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FERTILIZER INPUT PER UNIT OF AREA

Figure 2















Table 1. Fertilizer-rice price ratios and rice yields per hectare in selected Asian countries and in

Japan 1883-1962,

Price of Price of Rice yield
Fertilizer: Rice: Fertilizer- per hectare
per m, ton per m. ton rice price m, ton of
Currency of nitrogen of milled rice ratio paddy
Country unit (1) (2) (1) / (2) (3)
Cross-country comparison
1963-65
India rupee 1750 5952 2.9 1.5
723P 2.4
Pakistan (East) rupee 1632 780 2.1 1.7
Philippines peso 1048 530 2.0 1.3
Thailand U. S. dollar - 229 70 3.3 1.6
Japan 1000 yen 97 99 1.0 5.0
1955-57
India rupee 1650 4172 4.0 1.3
505° 3.3
Pakistan (East) rupee 1322 511 2.6 1.4
Philippines peso 962 352 2.7 1.1
Thailand U. S. dollar 393 79 5.0 1.4
Japan 1000 yen 119 77 1.5 4.8
Japan's time series
1958-62 1000 yen 100 85 1.2 4.9
1953-57 1000 yen 113 75 1.5 4,2
1933-37 yen 566 208 2.7 3.8
1923-27 yen 1021 277 3.7 3.6
1913-17 yen 803 125 6.4 3.5
1903-07 yen 815 106 7.7 3.1
1893-97 yen 670 69 9.7 2.6
1883-87 yen 450 42 10.7
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Relation between fertilizer input per hecta

re of arable land

Figure 4.
and fertilizer - arable land price ratio ( = hectares of arable
land which can be purchased by one ton of N + PoOs+ K0 con-
tained in commercial fertilizers),the United States and Japan:
quinguennial observations for 1880-1960.
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Table 2. Changes in output, productivity, and factor-factor ratios in agriculture:
The United States and Japan, 1880-19602

Annual
compound
rate of
growth
1880 1900 1920 1940 1960 1880-1960
percent
United States
Output index (1880=100)b 100 155 180 232 340 1.5
Productivity index (1880=100)
Total productivity® 100 112 105 128 179 0.7
Qutput per male worker 100 125 141 217 680 2.4
Output per hectare of arable land 100 91 72 94 143 0.4
Factor-factor ratios
Arable land area per male worker 10 13 18 22 46 2.0
(hectare)
Power per male worker 1.8 2,2 3.0 6.7 40.9 3.9
(horsepower)
Fertilizer per hectare 1.5 3.3 5.0 9.5 41.6 4.1
(kg. in N+K905+P20)
Japan
Output index (1880=100)b 100 149 232 264 358 1.6
Productivity index
Total productivity® 100 142 195 208 229 1.0
Output per male worker 100 152 238 326 453 1.9
Qutput per hectare or arable land 100 135 184 205 280 1.3
I'actor-factor ratios (1880=100)
Arable land area per male worker 0.61 0.68 0,79 0.96 0.97 0.6
(hectares)
Power per male worker 0.15 0.16 0.17 0.29 1.01 2.4
(horsepower)
Fertilizer per hectare 13 17 63 115 260 3.8

(kg. in N+K205+P70)

1Flow variables such as output and fertilizer are five year averages centering on
years shown. Stock variables such as land and labor are measured in years shown.
bGross output net of seeds and feed.

€output divided by total input.

“Sum of draft animal power and tractor power.

Source: Yujiro Hayami, '"Resource Endowments and Technological Change in Agriculture:
U.S. and Japanese Experiences in International Perspective,'" American
Journal of Agricultural Economics, Vol. 51, No. 5, December 1969, p. 1294,







Table 3a. Regressions of Land-Labor Ratio and Power-Labor Ratio on Relative Factor Prices: United
States, 1880-1960 Quinquennial Observations.
Coefficients of Price of
Regression Land -Relative  Machinery Relative -2
Number Dependent Variables to Farm Wage to Farm Wage R S d
Land-labor ratio:
(1) Agricultural land per male worker -0.451 -0,486 .828 .0844 1.29
(0.215) (0.120)
(2) Arable land per male worker -0,035 -0,708 .882 ,0706 .1.37
(0.180) (0.101)
3) Agricultural land per worker -0.492 -0.463 .828 .0789 1.34
(0.215) (0.120)
(4) Arable land per worker -0.077 -0.686 .879 0713 1.41
' (0.182) (0.102)
Power-labor ratio:
(5) Horsepower per male worker -1.279 -0,920 .827 .1865 1,33
(0.475) (0.266)
(6) Horsepower per worker -1.321 -0.898 .828 .1863 1.36
(0.474) (0.265)

Equations are linear in logarithm, Inside of the parentheses are the standard errors
coefficients,

of the estimated
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Table 3b. Regressions of Land-Labor Ratio and Power-Labor Ratio on Relative Factor Prices: Japan,
188G-1960 Quinquennial Observations.

Coefficients of Price of

Regression Land Relative  Machinery Relative 9 _
Number Dependent Variables e to Farm Wage_ to Farm Wage R S d
Land-labor Ratio:
D) Arable land per male worker 0.159 -0.219 .751 .0347 1.17
(0.110) (0.041)
(8) Arable land per worker 0.230 -0.155 914 .0156 1.71
(0.049) (0.019)
Power-Labor Ratio:
(9) Horsepower per male worker . ~0.665 -0.299 .262 .2191  0.60
(0.261) - (0.685)
(10) Horsepower per worker -0.601 -0.228 . 266 .1982 0.61
(0.236) (0.620)

Equations are linear in logarithms. Inside of the parentheses are the standard errors of the estimated
coefficients.
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Table 4a. Regressions of Fertilizer Input Per Hectare of Arable Land on Relative Factor Prices: United
States, 1880-1960 Quinquennial Observations.

Coefficients of Prices of

Fertilizer Labor Machinery

Regression Relative to Relative to Relative to -9 _

Number Land Land . Land R S d

(11) -1.622 1.142 0.014 .950 .1042 2.08
(0.200) (0.275) (0.286)

(12) -1.615 1,138 -- .954 .0968 2.09
(0.134) (0.255)

(13) -1.951 -- -- .B895 .1406 .77
(0.166)

(14) -1.101 1.134 -0.350 .969 .0816 1.38
(0.184) (0.173) (0.214)

(15) -1.357 1.019 -- .970 .0832 1.15
(0.102) (0.168)

(16) -1.707 -- -- .884 .1481 .84
(0.154)

Equations are linear in logarithms. 1Inside of the parentheses are the standard errors of the estimated

coefficients,

1€



Table 4b. Regressions of Fertilizer Input Per Hectare of Arable Land on Relative Factor Prices: Japan
1880-1960 Quinquennial Observations.
Coefficients of Price of
Fertilizer Labor Machinery

Regression Relative to Relative to Relative to -2

Number Land Land Land R 3 d

(17) -1.437 0.662 0.236 .973 .0865 2.45
(0.238) (0.244) (0.334)

(18) -1.274 0.729 -- .974 .0810 2,45
(0.057) {0.220)

(19) -1,211 -- -- .953 .1036 1.52
(0.071)

(20) -1,248 1.217 -0.103 .878 .1820 1.76
(0.468) (0.762) (0.708)

(21) -1,313 1,145 -- .888 .1670 1.79
(0.131) (0.556)

(22) -1.173 -- -- .860 1794 1.52
(0.126)

Equations are linear in logarithms,
coefficients,

Inside of parentheses

are the standard

errors of the estimated

'A%
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Rapid growth in agriculture in both countries could not have
occurred without such dynamic factor substitution. If factor substitution
had been limited to substitution along a fixed production surface,
agricultural growth would have been severely limited by the inelastic
supply. Development of a continuous stream of new technology which
altered the production surface to conforp to long term trends in factor
prices was the key to the success in agricultural growth in the United
States and Japan.

Such inducement of technological change was not attained without
cost. The United States and Japan are among the few countries which
have made a substantial national effort in agricultural research and
extension for the past 100 years. The history of agricultural research
and extension in the United States is relatively well known. Japan's
efforts to develop agricultural techniques were no less significant than
in the United States. L/ The important point in the context of this
paper is that in both countries such efforts were directed appropriately
in terms of relative factor prices,

For both the United States and Japan vigorous growth in the industries
which supplied machinery and fertilizers at continuously declining relative
prices has been an indispensable element in the process of agricultural
growth., The development of effective research and extension systems to
exploit the opportunities created by industrial development has also been
of critical importance. In the absence of fertilizer responsive crop
varieties only limited economic gains could have been realized from lower

fertilizer prices. The success in agricultural growth in both the United
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FOOTNOTES

* Minnesota Agricultural Experiment Station Scientific Journal Paper

Series . The research on which this paper is based was financed
through grants to the University of Minnesota Economic Development Center

and Agricultural Experiment Station from the Rockefeller Foundation, the'
Ford Foundation and the U,S, Agency for International Development. The

paper draws extensively on a forthcoming book by Yujiro Hayami and Vernon

W. Ruttan to be published by the Johns Hopkins Press lf1971_7. The authors
are indebted to John Chipman, Willis Peterson, Adolph Weber and Pan Yotopoulos

for comments on an earlier draft of this paper.

“*Yujiro Hayami is Associate Professor, Department of Economics, Tokyo
Metropolitan University. Vernon W. Ruttan is Professor, Department Of
Agricultural and Applied Economics and Director, Economic Development

Center, University of Minnesota.

1/ See W. E. G. Salter 1?1960, PP. 43-44_7. For the major land marks in
the discussion generated by Salter see Syed Ahmad 171966, Sept. 1967,
Dec. 1967_/; John S. Chipman / 1970 /; William Fellner / 1961, 1967 /;

Charles Kennedy / 1964, 1966, 1967 /; Paul A. Samuelson / 1965, 1966 /.

2/ Whether the innovation possibility curve is exogenously determined or
is dependent of a past innovation does not affect the present dis-
cussion, although it is a crucial problem in developing a theory of
distributed shares. See discussions by Kennedy Lf1967;7 and Ahmad

11967 7.
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have not succeeded in developing a system of economic and professional
reward that permits them to have access to, or make cffective use of,

the resources of scientific and technical manpower that are potentially

available to them.

The symbiotic relationship between basic and applied research can be

illustrated by the relation between work in (a) genetics and plant

physiology and (b) plant breeding at the International Rice Research

Institute. The geneticist and the physiologist are involved in

rescarch designed to advance understanding of the physiological

processes by which plant nutrients are transformed into grain yicld

and of the genetic mechanisms or processes involved in the transmission
from parents to progenies of the physiological characteristics of the
rice plant which affect grain yield, The rice breeders utilize this
knowledge from genetics and plant physiology in the design of crosses
and the selection of plants with the desired growth characteristics,
agronomic traits, and nutritional value. The work in plant physiology
and genetics is responsive to the need of the plant breeder for

advances in knowledge related to the mission of breeding more productive

varieties of rice.

At this point we share the Marxian perspective on the relationship
between technological change and institutional development.

[fKarl Marx, p. 406n; Mandel Morton Bober_7 We do not accept the
Marxian perspective regarding the monolithic sequencesof evolution
based on clear-cut class conflicts. For two recent attempts to develop
broad historical generalizations regarding the relation betwecn
institutions and economic forces, sec John Hicks, 1—196Q;7 and

Douglass C. North and Robert Paul Thomas. 1_197Q;7
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The '"metaproduction function" can be regarded as the envelope of
comor ly conceived neo-classical production functions. 1In the

short run, in which substitution among inputs is circumscribed by

the rigidity of capital and equipment, productioﬁ relationship

can be described by an activity with relatively fixed factor-factor
and factor-product ratios. In the long run, in which the constraints
exercised by existing capital disappear and are replaced by the

fund of available technical knowledge, including all alternative
feasible factor-factor and factor-product combinations, production
relationships can be adequately described by the ncoclassical

production function. In the sccular period, in which the constraint

siven by the available fund of technical knowledge is further relaxed
to admit all potentially discoverable possibilitices, product ion
relationships can best be described by a metaproduction function
which describes all conceivable technical alternatives that might

be discovered., For further discussion of short-run, long-run and
sccular production processes are Murray Brown 1#1966, PP. 95—109;7.
The relationship between U and uj's of Figure 2 is somewhat similar
to the interfirm envelope of a scerics of intra-firm production

functions as discussed by Martin Bronfenbrenner lf1944, PP. 35-44_7.

Sce for example Randolph Barker 1—197Q;7
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A discussion of this test and the data used in the test are reported
in greater detail in a forthcoming article by Yujiro Hayami and

V. W. Ruttan / 1970 7

A direct test of the induced innovation hypothesis would involve a
test for non-neutral change in the production surface. A possible

approach is suggested by David and Klundert 1f2;7.

Derivation of factor demand functions from a multi-factor production
function with different elasticities of substitution, as attempted
by zZvi Griliches 1—1964(3) and 1969 (b)_7,seems to suggest a
possibility for improving the present specification. Our
regressions are similar to Griliches' but our factor prices do not

measure the costs of factor services other than fertilizer,

The possibility of structural changes in the metaproduction function
over time, as suggested by some of low Durbin-Watson statistics in
Tables 2 and 3, was tested by running regressions separately far
1880-1915 and 1920-1960. The results, in Hayami and Ruttan / 1970 _/,
do not suggest any significant structural change occurred between
those two periods. The inference from this test is relatively

weak, however, because of the small number of observations involved.

The role of agricultural research in the economic development of

Japan and the United States is reviewed in Hayami and Ruttan 171971;7.
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