op

many cases, senior extension specialists are 

are 

erate in close cooperation. In 

stationed in the experiment stations. 

There is also a division of labor between the national and the prefectural 

experiment stations under the administrationexperiment stations. National 

of the Agricultural, Forestry and Fishery Technology Commission within the 

Ministry of Agriculture and Forestry include the following: the Central Agri

the seven regional stations for
cultural Experiment Station at Konosu and 


Ilokkaido, Tohoku, Ilokuriku, Tokai-Kinki, Chugoku, Shikoku, and Kyushu;
 

six specialized experiment stations for horticulture, tea, sericulture, livestock,
 

station for forestry;veterinary medicine, and agricultural engineering; one 

and nine stations for fisheries. 

Under the same administration are the National Research Institute of Agri
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cultural Science, engaged in more basic research in the natural science aspects 
of agriculture; the National Research Institute of Agriculture, which is con
cerned primarily with social science aspects; the Food Research Institute for 
research on food nutrition, chemistry, and processing; the Plant Virus Re
search Institute; and the newly established Tropical Agriculture Research 
Center. In addition, there are the Farm Mechanization Research Institute and 
the Beet Research Institute, which have semipublic status, and more than 300 
agricultural experiment stations and research institutes (including those for 
fishery and forestry research) operated by the forty-six prefectural govern
ments. 

The division of labor between the national and local experiment stations is 
rather broad, and there is considerable overlap. The national staiions cm

phasize research projects for wide areas, while the prefectural stations tend to 
concentrate on research of local significance. Consequently, there is a tenden
cy for the former to engage in more basic research and the latter in more ap

plied research. 
This division of labor is reflected in the differences in staff size between 

the national stations and local government research stations (Table 24). 'rhe 

universities and the national experiment stations, which conduct more basic 

research, have larger staffs than the prefectural stations, which stress applied 
research. 

Evolution of the Agricultural Research System 

This section outlines the historical evolution of agricultural research in Ja

pan.3 First, we will quickly review the quantitative growth of Japanese agri
culture. The trends in agricultural output, inputs, and productivity are shown 
in Figure 2-1. 

For the period 1878-1972, total output, input, and productivity in Japa
nese agriculture show secular growth trends except during World War Ii. Over 
the whole period total output more than tripled. Inputs of the two primary 
factors, labor and land, changed relatively slowly: labor measured by the 
number of farm workers declined about 30 percent, and land measured by 
cultivated land area increased by about 25 percent. To a large extent, the 
changes in labor and land canceled each other out in the growth in total in

puts (aggregate of all conventional inputs by the shares of respective inputs in 
the total cost of agricultural production). Capital grew relatively slowly in the 

prewar years, only starting to rise at a rapid pace in the postwar period. rhe 

rates of growth in current nonfarm inputs, particularly fertilizers, have been 

much faster than in other inputs. 
Overall, total inputs grew by about 80 percent over the whole period, 
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Table 2-4. Comparison of Staff Size and Amount of Expenditure for Agricultural
 
Research among Universities and Government Institutions in Japan, 1972
 

Institutions 

National Local 
Universities Government Government 

Item (N=63) (N=30) (N=336) 

Staff 
Total number ................ 7,174 3,127 7,290 
Average number per institution . . . . 114 104 22 

Expcndituresa 
Total 

Yen (million) ................ 34,200 16,300 42,400 
U.S. dollars (thousand) ....... .. 129,000 62,000 160,000
 

Average per institution 
Yen (million) ................. 543 543 126 
U.S. dollars (thousand) ....... ... 2,049 2,049 475
 

Average per staff member 
Yen (million) ..... ............ 4.8 5.2 5.8 
U.S. dollars (thousand) ....... .... 18.1 19.6 21.9
 

Source: Bureau of Statistics, Office of the Prime Minister, Kagaku Gijutsu Kenkyu Cbosa 
Hokoku. (Report on the Survey of Research and Development in Japan) (Tokyo, 1972). 
Note: Agricultural research here includes research in forestry and fisheries. 

a Conversions from yen to dollars at rate of 265:1. 

while the total output grew by as much as 280 percent. Consequently, total 
productivity, or output per unit of aggregate input, more than doubled. Three 
phases can be distinguished in the total output and productivity trends: rela
tively fast growth up to the late 1910s; relative stagnation in the interwar 
period; and a spurt forward in the post-World War II period. 

In the following historical review we will describe the ways in which these 
growth patterns were related to the evolution of agricultural research. 

National Government Initiatives 

The national government first sought to develop agriculture by importing 
farm machinery, plants, and livestock. The Farm Machinery Exhibition Yard 
was established in 1871 in Tsukiji, Tokyo, to exhibit large-scale farm machin
ery imported from England and the United States. The machines were demon
strated at the Naito Shinjuku Agricultural Experimental Station, set up in 
1872. The government also tried to transplant foreign plants and livestock. 
The Mita Botanical Experiment Yard (1874), the Shimofusa Sheep Farm 
(1875), the Kobe Olive Farm (1879), and the Harima Grape Farm (1880) 
were established for these trials. 

The government also established institutions of advanced agricultural edu
cation: the Komaba Agricultural School in 1877 (now the University of 
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Figure 2-1. Trends in the indices of output, inputs, and productivity in Japa
nesc agriculture (1878-82= 100), five-year averages, semilog scale. 
Source: Yujiro Hlayami, ct al., A Century ofAgricultural Growtb in Japan: Its 
Relevance to Asian Development (Minneapolis and Tokyo: University of Min
nesota Press and University of Tokyo Press, 1975), pp. 32, 39. 

Tokyo, College of Agriculture), and in 1875, the Sapporo Agricultural School 
which was designed to develop Hokkaido, the last frontier of Japan. British 
instructors were invited to staff the Komaba School and instructors from the 
United States were invited for the Sapporo School. The schools taught Anglo-
American, large-scale mechanized farming. 

This early "technology borrowing" is one example of the broad effort of 
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Meiji Japan to catch up with Western technology. But, in contrast to similar ef
forts in industry, this attempt was largely unsuccessful. Factor endowments 

and farm size in Japan were simply incompatible with large-scale machinery. In 

most cases the efforts to transplant foreign plants and livestock were not 
successful because of different ecological conditions. 

The Meiji government quickly perceived this mistake and redirected its 

development strategy toward searching for modern technology that would be 
consistent with the factor endowments and ecological conditions of Japanese 
agriculture. In 1881, when their contracts were completed, the British agricul
tural instructors at the Komaba School were replaced by German scientists. 
Thereafter agricultural education in Japan placed primary emphasis on agri
cultural chemistry and soil science of the Liebig tradition. The facilities for 
demonstrating Western machinery, plants, and livestock were largely discon
tinued during the 1880s. 

The newly founded Ministry of Agriculture and Commerce (1881) estab
lished the itinerant instructor system in 1885. Instructors traveled throughout 
the country holding agricultural extension meetings. In contrast to the earlier 
emphasis on importing Western technology, the itinerant instruction s',stem 
was designed to diffuse the best seed varieties and cultural practices already 
used by many Japanese farmers. Not only the graduates of the Komaba 
School but also veteran farmers (rn) were employed as itinerant instructors 
in order to combine the best practical farming experience with the new sci
entific knowledge of the inexperienced college graduates. 

To provide better information for the itinerant lecturers, the Experiment 
Farm for Staple Cereals and Vegetables was set up in 1885. By 1893, the 
farm, considerably expanded, had become the National Agricultural Experi

ment Station with six regional branch stations across the nation. The itinerant 
instuction program was subsequently absorbed by the National Agricultural 
Experiment Station. Meanwhile, the national government encouraged the 

prefectural governments to set up local experiment stations. However, only a 
few prefectures had established their experiment stations before the Law of 
State Subsidy for Prefectural Agricultural Experiment Stations was enacted 
in 1899. 

The development of agricultural experiment stations in Japan was charac
terized from the beginning by the strong initiative of the nationa government. 
This experience in Japan contrasts with the experience in Western Europe. In 
England the famous Rothamsted Experimental Station was established in 
1843, financed by Sir John Lawes. The Edinburgh Laboratory (founded in 
1842) was supported by the Agricultural Chemistry Association of Scotland, 
a voluntary agricultural society. In France the first agricultural experiment 
station was established b.y Jean Boussingaullt in his estate at Bechelbrom in 
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1834. Even in Germany, where the first experiment station was publicly sup

ported, Saxon farmers initiated the movement for the station and drafted its 

charter. 
Why was the government of Meiji Japan (its leaders were primarily from 

the ex-Samurai class) clearly determined from the very beginning to take 

responsibility for conducting agricultural research? A part of the answer ap

pears to lie in the organization of Japanese agriculture -a host of dwarf-sized, 

family farms. Individual farms were too small to take advantage of scale econ

omies inherent in research. They were too small to exercise monopolistic 

power and gain enough benefit from research to cover the Costs. 

Because land was tile factor limiting agricultural production, farmers de

manded technology which would save land. Research emphasized the develop

ment of biological technology such as improved seed varicties. There was no 

incentive for private firms to conduct biological research since there were no 

institutions, such as patent laws, to allow them to profit from the research. 

Furthermore, because of the low price elasticity of demand for staple foods -

the major products of Japanese agriculture - the gains from agricultural re

search were transferred primarily to consumers through declines in food 

prices. In this situation, the need for public support of agricultural research 

was obvious. Why did the national government rather than the local govern

ments take the initiative? Why was it not left to cooperatives of farm produc

ers, especially in the case of export crops? 
The answer must be sought in the basic approach of Meiji Japan to eco

nomic development, which was to exploit agriculture for industrialization. 

When it opened its doors to foreign countries shortly before the Meiji Restora

tion, Japan was in danger of colonialization. The national slogan wasfukoku 

kyobei, to "build a wealthy nation and strong army," and to attain this goal 

it was considered necessary to "develop industries and promote enterprises," 

or shokusan kogvo. 

In predominantly rural Meiji Japan, industrialization was necessarily fi

nanced from agricultural surplus. Revenue for industrial development was 

raised by taxing agricultural land. Foreign exchange needed for imported 

goods was earned by exporting primary products. In a sense, the establishment 

of the National Agricultural Experiment Station in 1893 was a response to 

agitation for the reduction of tile newly established land tax. The Konoronsaku 

(A Treatise on tbe Strategy o'AgriculturalI)evelopment), which was drafted 

in 1891 by tile Agricultural Science Association and which had an immediate 

impact on the establishment of the experiment station, denied the argument 

for a land tax reduction on the basis that it would only contribute to the wel

fare of landlords and give no benefit to a large number of tenant farmers; it 

advocated "more positive measures to develop agriculture such as agricultural 
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schools, experiment stations, itinerant lecturing, and agricultural societies" to 
4 

on farmers.reduce the burden 

More fundamentally, increasing the supply of food for the growing urban in

dustrial population was critical for industrialization. If the food supply had not 

kept up with urban demand, the price of food would have risen. In the early 

stages of development characterized by a high Engel coefficient, a rise in food 

prices would have significantly increased the cost of living and wages. This 

would h~ve reduced profits and depressed industrial accumulation of capital. 

Given its aspirations for industrial development, it was natural for the 

government to undertake measures, including agricultural research, to develop 

to increase the supply of food, a critical wage-good for indusagriculture and 
because foreign exchange was a constrainttrial development. Furthermore, 

on the importation of capital goods and on economic development, it was 

rational for the government to use tax revenues to support research on export 

products such as tea and silk, even though this research might benefit the pro

ducers primarily. 

Linkage with Extension and Education 

The linkage between agricultural research and extension has traditionally 

been strong in Japan. As mentioned previously, the Fxperiment Farm for 

Staple Cereals and Vegetables was designed to provide relevant data for itiner

ant instructors. The itinerant extension program was later absorbed into the 

National Experiment Station. As prefectural experiment stations were estab

lished, extension programs were transferred to them. When the agricultural 

associations organized under the Agricultural Association Law (1899) began 

to develop extension programs with government subsidies, their extension 

workers were trained in agricultural training centers attached to the prefec

tural experiment stations. 

In contrast, the connection between agricultural experiment stations and 

educational institutions has not been formally established. The pioneers of 

agricultural science in the Meiji period had expected otherwise. In the Treatise 

on the Strategi, oJ AgriculturalDevelopment they proposed: 

It is advantageous that the agricultural experiment stations and the itin

erant instruction system are combined ... it is advantageous if the agri

cultural experiment stations belong to agricultural colleges ... it is 

highly effective for students to see the projects in the experiment sta

tions. The results of experiment are useful for experiment stations ... 

Agricultural associations should encourage the study of students, and 
5 

encourage farmers to use the established results of experiments. 

It appears they had in mind a trinity of research, extension, and education, 
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supported by agricultural associations- a system similar to that of the United 

States. However, the National Agricultural Experiment Station was estab

lished independently from the Komaba School. The system of national and 

prefectural experiment stations developed separately from institutions of ad

vanced agricultural education. 
This development may be explained by the strong (and hasty) demand of 

the government that experiment stations produce practical results for farmers 

and by the fact that basic research at universities in the Meiji
immediately 

not producing practical techniques.period was 
staff at the agricultural colleges primarily

In the beginning stages, the 
a few produced

studied principles and theories developed abroad. Although 
on the farms. Inthis was not immediately applicabledistinguished research, 


the short run the more productive approach was to exploit the best indige

nous farming practices by simple tests and demonstrations.
 

The initial research conducted at the Experiment Farm for Staple Crops 

and Vegetables and at the National Agricultural Experiment Station was pri

field experiments comparing
marily applied research. The major projects were 

various seed varieties or husbandry techniques (for example, checkrow plant

ing of rice seedlings versus irregular planting). Facilities, personnel, and, above 

all, the state of knowledge were not adequate for more than simple compara

tive experiments. Nevertheless, such experiments provided a basis for the 

rapid growth of agricultural productivity during the latter years of the Meiji 

period. This was a result of the substantial indigenous technological potential 

which could be further tested, developed, and refined at the new experiment 

stations as well as the strong propensity toward innovation among farmers, 

with whom the research workers effectively interacted. 

For 300 years before the Meiji Restoration, farmers were constrained by, 

were highly structuredPersonal behavior and economic activityfeudalism. 
within a hierarchical system of social organization. Farmers were bound to 

not allowed to leave their villages except for 
their land and were, in general, 

to the Ise Grand Shrine). Theyas the Ise-Mairi (Pilgrimagesuch pilgrimages 
or which varieties of seeds to 

wLre not free to choose which crops to plant 
estates discouraged communica

sow. The division of the nation into feudal 

tion. in many cases, feudal lords prohibited the export of improved seeds or 

cultural methods from their territories. Under such conditions the diffusion 

of superior seeds and husbandry techniques from one region to another was 

severely limited. 
The Meiji Restoration removed feudal restraints. Farmers became free to 

seeds to sow, and which techniques to 
choose which crops to plant, which 

service and of railroads re
practice. The introduction of a modern postal 

duced the cost of diffusing information about technology. The land tax re
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form, which granted a fee simple title to the farmers and transformed a feudal 

share tax on crops into a fixed land tax, increased the farmers' incentive to in
novate. The farmers, especially of the ginr)class (landlords who personally 
farm part of their holdings), vigorously responded to such new opportunities. 
They voluntarily formed agricultural societies called nodankai (agricultural 
discussion society) and binsbukokankai (seed exchange society) and searched 
for better techniques. Rice production practices, such as the use of salt water 
in seed selection, improved preparation and management of nursery beds, and 
checkrow planting were discovered by farmers and propagated by the itiner
ant instructors. They were sometimes enforced by the sabers of the police. 
The major improved varieties of seeds, up to the end of the 1920s, also result
ed from selections by veteran farmers. 

IE;xperiment station research was successful in testing and refining the re
stilts of farmer innovations. The r~Th5techniques (veteran farmers' techniques) 
were based on experiences in the specific localities where they originated. 
They tended to require modification when transferred to other locations. 
Simple comparative tests effectively screened the rrmni techniques and vari
eties, thereby reducing greatly the cost of technical information for farmers. 
Slight adaptations of indigenous techniques based on experiments often gave 
them wide applicability. 

Givcn the backlog of indigenous technological potential, the innovative at
titude of farmers, and the infant state of university education and research, it 
might have been more effective at that time to organize the experiment sta
tions and extension services separately from the universities. Also, the loose 
linkages bctwecn experiment stations and universities did not pose a serious 
problem during the Mciji period when the agricultural research-education
extension complex was small. Since the key personnel in experiment sta
tions, extension services, and agricultural colleges were all graduates of either 
the Komaba School or the Sapporo School, the interaction among experi
ment stations and agricultural colleges worked sufficiently well on an ad hoc 
basis. 

Centralization versus Decentralization 
It appears that the evolution of the organization of agricultural research in 

Japan has been marked by asearch for an optimum balance between centrali
zation and decentralization. The pioneers of agricultural science in Japan 
seem to have rccognizCd that agricultural technology is highly location-specif
ic.To produce practical results for farmers, agricultural research must be con
ducted in various ecological regions. They also appear to have recognized the 
need for tile coordination of central and local experiment stations. In the 
Treatise on the Strategy ofAgricultural Development they proposed to estab
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onelish one central experiment station in Tokyo, five regional stations, and 

or more stations in each prefecture.6 However when the National Agricultural 

Experiment Station (headquartered in Nishigahara, Tokyo) and the six re

gional branch stations were established, the director, Atsushi Sawano, consid

lie remarked that "regional breakdowns are notered the system inadequate. 


sufficient for the variations in soil and climate. If additional budget is avail
7 

able, another forty-five stations must be established." 

Local political groups lobbied the National Diet for more branch stations, 

and the number of these was increased from six to nine in 1895. But the ex

strapped for funds. The initial staff, including that inperiment stations were 
only twenty research scientists and seventhe branch stations, comprised 

technicians. This increased to thirty scientists and fifteen technicians in 1899. 

Experiments were always handicapped by insufficient facilities and logistical 
8support. Under such conditions it was hardly possible to conduct more basic 

research in addition to the simple tests and demonstrations noted previously. 

Meanwhile, the backlog of indigenous technological potential was gradual

ly exhausted as it was exploited. Research institutions felt the need to re

charge this declining potential by turning to more basic research. 'rhe prefec

experiment stations gradually accepted responsibility for more appliedtural 
research. The rapid expansion of local research during this time is shown by 

the prefectural government's increasing expenditure for agricultural research 

(Table 2-5). 

In response to the establishment of the prefectural experiment stations, 

Station reduced its branch stations from nine tothe National Experiment 

three in 1903, with the intention of exploiting scale economics in more basic 

research by concentrating research resources in fewer stations. The following 

year, for the first time, the National Experiment Station launched an original 

at its Kinai Branch. The object of this project was to 
crop breeding program 
develop new rice varieties by artificial crossbreeding based on the Mendelian 

1900. It took almost two decades before new variprinciples rediscovered in 

eties of major practical significance were developed, though the project con

tributed greatly to the accumulation of experience and knowledge. Another 

at the Rikuu Branch to improve rice varieties by
project was started in 1905 

approach brought about quicker practical results. pure line selection. This 
were

Thereafter the main efforts of crop breeding in the Taisho era (1912-25) 

in pure line selection. 
Rice breeding by purc line selection represented the final exploitation of 

varieties. As the
the indigenous technological potential embodied in the rbii 

was exhausted.9 The ex
purity of those varieties was raised, the potential 

ploitation and consequent exhaustion of indigenous potential became evident 

before basic research represented by the crossbreedingin the 1910s more 
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Table 2-5. Expenditures for Agricultural Research by National and
 
Prefectural Governmnets in Japan, 1897-1970 (in thousand yen)a
 

Year Total Nationallb Prefectural 

1897 ..... 
1902 ..... .. 

616 
2,044 

367 (60) 
930 (45) 

249 (4 0)c 
1,114 (55) c 

1907 ..... .. 2,032 718 (35) 1,314 (6 5 )c 
1912 ..... .. 
1918 ..... .. 

3,044 
2,521 

822 (27) 
849 (34) 

2,222 (73 )c 
1,672 (66) c 

1923 ..... .. 
1927 ..... .. 

5,385 
6,561 

1,286 (24) 
1,251 (19) 

4,099 ( 76)c 
5,310 (811 c 

1932 ..... .. 8,196 1,686 (21) 6,510 (79) c 

1955 ..... 
1960 ..... 
1965 ..... 
1970 ..... 

.. 9,478 

.. 12,300 
.38,814 
.60,093 

4,190 (44) 
4,661 (38) 

12,257 (32) 
17,257 (29) 

5,288 (56)d 

7,639 (62)d 

26,557 (68)b 

42,836 (71) b 

Source: Vujiro llayanmi ct al.,.. ('eUtury ,/ .'Agricultiral (,rowt., ill 
japan (M\1inneapolis anti Tokyo: University of Minnesota Press and 
University of Tokyo Press, 1975). 

a Based on 1934-1936 prices. Parentheses enclose percentages of 
total expenditures.

b Five-year averages ending the years shown, except for the 1918 
anti 1923 figures which are the five-year averages ending in 1917 
and 1922, respectively. 

C Single-year figures of the years shown. 
d l:stimations: (1) Change in percentage between 1951-55 and 

1956-60 was assumed to be the same between 1956-60 and 1961-65. 
(2) The percentage for 1958 was used for 1956-60. 

project produced major breakthroughs. The rate of increase in rice yield 
began to decline. Japanese agriculture began to stagnate during the interwar 
period. 

Meanwhile, not only the National Experiment Station but also the prefec
tural stations began crossbreeding projects. The projects were handicapped by 
a lack of coordination which tended to dissipate the limited research funds. 
In these circumstances, a nationwide coordinated crop breeding program called 
the Assigned Experiment System (the system of experiment assigned by the 
Ministry of Agriculture and Forestry) was established, first for wheat (1926), 
next for rice (1927), and subsequently for other crops and livestock. 

Under the Assigned Experiment System, the national experiment stations 
were responsible for crossbreeding up to the selection of the first several filial 
generations. The regional stations, in each of eight regions, conducted further 
selections to adapt the seeds to regional ecologies. The varieties selected at 
the regional stations were then sent to the prefectural stations to be tested for 
their acceptability in specific locations. 'rhe varieties developed by this system 
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were called Norin (abbreviation of the words "Ministry of Agriculture and 

Forestry" in Japanese) varieties. 

This system was outstandingly successful. The Mexican dwarf wheat, 

which is revolutionizing Mexican and lnd -Pakistan agriculture, was based on 

the Norin No. 10 wheat variety. The Norin numbered varieties successively 

replaced older varictics in the late 1930s. If the supply of fertilizer and other 

agricultural inputs had not been restricted during World War II, the second 

epoch of agricultural productivity growth in Japan - which occurred after the 

war-would probably have started in the late 930s. 

The Assigned Experiment System was an institutional innovation which 

- above all, knowledge an1 experienceeconomized on research resources 

while satisfying the requirement for location-specific agricultural research. 

The system has evolved so that now both the national and the prefectural ex

periment stations conduct crossbreeding from the first step of artificial cross

ing. This change reflects the increase in knowledge and experience of the pre

fectural stations. It has enabled the prefectural stations to conduct research 

more specifically designed to satisfy local demand. 

Social Returns to Agricultural Research Investitet 

it seems reasonable to Iy

pothesize that the evolution of agricultural research in Japan was spurred by 

the benefits which research contributed to society and to national develop
in agricultural re-

From the historical review in the previous section 

ment. To demonstrate the gains from public investment 

search, we will attempt in this section to estimate the social rates of return to 

rice-breeding research. 

Theoretical Framework for Estimating Social Returns 

Using Marshallian concepts of social welfare and cost, social returns to rice

breeding research are measured by the changes in consumers' and producers' 

surpluses that result from the shift in the rice supply curve corresponding to a 

shift in the rice production function. (Producers' surplus is defined as the 

total value of output in agriculture minus the payment to the inputs applied to 

agricultural production that are supplied from nonagriculturc; it includes not 

only the entrepreneurial profit of farmers but also land rent, wages to family 

labor, and returns to farm capital. For a more detailed discussion see chapter 

6.) This relationship is shown in Figure 2-2, in which d and so represent the 

actual demand and supply curves, whereas sn represents the supply curve that 

would have existed if improved rice varieties had not been developed. 

Assuming market equilibrium and no rice imports, the shift in the supply 

curve from sn to so would increase the consumers' Surplus by (area ABC + 
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Figure 2-2. ,Model of estimating social returns to rice-brecding rccarch.
 
Source: ,lasakatsu Akino and 'ujiro Ilayaini, "Efficiency and Equity in Pub
lic Research: Rice Breeding in Japan's .coomic )cvelopment." American
 
Journal 1,1'AgriculhundIcoinoics. 57:1 (February 1975), 4.
 

area Bn.oC), the producers' surplus by (area A(CO - area 131nPoC), and the 

social benefit by (area ABC + area ACO). 
In reality, however, Japan remained a net importer of rice during this peri

od. Rice imports were regulated by government tariffs and quotas.' 0 As dis

cussed previously, the government sought to prevent a rise in the cost of liv
ing of urban workers. In fact, the government maintained stable rice prices 
relative to the general price index until around 1960. Rice prices then began 
to rise sharply because government policy regarding rice shifted to protecting 

producers (Figure 2-3, lower section). 
If basic policy was to secure sufficient rice to prevent a rise in the urban 

workers' cost of living, and, if increasing domestic rice production owing to 

varietal improvement and other means did not meet increasing demands, the 
gap would have to have been filled by imports. Let P0 in Figure 2-2 Le the 

price of rice that the government determined to maintain. If the domestic 
supply schedule did not shift from sn to sO, the government would have in
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Figure 2-3. Changes in rice prices, both current and deflated by the General 
Price Index (1934-36=100), in Japan (log-scale in brown rice term), 1880
1937 and 1951-70.
 
Source: Vujiro Hayarni, "Rice Policy in Japan's Economic Development,"
 
American JournalofAgricdtural Economnics, 54:1 (February 1972), 22.
 

creased rice imports by Q'n Qo. Then, the producers' surplus would have 
been reduced by area BPnPoC without being compensated for by area ACO. 
In this case, foreign exchange would have been reduced by area ACQ'nQn. 

If there had been no breeding program to shift the domestic supply from 
sn to SO' the producers' surplus would have been smaller by area ACO. This 
area may be defined as the producers' gain in economic welfare from the rice 
breeding research (assuming price stability through rice imports). Since the 
consumers' surplus would remain unchanged under this assumption, the pro
ducers' gain would equal the total social benefit produced from the rice breed
ing programs. Another contribution of the breeding research to the national 
economy in the open economy case would be the gain in foreign exchange by 
area ACQ'nQo. 

In reality, in spite of the efforts to shift the rice production function up
ward, domestic supplies did not keep up with demand. This resulted in rice 
imports of about 5 to 20 percent of domestic production. Therefore, inso 
Figure 2-2 would have been located somewhere to the left of A if we define A 
as the point of equilibrium of total market supply and demand. However, this 
does not require modification of our model. We will now estimate the social 
benefits of rice research in Japan using this model. 11 

Distribution of Social Benefits 
Estimates of social benefits were conducted separately for the breeding 

programs before and after the introduction of the Assigned Experiment System 



Table 2-6. Estimates of Social Benefits from Rice-Breeding Research Programs Begun
 
before the Establishment of the Assigned Experiment System, Japan
 

(million yen in 1934-36 prices)
 

Open Economy Case 

Producers' 
Autarky Case Gain

Gain 

Producers' Consumers' Total Social (Total Saving in Foreign 
Gain Gain Benefits Benefits) Exchange 

Year (1) (2) (3)=(1) + (2) (4) (5) 

1915 - 0.30 0.45 0.15 0.15 0.18 
1916 - 0.32 0.48 0.16 0.16 0.19 
1917 - 1.80 2.70 0.90 0.90 1.08 
1918 - 4.20 6.30 2.11 2.10 2.52 
1919 - 7.68 11.52 3.85 3.84 4.60 
1920 - 12.47 18.75 6.28 6.25 7.50 
1921 - 15.69 23.64 7.95 7.88 9.45 
1922 - 26.21 39.51 13.30 13.17 15.80 
1923 - 33.49 50.73 17.24 16.91 20.29 
1924 - 45.90 69.75 23.85 23.25 27.90 
1925 -60.97 93.03 32.06 31.01 37.21 
1926 - 57.37 87.54 30.17 29.18 35.01 
1927 -- 66.07 100.86 34.79 33.62 40.34 
1928 - 67.65 103.38 35.73 34.46 41.35 
1929 -- 70.68 108.12 37.44 36.04 43.24 
1930 -- 86.68 132.87 46.19 44.29 53.14 
1931 - 80.80 124.23 43.43 41.41 49.69 
1932 -- 102.25 157.86 55.61 52.62 63.14 
1933 - 102.56 157.62 55.06 52.54 63.04 
1934 
1935 

- 77.)1 
-86.21 

118.41 
132.63 

41.40 
46.42 

39.47 
44.21 

47.36 
53.05 

1936 - 103.53 159.35 55.82 53.12 63.74 
1937 - 4.33 160.67 56.34 53.56 64.27 
1938 - 3.65 159.62 55.97 53.21 63.85 
1939 10-1.97 171.07 60.10 57.03 68.43 
1940 -- 95.79 147.52 51.73 49.18 59.01 
1941 -84.69 130.35 45.66 43.45 52.14 
1942 .-018 154.12 53.94 51.38 61.65 
1943 -- 91.07 139.95 48.88 46.65 55.98 
1944 - 81.11 124.52 43.41 41.51 49.81 
1945 - 78.69 120.62 41.93 40.21 48.25 
1946 - 73.44 112.35 38.91 37.45 44.94 
1947 - 65.79 100.55 34.76 33.52 40.22 
1948 - 69.27 105.70 36.43 35.24 42.28 
1949... 52.91 80.62 27.71 26.88 32.25 
1950 - 57.49 87.50 30.01 29.17 35.00 
1951 -- 48.99 74.50 25.51 24.84 29.80 
1952 -. 48.84 74.15 25.31 24.72 29.66 
1953 .- 36.42 55.20 18.78 18.40 22.08 

46 
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Table 2-7. Estimates of Social Benefits from Rice-Breeding Research Programs
 
Established under the Assigned Experiment System, Japan
 

(million yen in 1934-36 prices)
 

Autarky Case 

Producers' Consumers' 
Gain Gain 

Year (1) (2) 

1932 - 0.66 0.99 
1933 - 2.32 3.48 
1934 - 3.12 4.68 
1935 - 4.72 7.08 
1936 -7.40 11.10 
1937 - 10.90 16.38 
1938 - 15.15 22.80 
1939 - 19.61 29.55 
1940 - 19.96 30,09 
1941 - 19.86 29.94 
1942 -26.97 40.71 
1943 - 28.13 42.48 
1944 -29.69 44.88 
1945 - 33.30 50.40 
1946 - 37.74 57.18 
1947 -40.18 60.93 
1948 - 50.49 76.68 
1949 -47.81 72.72 
1950 - 59.86 91.20 
1951 - 61.52 93.87 
1952 -62.64 95.43 
1953 -48.18 73.32 
1954 - 51.04 77.64 
1955 -66.73 101.40 
1956 -47.42 71.88 
1957 - 39.98 60.48 
1958 - 37.64 56.88 
1959 - 34.58 52.20 
1960 - 32.79 49.47 
1961 - 28.51 42.99 

Total Social 
Benefits 

(3)=(1) + (2) 

0.33 
1.16 
1.56 
2.36 
3.71 
5.48 
7.65 
9.94 

10.13 
10.08 
13.74 

14.35 
15.19 
17.10 
19.44 
20.75 
26.19 

24.91 
31.34 
32.35 
32.79 

25.14 
26.60 
34.67 
24.46 
20.50 
19.24 
17.62 
16.68 
14.48 

Open Economy Case 

Producers'Gain 

(Total Saving in Foreign 
Benefits) Fxchange 

(4) (5) 

0.33 0.39 
1.16 1.39 
1.56 1.87 
2.36 2.83 
3.70 4.44 
5.46 6.55 
7.60 9.12 
9.85 11.82 

10.03 12.03 
9.98 11.97 

13.57 16.28 
14.16 16.99 
14.96 17.95 
16.80 20.16 
19.06 22.87 
20.31 24.37 
25.56 30.67 
24.24 29.08 
30.40 36.48 
31.29 37.54 
31.81 38.17 
24.44 29.32 
25.88 31.05 
33.80 40.56 
23.96 28.75 
20.16 24.19 
18.96 22.75 
17.40 20.88 
16.49 19.78 
14.33 17.19 

based on the data in Appendix 2-3. The results are summarized in Tables 2-6 

and 2-7. The most remarkable aspect of the autarky case results is that the 

social benefits produced from the research were totally captured by the con

suners; the producers wvere worse off. Such results were derived from the ap
plication of low price elasticities of demand and supply. In particular, the de

mand elasticity plays a decisive role in the distribution of benefits among con

sumers and producers. 

In reality, however, Japan did not operate in the condition of rice autarky 
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during the period of this analysis. If it is assumed that rice was imported, the 

even worse (as shown in Figure 2-2 byproducers' situation would have been 
no proarea ACO and as measured in Tables 2-6 and 2-7) if there had been 

gram for rice-breeding research. Thus, rice research preserved a larger share 

of the Japanese rice market for domestic producers. Without the research the 

Japanese economy would have lost foreign exchange, by area ACQ'nQo , In 

the possible loss of forfact, as tile estimates in Tables 2-6 and 2-7 indicate, 

eign exchange owing to the shortage in the domestic rice supply during the 

1930s would have amounted to about 5 percent of the total commodity im

port of Japan. Considering the chronic shortage of foreign exchange in the 

course of industrialization in Japan, the contribution of rice-breeding research 

to economic growth was quite significant. (However, it is difficult to estimate, 

in a term comparable to that of consumers' or producers' surplus, the gain in 

national economic welfare as a result of the saving of foreign exchange.) 

In the open economy case, the producers were made better off by rice

same level ofbreeding research, while tile consumers continued to enjoy tile 

welfare without causing a drain on foreign exchange. In reality,economic 
however, it would appear that consumers' welfare could not have remained 

the same in the absence of the rice-breeding research. The constraints on for

eign exchange would not have allowed additional rice imports on such a large 

scale. The autarky and the open economy cases in our analysis represent the 

polar cases between which reality lies. 

The Social Rate of Returns 

In order to assess the efficiency of rice-breeding research, both the external 

and the internal rates of returns are calculated by relating the research costs 

(data reported in Appendix 2-3) to the estimates of social benefits shown in 

Tables 2-6 and 2-7. (See accompanying box.) 

The social rates of returns for the breeding programs before the Assigned 

for two alternative cases: Case A assumesFExperiment System are calculated 

net returns (Rt - Ct) in 1935 would have been maintained forever fromthat 

that year; Case B assumes that net returns would become zero after 1953.
 

Case A represents a polar case in which the knowledge and experience ac

cumulated in a breeding program would continue to be utilized even after the
 

varieties developed by the program were replaced by varieties developed by
 

subsequent breeding programs, whereas Case B assumes that the life of the 

new ones.varieties ends when they are replaced by 
in the programs under the Assigned Ex-In calculating the rates of returns 

periment System, two alternative assumptions about the stream of returns 

were made: Case A assumes that the net returns would have continued to be 

maintained forever at the 1951 level since that is the year when the area plant
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The external rate of returns (re) is defined as the rate calculated 
from the following formula: 

100 (iP + F)
 
C
 

where i is the external rate of interest, P is the accumulation of past re
turns, F is the annual future returns, and C is the accumulation of past
research expenditures. The external rate of interest (i) is applied to the 
accumulation of both returns and expenditures. In this study 10 per
cent is assumed for the interest rate. 

The internal rate of returns (ri) is the rate that results in 

T R_ Ct
Z-0 

t = 0(1 + r)t 

where R t is the social benefit in year t, Ct is the research cost in year t, 
and T is the year that the research ceases to produce returns. 

ed in the Nori varieties reached a peak; Case B assumes that tie net returns 
would have become zero after 1961. 

The results of the estimates of the social rates of return for the autarkv 
and the open economy cases are reported in Table 2-8. There arc only small 
differences between the two. Both indicate that the crop-breeding research 
represents a lucrative public investment opportunity. 

The estimates for the programs before tile introduction of the Assigned
Experiment System are comparable with Griliches's estimates for hybrid corn 
research in the United States (about 35 percent for the internal rate and 700 
percent for the external rate also vithof return); they compare favorably 
estimates for research the Statespoultry in United reported by Peterson 
(about 20 percent for the internal rate and 140 percent for the external 
rate). 12 The estimates of the rate of returns for rice research under the As
signed Experiment System are comparable with those for the cotton research 
in Sio Paulo, Brazil, by Ayer and Schuh (about 90 percent for the internal 
rate) and for wheat research in Mexico by Ardito Barletta (about 75 percent 
for the internal rate). 13 Judging from these estimates, there has been gross
underinvestment in research to improve grain varieties in the world. 

The results in Table 2-8 show that the social rate of return increased after 
the introduction of the Assigned Experiment System. This seems to suggest
that efficiency was improved by this institutional innovation. We do not deny 
the possibility that the incre!ase in the rate of return over time reflects scale 



Table 2-8. Estimates of Social Rates of Returns to Rice-Breeding Research in Japan (million yen in 1934-36 constant prices) 

Autarky Case Open Economy Case 

Rates of Return Case A Case B Case A Case B 

IefJreAssigned Ixperiment Systepn 

External Rate 
(1) Net cumulated past returns ..... .............. 985.88 7,660.95 952.52 7,392.64
 
(2) Past returns expressed as annual flow ........... 98.58 766.09 95.25 739.26
 
(3) Net annual future returns ..... ............... 44.63 0 42.41 0
 
(4) Total net annual returns, (2) + (3) ............. 143.21 766.09 137.66 739.26
 
(5) Cumulated past research expenditures ........... 123.39 783.47 123.39 783.47
 
(6) Rate of return, 100 x (4)1/(5) ................. 116% 98% 112% 94%
 

Internal Rate ......... .......................... 27% 25% 26% 25%
 

LUnder Assigned I.xperiynent Systenz 

External Rate 
(1) Net cumulated past returns ..... .............. 487.98 1,639.77 480.11 1.610.65
 
(2) Past returns expressed as annual flow ........... 48.79 163.97 48.01 161.06
 
(3) Net annual future returns ..... ............... 31.73 0 30.67 0
 
(4) Total net annual returns. (2) + (3) .............. 80.52 163.97 78.68 161.06
 
(5) Cumulated past research expenditures ........... 14.51 46.78 14.51 46.78
 
(6) Rate of return, 100 x (4)/(5) ................... 554% 350% 542% 344%
 

Internal Rate ......... .......................... 75% 73% 75% 73%
 

http:1.610.65
http:1,639.77
http:7,392.64
http:7,660.95
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economies inherent in the process of research in producing knowledge and in
formation. Ilowever, if there were no organizational improvements to permit 
better coordination of the enlarged research complex, the increase in the cf
ficiency of rice-breeding research would not have been as dramatic as meas
ured in this study. 

Conclusion and Implications 

The Japanese agricultural research system evolved under the strong leadership 
of the government. The current system is dominated by public-supported in
stitutions, including both national and prefectural experiment stations. 

We hypothesized that tile government's involvement in agricultural re
search activities was prompted by the high rate of social returns. The case 
study of rice-breeding research indicates that the investment in agricultural re
search was indeed lucrative for society. Moreover, we found that financing 
agricultural research out of tax revenue can be justified because the major 
gains from the research increased consumers' surplus or contributed it eco
nomic development by lowering the cost of living for urban workers and sav
ing foreign exchange. 

The government's recognition of the necd for agricultural research is one 
of the keys to understanding how agriculture grew in Japan despite the very 
unfavorable endowment of land relative to labor. Ilowcvcr, it appears that 
there was gross underinvestment in agricultural research even in Japan. For 
example, if man\- more resources had been allocated to agricultural research 
in the early days of modern economic growth, the intcrvar stagnation o" 
Japanese agriculture might have been avoided or reduced considerably. Public 
planners and policy makers in the world should be constantly reminded that 
there is a tendency to underestimate the returns to research because of un
certainty and long gestation periods. Rarely are sufficient resources allocated 
to agricultural research. Hence, efficient allocation of research resources 
among different research enterprises is important. 

The conflict between the needs for location-specificity and scale economies 
poses a critical problem in the allocation of scarce research resources. The As
signed Experiment System in Japan represents a successful attempt in solving 
this problem. Such organizational innovations should be promoted in develop
ing countries vhose research resources, particularly in research and technical 
staff, are very limited. 

Interaction among research administrators, scientists, and farmers is of 
critical importance to produce information useful to farmers. At tile same 
time, thc interaction of agricultural scientists with those in neighboring disci
plines is a source of research productivity. The close association of agricultur
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al experiment stations with extension programs and agricultural associations 
in Japan increased the responsiveness of agricultural research to the needs of 
farmers. 

It must be noted, however, that this system was established without for
mally linking experiment stations with universities. Perhaps this represents a 
bad example which should not be repeated in developing countries. Today 
agricultural science in Japan is far more advanced than it was in the Meiji 
period. Specialized research with an interdisciplinary approach seems to be 
required for the transfer of technology developed in advanced countries to 
developing countries. For this requirement the close linkage between experi
ment stations and universities is necessary. 

At the same time, the close linkage between experiment stations and uni
versities should by no means le established at the sacrifice of the responsive
ness of agricultural research to the needs of farmers. How to establish a close 
association between experiment stations and universities while promoting 
active interactions among farmers and research workers, either directly or 
through extension agents, remains a major unsolved issue in organizing agri
cultural research for agricultural economic development. 

APPENDIXES 

Appendix 2-1. Specification of Demand 
and Supply Schedules 

The first step to estimate the changes in consumers' and producers' surpluses 
is the specification of the demand and supply schedules. In this study a con
stant elasticity demand function is assumed as 

q = lp- ?I 

where q and p are, respectively, the quantity and the price of rice, and 17is 
the price elasticity of demand. Similarly, a constant elasticity supply function 
isassumed as 

q = Gp 7 

where It is the price elasticity of tile rice supply. We assume a hypothetical 
supply curve that would have existed in the absence of improved varieties as 

q =(1 - h)Gp 

where h represents the rate of shift in the supply function owing to varietal 
improvement. In competitive equilibrium the supply function is equivalent to 
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the marginal cost function derived from the production function. Since the 
relation between the rate of shift in the marginal cost function (h) and the 
rate of shift in the production function (k) can be approximated by 

h -(1 + 7)k 

the following approximation formulas hold in equilibrium: 

area ABC 2-poqo [ +y)12 

area ACO kpoqo 
+n Po qk( 7)[ 1 k(1 +Y) 1 

7 2 7+/ 2 

and 

area ACQ'nQ o = (1 + Y)kpoqo. 

For the derivation of the above formula, see Appendix 2-2. 

Appendix 2-2. l)erivation of the Model of EstimatingSocial 

Benefits from R ice-breedingResearch 

The relationship between h and k 
The actual and the hypothetical supply functions that would have existed 

in the absence of improved varieties are assumed, respectively, as 
tq = Gp (1) 

q = (1 - h)Gp 7 . (2) 

Assuming 	that the supply curves are equivalent to the marginal cost curves, 
dc 

the marginal costs ('q) are 

dcdq- G lYI 	 (3) 

dc 
dqq 

Total cost curves derived by taking the integrals of the marginal cost curves 
which arc assumed to pass through the origin are 

C =- 1rq(1 + 5)))(1 + 7) 
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C- I G-1/'(- h)- 11 / q(l + Y)/Y. (6) 
(0 + T) 

Let q, and qn represent respectively the output levels for a given cost in 

equations (5) and (6). Then, the relation between q, and qn is represented 

approximately for a sufficiently small value of Ii as 

(qn/qo,) 1 - h/(1 + 7). 	 (7) 

Since k is denoted (qo - qn,)/qo' the relationship between I1 and k can be 

shown approximately as h (1 + ^)k. This formula implies that h becomes 

infinite when / = o. This is due to the approximate nature of the formula. 

Actually, hi is equal to k/( 1 - k) when I = -. 

The Formulas of Social Returns, Changes in 
Consumers' Surplus, and Producers' Surplus 

Area ABC is derived as follows: 
pc, and P1n in Figure 2-2 are represented respectively as 

p, 	 = (; )l/( + rI) (8) 
= +Pn (I I /(-) 	 I/( n ) (I - h1)- 1/(0 + 1 .(9) 

Ilence, (Pn 	 - Po) - poh/(7 + 77) for a sufficiently small value of h. Thus, area 

I / ~ =p 1 

0ABC *'I poqoh2/( +k(1 2 + -)] 2/(-y + 17). 

Area ACO is derived as follows: 

area ACO = h(p dpf = p0 qoh/(1 + 7) kpqo. 

Area BIltnP C is derived as follows: 

area BPn o)C = (p, -- Po)qo -- 2 (Pn - p.) (q. - q) - area ABC. 

Since (pn1 - Po) is approximately equal to ph/(' + 17), and (qO- qn) to 

qoll/(^i + 77), then 

po qok(I +7) 1 k(1 +/)71 1 

area BIPoC - I- -- k(1 +7)l. 
11 . Y +712 If+717 2 

Appendix 2-3. I'arametersand )ata of Estimating the Social
 
Rates of Returns to Rice-Breeding Research
 

Demand and Supply Parameters 

The estimate of the price elasticity of demand for rice (77) is available from 

Ohkawa, whose estimates are based on 1931-38 household survey data for the 
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urban population, and on 1920-38 market data for the rural population. 14 

The estimates differ for different occupational, regional, and income groups, 
but they cluster around 0.2. \re will adopt 0.2 for -q. 

The price elasticity of the rice supply (7) was estimated by layami and 
Ruttan on the basis of 1890-1937 time-series data. 15 The supply elasticity 
was also estimated by 'uize on a 1952-62 time-series. 16 The results of the 
former study indicate that f was in the vicinity of 0.2; those of the latter in
dicate that T ranged from 0.2 to 0.3. 1lere we will adopt 0.2 for '. 

Shift in Rice Production Function 

We estimated the rate of shift in the aggregate rice production function (k)
by averaging the yield differences between thc improved and the unimproved
varieties for the same level of inputs, using the areas planted in the improved 
varieties as weights. The data for the differences in yield between the imn
proved varieties and the varieties that were replaced by the improved varieties 
at the same level of inputs are based on the results of the comparative yield 
tests at various agricultural experiment stations. 

A good collection of the results of comparative rice yield tests for the vari
eties developed before the Assigned Experiment System is available in the re
ports of a survey conducted by the Ministry of Agriculture and Forestry. 
These reports have gathered the results of the three years' tests for tile130 
improved varieties in comparison with those of the varieties that they re
placed. We used these data to calculate the rate of shift in the aggregate rice

production function 
in the t-th year owing to varietal improvement (kt) by 
the following formula: 

ki' Aijtkt 


where kijis the ratio of the increase in rice yield of the i-th variety in the j-th 
region over the variety that it replaced; and At and Aijt are, respectively, the 
total rice area in the nation and the rice area planted in the i-th variety in the 
j-th region. 

Because of data limitations a cruder method is applied for the estimation 
of the rate of the production function shift owing to the varieties developed 
by the Assigned Experiment System. Judging from a limited number of the 
results of comparative yield tests, we adopted 6 percent as the average rate of 
yield increases of the Norin varieties over the varieties that they replaced. 
This rate was multiplied by the ratio of the area planted in the Norin varieties 
in order to calculate the rates of shift in aggregate rice production owing to 
the breeding research under the Assigned Experiment System. The results of 
the estimation of the kt's are shown in Table 2-9. 
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Table 2-9. Estimates in the Rate of Shift in the Rice Production Function
 
owing to Varietal Improvement in Japan
 

Programs Initiated Before the Programs Established Under the
 
Assigned Experiment System Assigned Experiment System
 

Year kt Year kt 

1915 . . 0.01% 1932 . . . 0.02% 
1916 . . 0.01 1933 . . . 0.06 
1917 . . 0.06 1934 . . . 0.11 
1918 . . . 0.14 1935 . . . 0.15 
1919 . . 0.23 1936 . . . 0.20 
1920 . . 0.36 1937 . . . 0.30 
1921 . . 0.52 1938 . . . 0.42 
1922 . . 0.79 1939 . . . 0.52 
1923 . . 1.11 1940 . . . 0.60 
1924 . . 1.48 1941 . . . 0.66 
1925 . . 1.89 1942 . . . 0.74 
1926 . . 1.91 1943 . . . 0.82 
1927 . . 1.97 1944 . . . 0.93 
1928. 2.08 1945 . . . 1.02 
1929 . . . 2.20 1946 . . . 1.13 
1930 . . 2.41 1947 . . . 1.26 
1931 . . 2.73 1948 . . . 1.40 
1932 . . 3.17 1949 . . . 1.56 
1933 . . . 2.70 1950 . . . 1.72 
1934 . . 2.77 1951 . . . 1.89 
1935 . . 2.80 1952 1.75 
1936 . . . 2.87 1953 1.62 
1937 . . 2.94 1954 . . . 1.55 
1938 . . 2.94 1955 . . . 1.49 
1939 . . 3.01 1956 . . . 1.20 
1940 . . 2.94 1957 . . . 0.96 
1941 . . 2.87 1958 . . . 0.86 
1942 . . 2.80 1959 0.76 
1943 . . 2.72 1960 0.70 
1944 . . 2.58 1961 . . . 0.63 
1945 . . 2.44 
1946 . . 2.22 
1947 . . 2.08
 
1948 . . 1.93
 
1949 . . 1.79
 
1950 . . . 1.65
 
1951 . . 1.50
 
1952 . . 1.36
 
1953 . . . 1.22
 

Value of Rice Output 

Data for the value of rice output (poqo) arc obtained by valuing the 
physical outputs of rice by the 1934-36 average price in order to estimate the 

stream of social benefits in real terms. The years generally used as the basis of 



Table 2-10. Expenditures on Rice-Breeding Programs by National and Prefectural
 
Governments in Japan (thousand yen in 1934-36 constant prices)
 

Programs Initiated Before the Programs Established Under the
 
Assigned Experiment System Assigned Experiment System
 

Year National Prefectural "T'otal Year National Prefectural Total 

1904 135 330 465 1927 . . 97 97 

1905 . . . 136 327 463 1928 . . 83 83 

1906 . . . 137 362 499 1929 . . . 87 87 

1907 . . . 130 365 495 1930 . . 94 94 
1908 . . . 162 445 607 1931 . . . 98 98 

1909 , . . 158 439 597 1932 . . . 86 11 97 

1910 . . . 160 489 649 1933 . . 79 29 108 
1911 . . . 185 502 687 1934 . . . 70 58 128 

1912 . . . 142 465 607 1935 . . . 65 86 151 

1913 . . . 113 402 515 1936 . . . 58 116 174 

1914 . . . 121 468 589 1937 . . . 49 166 215 

1915 . . 134 520 654 1938 . . 44 198 242 

1916 . . . 142 541 683 1939 . . 36 205 241 

1917 . . 106 483 589 1940 . . 32 192 224 

1918 . . . 94 499 593 1941 . 32 193 225 

1919 . . . 100 538 638 1942 . . 30 187 217 
1920 . . 98 657 755 1943 . . 41 178 219 

1921 . . . 130 923 1,053 1944 37 167 204 

1922 . . . 119 834 953 1945 25 131 156 

1923 . . . 150 877 1,027 1946 . 1o 108 

1924 . . 182 785 967 1947 . 194 194 

1925 . . . 112 818 930 1948 . . 298 298 

1926 . . 135 1,035 1,170 1949 . 417 417 

1927 . . . 126 1,180 1,306 1950 . . . 479 479 

1928 . . 139 1,265 1,404 1951 . . . 624 624 

1929 . . 147 1,140 1,287 1952 . . 652 652 
1930 . . . 163 1,297 1,460 1953 . . 685 685 

1931 . . . 175 1,350 1,525 1954 . . . 729 729 

1932 320 1,451 1,770 1955 . . 642 642 

1933 243 1,456 1,699 1956 . 588 588 

1934 . . . 252 1,454 1,706 1957 . . 527 527 

1935 . . . 261 1,536 1,797 1958 . . . 505 505 

1936 . . . 1,323 1,323 1959 . . . 480 480 
1937 . . 1,257 1,257 1960 . . 419 419 
1938 . . . 1,150 1,150 1961 . . . 403 403 
1939 . . . 1,075 1,075 
1940 . . . 791 791 
1941 ... 690 690 
1942 ... 593 593 
1943 ... 500 500 
1944 ... 401 401 
1945 ... 265 265 
1946 ... 186 186 
1947 ... 268 268 
1948 ... 337 337 
1949 ... 394 394 
1950 . . . 382 382 
1951 ... 409 409 
1952 ... 424 424 
1953 ... 427 427 

57
 



58 IIAYAMI and AKINO 

index construction are 1934-36 because it is considered that "normal" price 

relations prevailed during this period. The price of rice relative to the prices 

of other commodities was somewhat lower during this time because this peri-
Koreaod was characterized by a large inflow of rice from overseas territories 

and Taiwan- although the government tried to support the price of rice by 

increasing the government inventory. The valuation of output by the 1934-36 

average price might result in an derestimation of the stream of social bene

fit. 

Cost of Rice-Breeding Research 

Data for the expenditure on rice-breeding research before tile Assigned Ex

pertient System are not readily available. There is atn estimate that the ratio 

of Cxpenditures on crop-breeding programs to the total expenditures of agri

cultural experiment stations in 1927 was 43 percent for the national experi

ment stations and 45 percent for the prefectural experiment stations.17 \We 

estimated tile annual expenditures for rice-breeding research by multiplying 

these ratios by the total expenditures of the national and prefectural stations. 

All expenditures for research under the Assigned Experiment System were 

paid for fron the budget of the central government, and these data are read

ily available. In addition t,) the expenditures covered by tile central govern

nent, prefectural governments paid for the costs of the tests of local adapt

ability of tile .Vorin varieties and ,,f the multiplication of improved seeds. 

Those expenditures by the local governments were estimated by multiplying 

the expenditures for crop-breeding programs in the prefectural experiment 

stations by the ratios of area planted in the Norin varieties to area planted in 

the total improved varieties. 

The time-series of the expenditures on crop-breedhing programs thus esti

mated \w-ere deflated Iby the Consumer Price Index, with 1934-36 = 1I)0. The 

results are shown in Table 2-10. The estimates of the expenditures on crop

breeding prograns include not only the cost of research and development but 

also the cost tf extension, such as the multiplicationl of seeds. In addition, 

our cost data include not only the projects on rice but also those on mugi 

(wheat, harley, and naked barley), although rice research projects should out

weigh all others in the programs. 

NOTES 

1. This chapter summarizes a part of the results of the research project entitled "Sci

ence and Agicultural progress: The Japanese Experience," which was supported by a 

grant of the Rockefeller Foundation to the University of Minnesota Econornic Develop

inent Center. It draws heavily on Masakatsu Akino and Yujiro Ilayami, 'Efficiency and 

Equity in Public Research: Rice Breeding ii Japan's Economic Development," American 

http:stations.17
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Journal of Agricultural Iconomics, 57 (February 1975), 1-10; Yujiro Ilavami and Saburo 
A Review ofYamada, "Agricultural Research Organization in Econonmic Development: 

Lloyd G. Reynoldsthe Japanese Experience." Agriculture in )ewlopm,'nt Theory,, ed. 


(New Ilaven: Yale University Press, 1975); and Vujiro Iayarni, in association with
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sity of Minnesota Press and University of Tokyo Press, 1975). 
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ruary 1972), 19-31.
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Organization and Productivity
 
of the Federal-State Research System
 
in the United States'
 

Willis L. PetersonandJoseph C. Fitzharris 

*rhe agricultural research system of the United States is discussed in this chap

ter under two broad headings. In part I, we examine the organization of the 
federal-state system. We investigate how political and physical geography as 
well as production and input trends in the agricultural sector influenced the 
search by more efficient farmers for new inputs, techniques, and organiza
tional forms. The origins of the federal system and its structure are detailed. 
A view of the workings and structural complexities of the federal-state system 
is gained through an examination of the agricultural research system of Min
nesota. The origins of the state system, the resulting organizational structure, 
and the types of work done at the state level are reviewed. 

Part II deals primarily with the productivity of the federal-state research 
system. After briefly reviewing the relationship between agricultural research 
and farm productivity, we attempt to explain the absence of productivity 
growth in United States agriculture until about forty years after the establish
ment of the federal-state system. Viewing agricultural research and extension 
as an investment, we then provide rough estimates of the marginal internal 
rate of return to this investment for specified periods from the 1930s to the 
1980s. Finally, some evidence is presented which bears upon the question of 
whether or not there is an efficient allocation of public agricultural research 
in the United States. 

60 
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Organizationof the Federal-StateResearcb System 

The federal-state agricultural research system of the United States is a decen

tralizcd, cooperative system composed of both federal and state agencies. 

Without central control, the system attempts to allocate resources, solve 

pressing problems, produce new varieties of crops and livestock, and conduct 
basic agricultural research. 

The United States research system reflects the political dualism, geograph

ic differentials, and historical accidents surrounding its origins. The vast bulk 

of work is done on the state level by the various autonomous state agricultur

al experiment stations. For this reason the following case study, in which we 

examine the development of the Minnesota Agricultural Experiment Station 

and the Institute of Agriculture in the University of Minnesota, will provide 

a good basis for understanding the overall system. 

The Minnesota Case 

The College of Agriculture of the University of Minnesota wa., founded in 

1869, eleven years after the first efforts to develop a college of agriculture 

proved unsuccessful. The college lacked stability in the early years, having 

very few students and a rapid turnover in teaching staff. In addition, its ex
aperimental farn was inadequate and poorly funded. A new campus and 

farm were acquired in 1882, and the Farmers' Lecture Courses, the forerun

ner of the Agricultural Extension Service in Minnesota, were initiated. 2 

As a part of the movement to gain federal support for agricultural research, 

the Minnesota legislature authorized a state agricultural experiment station at 

the university. Established by the university regents on the university farm 

in 1885, the Minnesota station remained a paper creation until the passage of 

the Federal Hatch Act in 1887. After Ilatch Act funds became available, the 

station hired astaff and began operation. 

Agricultural extension work was initiated in 1910, and the Agricultural 

Extension Service was established in 1914. In the years after 1893, branch 

stations were founded to serve diverse sections of the state. Expansion of the 

college faculty-station staff was followed by the beginning of graduate train

ing. As this system developed, many of the geographic and economic forces 

that affected the national system also affected the state system. 

The state setting. The Minnesota agricultural research, extension, and educa

tion system developed out of local, state, and national movements for govern

ment aid to agriculture. Farmers' organizations were instrumental in the 

origins and development of the Minnesota system. Soil differences, produc

tion trends, and other problems too great for farmers and farmers' organiza
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Figure 3-1. Index of United States farm production, 1870-1970. 
of the Census, Historical Statistics of te 'nitedStates, 1960,Source: Bureau 

p. 288 (Series K-19(0). USI)A, Agriciltuiral Statistics, 1972, p. 537 (adjusted 

from a 1967 base). Decennial observations, 1870-1910. 

tions alone to solve helpel shape the developing system of agricultural re

search in the state. 

Geography. Because no single research unit could begin to deal with the prob

lems posed by the great regional differences in soil and climate in tile United 

States, the country's political structure demanded the creation of a federal

state agricultural research system. 

The salient feature of Minnesota political geography is its urban-rural con

trast, but this has not scriously affected the dcvelopnient of the Minnesota 

Agricultural E.xperiment Station and Institute of Agriculture. More important 

factors are soil and climatic differences throughout the state. There is con

siderable variation in growing season, temperature, and average moisture 

among the diverse regions of Minnesota. Type and quality of soil, which af

across the state. Because of these physical andfect type of farming, vary 

climatic factors, branch stations located in the major regions have been im

portanrt components of the Minnesota agricultural research system. 
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Production and input trends. United States farm output tripled between 1870 

and 1915. Then it remained roughly constant until 1935 when another period 

of rapid growth began which lasted until 1945. Since 1950, growth in farm 
output has been rapid (Figure 3-1). 

The growth of farm output before 1915 paralleled tile increase in imi

proved acreage during the same period. After 1915, this ver' clear relation

ship between the expansion of farm land and the growth in farm output 

ceased to exist, as urbanization increased and farm land dwindled. Between 

1915 and 1970, farn labor also declined drastically. Of the traditional factors 
of production only capital expa ded. 

The rise in farn output to 1900 call be explained by geographic expansion 
of agriculture, that is, by expansion in amount of land used for farming, al

though capital and the number of farmers were also increasing. After 1910, 
geographic expansion does not contribute appreciably to the expansion of 
output. Figure 3-2 illustrates the relationship among the expansion of land, 

labor, and capital. After 1900, capital hecomes increasingly important, except 

during the agricultural depression of the 1920s and 1930s. Clearly, capital 
(the value of land and buildings) does not account for the anoutit spent on 

machinery, fertilizer, disease-resistant strains of crops, and better livestock. 

And perhaps even more important, capital does not include better farming 

practices. 
Better farming practices alone tend, ceteris paribus, to increase output. 

Conbining better farming methods with hardier and/or disease-resistant crop 

strains leads to a further increase in agricultural production. Iii proved health 

of livestock also increases farm income, or production. After 1880, all these 
developments resulted from the work of the agricultural experiment stations. 
These stations worked with existing crops, using a trial selection process. 

After 1900, some hasic research led to cures for various livestock diseases 

(e.g., hog cholera serum). The objective of this work was to maintain yields 

and production levels. 

,int'sota prodtuction Ire'lds. Ill Minnesota tie value of' agricultiil produc

tion grew sevenfold hctween 1880 and 1920. During the 1920s and the early 
1930s, output declined slightly. After 1935, production again rose, tripling 

by 1950. A brief decline in the late 1950s and early 1960s interrupted an 

otherwise continual increase in the value of agricultural production (Figure 
3-3). 

Between 1880 ;ind 1930, farns doubled in numbher and improved acreage 

tripled. Land in farms continued to expand to 1951, after which it dCclined 

gradually (Figure 3-4). The decline in impro'ed acreage after 1950, however, 

was twice as great as the decline in total acreage. Since 194t0, the number of 
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Figure 3-2. Indices of land, labor, and capital in United States agriculture,
 
1870-1970.
 
Source: Bureau of the Census, IistoricalStatistics of the United States, 1960,
 
p. 72 (Series D-37), p. 280 (Series K 73-75). USI)A, Agricultural Statistics, 
1962, p. 512; 1972, pp. 504, 523, 537; 1973, p. 424. 

farms has declined, and total labor employed (both paid and unpaid) in farm
ing fell rapidly between 1940 and 1970. Aggregate capital input (in horse

power equivalents) is the only input that has risen over the entire period (Fig

ure 3-5). 
3 

Efforts by the Minnesota station to produce hardier crop varieties with 

shorter growing seasons resulted in increased land productivity between 1900 
and 1920. In the 1930s, and again after 1950, land productivity rose as more 

fertilizers and pesticides and better disease-resistant crops were utilized. With 
the exception of the 1890s and the 1930s, labor productivity has risen. The 

expansion of land per worker has been uneven, varying with the adoption of 
nev methods and machinery. The substitution for human power of animal 

power, steam power, and the internal combustion engine/diesel engine tractor 

explains much of the change in the ratio of land to worker (Figure 3-6). 
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Figure 3-3. Index of the value of Minnesota agricultural production, 1880

1970 (constant dollar values, 1950 = 100).
 
Source: Joseph C. Fitzharris, The Dv'l'opm:ent of ,Ainnesota Agriculture,
 

I8801970: A Stdy oJ Productivily Carnge, Department of Agricultural and
 

Applied Economics Staff Paper 1P74-20, St. Paul, University of Minnesota,
 

September 1974, p.5.
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Figure 3-4. ,\innesoia agriculture, 188(- 1970: Farms and farm acreage. 
Soutrce: Joscph itzll I)'velop ' Aliniw.w l Agriicultuore,(C. arri%,I.e eIll uII .fil 

1880-I1970 "..Atudy "I',roductivhiti' (it.,mi, ,, Dcliartmin en of Agricultural and 
Applied I.cononiics Staif Paper P 74-20, St. Paul, University of Minnesota, 
September 1974, P. 7. 

I'rivh' efforts. larmers' irganizatioils in Minnesota from the 1850s to 

the 1I890s atcn ptd to solve ianN, of the prohcnis facing Minnesotl 

farmers. Individual effoiis had provCd too) costl,, )ut group effort, 

hccausc if "free rider" proiblcm, failed. As ;Iconsequence, thesethe ailso 


oirganizations turned to the state government for assistance.
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of the CLensus of Atgriculture, 1880-1970. Joseph C.Source: Bureau Census, 
Fitzharris, Tbe I)evelopniertt o]'.Alitnesot AgrictIture, 1880-1970 A Stu,,Iy 

of Agricultural and Applied Economic%oJ Productivity.Cbtnge, Department 

Staff Paper P 74-20, St. Paul, University of Minnesota, September 1974, p. 9.
 

In 1885, two years before the Federal Ilatch Act was passed, the Minne
not 

sota state government authorized m experiment station although it did 

provide funding. Federal support was necessary for the development of the 

Minnesota station and agricultural experinent stations in other states. Yet in 

Minnesota, farmers' groups were instrumental in developing the agricultural 
I 890s the objec

experiment station. In the state elections of the I 880s and 

of the experinment station-collcge of agriculturetives and accomplishments 
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Figure 3-6. Minnesota agriculture, 1880-1970: Labor and land productivity. 
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were frequent topics of debate. These debates left the station and college ad
ministrators and the university regents firmly convinced that the first duty of 
the agricultural research, teaching, and extension system towas serve the 
farm sector's immediate needs. Basic research was thus given low priority in 
the early years.4 

Origins of the Minnesota system. In 1881, Edwin D. Porter, the fourth profes
sor of agriculture in the College of Agriculture, arrived in Minnesota and pro
ceeded to meet with farmers' organizations, leading citizens, and legislators to 
determine their views on the role of the college and farm in the service of the 
state. Obtaining a new campus and farm for the college was Porter's first 
major accomplishment, and on the new farm lie built the foundations for the 
Minnesota agricultural research and teaching system. 5 

From the early years of the college and station, the staff worked closely 
with the various farmers' organizations and commodity groups as the%, were 
founded. Frequently serving as officers of such groups, staff members gained
close contact with the farmers and their problems. 

In 1882, a lecture series called the Farmers' Lectuic Courses was estab
lished, following the example of colleges in other states. Initially well received,
the l.ecture Courses, which were later expanded and renamed the Farmers' 
Institutes, went through a period of some uncertainty. In 1914 Congress 
passed the Smith-ILevel Act, which provided federal support for agricultural
extension work. The Agricultural Extension Division of the experiment sta
tion was then separated from the station and became the Agricultural Exten
sion Service. From 1910 to 1917 the Farmers' Institutes were absorbed by
this service, which, by law, was supervised by a county farmers' organization
called the Farm Bureau. This tic to a single farmers' organization, particularly
in years of conflict among the various farmers' groups, had a deadening effect 
on the Minnesota Agricultural Extension Service (and on those of other states 
as well). Confidence in the service decreased, and many farmers believed that 
favoritism was shown to members of the Farm Bureau. In the 1950s, how
ever, the service was formally separa ted from the farm bureaus and was fund
ed by the state and federal governments, with the assistance of the counties 
in which state and federal agents were stationed. 6 

Structure. In 1888 the Minnesota Agricultural Experiment Station and Insti
tute of Agriculture were organized in accordance with the requirements of 
the Hatch Act. The Institute (then the l)epartment) of Agriculture was 
founded to provide supervision of teaching and research activities, and its 
dean was also the director of the Agricultural Experiment Station. Academic 
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subject-matter divisions were established in the station and college, and the 

same staff served both station and college. 7 

After the Agricultural Extension Service was initiated, the director was co

equal with the station's vice-director and the associate dean of the college. 

When the Institute of Agriculture was created out of the Department of Agri

culture in 1952, the directorship of the station was separated from the insti

tute deanship. The college deans and the directors of the Experiment Station, 

the Agricultural Extension Service, and the Office of International Programs 

in Agriculture were coequal. The College of Veterinary Medicine became an 

:aUt1onoous unit, cooperating with the experiment station in animal research. 

Over the years, the station and institute have made cooperative arrange

ments with agencies of the United States I)eparttment of Agriculture and with 

experiment stations in neighboring states, beginning with North and South 

Dakota in the I890s. Several USI)A personnel have been assigned to the sta

tion and given academic rank in the college. After Professor E.C. Stakman 

began working as a cooperating federal agent in barberry eradication and 

cereal rust investigation, numerous federal plant pathologists vere assigned 

to the university, and in the 1950s the USI)A Cereal Rust Laboratory was 

established at the university, cooperating with the l)epartment of Plant Pa

thology. 

Work done at t.e , ijumnsota station. In the first %,earsof the Minnesota Agri

cultural Experiment Station's existence, the staff centered its efforts on dis

seminating information produced by other stations, adapting that informa

tion to Minnesota's soil and climatic conditions. It also began working to de

velop varictics oif croIps and shrubs suited specifically to Minnesota agricultur

al conditions. Later, the station began crop and livestock breeding experi

ments, conducted research in farm management and agricultural engineering, 

and worked on plant morbiditics and mortalities, emphasizing the cereal 

rusts. 
Much of the work done in the carly years was maintenance work, or "ap

plied-developmental" research, as illustrated by the work on cereal rusts. At 

first, barberry eradication programs were the major emphasis in the station's 

efforts to combat cereal rusts. Since the barberry plant harbored the winter

ing parasite, the fastest way to prevent cereal rust was to eradicate the winter

ing host. L.ater, as plant-breeding work became more sophisticated and as 

time permitted, disease-resistant plants were developed. Eradication of the 

barberry had "bought time" for the station to breed disease-resistant strains. 
The national effort was relaxed in the late 1940s, however, and in the early 

1950s a serious outbreak of cereal rust destroyed much of Minnesota's wheat 

crop. From that time on, the Minnesota station, in close cooperation with 
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on the mainland (particu-USDA laboratories and field units in Puerto Rico, 

larly the Minnesota Cereal Rust Laboratory), and in M,exico (where new 

strains of cereal rust have been identified), has made an unremitting effort to 

breed disease-resistant plants. As a consequence, the problem of cereal rust, 

like that of blast, has been solved through the joint efforts of state and federal 

researchers .8 

A leading and continuous line of work at the station has been crop adapta

tion. Efforts to move crops northward, adapting them to shorter growing sea
trial sons and colder climates, began in the 1890s. The initial work involved 

experiments and the selection of the best varieties. Considerable success was 

corn northward and in selecting wheat varieties betterachieved in moving 
to the shorter growing season of the northern two-thirds of the state.adapted 

turn of the century, breeding and crossbreeding experiments wercAfter the 
were even more successful than trial experimentsinitiated. Breeding efforts 

to tile rigorous climate and soil conditions inin producing varieties adapted 

Minnesota. Much of this work has been cooperativc, involving the neighbor

stations, the Minnesota branch stations, and variousing state experiment 

bureaus in the USDA. 9 

Analysis of station publications revcals that applicd-deveopmelntal work in 

the first forty years of the station was closely associatcd \with basic research 

crops and livestock (feeding trials, breeding, aid varietal adaptation) and on 
engineering work. There was a particular emtphasis on huLmlall ,1od animal nut1

trition studies in the years before World War I. In the 1920s
I1

and 193ts a pro
to develop.

nounced trend toward basic-applied work began 

Maintenance research conducted into time 1920s provcd to bc vcrN' useful 

an increase infor the station. Althotgh the statin's wrk did not rcsult in 

agricultural productivity, it piobably pre'cnted any appreciable decline in
 

owing to crop and animal diseases. Moreover, by conducting
productivity 
adaptation work for both plants and animals, the station produced strains and 

varieties which could be grown in Minnesota's colder climate and shorter 

growing season. Shelterbelt and drainage work il provcd both the soil and the 

did not makesoil retention of the farm. On balance, although the station 


many new discoveries, it did preserve the status quo.
 

In the 1920s, the stations began moving more heavily into basic-applied re

search. The long time-lag between the initial investment in basic work and the 

beginnings of positive returns helps to account for the rclatively constant pro

ductivity of the agricultural sector. 

The Federal-State System 
developed in response toThe federal-state agricultural research system 

in the nineteenth cenforces and factors operative in the American economy 
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tury. Originating in legislative response to the demands of farmers and their 

organizations, the system is still closely linked to farl groups. Its structure, 

powerfully influenced by its origins, is not well understood. Americans think 

of their state stations as autonomous bodies cooperating with other stations 

and with the USDA. Foreign observers often see the American system as 

quite centralized, despite some provincial tcndencies. 1 1 Such observers also 

ten( to view tile stations' combination of teaching, research, and extension as 
12 

inefficient. 

Origins and early development. In the I 790s, agricultural societies were estab

societies, formed by the more successful, wealthlished in several states. ''hese 

ier farmers, encouraged their members to experiment, to collect new varieties 

of seeds and animals, and to spread this knowledge widely. To this end, the 

societies published the proceedings of their meetings, sponsored farm journals, 

instrumental in the establishment of state agriculturand sponsored and were 

Al fairs. 
As private effort and initiative in agricultural research became increasingly 

costly, the problem of adequately supporting this research grew. By the 

1840s the agricultural societies had turned for assistance to their state govern

ments, several of which responded by founding state departmncnts of agricul

ture. These departments did not conduct research but served instead as col

lectors and disseminators of information. 

In 1862 Congress authorized the establishment of the United States l)e

partricit of Agriculture. Although this federal department was not explicitly 

charged with conducting research, the ii plication that it should do so was 

Land Grant College Act. Thisclear. Also in 1862, Congress passcd the Morrill 

act allocated public lands to the various states to be used to support one or 

more state colleges of agricultural and mcllanical arts. Such colleges were en

couraged to maintain expcrimental farms and to conduct adaptive trials of 

crops, shrubs, aitd livestock. These farms, intended to support the teaching 

function of the colleges, becamc useful as well in the colleges' efforts to serve 

farmers' needs for inftormatiori. 
1800s tile existing body of agricultural knowledge wasBecause in the early 

a solid academic curriculun in agricultural education,inadequate to providt 

the colleges worked to extend the scientific underpinnings of agriculture. By 

the 1870s, the inability of the colleges of agriculture to broaden the frontiers 

of knowledge and to sclve agricultural problems had become apparent. The 

was established in Connecticut in 1876.first agricultural ex peritnent station 
were separateSubsequently other states established stations, many of which 

13 
front the state colleges of agriculturc. 

Grant College Act of 1862 and the Ilatch AgriculturalThe Morrill I.and 

http:tcndencies.11
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Experiment Station Act of 1887 reflect the emergence of a dual federal-state 
approach to agricultural research. Under these acts, each state received funds 
for a college of agricultural and mechanical arts and for an agricultural experi
ment station. This division of effort along state lines had a practical benefit 
not fully realized by the legislators when the acts were first passed. 

In response to the Ilatch Act's provision of federal funds, the states au
thorized the establishment of experiment stations attached to their colleges 
of agriculture. It may be noted that the American agricultural experiment sta
tions, unlike their German model at Mocekern, Saxony, were and are attached 
to colleges of agriculture. And in similar fashion, the agricultural extension 
services of the various states are connected to the agricultural colleges.' 4 

Farmers and farmers' organizations have played a central role throughout 
the developments detailed above: the establishnlent of state departments of 
agriculture; the pressure for authorization of a federal department of agricul
ture; the allocation of federal lands to the states for the support of agricultur
al colleges; and the movement- at both state and federal levels -- for the es
tablishment of state agricultural experiment stations. As we have seen, tile 
more successful, wealthier farmers were instrumental in obtaining govcrnment 
assistance for the agricultural sector. These farmers and their organizations, 
after helping to initiate the institutional arrangements neccssary to utilize 
government aid, 1 5 continued to press for such assistance and served as "watch 
dogs" over the system they had ielped to create by criticizing, demanding, 
and protecting. 

Within the federal-state structure, the states have set up research systems 
in which the college of agriculture forms the base, while research activities arm 
carried out by tie staff of the state agricultural experiment station attached 
to the college. Extension work is the responsibility of the state agricultural 
extension service, which operates in the counties btt is also attached to the 
state agricultural college. 

On the federal level, the USDA maintains a large staff of research workers 
in the national capital and in laboratories, stations, and other federal installa
tions across tile country. Additional federal workers and facilities are located 
on the campuses of colleges of agriculture in the various states. The states and 
the federal government cooperate closely oil problets that cross state [)orders 
or that are national in scope or origin. An example is tile problem of cereal 
rust disease, mentioned earlier, which involved not only federal and state co
operation within the United States but cooperation between the United States 
and Mexican governments, with some work conducted at research units in 
northern Mexico. 16 
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Productivityof the Federal-StateResearch System 

Agricultural Productivity, 1870-1972 

It is helpful to think of research as a production activity in which the in

puts consist of scientific man-years, laboratory facilities, and the like, and 

output is composed of new knowledge. T1o determine the productivity of re

search, we need to measure both input and output. Although research inputs 

can be measured fairly easily, at least in monetary terms, the same is not true 

for output. Fortunately research output can he evaluated indirectly by meas

uring the productivity of the industry toward which the research is directed. 

In the case of' agricultural research, part of the output is transmitted direct

ly to farmers and part is utilized by experiment stations and farm suppliers as 

an intermediate input. In both situations the new knowledge makes possible 

the production of new or improved inputs for agriculture. To the extent that 

improvements in the quality of gricultural inputs are not fully and accurate

l measured, we may obtain an increase in total factor productivity in agricul

ture. Ilence we may use the observed growth in agricultural productivity as a 

proxy or indirect Measure of the output of agricultural research. 

As shown in Figure 3-7, the major share of the growth of agricultural pro

ductivity in the United States over the past century has taken place since tile 

mid 1930s. Given the estald ishment of agricultural experiment stations in the 

late 1880s, it is puzzling wihy it took over forty years for productivity growth 

to begin. One possible explanation for the "long dry spell" is that agricultural 

research simply did not produce any significant results during its early years. 

But this is too easy an explanation. It does not appear that there was any 

abrupt change either in the organization of the agricultural research establish

ment or in the quality of its personnel just before agricultural productivity 

growth started. It research was not productive in 1900, why should it sudden-

Iyhave become so in 1930 

Alaintnanco rseoCc. We mayv shed some light on this puzzle by considering 

tile nature and the absolute anount of research conducted during the carly 

I)Os. As We observed in a pre'iouS section, experiment station personnel 

appear to have devoted the majority of their time to solving immediate and 
pressing probeis faced by farmers. If crop or liivestock production was dle

clining or was threatened hy disease or sonic other problem, it was the job of 

the researcher to come tp with a solution to ensure, at least, that agricultural 

productivity did not decline. In other words, the research effort during the 

early .years of the experiment station systen appears to have been aimed 

largeiv at maintaining agricultural productivity in the face of a constant sur

facing of new problems. It is reasonable to suppose that without this research 
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Figure 3-7. Index of output per unit of input, United States agriculture, 1870
1972, 1967 = 100. 
Source: USDA, AgriculturalStatistics, 1962, p. 54; 1972, p. 31. Decennial ob
servations, 1870-1910. 

agricultural productivity would have declined between 1900 d 1935 instead 
of remaining fairly constant. 

Although there can be little doubt that acertain amount of research is re

quired just to maintain productivity inagriculture, two unanswered questions 
persist: how much research was required for maintelnancc purposes in the 

early 1900s and hitw in tuch is required today' As teehnology has improved 

over the years, has the amount of research necessary to maintain productivity 

increased, remained about tle same, or declined? One might argue that as va
rieties of crops and breeds of livestock are bred up to produce greater yields 

the' lose some of their inherent resistance to disease and pests and thus re
quire an increasing amount of maintenance research. On the other hand, it is 

probally true that because of both the increase in the stock of' knowledge 
and the creation of new chemical inputs man' diseases and pests which repre
sented major problems for farmers fifty years ago are noow either nonexistent 

or routinely controlled. This Would i uply a decrease in the research required 

to maintain producti'ity. In sum, there doe.S not appear to be astrong argu

nment for either a greater or a smaller amiount of maintenance research today 

than was needed in the early I900s. 

The annual expenditures on total agricultural research have, of course, in

creased greatly twer the years. Unless the required maintenance research has 

increased proportionately with th1e total, which does not appear likely, the 

aLsolute amount of' research devoted to tchclioology-producing activities, as 

opposed to maintenance work, also has increased substantially. 

Researc., d''ltors. To gauge accurately the growth in real research inputs 
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Table 3-1. Alternative Research Deflators 

Consumer Price Index of Associate 
Year Index Professor Salaries 

1915 ....... .. 24 12
 
161920 ........ 48 

23
 

1940 ........ 34 

1930 ........ 40 


22 
1950 ........ 58 40 
1960 ........ 71 57 
1972 ........ 100 100 

Source: For 1915-42, George Stigler, "Employment 
anti Compensation in Fducation," National Bureau of 
Economic Research, Occasional Paper no. 33, 1950; 
for 1948-72, American Association of University Pro
lessors Bulletin, respective years. 

over time it is necessary, because of the increase in the general price level, to 

deflate the expenditure figures. However, the use for this purpose of a com

mon price deflator such as the Consumer Price Index (ClII) probably will re

sult in a gross underestimate of past research when compared with current 

figures because professional salaries, which weigh heavily in total research 

costs, have risen faster than the general price level over the past fifty to sixty 

years. 
To estimate the increase in research costs more accurately, a price index 

reflecting the average salaries of associate professors in public universities was 

in Table 3-1, these salaries multiplied about eightconstructed. As shown 
1915 and 1972, whereas the general price level has increasedtimes between 

about four times. 
Even when we adjust past research expenditures to reflect the change in 

research costs by using the index of associate professor salaries, the average 

annual research input (state experiment stations plus USDA) during the 1915

25 period comes to only about 8 percent of the total public research in 1970. 

As shown in Figure 3-8, annual real research expenditures begin to climb 

sharply after 1925, increasing by 57 percent between 1925 and 1930. It 

seems reasonable to assune that at least 5 to 10 percent of total current re

search is required for maintenance purposes. Unless the amount of research 

required for maintaining productivity has increased greatly since 1930 (in real 

terms), it appears safe to say that the bulk of the research input before 1925 

was necessary simply to maintain productivity. If this is so, we should expect 

productivity to show an increase only after 1930, when research inputs began 

to surpass the maintenance level by a noticeable margin. 
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Figure 3-8. United States SAES plus USDA research expenditures, 1915-72,
 
constant 1972 dollars (millions).
 
Source: See Appendix 3-1. Deflated by Index of Associate Professor Salaries,
 
1972 = 100.
 

Marginal Rates of Return to Research and Extension 

Methodology. The methodology that has been used to measure the rate of 
return to investment in agricultural research is reviewed elsewhere in this vol
ume (see chapter 6). In general, two approaches have been utilized. The first, 
which might be called the index number approach, uses productivity gains to 
measure the value of inputs saved or consumer surplus stemming from re
search. 17 The second technique, which might be called the production func
tion approach, involves the use of research as a separate variable in a produc
tion function to measure its marginal product and marginal rate of return. 18 

We will use the index number technique in an attempt to measure the 
value of inputs saved as a consequence of an increase in agricultural produc
tivity. ro obtain a rough first approximation of the marginal rate of return 
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(as opposed to an overall average), we measure value of additional inputs 

saved over specific periods as a result of the growth in productivity and in 

value of output. We will assume that the growth in productivity (output per 

unit of input) during a given six-year period is the result of research conduct

ed over tile preceding six-year period. This implies a six-year lag between re

search and its output. 

I-stim,tt's b, decades. Because United States agricultural productivity began 

its recent long-term growth in 1937, we take 193742 as the first of four six

year periods. The average annual value of additional inputs saved during each 

of these periods, along with the corresponding research and extension inputs, 

arc presented in Table 3-2. For the purpose of computing rates of return, 

both research and inputs saved are deflated by the Consumer Price Index, 

1972 = 100. The fact that research was relatively cheap (compared to inputs 

saved) in the early %,earsshould be reflected in its rate of return. Also, to take 

account of private research and extension, figures relating to public research 

and extension are multiplied by two. This implies that private research and 

extension were equal to public expenditures over the period. We shall argue 

in tile next section that this procedure results ill an underestimation of the 

true rate of return. 
Matching the research and extension expenditures with the corresponding 

additional inputs saved, we compute marginal internal rates of return for each 

of the four six-year periods (see accompanying tabulation). The internal rate 

Period Rate of Return 

193742 50% 
1947-52 51 
1957-62 49 
1967-72 34 

of return is that rate of interest which makes tile accumulated research and 

extension expenditures at the end of the investment period just equal to tile 
discounted present value of the additional inputs saved at the beginning of 

the payoff period. In calculating the internal rate of return, we assume that 

the average value of marginal inputs saved over tile six-year period will con

tinuc into perpetuity. IHowever, bec,use of the high discount rate, these future 
returns have a small influence on tile computed rate of return. 

Biases. Although the computed rates of return to agricultural research and ex
tension in tile United States turn out to be very attractive, we have reason to 

believe that these estimates of the true rate of return are biased downward for 

a number of reasons. First, no return is credited to maintenance research. To 

capture a return to this activity we would have to know what the productivity 
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Table 3-2. Average Annual Expenditures for Public Research and
 
Extension with Corresponding Additional Inputs Saved
 

(1972 dollars, in millions)
 

Research and Extension 

Expendituresa Additional Inputs Savedb 

Period Annual Average Period Annual Average 

1931-36 ..... . 148 1937-42 . . . . 5,868 

194146 ..... . 192 1947-52 . . . . 6,587 
1951-56 ..... . 322 1957-62 . . . . 11,747 
1961-66 ..... . 671 1967-72 . . . . 10.010 

a Derived from data in Appendix 3-1. 
b Total inputs saved in year t are obtained by multiplying value 

of farm marketings plus home consumption by the proportionate 
change in total factor productivity, 1910-36 = 100. Marginal inputs 
saved in year t are obtained by subtracting average annual total in
puts saved during the preceding six-year period from total inputs 
saved in year t. 

would have been if no such research were performed. Because this informa

tion does not exist, wc do the next best thing by measuring the gain in pro

ductivity from a base period. If productivity declines in the absence of main

tenance research, we understate the true productivity gains attributable to re

search. Our procedure implies a zero return for the years 1921-26 when in 

fact it is difficult to believe that research during that period was anx' less pro

ductive than it was from 1931 to 1936. 

The practice of doubling public research and extension in order to include 

an estimate of private expenditures should also bias tilerate of return down

ward. We can expect that input prices already include a return to private re

search and extension. This in turn should increase the input measure and re

sult, therefore, in less productivity gain than would occur if all research and 

extension were public expenditures. The fact that not all research and exten

sion is aimed at increasing productivity provides a third source of downward 

bias. For example, most of the extension work in home economics is con

cerned with improving the quality of life, not only in rural America but also 

in towns and cities. 

On the other side of the coin, one might argue that the rate of return is 

biased upward because no charge has been made for the increased education 

of farm people. Ihtwever, most of the evidencc to date suggests that the pri

mary role of education in agriculture is to speed uip the adoption of new in

puts in order to move more quickly toward an optimtum allocation of re

sources as opposed to a pure "worker effect.'19 In fact the same argument 

applies to extension, which also yields a return by speeding Lip the adjustment 

to new inputs or information. 
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Future Returns
 

As we have seen, although the marginal internal rates of return to agricul

tural research and extension appear to have been relatively high, the figures 

suggest that this return is beginning to decline. Of course, if research and ex

tension are subject to the law of diminishing returns, it is reasonable to ex

pect a decline in the rate of return to this investment in the absence of addi

tional complenentary inputs Moreover, tilefact that researchers' and exten

sion agents' salaries probably have increased more rapidly than their marginal 

productivities in recent years would also imply a decrease in the rate of return 

to investment in these activities. We might ask, therefore, whether there is a 

danger that the marginal rate of return to agricultural research and extension 

will fall below a minimum acceptable level, say 15 percent, in the foreseeable 

future.
 

Over the past two decades (1952-72) public agricultural research and ex

tension expenditures (deflated by the CPl) have nearly doubled each decade, 

for a cooipoutnd real rate of growth of almost 7.5 percent annually. In 1952 

these expenditures totaled $305 million, rising to $509 million by 1962 and 

$997 million in 1972. If the past twenty-year expenditure growth rate con

tinues over the next decade - which is quite possible in v'iew of the increased 

concern over world food supplies - public research and extension expendi

tures wvould reach $1.336 billion in 1976 and $2 billion in 1982 (1972 

dollars). 
Predicting future productivity growth is subject to even more uncertainty. 

If the 1967-72 growth rate continues, the United States total factor produc

tivity index would increase from 109 in 1972 to 124 in 1982 (1967 = 100). 

Such an increase does not appear unrealistic, particularly if research and ex

tension expenditures continue to grow as much as we have assumed. If we 

further assume a value of agricultural output of $60 billion per year over the 

next decade (it was $61 billion in 1972), we can make a rough guess at the 

expected marginal internal rat' of' return to 1971-76 research and extension 

expenditures as the%, are reflected in 1977-82 productivity growth and re
sources saved. Utilizing the same procedure by which we computed the mar

ginal internal rates of return presented earlier (see section on "Estimates by 
Decades") -- doubling public research and extension, etc. -we obtain an ex

pected marginal internal rate of return of about 29 percent for 1971-76 re

search and extension expenditures. Ilence there does not appear to be any im

mediate danger of driving the marginal rate of return to investment in agricul

tural research and extension in the United States below an acceptable level, 

at least over the next several years. In fact tilerate of return could increase if 

productivity growth continues at about the same pace and if the value of agri
cultural output increases because of increased exports and higher farm prices. 
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Research Allocation 
The overall rate of return to all research and extension is a composite of 

the rates of return to investment in thousands of projects and activities. We 
know that the overall return will be maximized, for agiven expenditure, only 
if the rates of return on all individual projects are equalized. flowever, the 
output of research is very stochastic in nature. Thus it probably is not very 
fruitful to try to predict expected rates of return on individual projects. At 
this level, the return is determined largely by the skill (and luck) of the re
searcher. 

On the other hand, as we look at more aggregative groupings of tiletotal 
research effort, it would seem to be possible to measure ex post marginal 
rates of return to make predictions about the short-run future. Viewing re
search as a separate variable in a Cobb-Douglas type production function, we 
see that its marginal product is equal to e(O/R) where e is the production
 
elasticity of research and 
 O/R is dollars of related output per dollar of re
search (average product). We know there is great variation among commodi
ties and among states in the average product of research. For example, the
 
average product of corn research in tileUnited States is over four times that
 
of cotton research (Table 3-3). Of course, differences in production elastici
ties of research between corn :ltd cotton may to a certain extent offset differ
ences 
 in average products, although it is improbable that the ratio of the re
search elasticities would reach the magnitude of four. Similarly, there is a
 
rather wide divergence between tile
average products of research in the largest 
and smallest agricultural states. 

Whether marginal prodtucts of research exhibit the same variation as tie av
erage products is an open question. Preliminary evidence reported by Bredahl 
suggests that for the most part production elasticities of research are not sig
nificantly different among commodities or among large and smuall states. 20 

Therefore it appears fairly certain that the larger the average pro)ducts of re
search, the higher the marginal products and hence the marginal rates of re
turn to research. This in turn suggests that, if the objective is to mlaximize 
output, growth in agricultural research budgets should take place where tile 
greatest number of dollars of related output can le expected per dollar of re
search. 

This is not to say that marginal rates of return will be equali/ed if average 
products or even marginal prducts are equalized. For one thing, differences 
in the research lags associated with different cmimiodities will be reflected in 
different rates of return for the same marginal products. For example, we 
might expect the lag between research and its output to ie longer for live
stock than for crops and poultry. If so, an optimum allocation of rcsearch 
would le characterized by higher murginal products for livestock than for
 
crops and poultry. 
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Table 3-3. Average Products of Research in the
 
United States in 1969
 

Output per Dollar 
of Research
Item 


Corn ........................... 712
 
Soybeans......................... 672
 
Wheat .......................... 430
 

Cotton ......................... 173
 

485Swine ........................... 

442 

)airy ........................... 323 

Poultry ......................... 262 

Sheep and Wool ................ 76 

Beef............................ 


Ten largest agricultural states ........ . 351
 
Ten smallest agricultural states ....... .. 97
 

Source: Iloward Engstrom, "Productivity Differences 

in Agricultural Research Between States," )epartment 
of Agricultural anti Applied Fconomics, St. Paul, Uni
versity of Minnesota, May 1972, pp. 6 and 12. 

Differences in lags may also be important among experiment stations. If 

the large stations engage in more basic research than the small stations, where 

research may be largely adaptive in nature, we may expect the lag to be long

er in the large stations. If so, the large stations would have to exhibit higher 

marginal products than the small stations in order to have the same marginal 

rate of return. On the other hand, it is questionable whether differences in 

lags could justify differences in marginal products or even average products of 

the order of magnitude of four to five times. Needless to say, we need more 

information on differences in marginal products and lags of research anong 

Coinntodities and among experiment stations. 



APPENDIX 

Appendix 3-1. Appropriations for Public Research and Extension 
(current dollars, in millions) 

State Agricultural 
Year Experiment Stationsa USDA Extension 

1915 ........ ... 4.6 6.0 3.5
 
1916 ... ........ 3.8 5.2 4.9
 
1917 ... ........ 3.8 5.8 6.2
 
1918 ........ ... 4.2 6.3 11.3
 
1919 ........ ... 4.2 6.9 14.7
 
1)20 ... ........ 5.( 7.7 14.7
 
1921 ... ........ 5.2 7.8 16.8
 
1922 ........ ... 6.3 8.2 17.2
 
1923 ... ........ 7.0 8.5 18.5
 
1924 ........ ... 7.6 8.4 19.1
 
1925 ... ........ 7.3 9.3 19.3
 
1926 ... ........ 8.9 10.2 19.5
 
1927 ........ ... 9.3 10.5 20.1
 
1928 ... ........ 11.4 11.7 20.7
 
1929 ........... 12.0 13.8 22.9
 
1930 ... ........ 13.1 15.5 24.3
 
1931 .. ........ 12.5 16.7 25.4
 
1932 ... ........ 12.1 16.1 24.3
 
1933 .. ........ 11.4 13.1 22.0
 
1934 ... ........ 11.1 11.1 19.8
 
1935 ... ........ 11.1 11.4 20.4
 
1936 ... ........ 12.1 14.4 28.3
 

1937 ... ........ 12.9 16.4 30.0
 
1938 ........... 14.8 18.0 31.6
 
1939 ... ........ 15.6 23.3 32.4
 
1940 ... ........ 16.8 22.1 33.1
 
1941 .. ........ 16.7 21.4 33.5
 
1942 ........... 17.7 22,0 34.5
 
1943 .. ........ 17.5 21.8 35.o
 
1944 ........... 18.8 22.0 30.3
 
1945 .......... 19.8 22.9 38.2
 
1946 ........... 23.6 27.6 44.6
 
1947 ........... 28.1 33.2 53.7
 
1948 ........... 35.3 38.2 60.2
 
1949 ........... 39.9 46.0 67.2
 
1950. ........ .. 48.2 46.8 74.6
 
19.1.. ......... 50.5 45.1 77.6
 
1952 ........... 56.4 45.0 
 81.8 
1953 .. ........ 60.0 45.3 86.8 

1954 .......... 68.0 46.0 91.6 
1955 .......... 73.8 53.4 100.7
 
1956 ... ........ 85.4 59.6 110.1
 

1957 ........... 92.2 
 86.6 118.2
 
1958 .......... 105.9 83.7 128.7
 
1959 .......... 110.3 99.0 136.0
 
1960 ........... 120.3 105.2 141.7
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Appendix 3-1 -continued 

State Agricultural 
Year Experiment Stationsa USDA Extension 

1961 .......... 127.3 128.9 149.4 
1962 .......... 142.1 126.4 159.2 
1963 .......... 151.3 136.1 168.6 
1964 ........ .. 169.3 149.8 177.9 
1965 ........ .. 181.8 192.5 188.9 
1966 ........ .. 223.4 212.7 201.2 
1967 ........ .. 239.7 218.5 213.7 
1968 ........ . 261.5 219.5 225.5 
1969 ........ .. 274.0 213.2 242.0 
1970 ........ . 296.1 238.7 290.7 
1971 .......... 319.3 263.1 331.9 
1972 ........ .. 348.8 294.0 354.4 
1973 .......... 382.9 303.9 385.1 

Source: State Agricultural Experiment Stations: For 1915-60," Re
port on the Agricultural Experiment Stations," published by Office 
of Experiment Stations through 1953 and by Agricultural Research 
Service from 1954 through 1960), Washington, D.C. For 1961-73, 
"Funds for Research at State Agricultural Stations," Cooperative 
State Experiment Station Service, Washington, D.C. 

USDA: For 1915-53. "Report of the Director of Finance," 
USDA, Washington, D.C. For 1954-73, "Appropriations for Re
search and Education," prepared by Office of Budget and linalcC, 
USDA, Washington, D.C. 

Extension: For 1915-55, "Annual Report of Cooperative Exten
sion Work in Agriculture and IHome Economics," Federal Extension 
Service, USDA. Washington, ).C. For 1956-73, unpublished data 
from the extension service. 

a Federal plus nonfederal funds available. Excludes fees and 
sales. 
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Productivity of Agricultural
 
Research in Colombia'
 

Reed Herifird,JorgeArdila,
 
Andret Rocha. and Carlos Trujillo
 

This chapter will compare four recent studies of the economic returns to vari

etal research oii rice, cotton, wheat, and so heans ill (:(ilonthia. The four stud

ies are part of' a larger program of agricultural research, extension, and cduca

tion administered since ablout 195o by the colombian Agricultural Institute 

ICA) and its predcCCssor agencies, the Departmcnt of Agricultural Research 

(I)IA) and the Office of Special Studies (OSS). Our main hypothesis was based 

oin calculatiotis o returns made plreviotsly for Colomluia, the United States, 

and several other countries. For Colombia, Ilarbcrger had estimated that the 

average rate of return (in all capital ranged fr(om 8 to 10.5 percent hetween 

196) and 19(18 atnd that the oppoirtunity cost of public funds was ahout It) 

percet during the late I900)s. 2 Studies iNyGriliches3 and Icterson 4 for the 

United States, by Ardito Barletta for Mcxico, 5 by Ayer and Schuh for Brazil,6 

antid by )uncan for Australia 7 found rates oif return to varietal improvement 

ill excess (if 10 percent. These invcstigatiots also suggested, howcvcr, that re
turns obtained ill the United States were exceeded IW th oSe obtained ill tile 

other countries studied. Accordingly, wc hypothesized that the estitmated 

rates oif returns for tie four (iilomibtliiant varietal improvement programs would 

exceed both tile opportunity cost of capital within the country and the rates 

of return previotsly reported for similar United States prtigrams. 8 

This hypothesis derivcd additional support froth tile conmonsense notion 
that, becatse Colombia began agricultural research after tile United States 

86 
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and other developed countries, it should have been able to draw on a large 
stock of knowledge about plant-breeding techniques and on extensive interna
tional collections of plant materials to reduce the gestation periods and de
velopment costs of its programs. If we assume that research enterprises in 
Colombia and the United States are comparable in organization and compe
teice, the cost effectiveness of and returns to research ill Colombia should lie 
greater. At the same tinc, illportant socioeconomic and structural constraints 
in Colombia could prevent higher returns to investments in varietal improve
ment, even if technical IIreakthroughs had been inore casily Inude. 

The foregoing considerations, together with tile nature of tile data available 
for analysis, led us to adopti a mctlodologv which could assist us in distin
guishing the contributions of' biological, socitccconomic, and structural factors 
to the calculated returns to research. The "social benefits" of varictal research 
were estimated in the ustal way- its changes in consumers' and producers' 
surpluses resulting from shifts in product supplies generated by tile use of im
proved seeds. (See chapter 6 of this voluiieC.) BUt tihe shift in supply itself was 
taken as the product of two separately estimated variables: tle differetnce in 
yields between two (average) farm plots of tine Iectare each, cne plot being 
planted entirely to the improved seeds and the other to tile unimproved vari
cties, multiplied by the percentage tif crop land actually plaited ill the im
proved variety. Wc then associated the first of these variables, the "yicld ad
vantage'" Of tile ilproved var'iety, with the biiological determinants of returns 
and tile seccond variable, "tile rate of adcoption," with the scciceccnomiic, 
structural, and Iiological determinants, recognizing that allarge yiehl advan
tage can le t primary cause OfI rapid aid high levels of adopition. 

Because it \was Our imupression at the outset that the technical and biolog
ical work of the four Colombiat varietal inprovemient progrlats had been 
well done, we felt that our inlill hIvpothesis wIculld he rejected only if the 
rates of adoption were low, which would mean that there were major socio
eciunonlic and structural constraints. The only crop ofcthe four studied which 
e'idencced such constraints was wheat. It had bCCI growin Under near subsist
ence conditions by small, traditional farmrCl'S ill sollic of Cohmlhi,c's poorest 
atgricultural areas. Also, for a number of \'cars massive wheat imports, in:lhe 
trnder PI, 48t0, had depressed the relative price of wltcat. 

The final step of our analysis Concerned the ay tihe yield advantage was 
to be calculated. We felt that estilmates based only oin conlparisons of yiclds 
obtained on seeded ew to unimprovedphults tic% varieties and others seeded 
varieties wouhl Ie biased upwaMr beceatse of the strong, positive interactions 
of the Iew varieties with such inputs as fertilizers and water, Therefore, in 
comparing yields and calculating the 'ield advaintages of tie% varieties, we at
tempted to determine the effects of other inputs by cstinating the produc
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tion relation between yields, seed varieties, and other variables which may 

have interacted with the seed varieties. 

The next four sections of this chapter discuss the returns to research in 

rice, cotton, wheat, and soybeans, respectively. The final section compares 

our main results and summarizes our principal conclusions. 

9 
Rice 

research program was initiated in 1957 	 by a predecessorColombia's rice 

agency of ICA. Its establishment coincided with a sharp rise in rice imports 

outbreak of the boja blanca disease. (According to FAO
occasioned by an 

Rice Reports for relevant years, Colombia usually imported about 2,000 met

ric tons of rice annually but imported 10,200 tons in 1957; in 1958 and 

to earlier levels.) This is a virus prevalent in l.atin
1959 imports returned 

- which first causedAmerica - with symptoms like the stripe disease of Japan 

substantial losses in Venezuela in 1956 and in Colombia in 1956 and 1957.IO 

of the research program included varietalAccordingly, the initial objectives 
resistance to the boja blancaselection and breeding for higher yields 	and 

1 1virus.
were collected throughout ColombiaRice varieties resistant to the disease 

a first step; in addition, 2,200 varieties were imported from the United as 
of Rice in Beltsville,States Department of Agriculture's World Collection 

Maryland. By 1959, about 400 of these varieties had shown promising resist

antce to the virus. Because they were mainly japonica varieties, which are not 

consumed in Colombia, the research program sought to breed the virus resist

ance of japonica into the local long-grain varieties. 12 It was estimated that 

this might take four to five years. In the interim, the one superior United 

States variety which had shown some virus resistance, Gulfrose, was multiplied 

and released in 1961. 
Napal, the first improved variety produced by the Colombian research pro

released in 1963. Napal had the long-grain characteristics of Bluegram, was 
bonnet 50, the most popular nontraditional variety, and was resistant to boja 

by bruzone (rice blast disease) inbhwca.1" Unfortunately, it was attacked 
In the same year,1965 and disappeared from commercial 	 use thereafter. 

was distributed to farmers as an al-Tapuripa, earlier imported from Surinam, 


ternative to Bluebonnet 50 and Gulfrose. It was long grained and flinty, with
 

some resistance to blast and boja blanca.
 
an objective derivedIn 1966, the Colonbian rice research program added 

from the international Rice Research Institute (IRRI): to develop dwarf vari

eties with a high grain-to-straw ratio and resistance to lodging. About 3,000 

additional varieties were imported from IRRI, and an order went out to re
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tain only those varieties already in the Colombian collection which outyield
ed the most prevalent local variety by 100 percent. 

In 1969, ICA joined forces with the rice program of the International Cen
ter for Tropical Agriculture (CIAT). Personnel, facilities, budgetary resources, 
and objectives were shared under informal agreements between the two insti
tutions. This reinforced Colombian ties with IRRI, since the head of CIAT's 
rice research team had served on IRRI's staff. 

In 1968, ICA and CIAT introduced IR-8, which spread quickly even though 

the m'dium-type chalky grain sold generally at a 30 percent discount and was 
susceptible to blast disease. Ilowever, it was resistant to hoja blanca. Follow
ing strong commercial interest, CIAT and ICA also introduced IR-22 in 1970 
and recommended it to farmers in irrigated tropical areas. 

Between 1966 and 1970, ICA released independently one additional rice 
variety, ICA-IO, which never assumed an), commerical importance. Its yields 
were inferior to the IRRI varieties, although it was superior to and/or less 
variable than either Gulfrose or Napal. Its grain quality was also less desirable 
than Tapuripa's. 

In 1971, ICA released the CICA4 variety. Compared with earlier varieties 
it had improved disease-resistance, was more adaptable to changes in water 
and air temperature, and it had good grain appearance and cooking qualities. 
It also produced slightly superior yields. Simultaneously, CICA-4 appeared in 
Fcuador as INIAP-6, in the Dominican Republic as Advance 72, atnd in Peru 
as Nylamp. 

Yields recorded in commercial field trials of the seven major rice varieties 
released 'by the Colombian and joint CIAT-ICA programs after 1957 are 
shown in Table 4-1, together with data obtained from the same source on 
yields of the check variety Bluebonnet 50. The 665 individual trials which are 
the basis for these yield statistics include all that are available for the fifteen
year period 1957-71. It should be mentioned that ICA's commercial trials, or 
pruebas regionales, are conducted on commercial farms that agree to collabo
rate with the institute's programs. Farmers run the trials, but materials and in
structions are provided by ICA. 

The three rice varieties released before 1966 show average yields of 4.1 
metric tons per hectare, representing ayield advantage over Bluebonnet 50 of 
about 33 percent. Varieties introduced after 1966, including ICA-10, double 
that yield advantage, bringing it to 65 percent above Bluebonnet 50. 

In view of these yields, it is interesting to note that the area planted to im
proved rice varieties did not become a significant proportion of all rice land 
until the second, or post-I 966, stage of the research program (see Table 4-2). 
Data in the table on the percentage of acreage sown to a given variety were 
estimated in the following way. First, available information on sales of certi
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1959-71 a 
Average Rice Yields from Commercial Trials by Variety, Colombia, 

Table 4-1. 

Variety (in kilos per hectare) 

CICA-

Year 

Bluebon-
net 50 

Gulf-
rose Napal 

Tapur-
ipa 

ICA-
10 IR-8 IR-22 4 

1959 ...... 1,927 

1960 ..... 
1961 ..... . 2,893 3,071 

1962 ..... .2,967 4,065 

1963 ..... . 3,875 5,391 4,420 

1964 ..... . 4,336 4,138 5,166 

1965 ..... .3,462 2,739 4,343 

1966 
1967 
1968 
1969 

..... 

...... 

..... 

..... 

.1,590 
2,893 

.3,208 

.3,544 

2,436 

5,356 
5,110 

3,645 
2,690 
4,600 
4,625 

4,707 

4,789 
5,450 

6,098 
5.890 

1970 
1971 

..... 
..... 

.. 3,339 
.3,164 

4,5(10 
3,610 

3,852 
4,234 

5,18(1 
4,748 

5,420 
5,080 

6,125 
4,60(10 

Average. . . . 3,099 3,880 4,344 4,025 4,441 5,473 5,250 5,362 

social ticlas inversiones en investigacion de arroz en
Source: Jorge Ardila, "Rentabilidad 

Colombia," M.S. thesis, Bogota, ICA/National University Graduate School, 1973, Table 
5

; Blanks indicate no regional trials were undertaken. 

fled seeds by variety were converted to hectare equivalents by dividing by the 

National Rice Program direc
estimates of seeding rates provided by the ICA 

tor. Second, lacking data on farm-produced seeds of the improved varieties, 

to certified seeds of 
we assulled that the proportion of all acreage planted 

any variety w%-asequal to the proportion planted to later gencration seeds pro

duced outside the seed multiplication and certification program. This estimat

as w%,ell as for wheat and soybeans, to esti
ing procedure was followed here, 


mate total area planted to improvcd seeds because it produced the simplest
 

and "best fit"between available data on certified seed sales and "expert opin

ion."
 

-- its yield advantageTo estimate the shift parameter of each new variety 

fit to the pruebias regionah's
over Bluebonnet 50 -- production functions wvere 

data, using standard least-squares procedures. In the final round of est ima

wvere taken as a function of twentytion, reported yields (kilos per hectare) 

seven seed variety variables, twovariables: size of the trial plot, seeding rate, 

variables to distinguish different time periods, four variables relating to irriga

five variables to differentiatetion andt its interactions with seed variety, and 

locations and their interactions with variety. Only the first two of these vari

ables entered as continuous argtllleints. Other Continuous variables (relating 
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Trable 4-2. Land Area Planted to Six Improved Varieties of Rice as a Percentage of the
 

Total Area Planted in Rice, Colombia, 1964-73 
a
 

Variety (in 90 	 All Improvcd 

CICA-4 Varieties (%)
Year Napal Tapuripa ICA-I1 	 IR-8 1R-22 

2.51964 ..... 2.5 
2.1

1965 . . . . 2.1 
0.1 	 ().1

1966 . . . .
 

1967 . . .. 3.2 0.1 3.3
 
22.1

1968 . . . . 21.2 0.6 0.3 
22.2

1969 . . . 18.(1 0.5 3.7 
1970 . . . . 12.4 0.2 18.2 	 30.8 

5.0 41.126.1 3.10.91971 . . . . 47.318.9 10.1 18.3
1972 . . . . 

2(1.1 24.3 12.6 57.0
1973 . . . . 

Source: For 1964-71, Jorge Ardila, "lRcntabilidad social de las inversiones en investiga

ci6n de arroz en Clolmbia," M.S. thesis, Bogota, ICA/National University Graduate 
ICA, director of the National Rice Progran.

School, 1973, Table 11 ; for data after 1971, 
a Blanks indicate less than (.1 percent. 

or respecified in
particularly to "cultural practices") were either discarded 


the final results presented in Table 4-3.
noncontinuous form in 
taken as the check variety, the estimated 	coefficientsBecause CICA-4 was 
are to be interpreted as their "yield disadvantage" in 

on the variety variables 
When results are interpreted in this

kilos per hectare compared with CICA-4. 

way, it is evident that the Colombian rice research program has produced 

time continuous ant substantial improvements in yields. Again, the
through 
superiority of the varieties released after 1966 is evidenced. 

suggest, however, that yields of CICA4 as well as those of IR-8
Results 

by irrigation. The coefficient on the ir
and IR-22 are positively influenced 

rigation variable indicates that yields of all varietics arc increased by about 

another ton is added
1.2 	 tons with average irrigation practices. Roughly 

or CICA4, as indicated by the coef
when irrigation is applied to IR-8, IR-22, 

the variables of interaction of those varieties with irrigation. This
ficients on 

data which show that
evidence from the production functions, coupled with 

dry land rice yields increased 7 percent during the 1961-72 period while those 

an inference that the newer
of irrigated rice increased 133 percent, leads to 

mainly the irrigated rice areas. 14 The other side oif 
varieties have benefited 

that the adoption of improved varieties was assisted by
the coin, of course, is 

1 5 

the existence of irrigated crop land. 

focused on the irrigated rice areas. Its 
Most of ICA's research has been 

largest prograns have been located at the PIalmira and Espinal experiment sta
irrigated,of all Colombian rice land is now

tions. Although about 75 percent 
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Table 4-3. Production Function Estimates for Rice Based on
 
Commercial Trial Data, Colombia, 1957-72
 

Estimated Estimated 

Independent Variable Coefficient t Statistics 

1.Size of trial plot .... ............ 
2. Seeding rate ..... ............... 

3. Bluebonnet 50 ................ 
4. Gulfrose ..................... 
5. Napal ........................ 
6. Tapuripa ...................... 
7. ICA-10 ....................... 

-
-
-

-0.15 
2.46 

1,609.66 
1,486.56 
1,742.79 
-884.31 
- 536.93 

- 2.30 
1.58 

- 3.45 
- 1.31 
- 1.83 
- 1.80 
- 1.13 

- 798.97 - 1.54
8. IR-8 ........................ 


- 589.97 -0.729. IR-22 ........................ 

1,220.20 5.84

10. Irrigation ... ................ 

3.2111. Irrigation * IR-8 interaction ...... ... 1,278.09 

700.4412. Irrigation * IR-22 interaction ..... 	 0.89 
2.11

13. Irrigation * CICA-4 interaction. . . 1,061.87 
1,185.26 7.12

14. Location ...................... 

15. Location * Gulfrose interaction ... 991.98 0.94 

16. Location * Napal interaction ..... 940.33 1.06 
1.24

17. Location * IR-8 interaction ...... .... 428.22 

18. tocation CICA-4 interaction . . . - 1,34(0.16 - 3.14 

1,228.03 6.74
19. Time I ....................... 


509.78 - 2.20
20. Time II .......................- 


2,028.30 3.64 
112 = 0.67 n =665

Intercept ..................... 


Source: Jorge Ardila, "Rentabilidad social de las inversiones en invcstiga

ci6n de arroz en Colombia," M.S. thesis, Bogota, ICA/National University 

Graduate School, 1973, Table 13. 

100 percent has been irrigated traditionally within the areas served by
almost 

Palnira and Espinal. 
1 6 

may have been induced by expecta-
This emphasis on the irrigated areas 

re
tions of the sort of varietv-irrigation interactions found in the regression 

sults. More plausible is the comnimonsense explanation that the ICA's credita

bility would have been seriously threatened had it not produced varieties 

of Colombia, since the controllingwhich yielded well in the irrigated areas 

interests of the rice growers and commercial trade arc found there. It has 

value of all dues collected by the Nationalbeen reported that half of 	the 
comes from Tolima.Federation of Rice Growers 

used to estimate the overall percentage change in
Regression results were 

overrice supply attributable to the yield advantage of all improved varieties 

50. It was estimated as a weighted sum - divided by average com

merical 	 yields - of the regression coefficient of each improved variety minus 

50, with weights equaling the 

Bluebonnet 

the coefficient corresponding to Bluebonnet 
17 

sown in each variety. Thisplanted which waspercentage of all rice land 

http:2,028.30
http:1,228.03
http:1,34(0.16
http:1,185.26
http:1,061.87
http:1,278.09
http:1,220.20
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Table 44. Alternative Values of the Supply Shift
 
Parameter for Rice Attributable to Improved
 

Varieties, Colombia, 1964-71
 

Est,:,,ate (00 

Simple Varietal Effects 
Year (1) (2) 

1964 ...... .... 1.05 -0.16 
1965 ........ 1.01 -0.15 
1966 ...... . 0.13 0.03O.. 

1967 ........ -0.17 1.07 
1968 ...... ... 10.99 5.73 
1969 ...... ... 12.81 5.98 
1970 ...... ... 14.89 7.42 
1971 ...... ... 15.96 10.38 

Source: Jorge Ardila, "Rcntabilidad social tielas in
versiones en investigaci6n de arroz en Colombia," M.S. 
thesis, Bogota, ICA/National University Graduate 
School, 1973, Tables 5, 11, 12. 13, 17, and 20. 

estimate is shown in column 2 of Table 44. The "simple" estimate of the 

yield advantage of the improved varieties is shown in column I of the table 

and is based only on the data for the average annual yield of each variety ob

tained in the pruebas regionales and already presented in Table 4-1 .*8 

The fact that the simple estimates of the shift parameter exceed the esti

mates that are made up only of varietal effects from the regression is con

sistent with the finding that only the improved varieties of rice interacted 

with other variables of the production function. Since those interactions were 

on balance positive and are included in the simple estimate but not in the 

varietal-effects estimate, the former overstates the shift parameter by as much 

as seven percentage points. 

The simple and varietal-effects estimates were combined with assumed 

values of the price elasticities of supply and demand to provide upper- and 

lower-bound estimates of gross social benefits of the new seed varieties for 

the period 1964-71.19 Values considered for the price elasticities of supply 

were zero, 0.2347, and infinity, the intermediate value being derived from 

the only supply stud)' available for Colombian rice;20 values considered for 

the price elasticity of demand were - 0.5, -- 1.372, and - 2.0, the intermedi

ate value again having been estimated in another study.21 Maximum gross 

benefits resulted from using the simple estimates of the shift parameter and 

price elasticities of demand and supply, respectively, of - 0.5 and zero; mini

mum benefits corresponded to price elasticities of demand and supply of 

- 2.0 and infinity and the varietal-effects estimate of the supply shift param

eter. Both estimates of benefits are shown in Table 4-5 for the 1964-71 period. 

http:study.21
http:1964-71.19
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Table 4-5. Estimated Benefits and Costs of the Rice
 
Research Program in Colombia, 1957-80
 

(in thousands of 1958 pesos) a
 

Estimated Benefits Estimated 

Year Maximuni Minimum Costs 

1957 . . . 15 

1958 . . . 193 

1959 . . . 235 

1960 . . . 286 

1961 . . . 429 

1962 •• • 441 

1963 
1964 

. . . 

. . . 3,733 - 563 
252 
445 

1965 
1966 

. . . 

.. . 
4,751) 

553 
-699 

127 
538 
519 

1967 . . . -- 827 5,157 867 

1968. . 61,659 27,291 937 

1969 , . . 60.872 23,675 2,074 

1970 . . . 69.444 27,883 2,779 

1971 . 

1972-80 
. 107,470 

107,543 
52,255 
52,255 

4,165 
4,202" 

Source: For estimated benefits, preceding tables; for 

estimated costs, Jorge Ardila, "Rentabilidad social de 

las inversiones en investigacidn de arroz en Colombia," 
M.S. thesis, Bogota, ICA/National University Graduate 

School, 1973, Tables 44 and 46. 
a Blanks indicate no benefits. 
b Figures for subsequent years were estimated by 

assuming 4,202 grew by 10 percent annually. 

Costs of the research program for the same period, also shown in Table 

include direct costs, indirect costs, and complementary costs; these terms4-5, 
were defined earlier by Ardito Barletta. 2 2 Direct costs of the rice program 

1964. For this reason available cost data were rewere available only after 
and ICA'sgressed on the ntulber of employees assigned to the rice program 

total expenses for all research programs; the resulting regression coefficients 
wereand available data on the two independent variables of the regression 

cost data for the missing years, 1957-65.then used to estimate the direct 
with the new program - those it incurredComplementary costs associated 

with other collaborating prograrns-were estimated for this study by the 

were costs associated withdirector of the National Rice Program. Included 

the entomology, plant physiology, plant pathology, soils, and extension pro

grams. Indirect costs included staff training costs, opportunity costs of the 

services of fixed capital and land, management costs, and the costs of "inter
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the major programnational cooperation.'' 2 3 The latter category comprised 

cost, the total costs of the CIAT rice program from 1969 to 1972, as estimat

ed by tile head of that program, and a prorated share of the cost of Rockefel

from 1958 through 1968.ler Foundation personnel stationed in Colombia 

The simple sum of total CostS for the 1957-71 period equaled 14.2 million 

1958 pesos. The costs of international cooperation were calculated at 5.0 mil
lion or 35 percent of the total but are probahly understated since benefits 

derived from the "capital stock" of IRRI and other institutions have not bcen 

charged to the Colombian program. (This is discussed further elsewhere in 

represented about 12 perthis chapter.) All costs for the rice program in 1971 

cent of ICA's total expenses for rescarch. 
stock of new v'arietics will continue to pro-Recognizing that the current 

duce into the future, we projected the costs and bencfits of the Colombian 

rice program to 1980 using assumptions, when necessary, which would bias 

downward the estimate of internal rates of return. It was aSSumned O tlhe cost 

side, for example, that the real value of the cooperative CIAT-ICA rice pro

rate of about 10 percent a .year, primarily on the gram would increase at a 

grounds that programs which are rClatiV\'ly ne%\' aind reputedsslccessful tend 

was made, ICA'S Idget has been severely cut,to grow. Since this assumption 

and CIAT's rice program has been phased down. Nonetheless, we hold to the 

the final estimate of the internal rateinitial assumptiotn to avoid overstating 

of return. On the side of the projcction of gross bencfits, it was assumed that 

will aVLr.agc 581 milliontie value of production during the 1972-80 period 
1971 crop (in 1958 pesos, a sum which equals the valuC of the rather good 

pesos); that the rate of adoption of the new rice varictics after 1073 will sta

that the percentage ofbilize at the estimated 1973 level of 5 7.0 percent ;2-

rice land planted to IR-8 will trend downward linearly to zero by 1980; that 

to IR-22 and CICA-4 wsill he equal afterthe percentages of all rice land sown 

1973; and that the increase in the shift parametcr implied by these assulmp

tions will approximately equal increases in commercial yields ovcr the pcriod 

1972-80. The increases in yields Would be 14 and I I perccnt, respectively, for 

the maximum and minimum salucs of the shift parameters. 

The resulting internal rate of return corresponding to the stream of maxi

mum gross benefits \was found to ie 82.3 percent; the rate Cstinliated on the 

basis of the stream of minimum gross beiefits was 00.1 percent.25 

l 2ttol(.' 

Cotton has turned in a striking performance in Colombia. Since the mid 

1930s, yields have about quadrupled- in fact, their pattern Oif change has 

been broadly similar to that of cotton yields in the United States. Currently, 

http:percent.25
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(:oloml)ian cotton yields are comparable to United States yields and roughly 

twice as high as average yields for all of South America (Table 4-6). In an 

earlier comparative analysis of changes in cotton yields, it was concluded that 

Colombia ranked fourth in yield increases in tile 1950-60 period among the 

twenty-four countries that produced 97 percent of all cotton in 1960.27 Pro

duction after the mid 1930s increased at least fifteen times, or from about 

30,000 bales in 1937-38 to over 500,0(0 bales in the earl, 1970s.29 

Yields and production advanced most rapidly in two different but not 

videly separated periods of time: 1951-54 and 1957-59. Yields about dou

bled in the first period. Although they also increased in the second period, 

production evidenced a much larger increase of 167 percent. )evelopments 

in both periods appear to have been the result of changes in government 

policies. 
The first period of rapid development followed the reopening of the Co

lombian Ministry of Agriculture in 1948 and the introduction of new policies 

emphasizing the need to replace imports of food and fibers with local prod

ucts. For cotton, this meant that the textile industry had to consume stated 

allotments of national cotton. This produced an 82 percent increase in tile 

farm price between 1948 and 1951.29 When the local textile industry was 

faced with the prospect of consuming larger quantities of national cotton, it 

promoted the establishment in 1948 of tile Cotton Development Institute 

IFA) for purposes of improving the quality and uniformity of local cotton 

through both research and the control of ginning. 3oIEventually a government 

institute with its own budget, IFA also assumed responsibilities for cotton ex

tension, seed distribution, and credit. 
The second surge in production, occurring at the end of the 1950s, paral

leled changes in exchange policies. The official exchange rate in Colombia was 

2.5 pesos per United States (hollar from 1951 through May 1957. The free 

rate was 3.0 to 3.5 pesos through 1954 and then edged up to 6.9 pcsos by 

mid 1957. On June 18, 1957, the official rate was increased to 7.6 pesos. 

Through the 1951-57 period, the Colombian textile industry was permitted 

to import raw cotton and capital items at the official exchange rate. As a re

sult, imports steadily built up to a level of 77,000 bales in 1957; production 

stood at 95,000 bales in that same year. In 1958, following reforms, produc

tion jumped to 220,000 bales and in 1959 reached 256,000 bales. Imports 

fell to 36,000 hales in 1958 and to slightly less than 2,000 bales in 1959, at 

which time Colombia also showed its first exportable surplus of cotton in 

several decades. During the early 1960s exports averaged about 100,000 

hales and by 1968 had reached a level of almost 300,000 bales. 

As producers of cotton attained national prominence and power by satis

fying domestic consumption and exporting a growing surplus, the National 

http:1970s.29
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Table 4-6. Comparative Statistics for Cotton Yields, 1934-35/1938-39 to 1973-74 a 

nl fop Cotton (pounds per acre) 
Index for ______________________________ 

VYear Cotubia Coloumbia United States South America 

1934-35 to 1938-39 . . 133 212 181
 
1947-48 ............ 1 152 267 163
 
1950-51 ............. 115 167 269 175
 
1951-52 ............ 102 150 269 203
 
1952-53 ............ 109 227 280 197
 
1953-54 ............. 119 317 324 212
 
1956-57 ............. 143 319 409 178
 
1959-61. ............. 152 377 462 207
 
1962-63 ............. 176 398 457 231
 
1965-66 ............. 158 352 526 244
 
1966-67 ............. 164 470 480 232
 
1967-68 ............ 176 516 447 267
 
1971-71 .......... 463 437 222
 
1973-741) .......... 470 519 249
 

Source: For allI crops, index for Coumbia, Changes in AgrictiltralProdticiion a.td Tecb
nologv in Colombi,, oreign Agricultural Economic Report no. 52 (Washington. D.C.: 
Economic Research Service, USDA, 1969), Table 30: for cotton, Secretariat, Interna
tional Cotton Advisory Committee, Ctton-1 'orld .Satistics, Washington, D.C., various 
issues. 

a lthnks indicate no data available. 
I Preliminary. 

Federation of Cotton Growers (FNA) began to absorb IFA 's functions. In 
1968, IFA was dissolved completely, and its research and extension activities 
were passed on to the ICA. Sotne of its other activities were absorbed hy the 
Ministry of Agriculture. 

The inheritance of the IFA was nieager when it assumed rcsptosibili tics 
for organized cotton research ill 1948. Oti the advice of an English mission, 
some cotton research was begun inthe Cauca Valle\ in1928 but was later 
suspended when attention there was turned, by'a visiting mission from Puerto 
Rico, to the prospects for sugarcane research. In 1934, some research w;ts 
established in Armero, State of lolitna, to introduce .nd test United States 
Uplands and some Peruvian varictics. Until 1948, however, the most progress 
had been made in improving the perennial tree cotton. A station on the out
skirts of Barranquilla on the north coast is reported to have obtained yields of 
35041(1 kilos per hectare or at least twice the then prevailing average yield.-3 1 

Nonetheless, one of the first things IFA did wvas to close that station, since 

the quality of the tree cotton was considered inferior to imported cotton and 
tree cotton had become infested with diseases which threatened the introduc

tion of annutal varictics. 
From the beginning, the institute's sole research objective wis the intro
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duction, testing, and multiplication of improved United States cotton vari

eties. No attempt was made to produce a national variety until 1961, and that 

effort appears to have languished until IFA's research was absorbed by ICA in 

1968. 
ICA adopted the same primary objective for its cotton research program 

as II:A. But, it added a second objective -- the developnent of a national cot

variety through selection and hybridization. It also improved tile designton 
of research, expanded experimentation beyond the three locations used by 

IFA (at Buga, Espinal, and (:odazzi), and undertok more trials on a com

micrcial scale as prtu bas reigioah's. 
cotton was introduced into Co-Actually, the first United States variety 

12 was imported hvlonbia well before the estallishment of IFA. l)eltapinc 
in Tolima State duringcotton producers ill I941 and cane into general use 

the 1940s. The year before, the Bra.ilian variety .xprcsso do Brazil had been 

lolima during the 1940s. Inintroduccd and it likewise gained acceptance ill 

the late 1940s ;ald the 1950s, l)eltapine 15, F'arlystaple, Coker 124 B, and 

l)eltapinc Smootthlea were introduced. These so-called "T ty'pe cottons ac

production by 1959; I)elapinecOuLnte for about 93 percent of all cotton 

was by all odds the most important anmong them. Iy 1971, I)eltapine 15 was 

no longer in use hut l)cltapinc 16 accounted for 42 percent of all cotton 

acreage, l)ellapine Suilothlcaf for 38 percent, Acala 1517 BR-2 for 8 per

ceit, and Sioneville 213 tor 8 percent, with tile remaining 4 percent being 

accounted for b ,)evcltapinc 45 and (:ckir 201.32 

As noted, the cotton research progral emphasized tile selection and multi

plication of promising United States varieties rather than the developntnt of 

improved national varieties. The United States varieties sharply increased Co

lomhian cotton yields. To cstimlate tie contribution of the Colombian sclec

tion and testing progIram.lWO question, need exaiminatiotn. 

First, \would single farmics or groups of farners acting without govern

nlent help have been as efficient or more efficient ill selecting and importing 

United Statcs variet is than IIA and ICA? 

(:C010itliatlli Cotton pro)Luclion is concentrated amiong a small group of 

farmers. As of 1958, 422 farmers accounted for 61 percent of total produc

tion; 33 in 1907, 343 producers were reported to have accounted for 40 per

cent ot' all output. At prevailing average yields, this would imply that each 

large cotton prdtluccr was harvesting ahout 550 acres, given total production 

for (olomlbia of 405,it1t, bales in 1967. The data for 1958 imply that each of 

the 422 farmers was harvesting in that year only about 200 acres of cotton, 
major contributors to the increasesuggesting that large cotton producers were 


1958 and 1967. 34
 
in production that occurred betw\eein 

The demand curve facing producers has hecn highly elastic because of the 
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'rable 4-7. Average Yields of Seed Cotton by Variety Obtained from
Commercial Trials Conducted in ColomI)ia, 1953-72 

Variety 
Number of 

Observations 
Yield (kilos 
per hectare) 

Deltapine 15 ... ............. 
Deltapine Smnothleaf . ...... 
Stardel .................... 

.. 
193 

71 
18 

2,312 
2.369 
2,296 

Stoneville 213 ... ............ 
Coker 124 B................. 
Acala IR-2 .............. . 

3! 
12 
48 

2,375 
2,634 
2,287 

l)eltapine 45 ................. 9 2.693 
Deltapinc 45 A .............. 40 2,575 
Deltapinc 16 ................ 
Coker 201 .................. 

Totala/aivcrage .............. 

42 
27 

499 

2,457 
2,568 
2,366 

Source: Andr.s Rocha, "I'valuaci6ln ccoln6lica e Ia ilivcstigaci6i
sobre varicdadcs mejoradias tic algodmn en Colombia", M.S. thesi., 
Bogota, ICA/National Unisversitv Graduatc School. 10'72, [able I1. 

a Excludes twetity-four trial%oin other arictics. 

exiStence of an export market. I'liw elasti- dem;lnd culve would have served as 
insurance to individual innovators that prices and profits would not be eroded 
bh' the increased production brought about hi' the diffusion of their innoa
tions. The fact that the industr' was composed of ,I fc\ large fairmcrs makes 
it more probable that a single individual or small group could have amnicipatcd 
large enough rewards trotr search and research Lftorts to justify uttletttaking 
them. 

I lowever, it seems unlikely that a farnier-bascd reserch effort woud havc 
outperformed IFA and IC o. There seems to be no bIsis for believing tltar ; 
private research effort would haVc uncovcrcd other, tmbore cffectisC varirCies 
than IFA or ICA did. Because of their official sttus, the t o instiutes plOb
ably were alble to import ne varieties into Colombia more C.tsldv t rapidly. 
Similarly, they were able to control the listribltiion of improved sccs. For 
example, IFA controlled all cotton gils. Ilowever, it wat; probably the special 
privileges and franchises that IFIA and ICA possessed as ffical governtent 
agencies - not "pure differences" itt organization of' research wuiMI facili
tated their success. 

The second question neteding examination is wlctltcr there were, in fact, 
significant differences in i'iclis antotg the imported Unitied States varieties 
when grown ulndC' Colonilbian conditions. 

The programs of both IFA and ICA \\cre fouLtCd oi the premise that 
such yield differences did exist. The claim was Inalde that it ould b'e worth
while to identify the size of these differences and to key programs of' seed 
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Table 4-8. Production Function Estimates for Cotton Based on
 
Commercial Trial Data in Colombia, 1953-72
 

Estimated Standard 
Independent Variable Estimated Coefficient Irror of Coefficient 

1. Nitrogen ..... ........... 2.58 0.53
 

2. Irrigation .... .......... 606.56 48.71
 
3. l'arcel type .... ......... -471.41 61.41
 
4. Rain deficiency. ...... .. 1,150.22 47.60 
5. Stardel .... ............ - 241.43 89.09
 
6,(:t)kcr 124 1 ......... . .... 214.75 109.(8
 
7. Acala 1R-2 ............... 331.64 59.23
 
8. Location I.............. 381.53 88.86
 
9. I.ocation 2 .......... .... 189.13 80.78
 

10. L.ocation 3 .......... ...... 600.73 94.34
 
11 I.ocatiot 4.... .......... 1.094.14 149.39
 
12. Location 5..... .......... 349.18 91.05
 
13. L.ocation 6..... .......... -649.88 116.68
 
14. Location 7 ..... .......... -4(8.99 181.04
 
15. L.ocation 8..... .......... 991.48 71.77
 
16. L.ocation 9..... .......... 408.49 62.74
 
17. I.ocation 1( .... ......... 1,167.86 77.85
 
18. 1953 ...... ............. - 218.53 1(16.79
 

19. 1954 ...... ............. - 268.37 81.12
 
2o. 1967 ...... ............. -- 428.55 156.78
 
21. 1970 ...... ............. 363.15 61.72
 
22. 1971 ...... ............. 366.96 70.66
 
23. 1972 ...... ............. 452.88 75.20
 

n.a.aIntercept .... ........... 2,081.20 


R
2 = 0.82 n = 523 

Soturce: Andre, Rocha. "Evaluacitin econmmica de la investigaci6n sobre 
va riedadet, nejoratlas de algodtin en Colombia." M.S. thesis, Bogota, ICA/ 
National University Graduate School, 1972. Table 3. 

a Not available. 

multiplication and distribution to them. If, however, yields of all United 
States varieties harvested in Colombia were equal, then there would be no 
payoff to a program of varietal selection and distribution. Any individual 
farmer could import a variety of United States cotton selected at random and 
expect to obtain as good results as lie would have obtained through an organ
ized program of research like IFA's and ICA's. Similarly, such a program 
would not be useful if the distribution of yields by variety were the same in 
both the United States and Colombia. 

To explore the question Of yield differences more carefully, all :wviliable 

data were obtained on the IFA and ICA commercial trials, which were com
par.ble in design to those reported earlier for rice. The trials covered the peri
,,d 1953-72 and included 523 individual experiments. They arc summarized 
in 'hidlle 4-7 as mean values of yiclds obtained for each of ten cotton varieties. 

http:2,081.20
http:1,167.86
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Additional trial data were destroyed when IFA's research was al)sorbed by 
ICA. Presumably, they included information on the two check varieties, 
Deltapine 12 and Exlresso do Brazil. 

It is evident from the data in Table 4-7 that gross differences in yields are 
not appreciable and that it would be difficult to reject the hypothesis that 
they were all, in fact, equal. For this reason, a more refined test was made by 
estimating production functions from the trial data. In the final round of 
estimates, twenty-three variables entered the regression; their estimated coef
ficients and related statistics are shown in Table 4-8. The first variable meas
ures the quantity of nitrogen applied per hectare, the second simply indicates 
whether or not irrigation was applied, the third adjusts for the fact that somc 
of the trials were undertaken on plots which were "snall" by prutobasreigiomnai's 
standards, the fourth is an index used by attending agronomists for the lack 
of rainfall, and Variables 8 through 17 adjust for the location of the experi
ments, and 18 through 23 adjust results for abnormal years. 

Regression results indicated that the only varieties out of the ten tested 
with yields significantly different from Deltapine 15 were Stardel, Coker 
124 B, and Acala BR-2; in each case their adjusted viCls were lower than 
those for l)eltapine 15 and lower by rather similar and "small" alnounts. On 
the basis of these results, it is concluded that no significant, positive benefits 
were derived from the Colombian cotton research prograls. 35 

~iI]., t 36 

In an earlier study of the production trends of Colombia's major crops, it 
was claimed that "the wheat situation in Colombia contains a number of 
paradoxes. Despite good experimental development and government pro
grains to expand production, both acreage and otutput have declined sharply 
in recent years.'' 37 Other more refined data now available continue to show 
that both acreage and production have declined over the past twenty years. 
The area cultivated in wheat fell steadily frot a leve!l of 175 ,000 hectares in 
1953 to about 70,000 hectares in 1973; over the same period productiontwas 
halved. Yields increased by about 25 percent in the 1953-58 period but sta
bilized at just above 1,000 kilos per hectare until 1972. It the most recent 
two years for which information is available (1972 and 1973), yields have in
creased again, and by about 21 percent. 38 Still, the average yield increase 
over the entire twenty-y',ear period has been rather unimpressive. 

The best explanation currently available for the decrease in acreage plant
cd is that increasing IlI. 480 sales havoe dampened incentives for Colombian 
farmers to devote land to wheat production. 39 According to FAO Tra,,e 
Yearbooks, the quantity of wheat ituportc' has increased over the 1953-73 
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period from a third to almost three times the quantity of total wheat pro
duced. The modest rise in yields may be attributable to tilesame forces and 
to a shift in tile regional distribution of wheat production from the State of 

Boyaca where yields are higher than average to the State of Narifio in south

ern Colombia where farms are small and poor and yields have traditionally 
been below the national average. 

The wheat improvenent program isone of Colombia's oldest programs. It 

dates from 1926 when the La Picota experiment station was established in 
the central region of the country (State of Cundinamarca) for the purpose of 
improving yields and certain characteristics of wheat, barley, oats, and rye. 

Through 1951, at least half the total costs of the activities of La Picota were 
absorbed by wheat research. In 1947, "cold climate" wheat research expand
ed out from ILaPicota to two additional locations: one at Bonza ilBoyaca 
and another at Isla in Cundinamarca. A few years later, additional locations 
for research were acquired at Tibaitata (Cundinantarca) and Obonuco 

(Narifio). After the aldditiOn of the Surbatii Station in Boyaca in 1959 for 
cold climate wheat research, activities were consolidated there, in Tibaitata, 
and in Oboonuco. 

(olomblia's wheat research has received imprtant assistance from a nuim
her of different foreign and national organizations In 1948, personnel of the 

program werc sent to Mexico to stud' methods of wheat breeding with the 
staff of the OSS in Mexico City, then supported by the Rockefeller Founda
tion. I.ater, in 1950, Rockefcller personnel wcre assigned to collaborate with 
the Colomlbian research program; the foundation's assistance continued until 
the mid 1960s. In 1953, wheat seedt distribution and multiplication programs 
received a lift from the Colombian Agricultural Credit Bank which ultimately 
assumed responsibility for them. Two years later the National Federation of 
Rice Growers provided some support for research on the potential for wheat 
protuction in the warmer tropical arcas that traditionally produced rice; 
similar support was received in the same year from INA, the National Market
ing Institute. The federation of barley producers, PRO(:I: BAI)A, contribut id 
to the wheat program's budget in the 1959-61 period to support expansion of 
the pruebas regionale's effort; aid was rcccivcd for the same purpose from 
FIENAI.CI, a federation of Colombian cereal producers. In the 1967-71 peri
od, the wheat program was assisted1by)the University of Nebraska Mission, 
finaniced by a consortiun of international assistance agencies, including 
USAID and major United States foundations. 

I)ata compiled on the costs of the wheat improvement program reflect this 
support from the Outside and provide a profile of the development of the pro
gram. Table 4-9 presents data on the direct, conplementary, and indirect 
costs of the program - comparable in all respects with tle cost data shown 

http:FIENAI.CI


Table 4-9. Cost of the Colombian Wheat Research Program by Major Category, 
1927-73 (in thousands of 1972 pesos) 

Direct Complementary Indirect Added Costs of 
Year Costsa Costsb Costsc New Scedsd Total Costs 

1927 . . . . 184 9 193 
1928 .. . . 236 9 245 
1929 . . . 287 11 298 

19301 . . . . 338 12 350
 
1931 . . . . 389 15 404 
1932 . . . 441 17 458
 
1933 . . . . 492 
 48 540
 
1934 . . . 543 
 52 595
 
1935 .. . 598 58 
 656 
1936 . ... 653 63 716 
1937 . ... 708 69 777 
1938 . . .. 709 78 787 
1939 .... 709 108 817 

1940 . . .. 710 120 831
 
1941 . . . 711 135 846
 
1942 . . .. 670 143 813
 
1943 . .. 630 156 
 786 
1944 .. . 589 170 759
 

1945 . . 548 189 737
 
1946 . . . . 508 207 715
 
1947 . . . 467 239 706
 
1948 .... 416 255 
 671
 
1949 . . 365 279 644
 

1950 . . 315 351 666
 
1951 . . . . 403 394 797
 
1952 . . 492 88 440 
 1.020 
1953 .... 580 117 
 315 655 1,667
 
1954 . . . . 74669 349 2,638 3,730 

1955 .... 758 93 385 242 1.478
 
1956 . . . 1,169 238 511 1,680 3,598
 
1957 . . . . 1,117 232 562 282 2,193

1958 . . . . 996 '71 584 1,058 2,909
1959 . . 841 165 483 1,170 2,759 

1960 . . 1,202 319 510 2,182 4,203

1961 
 . . . . 914 388 511 3,002 4,814
1962 . . . 828 277 396 2,599 4,100
1963 . ... 615 280 280 2,717 3,892
1964 . . 1,229 487 1,146 2,628 5,491 

1965 . .. 1,889 658 585 5,548 8,680
1966 . . . . 2,427 592 957 4,129 8,1015
1967 .... 2,150 993 2.307 8,731 14,181
1968 . . . 2,919 915 1,261 7,050 12,145
1969 . . . 3,045 1,314 2,768 5,623 12,750 
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Table 4-9 - continued 

Direct Complementary Indirect Added Costs of 
Year Costsa Costsb Costsc New Seedsd Total Costs 

1970 . . . . 2,352 1,446 3.106 3,343 10,247 
1971 . . . . 2,020 1,603 3.260 2,901 9,784 
1972 . . . 1.501 1.467 2.407 1,507 6,882 
1973 . . . . 1,570 1,385 2,354 1,626 6,935 

Source: Carlos Trujillo, "Rendimiento econ 6mico de ]a investigacidn en trig)," M.S. 
thesis, Bogota, [C A/National IUniversity Graduate School, 1974, Tables 4.1, 4.2, 4.3, 4.4, 
and 4.5. 

a Salaries, supplies, and office materials directly related to the wheat varietal improve
ment program. 

b Represents costs of the plant pathology, soils, entomoology, hiometrics, extension, 
and plant physiology program s incurrcd on behalf of the wheat improvement program; 
for the period 1927-51 these costs were included in direct costs. 

c Includes costs associated with the use of experiment station facilities, agricultural 
macLhinery, and land as well as costs of administration and training of program staff. 

d Equals the difference beween the average price of certified wheat seeds and the 
price received by farmers times the quantitV sold of certified sceds; for the period 1927
49, improved varieties relevant to this study were not planted. 

earlier ftr the rice improvement prograt- plus data tn the additional costs 
to farmers of the improved wheat seeds which were adopted after 1952. It 
can te seen that, beginning in 1927, total costs built up slowly and by 1935 
had reached a level which was subsequently maintained for about fifteen 
years. Following the establishment tf the joint Coloibian-Rockefellcr Foun
dation prtgram, direct, colmplenmentary, and indirect costs again built up to a 
level which was maintained until 1964 with the exception of three years
1959, 1963, and 1964, the latter two being years during which the research 
agency was reorganized. Investments began to drift upward after 1964 and 
then increased sharply during the period of the University of Nebraska Mis
sion's presence, falling off after the mission began to leave Colombia in 1971. 
From 1968 through 1971, total costs of the program represented only 5 per
cent of ICA's research budget but fully 3 percent of the value of wheat pro
ductitn. Wheat research had become an expensive program. 

Activities of the research program revolved around four kinds of wheat: 
cold climate, warm climate, Triticales, and l)uruins. The first has been the 
ntoSt important in terms tf both the time and the resources devoted to it. 

When the research program began in 1927, sonic promising cold climate 
wheats were introduced from the United States and tested over a six-year 
period. Fifteen varieties were released to farmers from the La Picota experi
ment station in 1933. By the early 1940s, the number had increased to 
twenty-four. Of these the best eight were Klein, General San Martin, Klein 40, 
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Marzuolo, Pentad, Florence, Barcino Barbado, and Bola Iicota. Because tile 
latter two were the most widely used varieties by the mid 1940s, they are 
considered as check varieties in this analysis. The first reference to the yields
indicated that between 850 kilos and 1.5 tons per hectare were expected. The
other six of the eight varieties could reasonably be expected to yield 1.8 to 
2.8 tons per hectare under experimental conditions.4 0 

The vast majority of promising wheats were obtained by crossing local
criolla varieties. By the early 1940s it was thought that available foreign vari
eties were inferior to local Colombian %%,heatsand thus the program turned 
inward until the arrival of foreign personnel in the early 1950s. When the OSS 
was established in Colombia with Rockefeller FotIndation support, 11,000
varieties were inmediately imported from the Rockefeller Mexican program.
Selections were made from these imports primarily on the basis of their resist
ance to the yellow, black stem, and leaf rusts. These rusts had become the
major preoccupation of the Colombian wheat improvement team because 
data produced in 1949 showed that wheat yields were being c,:t 6 percent by
leaf and stem rusts and 14 to 41 percent as a result of yellow rust. 4 I 

The first new commercial variety released after the establishment of the
joint Colombian-Rockcfeller Foundation program was ,\lcnkemen 52. l)istrib
uted in 1953, it %,'sthe product of a cross of varieties from the Mexican col
lection, including Ment,na and Kenya. It reduced time to maturity by thirty
five days, was somewhat resistant to the major rusts, had strong stems, and
outyielded Bola Picota by 3(1 percent. Two years later a second variety,
Bonza 55, was released. It was the product of two Rocamcx varieties, Yaqui
and Kentana. Because it was especially resistant to the yellow rust of Narifio
 
State, it was most widely distributed there. A third variety, Narifio 59, was

released in 1959; it also was particularly well adapted to the State of Narifio,

being resistant to its variety of yellow rust. Three \,ears later, alarge batch of
 
new varieties produced by the joint Colombian-Rockefeller program was re
leased, including Miramar 63, Bonza 63, Crcspo 63, Napo 63, Tiba 63, and
Tota 63. At the time this release was made, the industry was advised that the 
research program would in the future attempt to make "batch releases" (i.e.,
releases of more than one variety) to reduce susceptibility to new wheat rusts. 
Millers are reported to have reacted adversely to this announcement on the
grounds that a single mill could not handle more than two varieties of wheat; 
an appeal was made to the research team to revise its strategy. As it turned 
out, the wheat program for cold climates made onl one additional release 
in 1968 Sugamuxi 68, Zipa 68, and Samaci 68 were distributed simultaneous
ly.

The Colombian wheat plant began to change as the result of the introduc
tion of dwarf varieties from Mexico in 1958. The effort to incorporate char
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Table 4-10. Comparative Wheat Yields for Thirteen Varieties
 
Obtained Under Experimental Conditions, Colombia, 1970
 

Reported Yields 
Reported Yields Compared with 

Area Planted (kilos per Bola Picota 
Variety (hectares) hectare) Yield (%) 

Menkemen 52 . . . 0.095 2,820 427
 
Ilonza 55 ....... ... 0.123 2,360 358
 
Narifio 59 ...... . O.0.106 1,700 258
 
Bonza 63 ....... . 1..153 2,220 336
 
Miramar 64 ..... 0.101 2,535 384
 
Crespo 63 ...... ... 0.163 1,570 238
 
Napo 63 ....... ... (..274 2,770 420
 
Tiba 63 ........ ... 3.740) 3,0)17 457
 
Tota 63 ........... 0.200 2,680 416
 
Zipa 68 ........ . .134 455
O... 3,00 

Samacii 68 ...... ... (1.50 3,700 561
 
Sugamuxi 68 ....... 0.223 2,300 348
 
[Iola Picota ...... ... 0.132 660 1(0
 

Source: Colombian Agricultural Institute (ICA), Inforoe del l'rograma 
Nacional de "rigo (Bogota: ICA, 1970), Appendix 4. 

acteristics of the smaller plant did not, however, gain force and importance 
until about 1964. Bv 1970, 60 percent of all materials in the Colombian 
wheat research program included dwarf wheats. Of the thirteen improved 
varieties released to farmers after the establishment of the joint Colombian-
Rockefeller program, small-plant characteristics were incorporated in nine of 
them: Bonza 63, Miramar 63 and 64, Napo 63, Tiba 63, Tota 63, and the 

three varieties released in 1968. In this regard it is important to mention that 
practically none (if Colombia's wheat is irrigated and that the use of fertilizer 
is negligible. 

In 1971, ICA published the data in Table 4-10 comparing yields obtained 
under experimental conditions on small plots of land for twelve improved 
varieties and Bol:, Picota. Reported yield advantages over the Bola Picota 

variety werc in exress of 500 percent for the highest yielding wheats and not 
less than 250) percent for any improved variety. 1By international standards, 
these yields of the Colombian varieties also appeared to be quite good. As 
Table 4-11 indicates, in the International Wheat Trials of 1968 three of Co
lonbia's ntost recently released wheats outyielded the best of tile Mtxican 
wheats, Aztcca 67. The average level of these yields, however, is extremely 

high even by experiment station standards in Colombia (e.g., those reflected 
in Table 4-10). 

With reference to the second category of wheat research - namely, that 
undertaken on "warm climate" varieties - it is worth mentioning that large 
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Table 4-1I. Comparative Wheat Yields Obtained for Colombian aod(

Mexican Varieties in the International Nursery Trials, 1968
 

Reported Vields 
Country of (kilos perVariety Origin hectare) 

Sugamuxi 68 Colombia 6,232
Crespo 63 Colombia 6,215
Sarnacd 68 Colombia 6,217
Azteca 67 Mexico 6,I mTota 63 Colombia 6,054Napo 63 Colombia 6,044
Tiba 63 Colombia 5,894Penjano 62 Mexico 5,833Centrif~n Chile 5,755
Nortefio Mexico 5,538
l.erma Rojo 64 x Sonora 64 Mexico 5,349
Sonora 64 x TZM ,exico 5.249
Nai 6(03) Mexico 5,249Bonza 63 Colombia 5,233
Jaral Mexico 5,166Zipa 68 Colombia 5,116 
Source: Colombian Agricultural Intirure (ICA), Inimpte dl Prograrmai
Nacional de IrLo(Bllogota: ICA, 1968), p. 13. 

areas of wheat had existed in the warmer regions since the colonial period,
iHowever, these wheat areas were practically eliminated in the mid 1930s as 
a result of attacks by stern rust. Thus in 1955 when the first rust-resistant 
varieties were available, the Federation of Rice (;rowers persuaded the research agency to experiment with Bonza and Menkemen in the Cauca Valley
and Tolima State. Although the rust resistance of the new wheats was confirmed in these carly studies, the experiments were not continued because of 
the unpromising levels of yields obtained. It was thought at the time that, for
wheat to compete with rice, 2,500 to 3,000 kilos of wheat per hectare would
be required. Commercial yields averaged 1,5(1(1 kilos, anid maximun experi
mental yields did not exceed 2,75(0 kilos per hectarc.: 2 

The wheat program first experimented with rye as a rust-resistant, high
protein, water-saving alternative to wheat in 1937, and 2'xperiments with
triticales were initiated in l'ictul., in 1946. IHlowever, interest in triticahs 
appears to have languished until recently. The wheat iprogram has also evi
denced interest in Durum wheats. Work began on Durum in 1952 and was
stepped up somewhat in the mid 1960s. IHowever, it was not successful pri
marily because of the high humidity in Colombia's wheat areas, the short
(lays, and the occasional heavy rainfalls which occur when the grains are ma
turing. 

As with rice and cotton, available data on the prutbbas regiomialex were col
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lected in an attempt to quantify the shift parameter and gross social benefits 

attributable to the Colombian wheat research program. However, the collec

tion of these data was much more difficult for wheat than for rice and cot

ton because the information had been scattered when the research program 

changed its affiliation with outside agencies. In the final analysis, data for 

only 1,016 individual trials were obtained for the 1953-73 period; many 

more trials had been undertaken on the major improved varieties. 

Most of the trials for which data were obtained (about 8( percent) related 

to six varieties: Bonza 63, Crespo 63, Menkemen 52, Napo 63, Narifio 59, 

and Tota 63. By region, the bulk of the data related to two states, Cundina

marca and Narifio. Only about 5 percent of the data are from the State of 

Boyaca. The director of the National Wheat Program stated that this does not 

reflect any slighting of the Boyaca wheat regions because there are many 

regions in Cundinalnarca and Narifio that arc full' representative of the areas 

in Boyaca. Given that wheat production in Bovaca has declined more sharply 

than in any other state, the facts here are important, although difficult to 

establish and qualify. Finally, it should be notcd that most of the prif'bas 

regionales data obtaincd (70 percent) were for the years 1963, 1964, 1968, 

1971, and 1972. 
Table 4-12 summarizes the data collected for thirteen improved wheat 

varieties arl two check varieties, Bola Picota and "150." Mean yields in kilos 

per hectare are reported by varietv, together with the estimated standard 

error of yields, the range of trial yields corresponding to a 5 percent level of 

probability, and the coefficient of v'ariation of yields. When compared with 

the data in Table 4-10, it is apparcnt that these data assign rather different 

relative \,icd ranks to specific varieties. For example, in Table 4-12 the yield 

of Menkcmcn 52 puts it in twelfth place among the improved varieties, but its 

yield in Table 4-10 ranks it in third place. Also, the average level of yields re

ported in Table 4-12 is lower than the averagcs of Tables 4-10 and 4-11, and 

the yield advantage of the improved varieties is noticeably less than indicated 
by Table 4-11. 

The range in yields of all improvcd varictics in Table 4-12 includes the 

upper-bound yield reported for Bola Picota; the range in yields for six out of 

the thirteen improved varicties includes the upper-bound yield for "150." 

The yield advantages of Sainaci 68 and Bonza 63, as a percentage of the. 

average yields of "150" and Bola Picota, are 83 and 75 percent, respectively; 

the corresponding valur for all improved varieties shown in Table 4-12 is 50 

percent. 
To adjust these estimates of the gross yield advantage of the improved 

wheat varieties for the effects of other determinants of yields, production 

functions were estimated from the data on commercial trials. The final ver
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Table 4-12. Comparative Wheat Vields for Fifteen Varieties Obtained 
in Commercial Trials, Colombia, 1953-73 

Output per hectare (kilos) 

Range at 5% 
Probability Coefficientof 

Number of Standard Lower Upper Variation ofVariety Observations Mean Error Bound Iound Yields (m) 
"15011" ........ .... 8 1,624 1022 771 2,476 62.9Bola Picota ...... .... 8 1,194 895 .148 1,941 74.9Samacd 68 ...... ... 47 2,584 1,592 2,117 3,051 61.6lionza 63 ......... 106 
 2,46o 1,197 2,230) 2.690 48.7Miramar 63 ..... 29 2,348 1,218 1,885 2,812
Zipa 68 ........ ... 31 2,190 1,382 

51.9
 
1,684 2,697 63.1Bonza 55 ......... 77 2,172 
 1,504 1,831 2,513 69.2Crespo 63 ...... ... 129 2,115 1,369 1,876 2,353
Tiha 63 ........ ....
 51 2.110 1,265 1,754 2,466 

04.7 
59.9Narifio 59 ...... .... 119 2,106 1,351 1,861 2,352 64.1Napo 63 ........ 136 
 2,097 1.340 1,869 2,324 63.9Sugamuxi 68 ....... 
 12 1.973 1,157 1,238 2,708 58.7
Tota 63 .......... 104 1,893 1,283 1.643 2,142 
 67.8Menkemen 52. ... 138 1,836 1,237 1,627 2,044 67.4Miranar 64 ..... 21 1,643 1,496 900 2,326 91.1 

All varieties . . . 1,016 2,099 1,340 2,127 2,175 66.1 
Source: Carlos Trujillo, "'Rendilicnto econ6mico dc III inVestigaci6n en Irigo," M.S.thesis, Bogota, I'A/National University Graduate School, 1974, Table 5.7. 

sion of the production function is shown in Table 4-1 3. Thirty-nine variablesentered: twelve of these represented zero-one adjustiment variables for the
location of the trials; fourteen adjusted for the effects of variety; four, mneas
ured as indices above a certain threshol(l Icvel and zero otherwise, accountedfor major diseases reported (v,ttanienicto, 43 foot and root rot, stem rust, and
dwarfing virus); one adjusted for seeding rates of 80 kilos per hectare (onlytwo rates were actually reported 8 and 11 I kilos per hectare); two each 
were used to adjust for soil type and reported weather; and one variable each
adjusted for how well the soil had been worked before planting, for weedgrowth, and for the application of lintc. Coefficicnts on the noncontinuotus
variables shown in Table 4-13 need to be read with some care. Since the re
gression package reparametcrized all variables oy imposing the restriction that
the sun of the regression coefficients elual zero, an estimate of the corrected 
mean yield associatcd With a given noncontinuous variable should le calculated by adding its estimated coefficient to the overall mean value of yields,
which was 2,099 kilos per hectare. 

The statistical significance of the variety variables -ntcring the regression
was surprisingly low. Only the estimated coefficients oil the Ilonza 63 and 



Table 4-13. Production Function Estimates for Wheat
 
Based on Commercial Trials in Colombia, 1953-73
 

Independent Variable 

I. 	 'Ianeamiento ..... ........... 


2. Foot and root rot ......... .... 

3. Stem rust................... 

4. Dwarfing virus ..... .......... 

5. Plot size ..... .............. 

6. Seeding rate .... ............ 

7. Good soils .................. 

8. Poor soils ... ............. 

9. Poor prior soil preparation . . . 

I(. I leavy weed growth ......... 
11. Unfavorable weather ....... .
 
12. Favorable weather ........... 

13. 	 l.ime applied .... ........... 


14. L.ocation I................. 

15. Location 2..... ............. 

16. 	 Location 3 .................. 

17. l.ocation 4................. 

18. L1ocation 5................ 

19. Location 6.................-

20. Location 8.... ............. 


21. .ocation 9 ............... 

22. 	 l.ocation 10 .... ............ 

23. 	 Location I1 .... ............ 

24. 	 Location 12 .... ............ 

25. Location 13 ...... ............ 


26. MNenkemen 62............. 

27. 	 lonza 55 ..... ............. 


28. Narifio 59 .... ............. 

29. Miramar 63 .... ............ 


31. 	 Ilonza 63 ...... ............. 

31. Miramar 64 .... ............ 

32. Crespo 63. ................... 

33.Napo 63 ...... 
3.. Tiba 63 ..... 
35. Iota 63 ..... 
36. Zipa 68 ..... 
37. Samacdi 68 ..... 

.............. 

.............. 

.............. 

.............. 


............. 

38. Sugamuxi 68 ..... ........... 

39. 	Bola Picota .... ............ 


Intercept .................. 


Estimated 

Coefficient 


- 13.8 
- 11.1 
-8.6 

- 15.8 
-- 48.5 

- 225.0 
482.7 

-	 340.2 
-	 157.1 
-	 301.6 

- 1,333.9 
895.4 
154.1 

- 732.0 
3,672.8 

692.4 
1,604.9 
-- 466.9 

1,084.6 
-- 349.1 
- 644.9 
- 831.1 
-812.2 

-- 856.6 
49.1 

-- 113.2 
98.8 

163.8 
-- 375.5 

341.5 
-. 3(0.3 

210.9 
131.7 

- 169.2 
- 80.7 

-. 152.8 
196.9 
210.3 

-- 3013.5 

2,460.8
Ij 2 

= 0).53 

Estim ated 
t Statistic 

- 6.98 
- 5.75 
- 3.18 
- 3.73 
-- 5.88 
- 3.69 

8.11 
- 4.31 
-	 2.68 
- 6.79
 

- 10.20
 
8.43 
2.35 

- 3.21 
16.40 
7.37 
9.24 
2.29 

- 4.44 
3.12 

- 5.38 
-- 6.61 
- 1.94 
- 3.15 

0.56 
-- 1.21 

(.89 
1.71 

- 2.17 
3.27 

-- 1.46 
2.12 
1.44 

-- 1.28 
- 1.77 
-0.92 

1.22 
0.80 

- 0.91 

15.73 
n = I.0I16 

Source: Carlos Trujillh, "Rendiotiento econ6mico tic la in
vestigacion n trigo," M.S. thesis, Btogota, ICA/National Uni

versity Graduate School, 1974, Tallc 5.14. 
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Crespo 63 varieties were positive and significant. In an independent estimateof the partial contribution of the variety variables as a group to yield variance, the significance of the variety variables was found to he less than thatof any other single variable or group of variables (e.g., the variables adjusting 
for location). 

Also, the values of the estimated yield advantages of most of the improved
varieties are lower on the basis of the regression of Table 4-13 than on thebasis of the unadjusted estimates of mean yields presented in Table 4-12. Thelargest and most significant yield advantage of any improved variety in the regression - that of Bonza 63 - is only 36 percent more than the adjusted yield
of Bola Picota, or roughlV half the value implied by the unadjusted yield 
estimates of Table 4-12. 

Table 4-14 presents statistics summarizing the use of the improved varieties of wheat. Underlying these sunmmaries are data for each improved variety used in weighting shift parameters taken front the estimated prodtiction
function to arrive at an average annual estimate of the percentage yield increase of improved wheats over average commercial yields. Two estimates ofthese weights were considered, and their implications for overall rates (ifadoption are reflected in Table 4-14 in the "upper-bound value"aInd in the"most probable value" of the percentage of wheat land planted to improved
varieties. The first estimate simply assumes that the total use of an iniprovedvariety equaled in any scar two times its reported sales in certified form aindthat the average seeding rate was 120)kilos per hectare for all varieties, As can
be seen in the table, this assumption results in levels of adoption in the late1960s which were high b known standards for unirrigatcd wheat. The seeord estimate - the one used in this studv ---maintained that the totaI scet useof any variety would equal two times its certified sales and that setdint rates
averaged 12) 
 kilos per hectare but set the germination rate of certified seeds
at 86 percent aniid the corresponding rate 
 for seed; r'tained and plantedby farmers from prior harvests at 39 percent. These low rates of germination, based on several 4ICA studies,' were not cncotnterCI for rice, cotton,


or soybeans. Since 
 the suiii of the two germination rates is 125 percent, theeffect of this procedure was to assume that thte real, postgermination rate ofemployment of atn improved variety was 1.25 times its qUantit, sold in certi
fied form. 

Estintates of the yiel ads'a nt agc of' each improved variety taken frotregression, divided by average commercial 'icltLs 
the 

in cach 'ear and weigh tedby the appropriate adoption rate, produced two streams of gross benefits forthe 1953-73 period of the Colombian wheat inmprovement prograr. li each 
case it was assumed that the c.i.f. import price of wheat was the relevant
,,price" at which to value the crop. Because of the overvaltiation of the Co
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Tabll4-14. Selected Data on FnlploynlenL of Improved
 

Wheat Varieties inColombia, 1953-73
 

Vheat ILand in Improvel Varieties(%) 

Total Ccrtified Seed Upper-Io und Most Protbable 

Year Sales (tiolls) Value Value 

0.9
1953 ........ 147 1.4 


1954 ........ 1,039 8.9 5.6
 

0.5
1955 ...... . .. 113 0.9 
3.3 

1957 ...... ... 599 5.5 3.4 

1958 ...... .. 1,010 22.0 13.7 

1959 ........ 3,050 43.4 27.1 

1956 ...... ... 639 5.2 

1960 ...... .. 2,149 28.7 17.9
 

1961 ...... .. 2,830 33.7 
 21.1 

1962 ...... .. 2.47(0 31.7 19.8 

1963 ........ 2,100 31.8 19.9 

1964 ...... .. 1,864 27.0 16.9 

1965 ...... .. 2.782 38.6 24.1 

1966 ....... 3,113 45(0 28.1 

1967 ...... .. 3.795 66.6 41.6 

1968 ........ 4,494 83.2 52.( 

1969 ...... .. 2,809 72.0 44.6 

1970 ...... ... 1,694 56.5 35.1 
1971 ........ 1,641 56.9 35.3 

1972 ........ 1,528 .10.A 25.3 

1973 ...... .. I ,429 33.01 2(.5 
6 

Source: Carlos Aruijillo, "(endin iento ecilltohlicoi d Ia investigaci l el 

trigo,"M.S. thesis, logota, ICA/Natiinal University Graduate School, 

1974, Tables 11.3, 5.17, and 2.10. 

ilOllli~Il peso, tis iL551lllption tdldctiit's ,ic gross benefits of research. 

It was found,however, lhat the estimaecd internal rate o f return to the wheat 

improvement pro~gram would increase by only 4 percent ifthe (higher) price 

recciVCd for Wllei1 by farmers wIsl,:d inistiLd. 

II one of the yicld advalntage cstintcs itwas assumied that the price elas

ticity of the supply of wheat equaled 0.55 and that the price elasticity of di

mand was (.(4. These values (if the price chsticitv parameters were derived 
"15 


from estilates ofl"two ildejlcndetnt studics. For tile second estimate of 

gross henefits, It was recignizcd that wheat was imported throughout the 

195!-73 period aInl that the value of gross benefits should therefore not in

cltde isurplus 1toconsuIlLmers. 

The tvo estimlates of gro,:- benefits, as well as the total costs shown in 

Table 4-9, were then projected through 1976Ion assutmptionis similar to those 

used for rice. The internal rate of return estimated for the -closed economy" 
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case corresponding to the stream of net pr grani benefits (gross benefits 
minus costs) for the 1927-76 period was 11.9 percent. When allowance was 
made for the fact that wheat was imported, the estimated internal rate of re

turn was reduced to I1I1 percent. 

Ule.s4(,Soyb 

Soybean prioductiom ill Colombia has gro%%it very rapidly ill recent 'years. The 
total area cultivated was only 16,0101 hectares in 1962; productiott stood at 
25,000 tons, and yields were 1,500 kilos per hectare in the sante year. By 
1972, just tell years later, the area harvested had increased to 58,00) lec

tares, production was 116,(00 tons, and yields had risen by a third to 2,01)0 
kilos.47 This rapid develmlent is attributed tO the fact that so)ybcanS are cx

cellent ill rotation with several major crops (cotton, ill partictlar) and that 

th,. denlld for soveallS has been strengthened by a fast-i rToWilg polltrV ill

dustry. The crop is cultivated il Colmliia mil' in the (Xiuca Valley this is 
pribably because the feed industry is neir there. An equally important cx
plantatiuin, howevcr, is that available high-yielding, diseasc-rcsistant soybean 
varieties produced by the IC:\ experiment station It PAlmira have Ieen adapt
ed to conditions found ill tie Cauca a\ile\'. 

IC.\ did tiot begin soybean research tuntil 1900, :and thlti \%oirk \as restrict
ed to the Pahllira, Stati n. In abut sevI erill's, hoWve'', the rCsearch .'flT't 

produtced three ness varieties with superior yield potentia and rlresstalicc to 
major diseases, principally ciCe'soriV, a funIlguIS wlich attacks Atitldestroy\'s 
almost all parts of tih soybean plant. lable 4-15 stituitizlares expcriicital 
data relating to yields oif tour stoYbean varieties ,btitItM'd I,,r this studsy. L'n
fortunately, data generated fromll Col11iicil' fields tI 'O)t'!'i% rli.jOli,'s \\Ccit 
tina'ailable; thus, the int,)rI.I,ioi used il Tablc 4-15 ind ClSesslTrc in this 

section relates to sinall cxperimeotal phuts of theltI',mira Staiiti. Ih ever. 
tie use of experi etllllll tal is soMC1,0liih less t'oulshoitSle (o so)\*lCnIIs itnIl
for crops JR'CtlSe (If tile hig!l eter id improved practicest' tcchinoohgy 

used )Vfarmers iin the (.aica Valles. 
The ICA Pelican, lila, itl l.ro, varietics \\ere reliscIld succCssively\ h tile 

experiment station. The Mandarii variety w\as impo0rted Crlier fromi the 
'nited States atnd iv 1967 had collie to Occupy 'bout ftoir-filiths tof all s \'

lcan acreage. (:onipAreid with the data previmisly shown f'or cotit , rice, aid 
wheat, the yield supri)rioity of the imprvetd varietiCs ill Ileb1u -1-15 Is O(t 
particularly t(utstanding. 

fc\% hIMs thing +1thtit t' sshi'or
tacular. Table 4-16 presnts the percentages of' soyhcan acreage planted to 

cach of the four main varieties groti ill the 1967-7 1 ptritd. These daiti x cre 

Nonetheless, adoption of the varietic, been ti 1 

http:kilos.47
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Table 4-15. Average Soybean Yields from Experimental Trials by Variety,
 
Colombia, 1967-71 (in kilos)
 

Improved Varieties 
Unimproved Variety, 

Mandarin ICA-I'elican ICAl.ilia ICA-TaroaYear 
2,4902,4061967 ............. 2,068 

2,650

1968 .......... .. 2,329 	 2,373 2,70 
2,138 2,525 2,400

1969 ............. 1,756 

2,300 2,500

1970 .......... .. 1,751 	 2,373 

3,0342,578 2,4101971 ............ 1,828 


Average ....... .1,946 2,455 2,483 	 2,622 

El caso
Source: Gabriel Montes, "Evaluaci6n de un programa tie investigaci 6 n agricola: 

tie la soya," M.S. thesis, Bogota, University of tie Andes, 1973, Table 3. 
a No experiment reported for 1967. 

the other
estimated using a procedure analogous to the one followed for 

crops discussed in this chapter, i.e., total acreage planted to a variety in a giv

en year was taken to be equal to two times certified secd sales of that variety 

divided by an estimate of the seeding rate. The importa.t point to note about 

the data in Table 4-16 is that roughly three-quarters of the area planted in soy

1968 and 1969, while by 1971 Mandarinbeans used the Mandarin variety in 

had practically disappeared, and ICA Pelican and ILili varieties had conie to be 

used on 84 percent of all acreage. 
two major reasons for the rapid and high levels of adoption ofThere were 

a severe outbreak of the ccrcdsporathe improved varieties. First, there was 

fungus on the Mandarin variety in 1969. In 1970 IC.'\ found itself in the en-

Table 4-16. I.and Area Planted to Improved Varieties of Soybeans as a Percentage 

of the Total Area Planted in Soybeans, Colombia, 1967-71 a 

Variety 

Other 'rotalYear Mandarin ICA-Pc!ican ICA-l.ili ICA-Taroa 

10 10019671) ... 89 1 
10 1001968 ....-. 77 13 
6 1001969 ....-. 71 18 5 

12 1001970 ....... 35 29 24 

41 2 12 1001971 ..... 2 43 

casoSource: Gabriel Monies, "Evaluaci6n de un programa tie investigaci 6n agricola: El 

tie Ia soya," M.S. thesis, Bogota, University of the Andes, 1973, Table 6. 
a E-stimates derived from data on certified seed sales, assuming that the total use of a 

variety of seed equaled two times its sales in certified form. Blanks indicate less than 0.5 
percent. 

b Only data o, ICA-P'elican use were available. The Mandarin estimate was derived on 

the assumption that "other" varieties occupied 10 percent of all acreage planted in 1967 
as they did in 1968. 
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Table 4-17. Production Function Estimates for Soybeans 

Based on Experimental Data, Colombia, 1967-7 1 

Estimated Estimated 
Independent Variable Coefficient t Statistic 

3.061.ICA-Pelican ................. 268.44 

.... 	 3.932. ICA-Lili ............... 	 418.31 


4.373. ICA-Taroa................... 436.95 


4. Number of weedings ........ ..... 86.93 	 2.43
 

5. Herbicide and insecticide use... 78.45 	 2.35 

6. Rainfall ..... ............... 113.11 	 1.75
 

7. Cercdspora..... ............. -- 107.30 -3.68
 
8. Plant density/seeding rate ..... 200.80 	 4.58 

a

Intercept .................. 692.08
 

It' = 0.70) n = 68 

Source: Gabriel Montes, 'Tvaluaci6n de un programa de investiga 

ci6n agricola: El caso de lasoya." M.S. thesis, Bogota, University of 

the Andes, 1973, Table 8. 
a No estimated t statistic was available. 

viable position of having two high-yielding, fungus-resistant varieties available 
to getfor distribution and plenty of seed. Second, it was easy for this news 

around; the only Colombian farmers interested in soybe xn production are in a 

where some of the best communication andrelatively small geographic area, 
are located. The farmers themselves areinfrastructure facilities in the country 

among the most modern in Colombia. 
an attempt was made tt) generute more re-As with cotton, rice, and wheat, 

fined estimates of the yield superiority of the new soybean varieties by identi

fying a relation between yields and their major determinants, including seed 

are shown in Table 4-1 7, which reports onvariety. Final results of this effort 

a regression of experimental yields on three independent variables for the 

major improved seed varicties (observations on the check variety, Mandarin, 

were included in the regression, of course), the number of times the expcri

ment was weeded, kilos per iectare of active herbicide and insecticide ingredi

ents applied, millimeters of rainfall, the presence of 	the cerc6spora fungus 

index (likewise with ameasured as an index with a range of 0 to 5, and an 

range of 0 to 5) which reflected essentially the ratio between the observed 

plant density and the seeding rate. Signs of all estimated coefficients are those 

of most coefwhich were hypothesized at the outset, and the significance 

ficients is seen to be high. One exception, the estimated coefficient for rain

fall, reflects the fact that the rainfall variability was limited because most ex

area. The statistical strengthperiments were undertaken in a small geographic 

of the plant density/seeding rate variable is attributable to the fact that it is 

capturing the effects of sevural unspecified cultural practices used in the ex
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Table 4-18. Estimated Benefits and Costs of the Soybean Research
 
Program in Colombia, 1960-80 (in 1,000 pesos, 1958) a
 

Gross Benetits 

Based on "Varietal 
Ifiect" Shift Based on "Simple" 

Year Parameters Shift Parameters Total Costs 

401960. 

1961 ..... 
 41 

37 
1963 ..... 
1962 ..... 

39
 
33
1964 ..... 
37
1965 ..... 

40
1966 ..... 


1967 ..... 49 62 
 57
 

1968 ..... 1,288 2,230 98 
1969 ..... 3,102 6,187 179 
1970 ..... 7,847 16,300 463
 

1971 ..... 10,217 28,643 267
 

1972-80 . . . 10,217 28,643 267 

Source: Gabriel Montes, "Evaluaci6n tie un programa de investigacitn 
agricola: 1l caso tie la soya," M.S. thesis, Bogota, University W1the Antics, 

1973, Table 14 and 21 
a Blanks indicate no benefits during this period. 

periments. This variable may thereby have adjusted the estimated coefficients 

of the improved varieties for the experimental nature of the data - the high 

levels of technology and intensive use of improved cultural practices. The fact 

that the coefficients on the improved varieties increase in value from Pelican 

(the first released) through lili to Taroa (most recently released) indicates 
A test of the null hypothsubstantial progression in ICA's research program. 

esis that the estimated coefficient on the Pelican variety equaled that of the 

Lili variety was rejected at the 99 percent level of significance. Similarly, the 

hypothesis that the coefficients estimated for the lili and Taroa varieties are 

equal was rejected at the 95 percent level. 

The yield advantage of the improved varieties taken from the production 

function, divided by commercial yields and weighted by the percentages of 

the land area planted in each variety, led to a "varietal effect" estimate of the 

shift parameter. The yield advantage of the improved varieties estimated 

directly from the data in Table 4-15, also divided by commercial yields and 

weighted by the percentages of the land area planted in each variety, led to a 

"simple" estimate of the shift parameter associated with the soybean research 

program. These two estimates of the shift parameter were combined with 

plausible values for the price elasticities of demand and supply - respectively, 

- 0.7748 and infinity - to give a range of gross benefits in each year for the 

1967-71 period. These two streams of gross benefits are shown in Table 4-18 
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along with estimates of the costs of the soybean research program, which in
clude the same categories of expenses as do the other three commodities con
sidered in this chapter. Costs and benefits were projected nine years beyond 
1971 on the assumption that in real terms both would remain about constant. 
The resulting internal rate of return for the smaller benefit stream was 79 per
cent, while the rate for the larger one was 96 percent. These rates did not 
change appreciably when program costs wcrc assumed to increase I0 percent 
annually after 197 1. 

Compr'isonsatnd Conclusions 

At tile outset we hypothesized that net internal rates of return to varietal im
provement of rice, cotton, wheat, and soybeans in Colombia had been higher 
than the opportunity cost of public funds (10 percent) and, in fact, ever. 
higher than rates of return on the order of 5t0 percent calculated for similar 
programs in the United States. Among the four programs, somewhat lower 
estimated returns were expected for wheat because its domestic price haj 
been under pressure from PI. 480 imports, and production had moved to less 
productive areas. 

To examine this latter possibility more carefully -- as well as the roles of 
socioeconomic and structural constraints generally in the estimated retarns 
to research - the total shift in product supplies caused by the use of improved 
varieties generated through research was divided into two parts: an estimate 
of the "yield advantage" of the new over the old varieties and an estimate of' 
the rate of adoption of the new varieties. Low returns attributable to socio
economic and structural constraints were then associated mainly with low 
rates of adoption; the role of the biological determinants of the return to re
search was associated principally with the calculated yield advantage of the 
improved varieties. The yield advantage was estimated with regression tech
niques which were designed to factor out assumed positive interactions be
tween the improved varieties and such inputs as fertilizers and water. 

Our main results are summarized in Table 4-19. -stimated net internal 
rates of return were found to exceed 5(0 percent in the cases of soybeans and 
rice. Returns calculated for the wheat improvement program turned out to be 
much lower - in fact, well below the 50 percent level; and gross returns to 
cotton research w%'ere found to have been negligible. In all cases, the estimated 
yield advantage was smallest when interactions of the improved varieties with 
other variables were factored out. 

The very high rates of return estimated for soybean research were explained 
by a large shift in product supply caused principally by the rapid uptake of 
the new varieties and their virtual displacement of the unimproved Mandarin 
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Table 4-19. Selected Comparative Data on the Rice, Cotton, Wheat, and Soybean
 
Varietal Improvement Programs in Colombia

a
 

Concept Unit Rice Cotton Wheat Soybean 

1. Estimated net internal 
rates of return Percentage 60-82 0b 11-12 79-96 

2. Estimated value of the 
supply shift p;:raneter, 
1971 Percentage 10-16 16 17-35 

3. Estimated yield advan
tage, 1971 Percentage 25-39 46 17-36 

4. Land area planted to im
proved varieties, 1971 Percentage 41 100 35 98 

5. Average yields. 1971, 
Colombia/United States Ratio 11.68 1.03c (.5 3c 1.01 c 

6. Total research costs/ 
value production, 
1968-71 Percentage 0.5 (.1 3.( 0..1 

Source: Concepts 1-4 are Iased on a summary of previous tables in this study. Concept 

5, Colombia, is front: Jorge Ardila, "Rentalilidad social tieIlas inversioncs en investiga
ci6n de arroz en Colomia," M.S. thesis. Bogota, ICA/National University Graduate 

School, 1973; Gabriel Montes, "Fvaluaci6n te tin programa tie investigaci6n agricola: Il 

caso de lasoya," M.S. thesis. Bogota, Univcrsity of the Andes, 1973; Antdrt s Rocha, 

"Evaluaci6n econtimica de lain'estigacithm sobre variedades niejoradas tiealgodtin en 

(:olombia," M.S. thesis. Bogota, ICA/National University Graduate School, 1972; atd 

Carlos Trujillo, "Hcndirmiento econ6mico tielainvestigaci6n en trigo," .IS. thesis. 
Bogota, ICA/National University Graduate School, 1974. Concept 5, United States, is 
front USDA, Agricultural Statistics, 1973., p. 441. For concept 6, see Ardila (1973); 
Nlontes (1973); Rocha (1972); and Trujillo (1974). 

a Blanks indicate no data ivailable. 
b Since gross benefits were negligible, this net rate should lie negative. 
c 1970-72 average. 

seed. The calculated yield advantage of the new varieties was not spectacular. 

The striking adoption pattern of the improved soyebans was attributed to the 

strength of product dcmand, derived in the main front a fast-growing poultry 

industry, the geographic concentration of production in a small area (the 

Cauca Vallev), which facilitated the rapid diffusion of information concern

ing the improved varieties, the expected severity of attacks by the cerc6spora 

virus, to which the improved varieties were resistant, and the fact that soybean 

producers figure atnong Coombia's most modern farmers. That soybean yields 

have been practically equal in Colombia and the United States in recent years 

C';able 4-19) reinforces our characterization of the industry as a modern one. 

The Colombian cotton industry has evidenced similar characteristics. Vields 

evenof cotton in Colombia have not only equaled United States yields but 

surpassed them in some recent years. Adoption of the improved United States 

varieties of cotton was practically instantaneous as a result of the govern
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mcnt's ownership of gins and control over seed distribution. Yield increases 
since the early 1950s, when improved varieties came into widespread use, 
have been spectacular. Still, in spite of these similarities with the case of soy
beans, it was concluded that returns to the cotton research program have 
been negligible. 

This apparent contradiction was explained in terms of the organization of 
the research effort. The Colombian textile industry, long accustomed to ini
porting United States cotton, partly as a result of a preferential rate of ex
change, was compelled "to buy Colombian" by a change in government poli
cy. Textile firms then sponsored the estalblishment of research which wouhl 
lead ultimately to the local production of United States varieties of cotto.i. 
The final organization of tile research program involved merely the impo, (a
tion, local testing, and distribution to farmers of the highest yielding United 
States varieties. This organization was justified on the premise that yields ob
tained locally from the United States cotton would vary according to variety; 
thus, there would be a payoff for identifying those kinds of cotton which 
yielded best under local conditions. 

Our data did not sustain this premise, however. Information compiled on 
about 50() commercial field trials undertaken in Colombia for over ten vari
eties of improved United States cotton indicated that differences in yields by 
variety were minimal. Thus, the main research activity - local testing of in
ported varieties-appears to have been unnecessary. United States varieties 
could just as well have been selected at random for distribt, tion in Coh mbia. 
Therefore, even though the widespread use of United States cotton increased 
yields, resulting surpluses were not attributed to the cotton research program. 

As mentioned earlier in this section, net internal rates of return found for 
the rice research program were high by any standard of conparison. Yet, in 
view of the comparative data of Table 4-1 9, the%, are a puzzle. Although the 
ranges of estimated rates of return for the rice and soybean programs overlap, 
we see that the range of the calculated supply shift paranmeter for rice is sig
nificantly lower than the corresponding range for ,,bcans, principally be
cause of tlifferences in the levels of adoption of tile improved rice and soy
bean varieties. Also, it cal be observed that estimated rates of return to rice 
were much higher than those for wheat, even though the calculated values of 
their supply shift paralmeters were ruughly comparable. Whv then were esti
mated net rates of return to the rice research program so high? 

An important answer lies with the cost side of the net rates of return cal
culations and with the organization of the rice improvement program. We ibe
lieve that the direct costs of rice research to Colombia were effectively re
duced by the program's having tapped into the accumulated stock of plant
breeding capital -general knowledge, improved breeding techniques, and 
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plant materials - available in the two international centers, CIAT and IRRI, 
and in tileWorld Collection of Rice. Without that accumulated capital, tile 
costs of achieving comparable shifts in the supply of rice would have been 
higher and the corresponding net rates of return would have been lower. 

Thii charactcrist'c of the rice program was also found in the wheat re
search program. In fact, wheat had a longer history of using the accumulated 
foreign stock of plant-breeding capital than did rice. I.inkages with the IRocke
feller-Mexican program dated from about 1948, add additional collaborative 
support was provided the program during the late I 960s and early 1970s by 
the University of Nebraska Mission to Colombia. Judged from a purely tech
nical and biological point of view, these foreign inputs were associated with 
success as they were in the case of rice. The estimated yicld advantages of the 
improved wheat vhrieties were found to be large, even after the effects of vari
ables which interacted with the new wheat varieties had been factored out. If 
they were included, the improved wheats could be shown to o€utyiCl the un
improved varieties by considerably more than 250 percent. Also, in interna
tional nursery trials the Colombian wheats easily outyiehled the Mexican 
wheats from which they were largely derived. 

Thus, the low estimated returns to the wheat research program were not 
tle result of technical failures in plant breeding. Part of the explanation for 
the low returns lies in patterns of on-farm adoption of the improved seeds. 
The uptake of the new wheat varieties was notoriously slow. Fully twelve 
years elapsed from the time the first improved varicties of wheat were sold 
commercially in 1953 until they were in use on roughly one-quarter of all 
wheat land. Rates of adoption peaked at 50 percent in 1968 and then began a 
downward trend. L.evels of use of the improved varieties in 1974 were estimat
ed to include barely a fifth of all crop land planted to wheat. The slow uptake 
of the new seeds and the low levels and distressing trends in their use were at
tributed primarily to socioeconomic and structural constraints on production, 
especially the depressed domestic market resulting from continued P1.480 
imports at levels which rcpresented a large multiple of national production. 

Two additional explanations for the low estimated rates of return to wheat 
research should also be stressed. One is that it became a very expensive pro
gram in the middle and late 1960s. Annual investments averaged fully 3 per
cent of the total value of wheat production, a figure which was not even re
motely approximatcd by investments made in the other three varietal im

provement programs (Table 4-19). A second explanation relates to the pro
gram's long gestation period. Thc Colombian wheat program dates from 1927. 
Yet our review of that history indicated that a well-organized research effort 

probably did not get underway until 1948, and the first improved varieties 
were not released on a major scale until 1953. As a consequence, investments 
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(albeit at reduced levels) were being made for almost a quarter of a ccntur%,
before offsetting benefits were realized, and this had an adverse effect on the 
calculated net rates of return for wheat research. 
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Returns to Investment
 
in Agricultural Research in India
 

A. S. Kahlon, P. N. Saxena, 
H. K. Bal, and Dayanath Jha 

The problems of measuring returns to investment in agricultural research are 
beset with serious difficulties, both conceptual and practical. Even with ad
vanced methodology, researchers in the less deceloped countries face aserious 
problem: the lack of a suitable information base on key variables. Still, the 
growing realization of the importance of research in agricultural growth has 
stimulated the estimation of likely payoffs to investment in agricultural re
search. These estimates have become vital because of the extremely critical 
resource position of the I.DCs and the concomitant necessity of making the 
most judicious investment decisions. Recognizing the significance of this is
sue, the Indian Council of Agricultural Research has recently formed an ex
pert panel to investigate this problem.I 

Two general approaches, namely, the index number approach and the pro
duction function approach, have been used for ex-post evaluation of agricul
tural research. The pioneering works of Schultz and Griliches have been fol
lowed by a fair amount of empirical and theoretical work in this area. 2 But 
these studies have covered mainly the developed countries. 

There is very little empirical evidence to facilitate measurement of the con
tribution of Indian agricultural research systems to real productivity growth 
in Indian agriculture. Two studies, however, have recently been conducted. 
Evenson and Jha estimated the return to investment in Indian agriculture, 
using the total factor productivity approach, and obtained an internal rate of 
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3return that exceeded 50 percent a year. Karam Singh estimated returns to 
investment in agricultural research in the Punjab and concluded that invest
ment of one rupee in agricultural research gives a return of twenty-seven

4rupees. In both studies research expenditures were directly incorporated
 
into the function.
 

These estimates appear to l)e somewhat crude 
 )ecausc they ignore qualita
tive improvements that are embodied in technological changes. Moreover, 
a 
technical change, which is a proxy for research cxpendi tLire, improves the 
quality of inputs and outputs, changes the combination of the inputs, and ha.1s 
factor-augnienting effects. The importance of qualitative changes and factor
augmenting technical change was emphasized by l'A'enson and Jha. I lowvc'er, 
these factors w%ere not fully, incorporated in their final analysis. 

The Evenson and Jha study went on to investigate the share of annual out
put growth accounted fol by the growth in different inputs. Sawada used a
 
similar approach in his study of the sources of the growth of aggregate pro
duction in Japan. 5 In both cascs, the assumptipOn of constant returns to 
scale --"homogeneity of degree one" inthe production function ---was made.
 
This does not seem entirely realistic for Indian agricul ture.
 

When the residual approach is employed, it is possible only to include se
lected major variables in the specified relationship. The residual \Will incluIde
 
tileeffects both of the omitted variables and of any measturement errors in
 
the variables that arc included in the outputt measurc./ 
 Therefore, using the 
residual to measure the effect of technology has some serious limitations. 
Technology is not the only variable incltded in the residual. It is difficult to 
isolate the effects of other excluded variables, such as management. More
over, since fev of the variables contained in the model are independent of the 
effect of technology, it becomes even more difficult to attribuite all of the 
residual effect to such technology. 

A further difficulty is that the magnitude of the residual is dependent 
upon the proper specification of the model, i.e., the specification of the vari
ables and the specification of the type of relationship. The principle of the 
least-squares technique minimizes the suin of the sluarcs Of the residuals. The 
best specification of the model would lead to residuals of small magnitude; 
incorrect specificat ion would lead to residuals of larger magnitude.

We try to avoid some of these problems in the approach presented in this 
chapter. Our study attempts to develop a mlodcl wherein the assumption of 
constant returns to scale is not considered necessary. An attempt is also made 
to weigh the factor share in the growth of output in Indian agriculture. The 
use of dummy variables makes it possible to analyze the shifts in production 
functions and the change in the quality of different inputs, both of Which 
may affect the factor combiinations. 
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The chapter is divided into two parts. The results for the country as a 

whole, comprising fifteen major states, arc presented in the section entitled 

"The All-India Analy'sis." The second section is devoted to "State-Leycl Anal

ysis." In this section, estimates of the contribution of agricultural research to 

gross agricultural output are presented for the four states representing tile 

four major regi ons of tile country: Andhra Pradesh, iihar, Maharashtra, and 

Punjab. Since lecels of technological progress vary considcrably anong states 

and regions, this type of analysis is expected to provide a closer understand

ing of the underlying relationships. 

The AIl-ldia Analysis 

In studying the returns to research cxpcnditurc, we used two different ap

proaches. Each covered two periods: the pre-green revolution period (1960

61 to 1964-65) and the post-green revolution period (1967-68 to 1972-73). 
The first approach incorporates research expenditure (with suitable lags) as 

an independent variable in the types of functions already discussed. The coef
ficient of this variable in the production function for the two periods (with 
I) = 0 and D = I) gives the return to one rupee investcd in agricultural re

search for a linear function and the percentage return to a I percent increase 

in the research expenditure for a double-log function. The use of a dtlt1.lnllm 
for this variable also allows for the possibility of a shift in returns owing to 

the green revolution. 
The second approach excludes research expenditure froni the production 

function analysis. 7 The estimates of' output for. the two pcriods were ob
tained at fixed lcvcls of the inputs. The difference between these two esti

mates cati be attributed to the additional invcsttnent in agricultural research. 
This approach loscs information oti both the level of returns to investmcnt in 

the first period and the way in which these returns increased in the second 
period. 

The model used in the all-India analysis is outlined in Appendix 5-1 The 
data used and their sources are dcscribcd in Appendix 5-2. 

Growth Rates in Indian Agriculture 

During the piro-green revolution period, agricultural output in %'alue terms, 
using constant prices, increased at a conpound rate of 2.66 percent annually, 

and tile average annual increase was 61.01 million rupees (Table 5-1 ). These 
growvth rates were lower than those of the post-green revolution perioid, when 
the compoutnd groth rate was 5.8) percent ayear and the linear growth rate 
was 182.98 million rupees a year. 

The growth rate of net sown area increased from 2.20 percent in the first 
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Table 5-1. Output and Input Growth Rates in Indian Agriculture. 1960/61-1972/73 

Linear Growth Ratea Compound Growth Rate) 

Variable 

Fir Period 
1960/61-
1964/65 

Second Period 
1967/68-
1972/73 

First Period 
1960'61 
1964/65 

Second Period 
1967/68-
1972-73 Mean 

Standard 
Deviation 

V :Output value in 
million rupees ........ ..... X9 Net sown area in 
thousand hectares ........ 

X2 : Iluman labor inthousand persons ...... 

X3 :Bullock labor inthousand numbers ......... 

X4 :Fertilizer consumption
in million rupees ...... .... 

X/Xq: Proportion ofirrigated area............. 

X, Tractor population in
thousand numbers 

X7 :Expenditure in agri

61.01 

47.92 

1073.04 

1196.88 

34.06 

1 .20 

(..16 

182.98 

52.103 

148.52 

- 0.50 

52.70 

0.01047 

1.31 

2.66 

2.2(0 

5.63 

6.39 

45.10 

6.54 

31.23 

5.80 

2.70 

2.32 

-0.17 

16.97 

1.81 

15.62 

5573.28 

9061.99 

7258.31 

5692.15 

244.85 

0.3360 

5.22 

2760.42 

4827.01 

710.68 

7497.83 

2704.70 

.42 

6.79 

cultural research inthousand rupees .......... 329.12 395.33 7.58 6.08 5030.36 3311.37 
a(dXi) 

( XXI - x 1110 
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period to 2.70 percent in the second period. I lowever, the growth rates for 
human labor declined from 5.63 percent in the first period to 2.32 percent in 
the second period. Bullock labor declined from 6.39 percent to - .17 percent 
per annum. 

Fertilizer consumption increased at a rate of 45.0 percent in the first peri

od and 16.97 percent in the second period. Howevcr, this does not imply that 
the increase in fertilizer consumption was lower in the second period. In fact 
the average annual increase in the consumption of fertilizer was 34.01) million 
rupees in the first period and 52.70 million rupees in the second. The high 
rate of growth in the use of fertilizer during the first period was attributable 
to a very low base. 

Contrary to expectation, the growth rate of the irrigated area declined dur
ing the second period. Tractor population increased from the first period to 
the second period, but the compound rate of growth declined from 31.23 
percent to 15.62 percent. 

The rate of growth in agricultural research was steady over the two periods: 
7.58 percent in the first period and 6.08 percent in the second period. An
nual research expenditure increased by 329.12 thousand rupees and 395.33 
thousand rupees in the first and scco- periods, respectively. 

Shift in Production Function and Qualitative Effects 

The preceding section has described the growth of agricultural output and 
of the specified inputs. The importance and the impact of these inputs have 
varj Afrom time to tinic and therefore it was necessary to examine the change 
in the contribution of various factors over time. 

Owing to the problel of' niulticollinearity, all the factors shown in Table 
5-1 could nt bC incldCd in the productiot function. Bullock labor (X 3 ) was 

highly intercorrelated with human labor (X2). The inclusion of both these 
variables in the proluctioln function resulted in large sampling variances of 
the estintates oI the coefficients, and it was decided tt) omit bullock labor 

from the production function. Because they adcd nothing to the results, two 
other variables -- number of tractors (X6 ) and research expenditure (X7 ) 
were also excluded from the prtduction function. The structural equation 

used is pro'ided in the accompanying box. 
The significance of the coefficient of the pcriod dunity variable (0.2298) 

indicates an important shift in the production function associated with tile 

green revolution. The coefficients for 1) log X9 and 1) lo(g (X5/X 9 ), though 
positive in signs, were not significant in the trial functions and were, there
fore, deleted from tile final function. This would suggest that the impact of 
the net sown area (X9 ) and the proportion of irrigated area to net sown area 
(X 5 /X9 ) did not change over time; hence, the elasticity coefficients of 0.3879 
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LogY =a + b9 lo g X + b 2 log X 2 + b4 log X4 + b5 log (X5 /X) + C) 
+ C2 1) log X1 + (41) log X4 

where Y, X9 , X2 , X4 , and X5 /X9 are the variables indicated in 
Table 5-1. 
log Y = 1.5717* + 0.3879* log X9 + 0.187.* log X2 

(0.1477) (0.0601) (0.0581) 
+ 0.0492* log X4 + 0.2715* log (X5 /X 9) 

(0.0170) (0.0423) 
+ 0.22981)* - 0.1695* I) log X, + 0.1957* 1) log X4 

(0.1045) (0.0355) (0.0371) 
where 	D = 0, for pre-green revolution period 

D = 1, for post-green revolution period
R2 = 0.7252* 

N = N1 + N2 = 75 + 90= 165 

Significant at .01 level.
 
Standard errors of the estimates are in parentheses.
 

for the net sown area and 0.2715 for the proportion of irrigated area remained 
the same over the two periods. It may be noted that these elasticities were 
significantly different from zero, which means that these factors were imptor
tant for expanding output, although their impact did not change from the 
first to the second period. 

The elasticities for human labor (X 2)) and fertilizers (X4 ) were positive and 
significant in the first period. The impact of these variables underwent a sig
nificant change, however, from the first to the second )eriotd. In the second 
period, though still positive, the elasticity for human labor declined to 0.018(1, 
and it was not significantly different from zero. Fertilizer, on the other hand, 
experienced a positivc shift of (.1957 (significant) in the elasticity coefficient. 
One effect of the green revolution was to increase the productivity of fertil
izer. 

Factor Shares 

The relative share of each factor in the growth of output for the two peri
ods and the change in factor shares associated with the green revolution are 
presented in Table 5-2. These shares were calculated by utilizing the produc
tion function estimated above and the expressions (5) and (1() in Appendix 
5-1. 

During the first period, fertilizer and irrigation contributed 37.44 and 
30.15 	percent respectively to the growth of output experienced. Next in im
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Table 5-2. Factor Shares in the Output Growth Rate 

Pre-Green Post-Green 
Revolution Revolution 

Iactors of Production Period Period 

X9 
X2 

Net sotwn area ...... 
I lman labor......

.... 
.... 

14.49% 
17.92 

18.27% 
0.73 

X4 Fertilizers ........ .... 
X5/X 9 : Proportion of 

irrigated area ....... ... 

37.44 

30.15 

72.43 

8.57 

Total .................. 100.00% 100.00% 

portance were human labor and net sown area, contributing 17.92 percent 
and 14.49 percent, respectively. 

In the second period, fertilizers accounted for 72.43 percent of the output 
growth, thereby making fertilizer the most important factor in the growth of 
agricultural output in that p)eriod. The growth rate of' net sown area increased 
in the second period from 14.49 percent to 18.27 percent. A decline in the 
growth rate of the irrigated area, with elasticity remaining the same over the 
two periods, contrilbuted to a decline in its relative share in output gro\vth. 
I lunian labor remained an important factor of production, as indicated by the 
significance of the elasticity coefficient, but the results show that growth of 
lalor inputs contributed v'erv little to growth of agricultural output in the 
post-green re\'Volutiton period. 

Change in Factor Combinations 
It is important to know whetler the factor combination for a given level 

of output changed because of changes in technology. For purposes of this 
analysis, the output level was fixed at the overall mean of 5573.28 million 
rupees in both time periods. The variables that finally appeared in the pro
duction function were net sown area (Xg), human labor (X 2 ), fertilizers 
(X4 ), and proportion of irrigated area (X 5/X 9 ). 

Since the elasticity coefficient for X9 and X5 /X 9 did not change over time, 
the levels for these variables were fixed and held at the mean levels indicated 
in Table 5-1. The levels of variables such its human labor (X 2 ) and fertilizer 
(X4 ) need to Ilc determined for given values of other variables. This again 
gives one equation with two unknowns, X7 and X4 , in each time period. It 
was possible, therefore, to determine X4 for varying levels of X2 and vice 
versa. For example, when X2 was held at the mean level, X4 was estimated at 
3.16 million rupees in the first period and 68.29 million rupees in the second. 
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Obviously, a considerable shift in the combination of factors was required 
to produce a fixed level of output. There was more use of human labor and 
less use of fertilizers in the first period. Fertilizers became a dominant factor 
in the second period. 

Return to Investment in Agriculture 

To study the contribution of research to output growth, we considered 
two alternative approaches at the model-building stage. I lowever, the first 
approach (directly incorporating research expenditure in the function) could 
not be used because research expenditure had a high multicollinearity with 
the other independent variables. The second approach (measuring returns to 
autonomous public investment in agricultural research) was used to estimate 
the research contribtution. The results are shown in 'Table 5-3. 

"rable 5-3. Return to Investment in Agricultural Research in Indiaa 

First Period Seco11d Period Difference 
Output and Investment (1) (2) (2) - (I) 

Estimated output 
(million rupees) ....... .. 6592.0) 6945.00 353.00 
Average investment in 
agricultural research 
(thousand rupees) ...... .. 3372.05 6412.28 3040.23 

a Return to I rupee invested = 353.00o million rupees - 11.01 rupe,'s. 
3040.23 thousarIId rupeces 

An investment of one rupee in agricultural research gave a return of 11.61 
rupees, with a lag of five years between research expenditure and returns. This 
was converted into an internal rate of return, assuming a five-year lag. The in
ternal rate of return worked out to te 63.3 percent per annum. 

Evenson and Jha also estimated the return to investment in agricultural re
search (within a state). 8 Their estimates gave a retu rn of 10,650 rupees from 
a 1,0(0-rupee increase in research spending. The internal rate of return in this 
case was 50 plus percent per annum over a time lag of about eight years. 

Owing to the weakness of the (Lata and the estimation problems that were 
encountered, we do not regard the two rates of return as essentially different. 
Their similarity, in spite of differences in estimation procCdures, tends to re
inforce the conclusion that the rate of return to agricultural research in India 
has been high. 
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State-Level A nalysis 

Both linear and log-linear models were utilized in analyzing tile data for indi

vidual states. 'The use of slope (or elasticity) dummies was not feasible in the 

state-level analysis because of the short time series available. All the period 

dummies, however, were included in the pooled analysis of data fol all select

ed states. Regional dummies were also included in this analysis to account for 

interstate differences. Finally, a time variable (t) was introduced into the 

model explicitly to account for trend components. It was generally found to 

improve the fit. 

Data and Methodology 

Four states - Andhra Pradesh, Biihar, Maharashtra, and Punjab - were se

lected for the state-level analysis its a representative cross section of the state 

of agricultural development in India. These states cover the major agroclimat

ic zones as well as the important cropping regions for rice, wheat, sorghun, 

and pearl millet. It is these crops which have been most affected by the seed
based technological revolution in the country. 

len variables were included in the production function analysis. (See the 

accompanying tabulation.) The research expenditure variable was used in the 

equations with lags varying from zero to six years, and the variable was then 

denoted by Rt, t l-, 't -2 .. Rt-6' 

Unit of 
Va riable ,M,,,suremteut 5)mtbol 

Agricultural production index 1956-57 base Y or X 1 

Antual rainfall Millimeters X2 

Fertilizer Thousand tonnes X3 

Male agricultural workers Thousands X4 

L.iteracv in rural males Percentage X 5 
I)raft bovines Thousands X6 

Tractors Numbers X7 
lotal cropped area Thousand hectares X8 
;ross irrigated area Percentage X9 

Research expentiture Thousand rupees X 12 or Rt 

State-level time series data on these variables were used for the period 

1956-57 to 1972-73. A period dumiiy variable (XIo ) with the value zero up 
to 1965-66 and unity for subsequent years was also introduced in an attempt 
to capture tile effects of technological change. The time trerd variable was 

denoted by "t." 

In the pooled analysis of data for all the four states, the index numbers of 
agricultural productiom were converted to value terms (in millions of rupees) 
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at constant 1956-57 prices and used collectively as the dependent variable. 

Regional dummy variables, S1, S2 , and S3, were also introduced to account 

for interstate variations. In this analysis, slope dummies were also used to ex

amine the period-specific changes in the effects of individual variables. l'ur

ther particulars about these variables, along with the sources and limitations 
of data, arc given in Appendix 5-3. 

Results and Discussion 

The means and coefficients of variation (C.V.) for all the ten variables un

der consideration for each state are given in Table 54. The mean values reveal 

the wide interstate variability which characterizes Indian agriculture. For ex

ample, there was wide variation in the rise in the agricultural production in

dex. From a 1956-57 baseline of 100, the index rose in Maharashtra to only 

103.10 by 1972-73, but in Punjab it reached a level of 154.90. Similar dif

ferences are noticeable with respect to other variables. The coefficients of 

variation were the lowest, as expected, for such variables as gross cropped 

area, draft bovines, and male agricultural workers - the conventional inputs. 

Rainfall, literacy, and irrigated arca lie in the medium range. For others, such 

as fertilizers, tractors, and research expenditure, a high temporal variability is 

indicated, mainly oin account of substantial secular increases. The linear an

nual growth rate of agricultural output over the seventeen-year period was 

- 0.98 percent for Maharashtra, 1.30 percent for Andhra Pradesh, 4.36 per
cent for lihar, and 9.73 percent for the Punjab. 

To estimate the relative contribution of the input variables to agricultural 

productivity, both linear and log-linear regression equations, using all nine 

variables, were fitted to the data for each of the four states inldividtM?. For 

each state, seven equations were fitted, corresponding to the lags of zv", ,ne, 

two, three, four, five, and six years in the research expenditure variable Rt. 

Out of these equations, tile one showing consistent signs and a relatively low

er standard error for the Rt variable was chosen for subsequent analysis. 

Thus, this variable had different lags, ranging between one to four years, in 

different states. Although there is no logical explanation for this, tile crude 

nature of the data on research expenditures made this compromise necessary. 

The equations containing all nine variables are given in Appendix 5-4. 

Using the usual criteria of consistency in sign, significance of regression co

efficients, multicollincarity, and the closeness of fit of the model, we utilized 

the equations from Appendix 54 for a second run to arrive at the final re

gression functions. The results for each state are discussed separately in the 

following paragraphs. It was observed that with one exception (Bihar), the 

log-linear form was not appropriate for depicting the relationships aniong the 



Table 5-4. Variables and Summary Statistics Used in the State-Level Analysis, 1956/57-1972/73 

States
 

Variable 	 Unit Parameter Andhra Pradesh Bihar Maharashtra Punjab 

Index of agricultural production (Y) 	 Index Mean 111.94 135.81 103.10 154.90 
C.V.a 10 23 14 34 

Annual rainfall (X 2 ) 	 Millimeters Mean 920.70 1,179.41 814.29 712.12 
C.V. 16 17 18 20 

Total fertilizer consumption (X 3 ) Thousand met- Mean 149.12 49.41 102.41 96.06 
ric tonnes C.V. 68 84 78 98 

Male agricultural workers (X 4 ) Thousands Mean 7.437.94 10,267.88 7,074.35 1,973.12
C.V. 8 12 8 15 

Literacy in rural males (X 5 ) 	 Percentage Mean 24.28 26.31 36.50 29.55 
C.V. 15 8 13 14 

Draft bovines (X 6 ) Thousands Mean 6,561.12 7,837.00 6,559.12 1,855.88 
C.V. 5 3 4 4 

Tractors (X7) Numbers Mean 2,964.94 2,794.53 2,646.88 15,088.59 
C.V. 49 67 55 95 

Total cropped area (X 8 ) Thousand Mean 12,713.94 10,763.76 19,081.59 5,204.C6 
hectares C.V. 5 5 1 6 

Gross irrigated area (X 9 ) Percentage Mean 29.85 21.24 7.16 62.58 
C.V. 5 13 14 14 

Research 	expenditure (Rt) Thousand Mean 5,800.23 4,607.76 7,704.35 5,326.71 
rupees C.V. 35 24 56 46 

a Coefficient of variation. 

http:5,326.71
http:7,704.35
http:4,607.76
http:5,800.23
http:5,204.C6
http:19,081.59
http:10,763.76
http:12,713.94
http:15,088.59
http:2,646.88
http:2,794.53
http:2,964.94
http:1,855.88
http:6,559.12
http:7,837.00
http:6,561.12
http:1,973.12
http:7,074.35
http:10,267.88
http:7.437.94
http:1,179.41
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variables. Hence only tile linear model is discussed for the remaining three 
states.
 

Andbra Pradesh. The accompanying box indicates the way in which the final 
linear regression equation relating the index of agricultural production to the 
other input variables for the State of Andhra Pradesh was obtained. The 

Y =-249.5412 + 0.2117 X3 + 0.0551 X6 * 
(0.0871) (0.0186) 

+ 0.0086 _3 - 9.1019 t*I t 
(0.0071) (3.7884) 

11= 0.6672 

- - (I -1R 2 ) (N 1)2 I - N0.556
N-K-I 

F = 6.01 
Durbin-Watson d = 1.97 

* Significant at .05 level. 
* Significant at .01 level. 

Standard errors are in parentheses. 

Durbin-Watson test revealed an absence of serial dependence in the residuals. 
The value of R2 was rather low, for the model explains only 55 percent of 
the observed variation in Y. In this case, the period dummy variable (XI 0) 
was found to be nonsignificant and thus could not be entered in the final 
equation. These tindings indicate the lack of any positive contribution 
by the green revolution to the agricultural productivity of the state. 

Other variables included in the equation with the corresponding standard 
partial regression coefficient values (0 i ) are given in the accompanying tabula
tion. It can be seen that fertilizer consumption made the greatest contribu-

Variable Pi 

X3 Total fertilizer consumption 1.8886 
X6 Draft bovines 1.5687 
lit - 3 Research expenditures 1.5543 

tion to the dependent variable, followed by draft animal power and lagged re
search expenditure. The last variable, however, was not statistically signifi
cant. The marginal product of Rt - 3 came to 32.40 rupees. This can be inter
preted as the external rate of return to investment in agricultural research. 

Bibar. The accompanying box indicates the results of the final regression 
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Linear 

Y=-1053.8380+0.0814 X4 '*+0.0417 X8 ** 
(0.0381) (0.0073) 

+ 9.3249 X1 0 +0.0187 Rt_4* -20.6002 t* 

(14.7080) (0.0120) (11.4729) 
It2 = 0.9161 ' = 0.8780 

F = 24.02 	 d' = 2.02 

Log-linear 

Log Y =- 19.0693 + 1.2076 log X4 * + 3.8297 log X 8 ** 

(0.6890) (0.4817) 
+ 	 0.0111 X10 + 0.2855 log Rt 4* -0.1547 log t* 

(0.0424) (0.2109) (0.0818) 

1(' = 0.9405 2 = 0.9135 
F = 34.82 =d 2.09 

* Significant at .10 level. 
* 	 Significant at .05 level. 
** Significant at .01 level.
 

Standard errors are inparentheses.
 

equations for Bihar. The values of 'd' were not significant in either equation. 

Fairly high R2 values suggested reasonably good fit. The period dummy vari

able (X 10 ) here, as in Andhra Pradesh, was found to be nonsignificant. This 

means that the post-1966 period did not reveal any positive impact on agri

cultural production. 

For the linear equation, the other variables included in the equation and 

their corresponding standard partial regression coefficient values (0i) are given 

in 	the accompanying tabulation. It is clear that the highest contribution to 

Variable 	 Oi 

Male agricultural workers 3.1282X4 
Total cropped area 	 0.7621X8 

Rt -4 Research expenditure 0.6556 

the dependent variable was made by male agricultural workers, followed by 

total cropped area and the lagged research expenditure. Converting the mar

ginal product of Rt - 4 in the linear equation into value terms, we found that 

every rupee invested in research gave a return of 63.75 rupees. The variable in 

question is significant at the 10 percent level of probability. 

Mabarashtra.The accompanying box indicates the way in which the final re
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Y = - 2065.9382 - 0.0464 X 2 * + 0.0671 X6 ** 

(0.0187) (0.0155) 
+ 0.0760 X8 *** + 72.0594 Xg* + 24.0126 X1 0 *** 
(0.0211) (19.5667) (7.3289) 

+ 0.0034 Rt _ * - 26.3015 t* 

(0.0021) (4.1988) 
R 2 = 0.8932 R2 = 0.8101 

F = 10.74 d = 2.80 

* Significant at .10 level. 
Significant at .05 level.
 

*** Significant at .01 level.
 

Standard errors are in parentheses. 

gression equation relating the index of agricultural production to input vari
ables was obtained. The value of 'd' was found to be nonsignifikant at the 5 
percent level, indicating the absence of any autocorrelation in the residuals. 
The values of R2 were quite high, the model explaining nearly 81 percent of 
the variation in Y. The period dummy variable (X 10 ) was found to be highly 
significant, indicating marked differences in agricultural productivity in the 
state owing to changes in technology in the two periods. 

Other variables included in this equation and their corresponding standard 
partial regression coefficient values (P i) are provided in the accompanying 
tabulation. Here irrigation percentage made the greatest contribution to the 

Variable Pi 

X2 Annual rainfall - 0.4628 
X6 Draft bovines 1.1615 
X8 Total cropped area 1.3771 
X9 Irrigation percentage 4.9152 
Rt - 1 Research expenditures 0.9725 

dependent variable, followed by total cropped area and draft bovines. The re
search expenditures variable was also significant, at the 10 percent level of 
probability. Converting the marginal product of Rt 1 into value terms, we 
find that every rupee invested in agricultural research in the state yielded a re
turn of 14.28 rupees. 

Punjab. The final regression equation for this state gave the results shown in 
the accompanying box. The value of 'd' suggested lack of serial dependence. 
The value of R2 in this case was the highest among all states, accounting for 
nearly 97 percent of the total variation in Y. Moreover, the period dummy 
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Y = - 891.4295 + 0.2341 X 3 * + 0.2509 X 4 

(0.1527) (0.2398) 
+ 22.1758 X5 ** + 2.2428 X9 * + 20.4666 X 10 ** 

(10.5703) (1.4941) (9.9899) 

+ 	0.0113 R t - 2** - 37.2630 t** 

(0.0048) (15.8339) 
R 2 = 0.9864 Ij2 = 0.9758 

F = 93.53 d = 1.96 

Significant at .10 level. 
*Significant at .05 level. 

Standard errors are in parentheses. 

variable (X1 0o) was significant at the 5 percent level, indicating significant 
change in the state productivity level in the two periods as a result of the in
troduction of new agricultural technology. 

The standard partial regression coefficient values (0i) are provided in the 
accompanying tabulation. It can he seen that the highest contribution to the 

Variable Oi 

X3 Total fertilizer consumption 0.4613 
X4 Male agricultural workers 1.3753 
X 5 Literacy in rural males 1.6809 
X 9 Irrigation percentage 0.3833 
Rt - 2 Research expenditures 0.5279 

dependent variable was made by literacy, followed by labor and research. The 
2 )last variable (Rt - was significant at the 5 percent level of probability. The 

results indicate that every rupee invested in agricultural research in the state 
gave a return of 15.93 rupees. 

Pooled A nalysis. The results of the pooled state-level analysis, which aimed at 
providing additional information on the impact of the pre- and post-green 
rcvtlution periods through the incorporation of slope dummies, were totally 
unsatisfactory. The regression coefficients turned out to be both nonsignifi
cant and inconsistent. The results could not, therefore, be interpreted mean
ingfully. The results presented and discussed above reveal the inherent weak
ness of aggregative analysis of this sort. It is quite clear that the great hetero
geneity of the environment of agricultural production makes it very risky 
empirically to estimate a unique functional specification for all states. Indeed, 
even a state is too heterogeneous a unit. In view of this fact and the usual er
rors of measurement and aggregation of inputs, the relatively poor results are 
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not surprising. We can, however, draw from the individual state-level analyses 
some conclusions regarding the importance of different input variables in dif
ferent states with implications for ex-ante assessments. 

Conclusions from State-Level Analysis 
In analyzing the rainfall and irrigation results, it is helpful to recognize 

that Maharashtra and Punjab are relatively dry regions while Andhra Pradesh 
and Bihar are areas of generally sufficient rainfall. Rainfall appeared as a sig
nificant variable only in Maharashtra, and even there it had a negative sign. 
At the same time, for Punjab tile contribution of irrigation was positive and 
significant. The explanation for this apparent contradiction may lie in the 
high sensitivity of the dry region crops to the distribution of rainfall and to 
the improvement in water management following the development of irriga
tion. 

In Andhra Pradesh and Bihar, irrigation did not appear to be significant. 
This means that in areas of sufficient rainfall irrigation is more an adjustment 
mechanism to control periodic insufficiences in the aniount of rainfall than a 
direct stimulant to output. It also underscores the importance of the develop
ment of irrigation in the relatively drier regions. 

In Bihar and Maharashtra, fertilizer did not appear to be significant. Liter
acy was significant only in Punjab, whereas a positive contribution by labor 
was indicated in Bihar and Punjab. The draft animals variable was significant 
in Andhra Pradesh and Maharashtra. Tractors, used as a representative imea
sure for machines in general, (lid not appear to be significant in any state. 
Bihar and Maharashtra had a significant positive coefficient for total cropped 
area. The research expenditures variable was found to have a significant posi
tive impact on output in all states except Andhra Pradesh. 

The period dummy variable was significant only in Maharashtra and Pun
jab, indicating an upward shift in production function in the post-] 965/66 
period in both cases. The traditional rice-growing states of Bihar and Andhra 
Pradesh did not show this effect. The trend variable emerged significant in all 
cases and carried a negative sign. 

The overall impression one gets from these results is that the conventional 
factors of production play a more dominant role in states like Andhra Pradesh, 
Bihar, and Maharashtra. Only in the Punjab do the nonconventional input fac
tors seem to be of relatively greater importance. 

The research expenditures variable is the primary focus of this chapter. It 
is, as stated earlier, difficult to explain the differences in lags between differ
ent states. Still, we do have enough basis to suggest that agricultural research 
does make a positive and substantial contribution. The state-level analysis 
tends to support the results of the national analysis in confirming that agri
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cultural research is a productive investment. The range of the estimated mar
ginal returns is 14.28 rupees in Maharashtra, 15.93 rupees in Punjab, 32.40 

rupees in Andhra Pradesh, and 63.75 rupees in Bihar. It seems apparent that 
whether one normalizes research investment on a per worker or on a per 

hectare basis, there is not enough investment in agricultural research in Bihar 

relative to Punjab. 
It is important to bear in mind that these figures are, at best, very rough 

indicators. Besides errors which crop up as a result of data limitations, anoth
er important source of bias is our inability to account for the pervasiveness 
of research findings by the diffusion of research information from one region 
to another. We have avoided attempting to derive internal rates of return be
cause we lack knowledge of lag structures. The data limitations are obvious. 
Further improvements in the quality of the data and specifications of the 
type of relationship among the variables should improve the quality of the re
sults. 

The returns to investment worked out in this study are, in fact, returns to 
both research and development expenditures. Since the data on development 
expenditure were not available, the returns were estimated on expenditure in 
agricultural research only. To the extent that the development expenditure is 
ignored, the estimated returns to investment in agricultural research are in
flated. The results, however, are sufficiently promising and the issue of re
search productivity is so important that an effort to push this line of work 
forward with better data and improved models should be pursued. 

APPENDIXES 

Appendix 5-1. Ibe Model 

We start with a general production function in which Y is the output and XI, 

X2 ..... Xn are n different inputs: 
N' = f (X I , X2...... Xn ) + e (1) 

where the e's are stochastic residual terms with standard least-squares proper
ties. 

The assumption that the intercept term, as well as the input coefficients, 
may change over time was incorporated by introducing a dummy variable D 
with the value zero to represent the pre-green revolution period (1960-61 to 
1964-65) and the value one to represent the post-green revolution period 
(1967-68 to 1972-73). With the incorporation of dummy variables, the func
tional form (I ) takes the form: 

Y = f (XI, X 2 .. .I Xn, D, DX 1 ... D)Xn) + c. (2) 
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Here Y and all the X's are functions of tile time variable t. The total deriva

tive of Y with respect to t can be written as 

dY n af n a)f d(DXi)dX i 
= z- += x (3) 

dt i= 1X dt i=1 INXi ) (it 

Estimates of af/M i can be used as weights in the summation of input growth 

rates dXi/dt on the right-hand side of (3). Expressed in percentages, the rela

tive share of different input growth rates can be obtained from the rate of 

growth of output. This was done for the two periods separately by substitut

ing the values of the dummy variables. The difference in the growth rates of 

output over the two periods can be attributed to the change in the level of 

technology. Relative change in the factor share over the two periods can be 

considered to be the effect of technological changes on the factor share. 

Assuming that the distribution can be either normal or log normal, we 

used both linear and Cobb-l)ouglas forms of functions. 

Linear Relationship 

With two subperiods, the general linear production function may be writ

ten as: 

Y=a+b X, + b 2 X2 + .+.bnX+ 

+CoD+C I D X 1 +...+CnDX n (4) 

so that, 

n dX.dY n dX-- = CiD -'- (5)_= bi + 2 

dt i = 1 dt i =I dt 

Ilere hi's are the partial regression coefficients, and Ci's are the coefficients 
of dummy variables which represent the shift in the coefficients of Xi's owing 

to qualitative and technological change. The coefficient Co measures the 

change in the intercept of the production function, and the coefficients C i 

the shifts in the slopes of the linear production function (or shifts inmeasure 
the elasticities of the double-log function). Further, the bi's may be treated as 

weights in estimating the factor share in the output growth rate of the first 

period and (b i + Ci ) as the weights for the second period. Substituting the 

values for the dummy variable, we get the expressions for the two periods in 

the following form: 

( (_Xid I 
(6a\d i 
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and 

C i)  
= (bi +  (6b)
 

The relative share of each growth factor was worked out as: 

dX dXi 

for the first period and 

IXi/ 1 dX i
(bi 4 Ci x" _ x (b) + C)l 
dt / i= dt
 

for the second period. 
The average annual increase in output owing to the green revolution is 

given b% 

The significance and positive sign of the :oefficicnt CO of the dummy vari
able in (4) will intica te an upward shift in the intercept tem i, whereas the sig
nificance of the coefficients C i indicates the shift in the slope owing to tech
nological change. Vor the input Xi, the shift is expected to be of the type 
shown in the following manner: 

Outpu - ~ Period 11 

Period I 
Co 

a 

Input 

Double-Log Relationship 
log N = a + 1 log X1 + .+ n log X n + )D 

+ T I D log X I + .. + '7n D log Xn. (8) 
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Differentiating with respect to time on both sides: 

1 xX dY = nE1 / i I dXi n 7'1 I dX i- + D . . . . (9) 
Y dt i=1 X dt i X. dt 

n n 
G i 0 x + - D Gx (10) 

where Gy and GX . are the compound rates of growth for output and inputs. 
Here the elasticities for thc first period 0i and (0i + 7 i) for the second period 
serve as weights in pooling the growth rates of inputs. 'rhe relative factor 
share of Xi can be expressed as 

03i Gx .  0i Gx. 

in the first period, and 11 
(0i + ti) (xi/ (0i + 7) GX i 

in the second period. 
The coefficient T for the dummy variable gives the shift in the production 

function, whereas Ti's are the shifts in the elasticities. The shift in the com
pound growth rate (G y) of output can be written as 

(G Y) 1 - (Gy,) jI. (11I) 

Qualitative changes in the inputs can be studied with the help of either of 
the two forms of production function. New farm technology, which leads to 
qualitative changes in the various inputs, can be interpreted through the coef
ficients Ci's and 11i's, which were earlier used as shifts in weights but here 
represent the shifts in the slopes of the linear function and shifts in the elasti
cities of the double-log function. The change in the quality of variables leads 
to change in factor combinations. A comparison of factor combinations that 
produce the same output in the pre- and post-green revolution periods can 
represent the factor-augmenting effects. 

Appendix 5-2. All-India Data 

rhe dependent variable Y in the production function analysis is the agricul
tural output in value terms. The output indices for the fifteen states (exclud
ing the newly formed states of I limachal Pradesh, Meghalaya, and Nagaland) 
were taken from Growtb Rates in Agriculture for 1965. The data on output 
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by state for later years were obtained from Agricultural Situation in India 
and Estimated Area and Productivity of Principal Crops in India.9 

These indices were converted to output values (at constant prices for 

1956-57) in absolute terms. This step was necessary to account for interstate 
variation. Whereas year-to-year variation is maintained in the use of index 
numbers, the interstate variation is lost because of the difference in tile base 
for each state. Evenson and Jha used state indices not only for output but for 
inputs as well. Insofar as the results are presented at the state level, the use of 
index numbers or the product in absolute terms does not affect the results. 
But in the second part of the study, where the major objective is to estimate 
the returns to investment, the use of index numbers does not seem appropri
ate. 

The data for the input variable of net sown area (X9 ) and percentage of 
irrigated area (X 5 /X9 x 100) were taken from Statistical Abstracts, India. 10 

Fertilizer data were collected from Fertilizer Statistics, and N, P, and K were 

pooled by using prices as weights.1 1 

luman labor (X) comprises the population of male cultivators + male 
agricultural laborers + 0.67 of female agricultural laborers. The census figures 
for 1961 and 1971 were used to estimate the human labor for the remaining 
years by working out the compound growth rates. Female cultivators were 
not included because the definitions and concepts used in the census of 1971 
had changed from those used in the census of 1961. 

The cattle used only for work formed the bullock labor (X 3 ). These fig
ures were taken from the Livestock Census data for 1961 and 1966 and from 
the Agricultural Census in India for 1972 (see note 9). The data on the num
ber of tractors (X4 ) were obtained from the same source. The estimates for 
X3 and X4 were worked out for the remaining years. 

The figures for the expenditure on research in agriculture (X 7 ) were taken 
from Evenson and Jha. An important point in the use of this variable was the 
time-lag. Evenson reports that the mean time-lag between expenditures on re
search and its effect on production in the United States was between six and 
seven and a half years. For our study, we have considered the time-lag to be 
five years, which became obvious from the jump in research expenditure dur
ing 1961-62 and the jump in agricultural production in 1966-67. In the states 
that did not experience a sudden jump in the investment in agricultural re

search, the time-lag did not matter, but for the sake of uniformity we used a 
five-year lag for all states. 
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Appendix 5-3. Data Used and Sources 
fo r State-Level Analysis 

The dependent variable Y (or X1 ) in the production function analysis is the 

usual Laspeyres Index of Agricultural Production with constant base year 
prices used as weights. In the present series of state indices, the farm harvest 
prices for 1956-57 were used as weights. The data were taken from the 
publication Growth Rates in Agriculture, 1949-1950 to 1964-1965 and other 
related sources for subsequent years (see note 9). For the purpose of pooled 
analysis, these output indices were converted into absolute value terms to 
take into account the interstate variations in the value of production in the 
base year. For the reorganized state of Punjab, the relevant information was 

12collected from State Statistical Abstracts for 1972 and earlier years. 

Data on X2 , the average annual (agricultural year) rainfall, were compiled 
from tile rainfall figures for subdivisions published by the India Meteorology 
Department. They were weighted by the geographical arrfa of the subdivisions 
to arrive at the rainfall values for the states. 

Data on total fertilizer(N + P205 + K2 0) consumption (X 3), total cropped 
area (X8 ), and gross irrigated area were available from published reports of 
the Ministry of Agriculture. The irrigated area was converted into the per
centage (X9 ) of the total cropped area. In some cases extrapolation on the 
basis of trend became necessary. 

The variable X4 , male agricultural workers, is composed of the population 
of male cultivators and male agricultural laborers as reported in the census 
data for 1951, 1961, and 1971. The female working force had to be excluded 
because of changes in the definition of a "worker" in the three population 
censuses. Data on X5 , the literacy percentage in rural males, is based on 1 per
cent sample tabulations of the census information. Values for intermediate 
years were estimated on the basis ot observed Comupound growth rates. 

Data on the number of draft bovines (X6 ), including both cattle and buf
falo, and on the number of tractors (X 7 ) were compiled from Livestock Cen
sts for the years 1956, 1961, 1966, and 1972 (see note 9). For the reorganized 
state of Punjab, the data had to be compiled from the detailed tables for in
dividual districts. The remaining values were estimated by means of interpola
tion in the census figures. 

Data regarding expenditure on agriculture research (X12, or Rt) were 
taken from the paper by Mohan, Jha, and Evenson. 13 This series extends only 
to 1968. Figures for subsequent years were estimated on the basis of trends in 
each state in the number of agricultural science publications selected for ab
straction in Indian Science Abstracts.14 

http:Abstracts.14


146 KAHLON, SAXENA, BAL, and JHA 

Appendix 5-4. First Run LinearEquations with All Variablesa 

States 

Variables/ 
Parameters 

Andhra 
Pradesh Bihar Maharashtra Punjab 

Constant ...... 
X2 ......... 

X3 ......... 

X4 ......... 

X6 ......... 

. - 1,732.0878 
0.0021 

(0.11 )a 
0.1072 

(0.83) 
-0.0860 
(0.86) 

-44.3513 
(1.34) 
0.4838 

- 6,125.1833 
- 0.0167 

(0.67) 
- 0.6844 

(1.41) 
0.2858 

(1.23) 
- 103.3886 

(1.27) 
1.0323 

- 845.0994 
- 0.0382 

(1.62) 
0.0666 

(0.62) 
-0.0052 
(0.02) 

-28.2030 
(0.70) 
0.0423 

- 1,508.2228 
0.0094 
(0.40) 
0.2036 

(1.02) 
-0.1770 

(0.51) 
11.1348 
(1.10) 
0.5826 

X7 ......... 

X8 ......... 

(1.27) 
0.0105 

(0.26) 
0.0183 

(1.23) 
- 0.1786 

(1.17) 
0.0566 

(0.70) 
0.0146 

(0.29) 
0.0697 

(0.79) 
0.0048 
(0.58) 
0.0601 

X9 ......... 

D) ......... 

Rt - T 
c or X1 2 

R .... ......... 

(2.19) 
0.2503 

(0.06) 
-0.4341 
(0.04) 
0.0167 
(2.26) 
.0.88 

(3.87) 
0.1952 
(0.04) 
53.6893 
(1.36) 
0.0522 

(1.46) 
0.94 

(2.67) 
48.5763 
(1.81) 
15.1439 
(1.36) 
0.0049 
(1.54) 
0.88 

(1.49) 
4.9419 

(2.48) 
7.0628 

(0.57) 
0.0056 

(1.04) 
0.99 

F .............. 4.31 10.12 5.12 68.29 

a Figures in parentheses are t values for the regression coefficients. 
b D is the period dummy variable. 
c Rt - T is the lagged research expenditures variable with r = 3, 4, 1, 2 respectively 

for the four states. 
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Measuring Economic Returns
 
to Agricultural Research 1
 

Reed HertfordandAndrew Schmitz 

Economists have devoted a considerable amount of effort to estimating the 

economic payoff from agricultural research. Many of their early studies fo

cused ol agricultural activities in the United States. Results showed that past 

research had yielded impressive rates of return. Similar conclusions are now 

available for a number of other countries. 
The framework used in estimating the rates of return to agricultural re

search was introduced almost a century ago by Alfred Marshall. 2 It involved 

the concept of an economic surplus. Since Marshall's time, numerous debates 

have arisen among economists over the theoretical validity of this concept. 

Unfortunately for the practitioner, there is no consensus at present on either 
its validity or its usefulness in economic analysis. 

The purpose of this chapter is to review briefly the methods currently used 

by economists to estimate the ratcs of return to agricultural research and to sug

gest some modifications in those methods which would expand their usefulness. 

We do not attempt to resolve the debate over the validity of the concept of 

economic surplus. Also included in the chapter are some comments about why 

those rates of return to research estimated in the past have been so high. 

Methods 

The concept of economic surplus underlies the methods used by economists 

to estimate the benefits of agricultural research. 3 Such methods involve deriv

148 
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Figure 6-1. Consumers' surplus. 

ing a total annual benefit from research by aggregating the separate surpluses 
of consumers and producers. Annual benefits are then compared with the an
nual costs of research by finding that rate of interest (the internal rate of re
turn) which equates the discounted value of benefits and costs. 

Consumers' Surplus 

The concept of consumers' surplus was introduced by Dupuit 4 over acen
tury ago, later popularized by Marshall, 5 and ultimately extended by Ilicks6 

in the 1940s in ways which expanded and clarified its range of applicability. 
Consumers' surplus is measured with reference to demand curves. 

Consider Figure 6-1, where I) represents a compensated demand curve 
(CDC) showing the maximum prices a consumer would be prepared to pay 
for successive, additional units of a commodity. If he were to pay such max
imum prices until he had obtained, say, 100 units, lie would have made a 
total expenditure equal in value to the area under the demand curve and left 
of Q1. If, on the other hand, lie were to purchase the 100 units on the market 
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at a single average price of $1.00 per unit, he would save avalue equal to the 
area under the demand curve above the $1.00 price line (area a + b + b' + c). 
It is this saving which is termed "consumers' surplus." For a group of consum
ers, or a "market," the consumers' surplus is generally the sum of the individ

ual surpluses of consumers. 
Any factor which increases the market price of the good from P1 of $1.00 

to, say, P7 would reduce the consumers' surplus by tile area a + b + b' inl Fig
ure 6-1. This area can be shown to equal 

KPIQ 1 (1 -lKn) (1) 

where K is (P2 - P1 )IP1 and n is the absolute value of the price elasticity of 
demand. 7 If K is associated with the reduction in the average costs of a coni
modity resulting from a new yield-improving technique generated through re

search, then this formula can provide a direct estimate of the value to con
sumers of that research in a particular year, provided estimates are also avail
able for P1Q1 and n. 

This method of attributing a value or product to a research activity has 
been criticized on the grounds that the value of n generally estimated is not 
exactly equal to the value of the price elasticity of demand on the CDC. 8 

When the price of a commodity falls, the consumer with a given money in
come is better off in terms of total utility or velfare because his real income 
rises. Since the CDC abstracts from this increase in real income, although an 
"ordinary" demand curve does not, the price elasticity of demand as usually 

estimated can be expected to overstate the CI)C price elasticity. If, for exam

pIe, the solid sloped line in Figure 6-1 were actually an ordinary demand 
curve, instead of a CDC as it has been represented to this point, tile CDC 
would correspond to the broken line with less slope which passes through the 
point (P 2 Q2 ). lhe implication would be that any estimate of the value of re

search to consumers based on equation (1) would be biased upward by the 
value of the triangle b'. Although this is the usual situation, tile actual direc
tion of the bias, as well as the slope of the CDC in relation to the ordinary de
mand curve, depends on the sign of the income elasticity of demand for the 
commodity. One could argue that the bias is probably not substantial. First, 
the bias is small in the sense that the value of the triangle b' is small in relation 
to the value of the total change in consumers' surplus, a + b. Second, the mag
nitude of the bias is even smaller when the commodity in question either has 

a small income elasticity of demand or represents a small proportion of total 
expenditures on all commodities. 9 It has been argued that the kinds of agri

cultural commodities for which research returns have been quantified using 
the consumers' surplus concept have, in fact, low income elasticities and 
represent a small proportion of total consumer expenditures.In 

http:expenditures.In
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Figure 6-2. producers' surplus. 

Producers' Surplus 
The concept of producers' surplus is analogous to that of consumers' sur

plus and refers, in general, to a difference between what is actually received 
from the sale of a good andi the minimum amiount required to induce a seller 
to part with it. Consequently, producers' Surplus has been equated with anl 
area - like area a in Figure 6-2 - between the prevailing price of a good andi 
its supply curve since the latter has been traditionally defined as a locus of 
minimumn prices at wvhich quantities will be sold. If the supply curve shifts to 
a position like SI as a result of the adoption of a new production technique 
generated through agricultural research, then the benefit of that research to 
producers has been taken equal to area b +c. 

Because there are sellers of input services, for example labor and capital, 
as wvell as sellers of final products, all of whom Could theoretically earn a "'sur
plus,'' somle confusion has arisen over what producers' surplus anld Changes in 
it really measure. Is only thle surplus of producers included, as the term im
plies, or are surpluses earned by factors of production also included' M\arshall, 
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the author of the concept, was himself not clear on this point. It is of crucial 

practical significance, since any estimate of the returns to agricultural re

search would he incoml'!ete if it included only benefits to consumers and pro

ducers and overlooked those accruing to factors of production. 

As it turns out, the composition of producers' surplus is dependent upon 

the specification of the supply curve. When variable inputs of production are 

available to a competitive industry at prices that are independent of the level 

of output, it is well known that (M) the supply curve of the industry is the 

lateral sum of the marginal cost (or supply) curves of the individual firms, 
(2) the area under the industry's (firm's) supply Curve represents the total 

costs of all variable inputs of production, and (3) the area above the industry's 

(firm's) supply curve and helow the prevailing price of the product is a return 
to all other inputs -- namely, all fixed factors of production including inputs 

physically associated with producers, like their labor and "entrepreneurial 

capacity," as well as other fixed inputs. By definition these fixed inputs are 
specific to the industry or firm under consideration in the sense that they 
cannot produce anything else in tile economy. Therefore, on a broader view, 

there are no real costs associated with their employment, and any return to 
them would he an economic rent or surplus. Since producers' surplus has 

been given the samc definition, we may conclude that producers' Surplus is, 
in fact, a return to the producer as well as to other fixed factors of produc

tion, and that there is a direct correspondence between the concept at the 

level of the firm and the industry when prices of variable inputs are invariant 
with respect to changes in output. 

When some variable factors of production are supplied at prices that are 
not constant but increase with the level of an industry's output beeause their 
supply curves slope upward, this simple interpretation of producers' surplus 

disappears. Assume that the sun of the marginal cost curves of an industry, 

So in Figure 6-2, for example, shifts down to S 1 at the level of output QO 
as a result of the adoption of a cost-saving, improved technique generated 
through research. The value of costs saved, given our definition of' the supply 

curve, would be the area b. These savings, of course, would permit the in

dustry to expand its output heyond %.. Ilowever, any output expansion 
achieved through increased employment of variable factors of production 
would now tend to bid up their prices to the industry and make their costs 

exceed the area under tile new industry sum of marginal costs curve, S1, at 
any level of output above Q0 since the supply curves depicted in Figure 6-1 
assume that unit costs of variable inputs are constant. Therefore, as output 

expands in the industry, the sum (,f marginal costs curve, S1, begins to slip 

back to the position of initial supply curve, So . Its final position of equilibri
uti would approximate that of the initial supply curve if all variable inputs of 
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production were subject to very inelastic supply curves. In that case the initial 
saving created by adoption of the new production technique would have ac
crued mostly to tilevariable inputs of production as a surplus. Area b of Fig
ure 6-2 would then approximately equal the change in surplus obtained by
variable factors of production from the cost-saving improvement in produc
tion techniques resulting from research. The surplus of producers and other 
fixed factors of production would be practically unchanged as would the level 
of industry output (Q0). 

The final position of the sup)ply curve of the industry would normally re
sult in an output somewhere between Q0 and QI of Figure 6-2; that is,some 
variable inputs of production would be available at somewhat higher prices 
to the industry and, as output expanded, the supply curve would shift equiv
alently from SI but not return to its initial level, So. The area between this 
final position of tilecurve and the sum of marginal costs curve, SI, tip to the 
final level of industry output would then measure the increase in expendi
tures by firms in the industry on variable inputs as a result of increases in 
their unit prices. 

Although such increased expenditures would represent very real increases 
in resources devoted to production by firms in the industry, they would not 
all be increases in real resources devoted to production from the point of view 
of the economy at large since a part would accrue to some sectors of the 
economy - namely, to variable inputs or variable input suppliers - as stir
pluses above their positively sloped supply curves and bclow their prevailing
prices. A surplus, of course, should he accounted for as such and should be 
added to other estimated products or returns to research. TO estimate such 
surpluses exactly, however, would require data on the demand and supply 
curves for variable inputs employed by the industry. Sincc they are not gen
erally available, the most that can usually be said is that the area between the 
final position of the sum of marginal costs supply curve of the industry up to 
the new level of output and the sum of marginal costs curve that would have 
prevailed had input prices been invariant with respect to output represents 
the increase in returns to variable inputs and their suppliers associated with 
employment of tie improved technique of production. The area between the 
initial and the final sum of marginal costs curvc to product price linetip tile 

would then be a measure of the returns oif the new technique captured by 
prodtcers and other fixed factors (ofproduction.

If the poiint of intersection of the vertical line through Q with the supply 
curve S1 were connected with tilepoint of intersection of tie new equilibrium 
level of industry output with the price line I1,the resulting line would define 
a new supply curve which was adjusted for the kinds of input price changes 
just discussed. This "adjusted" industry supply curve would have a smaller 
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slope than the "unadjusted" sum of marginal costs curve of the industry or 
the relevant curve when prices of all variable factors of production are invari
ant with respect to output. If there are only two factors of production, the 
elasticity of supply approximately equals aIe I + a2 e2 where a, = 1 - isa2 
the first input's share in total production costs and el and e2 are the two in
puts' price elasticities of supply. From this expression, it follows directly that 
the supply curve will be less elastic when input supply curves are less elastic. 

To recapitulate: Area b + c in Figure 6-2 is an unambiguous measure of the 
increase in tile surplus of all fixed factors of production, including the surplus 
of producers from their self-employment, when variable inputs of production 
are available at prices that do not change with output. If variable input prices 
change with changes in output, then area b becomes a reasonable measure of 
increases in surpluses of variable inputs when their supply curves are very in
elastic. If variable input supply curves are neither very elastic nor inelastic, 
then the area h + c is normally an upper-bound estimate of the changes in 
surpluses of fixed and variable factors of production since it includes some 
increases in real resource costs to the economy. Finally, two industry supply 
curves have been identified: (1) the unadjusted sum of marginal costs curve 
relevant when prices of all variable inputs arc invariant with respect to output 
and (2) an adjusted supply curve, normally more inelastic, connecting points 
on unadjusted supply curves after adjustments for input price changes have 
taken place. 

Combining Surpluses 
To estimate the returns to research, consumers' and producers' surpluses 

are combined. Figure 6-3 contains a normally sloped demand curve, 1), and 
an initial supply curve, So, which shifts to the position Si as the result of the 
on-farm employment of a new or improved input developed through research. 
Before this shift, consumers' surplus equaled area a; afterward, it is given by 
a + h + c. Thus, the net gain to consumers from the research-induced shift in 
supply is h + c. Similarly, before the supply shift, the surplus b + d corre
sponded to producers and to other production inputs; afterward, their surplus 
corresponds to f + d. Their net gain from the supply shift is then f- b. The 
sum of the gains in surplus to both groups is b + c + f - b = c + f. It can be 
shown that this latter area approximately equals 

kPQ 1 (1 + 2 k-) (2) 

where k is defined as the percentage increase in production attributable to re
search (tile horizontal distance between the two supply curves divided by the 
value of final production QI); P1 is the price of the commodity after the sup
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Figure 6-3. Combined consumers' and producers' surplus. 

ply shift; and n and e are, respectively, the price elasticities of demand and 
supply. This formula, of course, can be disaggregated into its primary compo
nents, consumers' and producers' surplus, for purposes of quantifying the dis
tribution of gains accruing to each group. Corresponding to (2) are the follow
ing expressions: 

Consumers' surplus kin + c 2 11+c(3) (3) 

1 F 12/n + c\1Producers' surplus kPi Q1 Il k kL2k+n (4) 
+ \nn e]2 

These reveal that the larger the consumers' surplus, ceteris paribus, the small
er the price clasticity of demand, ani that the larger the producers' surplus, 
the larger the price elasticity of demand. Such results support the notion that 
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research on basic subsistence commodities would particularly benefit consum

ers, while research on more price elastic commodities -for example, rubber, 

cotton, and perhaps r-ffee -would be especially remunerative for producers, 

input owners, and certain factors of production. (See chapter 24 for elabora

tion of this point.) Note further from (3) and (4) that, although consumers' 

surplus will always be positive-valued because 2(n + e) > kn, producers' sur

plus could be negative-valued if e + n < 1. Nevertheless, the sum of the sur

pluses is always positive-valued according to (2). Expressions for the surplus 

generated by research in the special cases in which one or both of the price 

elasticity parameters assume extreme values can easily be derived from the 

general cases just developed. 
More complicated formulas for the values of the combined surplus of pro

ducers and consumers have been suggested by Ardito Barletta and Peterson to 

allow for the possibility that the demand and supply relationships may not al

ways be linear. 1 IHowever, the differences in the estimates of benefits provid

ed by the more complicated formulations and those presented here are small 

for usual values of the key parameters. The main reason is that in all frrmula

tions the critical deter'rminant o] the value of t.e benejts derived fJom re

search is simply kP1 Q1 or the percentage change in the value o]'production 

attributabh' to resear,'h,. Other parameters combine to produce a value which 

is small by comparison.12 This is an important point to keep in mind when 

considering the empirical relevance of theoretical controversies that have been 
sparked by the concept of economic surplus. 

The Theoretical Controversy 

The concept of economic surplus occupies a controversial place in eco

nomic theory. For example, Samuelson has said that consumers' surplus is of 

"historical and doctrinal interest with a limited amount of appeal as a purely 

mathematical puzzle."'" More recently, Bergson has stated: "Despite theo
retic criticism, practitioners have continued to apply consumer's surplus 
analysis through the years. As some have urged, that must already say some

thing about the usefulness (as well as the use) of such analysis, but just what 
it says has remained more or less in doubt.'' 14 I lowever, I licks has disagreed: 

But enough has been said to show that consumer's surplus is not a mere 
economic plaything, a curiosun. It is the foundation of an important 
branch of Economics, a branch cultivated with superb success by Mar
shall, Edgeworth, and Pigou, shockingly neglected in recent years, but 
urgently needing reconstruction on a broader basis. Beyond all doubt it 
is still capable of much further development; if economists are to play 
their part in shaping the canons of economic policy fit for a new age, 
they will have to build on the foundations of consumer's surplus. 15 

http:comparison.12
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Figure 6-4. Research: the case of a traded good. 

Although we acknowledge the place of this controversy in economic theory, 
we believe that most shortcomings of studies of returns to research arise not 
from the concept of economic surplus but from overlooking or mistreating 
practical characteristics of the real world. Such characteristics imply a need to 
introduce some modifications in the methods used to calculate the returns to 
research, and to those we now turn. 

Modifica ions 

Methods used to estimate the returns to agricultural research should (1) treat 
products, and research itself, as traded goods if appropriate, (2) consider 
problems of unemployment, (3) distinguish between intermediate and final 
goods, and (4) account for the income distributional effects of research. This 
section briefly discusses these problems and how they can be handled. 

Traded Commodities 
Consider Figure 64 where, at a price of P1 , imports are Q1 Q2 - If the sup

ply curve shifts from S to S' and the "small country" assumption is used 
that is, the price remains unchanged - there is no gain to consumers, but pro
ducers gain the crosshatched area. The result is a smaller surplus, ccteris 
paribus, attributable to research than had the commodity not been traded at 
a constant world price. ilowever, if the country under question is a large 
trader and the price drops to P2 owing to the increase in supply, producers 
actually lose while consumers gain area IPlabl' 2. Thus, the effects of research 
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on a traded good are critically dependent upon the extent to which its world 

price is affected by changes in supply. One can easily work out the case for a 
good that is exported. 

A related point to consider is that technology can be developed by one 

country but transferred to another at nominal cost. Such international spill

over effects may enhance the estimated returns to research of those countries 

with newer programs which can benefit from the prior investments of older 

programs in other countries. 

Resource Unemployment 

Research can result in the unemployment of agricultural resources. If, for 

example, a new technology generated through agricultural research favors cer

tain producers of a commodity, others may be forced out of business as sup

ply expands and prices decline. The resources released may not find employ

ment elsewhere; if this is not taken into account, it can lead to errors in esti

mating the benefits of research. 

Suppose an industry is made up of producers on nonirrigated land (Type I) 

and irrigated land (Type 2). In Figure 6-5, S1 represents the supply of the 

good produced on Type 1 land and S2 the supply of the good produced on 

Type 2 land. In equilibrium, Q1 of the commodity is produced at price PI. 

Suppose now that a new technology is applied to Type 2 land which causes 

the supply curve to shift to S2'. The corresponding equilibrium price and 

quantity are 1)2 and Q2. I lowever, note that although the net gain (measured 
in producers' surplus) is positive, there is a loss to producers on the Type I 

land because the good cannot be grown there at P2 . If the resources (except 

land) were employed elsewhere and if all the surplus originally accrued to 
landowners, the crosshatched area would represent the loss to the owners of 

Type 1 land. 

Now let us assume that resources formerly equal in value to the area under 

the unirrigated supply curve up to Q* fail to find alternative employment 

when the unirrigated farms go out of business. These resources do not include 

such industry-specific fixed factors of production as producers, family mem

bers, and farmland since the losses they sustain are fully, reflected in the area 

of producers' surplus. Rather, they refer to other "normally variable" factors 

of production like hired labor, machinery, implements, other forms of farm 

power, livestock capital, and perhaps even such things as fertilizers, insecti
cides, and seeds. Were such resources to become unemployed, their equivalent 

value - the area under the unirrigated supply curve up to Q* - would have to 

be subtracted from the benefits of research estimated in the usual way where 
the assumption is made that all "normally variable" factors of production 

find employment elsewhere in the economy. 
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Figure 6-5. The resource unemployment effect from researrch. 

0' course, all that has really happened is that "normally variable" factors 
of production have bccomce equivalcntly fixed factors in the face of falling 
prices. This has altered the dlivision off total revenues lbetween fixed and vari
able factors. In particular the loss of returns to fixed factors specific to the in
dustry and the lack of employment alternatives elsewhere have turned out to 
be larger than the crosshatched shaded area abov'e the supply curve, and the 
v'alue of variable factors of production finding employment elsewvhere in the 
economy is smaller than the area under the supply' curve., The implication is 
that the supply' curve corresponding to TPype 1 land is more inelastic than that 
shown in Figure 6-5. 

A related case was analyz~'ed by Schmitz and Secklcr.16 They looked at the 
mechanical tomato harvester as an innovation of agricultural research which 
had resulted in the unemployment of farm wvorkers. They' first estimated the 
benefits of the research on the harvcester in the usual way,. A side calculation 
was then performed in which the returns to laborers who wer'e unemployed 
because of the introduction of the harvester were deducted from benefits. An 
alternative approach would have been to reduce the area of surplus generated 
by the introduction of the harvester by decreasing the elasticity of the niew~ 
supply curve of tomatoes. 

Because past studies have not sufficiently emphasized the "unemploy
ment" effect fronm research activities, the previous discussion has neglected 
to indicate that research leading to technological change may, under sonmc 
circumstances, result in an increase in the employment of resources. For cx

http:Secklcr.16
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ample, many developing countries that export agricultural commodities may 

add to the employment of labor through technological change made possible 

by research. 

Derived Demand Curves 

The demands for farm workers, mechanical harvesters, and hybrid corn in

volve largely derived, not final, demand curves; ye; past research has not 

made this distinction. The demand for hybrid corn, for example, is largely 

derived from the demand for grain-fed beef - in this instance, a principal final 

product for corn. 17 In Figure 6-6A the derived demand for corn is shown, 

and it is assumed that all the corn is fed to cattle. As the result of a new tech

nique generated 1v' research, the price of corn drops from P0 c to P1 c. This in

duces a downward shift from PI)B to ) 1 in the price of beef in Figure 6-6B. 

Arc the shaded areas in the two diagrams of equal value as has been implicitly 

assumed? 
If there is one other input in beef production besides corn and its supply 

is elastic, then it canl be easily shown that 

where is corn's share of the costs of producing beef. An implication is thatac 

the rectangles between the two price lines in both diagrams up to the new 

equilibrium quantities are of equal value. The size of the triangles between 

the two price lines below the demand curves could still be different, however, 

as a result of different price elasticities for corn and beef. 18 This would imply 

different values of consumers' surplus measured with reference to the final 

and derived demand curves. Also, at the macro-level the supplies of inputs are 

usually not perfectly elastic. When they are not, the relationship between sur

pluses estimated under final and derived demand curves is further compli

cated. 

Distributional Effects 

Ilow realistic is it to aggregate all consumers and producers of a given
product and to look at only these two groups when estimating the rates of 

return to research? If, for example, the welfare consequences of the well

known Russian wheat transaction were considered, a meaningful analysis 

would incltde its effect on grain producers, landowners, livestock producers, 

consumers of v'arious farm products (both high- and low-income groups), 

machine manufacturers, fertilizer producers, and so on. A partial analysis 
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Figure 6-6. I)erivcd and final demand: Corn and beef. 

would include only grain producers and consumirs. But this would leave out 
a great deal. Similarly, for research, a great deal is overlooked if the effects on 

farm workers, profits, farm size, and land values are not considered. 
Because of a tendency to deal with apgregative models, the distributional 

effects fron research have not comm11only been considered. For xamuple, 

there are many typcs of producers of agiven commodity - small-scale farmers, 
large-scale farmers, landowners, sharecroppers, and farmers with unmechanized 
and mechanized units. An aggregate producers' surplus sheds little light on 
how research affects each group. It is not enough to know that the rate of re
turn is high or low. Generally we also want to know who will benefit and 
who will lose within the producing and consuming sectors. 

One reason is that a dollar of benefits need not equal a dollar of losses in 
the context ofeconoinic welfarc. There is no reason why a I :1 welfare scheme 
is superior to any other weighting system. For example, 2:1 weights might be 
assigned losers and gainers, respectively, or perhaps 4:1 weights. Obviously, 
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negative rates of return could result from assigning different welfare weights 
to losers and gainers even though, with the usual 1:1 arrangement, rates of 

return arc highly positive. 

li'hy A re Returns So High? 

Economic studies now available for a number of countries point to high rates 

of return to programs of agricultural research. 19 One cannot help but view 

this evidence as unusual and ask, why? In fact, this issue did engender a heat
ed discussion at the Airlic Ilouse conference; S. J. Webster pointed out, for 

example, that the literature on agricultural research is almost unanimous in 
presenting rates of return that arc astronoinically high by normal standards. 
This fact alone should bring the methods employed in arriving at the results 
under the closest possible scrutiny. 

The preceding section of this chapter has suggested some possible answers 
to this question when: the fact that agricultural products are traded is not 
taken into account; international spillover effects of research are overlooked; 
the effects of research on intermediate and final products have been con
fused; the costs of resource unemplovmenlt induced by research have been 
omitted; and inappropriate welfare weights have been assigned to the gains 
and losses underlying calculations of the returns to research. Not mentioned, 
but of possible relevance, are the problems associated with properly account
ing for research projects that have produced "dry holes" and with determin
ing how much money has actually been spent developing particular techno
logical or biological breakthroughs. The costs of administration and of other 
complementary, supporting programs areextremely difficult to impute to 
individual research projects. 

The purpose of this section, however, is to suggest that two factors associ
ated with the agricultural research "deliver), system"-ithe mechanism that 
assists in transferring new technology from research centers to farms - may 
explain more generally why estimated returns to agricultural research have 
been so high. Although it is hypothesized that the influence of these two fac
tors has been pervasive, there is no intention of leaving an impression with the 
reader that past estimates of the returns to research have been grossly inflated. 
The evidence in this regard appears to be overwhelming: agricultural research 
does pay handsome rewards, indeed. 

Traditionallv, in making calculations on the cost side of the equation, past 
economic studies of the returns to research have included outlays incurred in 
developing and sustaining the research program under appraisal plus the dif
ferential costs to farmers of purchasing the resulting technology. A great deal 
of care has generally been taken to include among costs of the program the 
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direct expenses of the research (mainly salaries and supplies), the costs of 
complementary inputs from such collaborating programs as agricultural ex
tension, and the costs of indirect inputs like staff training and management. 20 

Not included, however, have been the costs of transferring technology to 
farmers which are borne either by organizations largely unrelated to the re
search program or by farmers themselves. 

In the case of developing countries, the first of these two omissions may
have been of minor consequence. Most of the relevant costs of transferring
technology to farmers are probably captured by imputing theto research 
program some portion of the costs of the agricultural extension service. In the 
case of developed countries, however, the omission may have been of some 
greater consequence because of the existence of a complex and sophisticated 
network of organizations and facilities in rural areas which form part of the 
deliver)' system. Those of us from rural areas of dcvCelOjd Countries tend to 
take for granted such things as agricultural banks, newspapers, radios, tele
vision, city libraries, and programs of continuins,, education. All, however,
assist in their own way to transfer new tcchnology to farms at costs which 
may not be fully,reflected in the expenses of research and extension programs, 
in the prices paid for new techniques of production, or in the area below a 
product supply curve. The implication, of course, would be that the real costs 
to society of research programs in developed countries may have bcen much 
larger than was estimated by past studies of the returns to agricultural re
search. 

Boyce and Evenson have recently provided some data which relate very
directly to this proposition. 2 1 hey show in a mlticountry stud)' that there 
is a strong positive correlation between the level of development of a nation 
and the proportion of the total agricultural product devoted to agricultural 
research, whereas there is an equally strong but ne'ative correlation between 
the level of development and the proportion of the agricultural product spent 
on extension. Noting that extension workers are paid generally less than re
searchers, Boyce and l.:venson conclude that developing countries may have 
been lulled into thinking they can increase agricultural production more 
cheaply by emphasizing extension activities. An equally plausible explanation,
however, is that agricultural programs in developing countries have been 
forced to pay part of the price of' deficient delivery systems by investing in 
agricultural extension services. Programs in developed countrics, on the other 
hand, have been able to avoid such costs by piggybacking on a delivery system 
constructed at asubstantial cost to society at large.

A second component of the costs of the delivery systen1 not usually taken 
into account in reckoning the returns to agricultural research includes the 
farmer, his family workers, and hired laborers. 22 In most settings of dynamic 
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change, some labor time must be allocated to searching for, learning about, 

experimenting with, and ultimately adopting new techniques generated 

through research. Needless to say, time spent in these ways decreases when 

the productivity of the research establishment itself is low. It may also be 

lower, however, precisely where the delivery system is highly developed and 

functioning efficiently. In developed countries, technology is practically laid 

at the farmer's doorstep in prepackaged and pretried forms. By contrast, in 

developing countries, where levels of formal schooling are low and the delivery 

system is not well developed, a substantial share of total labor time may be 

required to adjust to new technologies released by the research establishment. 

Such time cannot be ignored among the costs of research from society's point 

of view unless agricultural labor at the margin is unemployed. 

In most countries the proportion of the value of agricultural production 

spent on research and extension is quite small- less than 2 percent. 23 Agri

cultural labor's share of the value of production, on the other hand, is large, 
24 This means that a smallcommonly falling into the 40 to 60 percent range. 

fraction of total farm-level labor time bulks large in relation to research 

for example, that the labor time of searching,expenditures. If it is assumed, 
learning, cxpcrimenting, and adopting activities associated with new agricul

tural technologies absorbs just 2 percent of total labor time each .year, the 

costs of research could be increased by 50 percent were labor's share of final 

output 50 percent. 
It should be pointed out that both of the usually omittcd costs of the 

delivery system discussed in this section - those associated with the activities 

of organizations largely unrelated to the research program, especially in the 

developed countries, and those associated with the labor time absorbed by 

adopting improved technologies, especially in developing countries -would 

not be included in assessments of the returns to research (lone from the more 

restricted point of view of the research administrator or the research agency. 

The reason is that the delivery system, including the labor time of farmers, is 

not usually an item in the budget of agricultural research programs. Ilowever, 

precisely because the probabilities of iuccess of a research program are en

hanced by a delivery system that hastens the adoption of improved practices, 
on 

through the particular selections of commodities to be studied and/or gco

graphical areas to be emphasized. Such strategies are obviously at variance 

with the social interest by not taking into account their full cost to society. 

The recmcdy would be to internalize the costs of the delivery system in the 

budget of the research program and thus close the gap between returns to re

search as viewed by the research agency and by society at large. Internalizing 

costs in this way could lead to some interesting changes in the allocation of 

strategies chosen for research may capitalize better delivery systems 
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resources for research. For example, a research agency might choose to initiate 
work in a depressed area of small farmers rather than in irrigated regionan 

with a more highly developed delivery system.
 

Concluding Remarks 

Estimates of the economic returns to past agricultural research can be most 
helpful in highlighting commodities and programs that have represented low 
risk, high payoff endeavors. Rates of return calculations are also useful in 
pointing up and appraising the value of sonic unanticipated side effects of 
agricultural research that might merit additional study. An example is the ef
fect of the tomato harvester on the unemployment of farm labor. Further, 
where major funds have not yet been committed to a national agricultural re
search program- as is the case in some developing countries -estimates of 
the returns to past research may be of assistance in securing financing by 
demonstrating the objective value of research to society. Consumers in such 
settings do lot typically pressure for agricultural research because they lack 
firsthand knowledge of its effects, and pressures exerted by producers are 
viewed as self-serving and arc frequently ignored. For each of these reasons, 
calculations of the returns to agricultural research are an important means of 
helping to produce a better allocation of society's scarce resources. 

This chapter has reviewed the methods used to estimate such returns and 
has alerted the reader to modifications which should be introduced in partic
ular situations. It was suggested that calculated returns could be biased up
ward if these modifications are not made where appropriate. It was also sug
gested that the returns to research may be generally overstated if the full 
costs of getting technology from the research center to farms are not taken 
into account. Emphasized in this regard were the costs of using a highly so
phisticated infrastructure of delivery services in rural areas of developed coun
tries and the costs of farmers' time absorbed in finding and adopting a new 
technology in developing countries. Further applications of the methods dis
cussed in this chizpter to appraisals of research programs should point out 
other refinements needed to improve estimates of the economic returns to 
research.
 

NOT[ES 

1. This paper has benefited especially from comments and suggestions made by Ver
non Ruttan of the Agricultural Development Council, Tilo L. V. Ulbricht of the Agricul
tural Research Council in London, and S. J. Webster of the Ministry of Overseas Develop
ment in London. 

2. Alfred Marshall, I'rinciplesof.Econonics, 8th ed. (London: Macmillan, 1930). 



166 HIERTFORD and SCHMITZ 

3. The development and use of the concept of economic surplus has been dealt with 

in detail by J. M. Currie, J. A. Murphy, and A. Schmitz, "The Concept of Economic Sur

plus and Its Use in Economic Analysis," Economic Journal, 81:324 (December 1971), 

741-800. 
4. J. Dupuit, "On the Measurement of the Utility of Public Works," Annales des Pots 

etCbaussees, 2nd series, 8 (1844), 14-28. 

5. Marshall, Principlesof Economics. 
6. J. R. Hlicks, "The Rehalilitation of Consumers' Surplus," Review of Economic 

Studies, 8:2 (February 1940), 108-116. 
7. The area a + 2 (b + b') in Figure 6-1 equals KPIQ 1 and the area b + b' equals 

- (12 ) (P2 - 1I 1)= 1/ K2 , 1 Q, n. The difference between these two quantities is
(QI 


equal to (1) and the area a + b + b' in Figure 6-1. Note that this area is always positive

valued. 
8. For a recent example of this criticism, see Wolfgang lonig, "Comment," American 

Journal oj'Agricultural Economics, 56:1 (February 1974), 177. 

9. This statement reflects the exact expression for the price elasticity of demand of 

curve, nxp* - kxnxl, where the terms are, respectively, the pricean ordinary demand 
elasticity of demand along the CDC, the proportion of income spent on the commodity 

"x" in question, and the income elasticity of demand for x. 

10. See, for example, Ilarry W.Ayer and G. Edward Schuh, "Reply," American Jour. 

nal ofAgricultural Economics, 56:1 (February 1974), 175-176. 

11. Nicolas Ardito Barletta, "Costs and Social Benefits of Agricultural Research in 

Mexico," PhI), dissertation (Chicago: University of Chicago, 1971), Appendix C has 

provided the following formula for the surplus: 

+ k 1 2]{l
kP1 Q1 

arin Econonics,Willis Peterson, "Returns to Poultry Research in the U.S.," Journal of 

49:3 (August 1967), 656-669, has suggested: 

22A 
kQ1 PI +k 2 2rm Qo 'l n'/'+e.e ) ii\n-_ 21IQI 2 

12. If, for illustrative purposes, we assume k = 0.1, n = 0.3, and e = 0.5, then the value 

of the term that multiplies kPlQ1 in Ardito Barletta's formula, as well as the formula de

fined here by equation (2), is 1.1. 
13. Paul A. Samuelson, Foundations of' Economic Analysis (New York: Atheneum, 

1967), p. 195. 

14. Abram Bergson, "A Note on Consumer's Surplus," Journalof FEconomic Litera

lure, 13:1 (March 1975), 43-44. 
15. Hicks, "Rehabilitation of Consumers' Surplus," p. 116. 

16. A. Schmitz and 1). Seckler, "Mechanized Agriculture and Social Welfare: The 

Case of the 'omato Harvester," AmericanJournal o'Agricultural conomnics, 52:4 (No
vember 1970), 569-578. 

17. The research on rates of return from hybrid corn research was done by Zvi 

Costs and Social Returns: lybrid Corn and Related Innovations,"Griliches, "Research 
66:5 (October 1958), 419-432.Journal of Political Econo my', 



ECONOMIC RETURNS TO RESEARCH 167 

18. Under the assumptions made to this point, it can be shown that tileprice elasticity 
of demand for corn equals 

- [an + a2o] 

where a, = (1 - a2) is the first input's share of production costs, - n is the price elastici
ty of demand for beef, and a is tileelasticity of substitution between corn and other in
puts in beef production. (This elasticity of substitution is equivalent to the percentage 
change in the inverse ratio of their prices. Thus, the elasticity is positive-valued and ranges 
in value from zero to infinity.) We see that this elasticity would equal - n if n = a. Al
though the equality is unlikely to obtain exactly, it seems reasonable to expect that n - U 
would usually be small. If this is true, consumers' surplus measured under final or derived 
demand would be quite similar. 

19. Several of these are listed and discussed by James K. Boyce and Robert E. Even
son, "Agricultural Research and Extension Systems," Department of Agricultural E.co
nomics, mimeographed (Los Bafos: University of the Philippines, 1975), Tables 6.1 and 
6.2. 

20.These are outlined, for example, by Reed Hertford, et al., chapter 4 in this vol
ume. 

21. Boyce anti Evenson, "Agricultural Research," chapter II. 
22. We are indebted to our colleague, Carlos Benito, for suggesting this point. See his 

"Peasants' Response to Rural Development Projects -With Special Reference to the 
Puebla Project," Department of Agricultural Economics, Rural Development Project 
Working Paper no. I (Berkeley: University of California, 1974). 

23. Boyce and Evenson, "Agricultural Research," chapter I. 
24. For the United States, a labor "share" of roughly 50% was implied by the regres

sion results of Zvi Griliches, "Research Expenditures, Education, and the Aggregate Agri
cultural Production Function," American Economic Review, 54:6 (December 1964), 
961-974. For a developing country, see Reed Ilertford, Sources of Change in Agricultur
al Production,1940-65, Foreign Agricultural Economic Report no. 73 (Washington, D.C.: 
Economic Research Service, USDA, 1971). 


