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First, we give a preliminary remark. What accounts for the present rising interest
to the intercountry comparative analysis of macroeconomic dynamics? To our
opinion, this phenomenon is based on the integration processes in the world economy
that sharply intensified in recent decades'". This interest is risen also by the fact of
the strengthening breakup of the communist socio-economic system in the large
group of former “socialist” countries and their initiated transition to the market
economy; the practical assimilation of the world historic experience of the
development of the latter is the imperative necessity for the given group of countries.

This article suggests a technique for the specific formalization of the estimates of
techno-economic and relevant socio-economic changes in agrarian sphere that
enables to perform such intercountry comparative analysis and, particularly, to
record the transition from one mode of economic growth to another. We consider that
the problem of this transition in agrarian sphere acquires a special sound, because
we become the witnesses to the origination of a new system of economy in many
countries, formation of the qualitatively new phenomena in the processes of the
ecomomic growth in agrarian sphere — the changes that are directly initiated by the
scientific and technological revolution (STR) as a factor of the global importance.

This article will discuss the examples of agricultural transformations in four
countries, considered via the historic retrospective review. Among the countries,
selected for the study, there are Japan and India (Punjab state), where the farmer
economy was raised and strengthened virtually before our eyes during several
decades, and also Russia, where the transition to the new type of agricultural
development is still initiated, and the reproduction parameters of the present type of
agricultural system give evidence of its deep crisis caused by the special conditions of
its formation. We suppose to discuss all these examples of the economic
transformations against the background of the fundamental changes in agriculture

This study is prepared with a partial financial support of the Russian Science Foundation (Moscow
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of the USA, which represented the economically uniform system (properly farmer and
capitalist economy) within the total historic period, considered in this article; the
dynamics of changes in agriculture of this country (a sort of the “classical” model of
changes) enables us to understand much in the dynamics of economic
transformations in the agrarian sphere of other countries.

1. Methodology for Comparing Changes in Farm Economy

In the analysis of the evolution of the economic system in agrarian sphere, two
trends of changes draw our attention: firstly, the change in the technological mode of
production (TMP) and, correspondingly, in the reproduction process; and, secondly,
the changes in the socio-economic process. Each of these processes has its own
inherent logic, its phases of development; the superstition of the phases of both
processes reveals the property, characterizing the state of the economic system at the
given stage of its evolution. At the same time, each of these processes can be
considered through the historic approach (if the statistical data are available), and
then we can determine the intermediate stages of the economic evolution in agrarian
sphere.

We represent two aforesaid trends of the study in the matrix form, where the
techno-economic stages of evolution, indicating the changes in the technological mode
of production, are displayed by the horizontal line, and the socio-economic types of
farming, characterizing the steps in the socio-economic process, are displayed by the
vertical line (see Fig.1). The intersection of these two lines just gives the
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Figure 1 Matrix Scheme of a Developing Farm Economy
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characteristic of the state of agrarian sphere. The term “state of agrarian sphere”
carries here a special sense: it indicates the integrated estimate for the phases of
development both in the economic order and in TMP; within the framework of the
matrix scheme, this term denotes the socio-economic type of farming, correlated with
particular technological step (stage) of farming, correlated with the particular
technological step (stage) of its evolution.

In this scheme, the natural pattern of agrarian evolution — see below — is
assumed, and all diversity of farming is arbitrary reduced to four socio-economic
types: traditional economy farming, petty commodity production, farmer economy
and capitalist economy. Each type of farming is distinguished with the following
characteristics:

Traditional Petty Farmer Capitalist
economy commodity economy economy
farming production

Motivation of economic activity

Personal Partially Pure economic Pure economic
consumption personal benefit benefit
consumption,
partially

economic benefit

How much the producer’s economy is singled out of collective
communality relationship

In the system of
collective
(communal) ties

Barter-based
exchange

Family labour
added with
traditional
collective and/or
hired labour

Within the
agrarian sector

Technology of
traditional
economy

Singled out of
the collective
(communal) ties
partially

Singled out of the
collective
(communal) ties
completely (an
individualized
farm)

Type of interfarming exchange

Barter-cum-
market-based
exchange

Market-based
exchange

Social type of live labour used

Family labour
added with
hired and/or
traditional
collective labour

Partially within
the agrarian
sector, partially
from outside it

Family labour
added, if any,

with capitalist
hired labour

From what sector material input is supplied

Largely from
outside the
agrarian sector

Type of technology used

Partially
modernized
traditional
technology

Full-package
technology of the

“green revolution”

Singled out of
the collective
(communal) ties
completely (an
individualized
farm)

Market-based
exchange

Capitalist hired
labour

From outside the
agrarian sector

Full-package
technology of the
“green revolution”

141



Patterns of Techno-Economic and Relevant Socio-Economic Changes in Farm Economy

The techno-economic stages of evolution (i. e., the changes in TMP, see Fig. 1) are
connected with the develpment of the productive forces and are divided into labour-
intensive, capital-intensive with limited labour-saving effect, capital-intensive with
increasing labour-saving effect, science-intensive.

The discrimination of these stages is accounted for by the fact that they together
involve two basic versions of the formation of a new TMP in agriculture. The first of
them (we refer to it as “eastern”) is based on the “land-saving” technology, i. e., the
technology, saving the natural resources of production, thus reducing the area of the
application of labour, which is abundant. In this case, the means for material
reproduction in agriculture, produced beyond its framework (in industry, by the
application of scientific knowledge), are realized on the basis of labour, which is
manual to a significant extent. Though we can observe the introduction of specific
labour-saving means even for this version, the main goal of application of such means
is primarily the increase of efficiency of land.

The second version of formation of a new TMP (we refer to it as “western”) is the
way, passed by all West European and North American countries during the phase of
their capitalist development and tried by Russia as a part of the USSR under the
supremacy of communist system. For the market system of farming, the dominant
goal of application of labour-saving means of production within the framework of this
version is primarily the saving of labour for the increase of the surplus product. The
land productivity factor as the intrinsic goal of the process of economic growth is
introduced into the reproduction process at the further historic stage, and it becomes
the most active, as shows the historic experience, with the development of scientific
and technological revolution in agriculture (i. e., virtually from the fifties or sixties)?.

Under the direct influence of STR in the present period, we observe the changes
both inside the first and the second versions of formation of a new TMP that result
from the assimilation of information technologies. In this case, the “information
equipment” of the process of production acquires the greater importance, and the
increasing role of science, its concentrated use predetermined the formation of a new
stage, which is referred to as science-intensive.

The science-intensive stage differs from other technological stages in the evolution
of agriculture, among other things, by the fact that in this case the mechanism of
formation and introduction of corresponding technologies into production is
qualitatively defferent. The science acts as an autonomous force, independently on
the material production, as its specific prerequisite, self-contained preceding stage of
human activity. The science-intensive technology, elaborated outside the production,
is generally a kind of product, which maximum economic efficiency is determined by
the “package-type” integrity of its consumption. The science-intensive stage is
characterized by the greatest (as compared to those typical for the preceding stages of
TMP) saving of all resources of production — both natural (water, land, etec.) and
those produced by the human labour — the saving that is performed on the basis of
the qualitatively new principles ‘.

In order to estimate with the specific extent of reliability that we referred to as
“state of agrarian sphere” of the country or region, we need not only the qualitative
parameters, but also the quantitative ones. In this connection, we undertook an
attempt to determine the quantitative indicators that could serve as measurable
analogues for both quantitative characteristics and the aforesaid steps in the
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evolution of TMP, and to use their values for the estimate of the type of economic
activity in the agrarian sphere of the countries, chosen for the study.

2. By-Country Comparative Analysis of Changes in Farm Economy

Japan

Analyzing the statistical data, describing the dynamics of changes in the
parameters of economic growth in agriculture of Japan from the early twenties (see
Table 1), we can discriminate three periods of changes in the model of economic
growth.

The first period lasted approximately to the early fifties. In this period, the
agricultural farming is characterized by the parameters, corresponding to the petty
commodity production at the labour-intensive stage of development. By definition,
the petty commodity type of farming is intermediate between the traditional and
farmer types. The agriculture of Japan in this period is characterized by the
relatively high degree of commercialization (above 40% of total rice output were sold
at the market) that was achieved essentially on the basis of application of methods of
extra-economic compulsion. By its technological parameters, the agricultural farming
was distinguished by the remarkable stability (see Fig.2), characteristic for the
economy of traditional type. Thus, the amount of fertilizers applied per hectare, crop
yield during the considered period remained approximately at the same level, the
mechanical instruments are not virtually applied, the efficiency of labour in the
major field of agriculture — rice-growing — was at the lowest limit by its absolute
value and did not differ from that in the rice-growing economy of the traditional type,
existing in the countries of South-East and South Asia (for more details see:
Rastyannikov. 1969. Chapters 2, 4). The agricultural farming of Japan at that time
was, as we can say, the classical example of absolute pre-dominance of “land-saving”
(consequently, and “labor-wasteful”) technologies that, however, increasingly involved
industry (Japan Statistics. 1950, p.88; do. do. 1960, p.58). However, the stability of
the key parameters (especially, the “output” ones: crop yield and efficiency of labour),
observed during such long historic period, conclusively indicated the depletion in the
agrarian sphere of Japan of the resources of economic growth on the basis of such
technologies that were not yet affected by scientific modifications. Import of great
amounts of grain, primarily rice, was an obvious exhibition of the sharpness of the
resulting macroeconomic disproportion.

The second period lasted from the middle fifties to approximately the late
seventies. This period can be referred to as the period of maturing of the economy of
the farmer type that was accompanied by the noticeable changes in the technological
mode of production. To the middle fifties, the agrarian reform gave certain result:
because of the admission of direct growers to the land ownership, the mass
introduction of new technologies became possible; the biochemical stage of
intensification of farming began, and the land efficiency factor of production acquired
the absolute priority. The marketability significantly increased in agricultural
farming, so did the relationship of the agrarian sector with other branches of
industry, i. e., the integration of the reproduction process in agriculture to the
reproduction process in the industrial sphere; all these facts give evidence of the
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decisive increase of the role of commodity exchange for the process of economic
growth in agrarian sphere. Moreover, the massed assimilation of means of minor
mechanization by farmers began. However, this process does not yet produce
significant effect on the efficiency of labour. The land area was still sprayed between
the smallest farmers; only to the middle seventies the average size of the cultivated
area in the farming achieved the values, characteristic for the twenties, and the role
of family labour in farm economy is increased due to the reduction of employment of
the hired one. Apparently, we can consider that at that period the economy of the
farmer type in the form of family farming was established on the basis of new,
essentially labour-intensive, technologies in the agrarian sphere of Japan. And,
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finally, the country was able to provide itself completely with the major grain product
— rice — already in the early years of the considered period (in the early sixties),
because of the introduction of new technologies.

The third period starts from the late seventies and hitherto goes on. This period
was marked by the appearance of the symptoms of transition of the agricultural
farming to the new model of economic growth. Perhaps, it is one of the most
significant changes: the land factor of efficiency of production give way to the factor of
efficiency of labour. The material basis of this process is the powerful stream of
technical means, particularly complex engines and mechanisms, assigned to
agriculture. What is the most characteristic for this case, the more powerful engines
as a source, among other things, of mechanical energy displace the less powerful ones
(see the dynamics of the quantity of park of tractors and cultivators in Table 1 and
Fig. 3). These processes resulted in some increase in the efficiency of labour, which
achieved the values, indicating by our model the beginning of crawling of the
agricultural farming in the stage of evolution, characterized above as capital-
intensive with the limited labor-saving effect. The structural transformation of the
economy itself goes on: from the total rice production 6/7 and more got into the sphere
of commodity exchange by the early nineties rather than 4/5 (as was the case in the
late seventies). Altogether 83.4% of all agricultural output by cost was realized at the
market in 1985 and 84.3% in 1990 (Japan Statistics. 1992, p.413). The enlargement
of farming unit was significantly more intensive during this period, primarily,
because of the growth of the share of large (above 3 ha and especially above 5 ha)
farming. However, the small and smallest (family) farming remain the determining
element in the system of economy.

The indicators of the land efficiency factor change in a somewhat different way.
The stagnation phenomena (stabilization at the same level) appeared already in
seventies for the value of application of fertilizers per hectare; the dynamics of this
indicator in the late eighties indicates, apparently, the ultimate saturation of
agriculture with this technological mean. The yield of grains with these technologies
also achieved its plateau: already from the middle seventies it fluctuates about some
constant value (approximately 46—-47 hwt/ha), though the demands of the country in
grain exceed its gross production by many times (for instance, Japan imported in the
late eighties more than 70% of all consumed grain; the feed grain was the major item
of deficiency). It is demonstrative that to the early nineties the saturation of the
agricultural farming with tractors was accomplished: the growth of tractor stock was
completely terminated.

Thus, two following phenomena of the fundamental importance emerged.

On one hand, for the resulting economic restrictions of the mechanism of economic
growth that are caused by the predominant petty commodity production in the
agrarian sphere of Japan, such resource of growth was entirely locked as the
formation of economy of scale, i. e. the advantages of the large production as opposed
to the small one that was potentially assumed by the technologies already existing
(for more details see: Hayami. 1988. Chapters 4, 5). In this sense, it is not remarkable
that the scale growth of power capacity in agricultural farming of Japan (which
surpassed far the corresponding indicator for the USA) was not accompanied by the
adequate growth of the real productive force of labour (if we consider the grain
farming, this process resulted in the miserable actual increase). Moreover, the
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relative depth of gap between the dynamic series of indicators of power capacity and
such series of labour productivity increased from year to year and achieved the
unprecedented scales to the early nineties (see Fig. 3). All these facts indicate that
the numbness of the giant fixed capital occurred in the agrarian sphere of Japan, or
in other words, the less fraction of this capital, invested in the modern highly
productive means of labour, takes part in the actual process of production.
Figuratively speaking, the raised wave of labour-saving-based development broke at
the cliff named “petty commodity production”.

On the other hand, if we consider the land factor of productivity, the system of
agriculture in Japan, at least in a series of leading grain branches, exhausted the
resource of growth with the application of today’s technologies, in spite of the rather
significant progress achieved. We suppose that both mentioned phenomena are
ultimately the expression of the deep crisis of “land-saving” TMP, even if
“modernized”, but not susceptible to the radical transformations. And the exhibition
of this crisis is so far prevented by the policy of the powerful agrarian protectionism
that prolongs the life of the uncompetitive (by the world standards) farming.

As well, we can boldly speak about the termination of the transition of agrarian
sphere of Japan to the new type of economy — farmer economy in its version of the
family farming that is able to exist under the conditions of market relations only in
the specially created environment, and this is the fundamental feature of the
Japanese type of family farmer economy. The mentioned period ended at the very
first step of the stage of technological development that we referred to as capital-
intensive with the limited labour-saving effect.

Under the present conditions, the escape from the mentioned crisis is scarcely
possible through the development by the classical version — through the capital-
intensive stage with increasing labour-saving effect, because in this case the great
concentration of land in the ownership of the limited number of land users is
necessary (that could result in the radical enlargement of the farming unit). But such
concentration cannot be practically realized due both to social and economic reasons.
Apparently, the Japanese pattern of agrarian evolution will assume the large scale
assimilation of science-intensive technologies* to achieve the saving of labour that is
so urgent in agriculture; and in this sense the evolution series with one missed
member (capital-intensive stage with the increasing labour-saving effect) may be
characteristic for the agricultural farming of Japan.

India, Punjab state

India is another example of the historically formed “land-saving” system of
economy based on the technologies of irrigated agriculture. However, because of the
great dispersion in the levels of economic development of different states, we chose
only one region, namely Punjab state, where the transition to the new pattern of
farming and economic growth in agrarian sphere is the most noticeable (see Table 2).

During many decades, virtually until the early fifties, the agriculture of Punjab
could be related to the type of primarily traditional economy, which was, according to
our classification, at the stage of transition to the petty commodity production. This is
indicated by such characteristics as the stability of coefficient of use of arable land
(intensity of cropping), very low and slowly increasing crop yield, determined by the
traditional technologies, and, certainly, the level of productivity of labour. Although
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the marketability of the grain farming (so far the major branch of agriculture of
Punjab) was very high, this height was essentially determined by the wide spread of
relations of extra-economic compulsion of growers (for instance, between thirties and
forties the area, cultivated by tenants-at-will achieved almost the half of cultivated
area of the then Punjab province of British India; the payment of the half of gross
produce as rent was a rule rather than an exception). From the early fifties,
somewhat more productive technologies are gradually assimilated in the agriculture
of Punjab. We can say that until the middle sixties the slow accumulation of the
resource for changes seems to proceed so as to be realized in the jumpwise transition
with the beginning of “green revolution”. Thus from the early fifties, the intensity of
cropping significantly increases in Punjab agriculture, even in spite of the relative
decrease — because of the partition of Punjab in 1947 — of the area of irrigated
lands; the extended irrigation development initiated the rapid growth of area of such
lands; finally, the significant increase of yield is observed. But all these positive
changes still proceed on the basis of improvement of primarily traditional
technologies without the participation of means of production of industrial origin in
the production process. The efficiency of labour does not undergo any changes.
Without the impact caused by “green revolution”, this transformation of agrarian
sphere would be inert as a whole.

“Green revolution” was a force that realized the radical coup in TMP, it
compressed the temporary range of the transition, produced the strongest impetus for
the process of formation of market economy of the farmer type characterized by the
high productivity. But this process, started in the middle sixties, proceeds so far at its
biochemical stage, where the major effect is indicated by the increase in the
productivity of land (thus, the intensive growth of yield occurs due to the application
of new technologies of irrigated agriculture, based on the use of a great quantity of
mineral fertilizers; Fig. 4 characterizes the dynamics of this process rather
expressively), and the rationalization of agriculture so far assumes the application of
manual labour in massed scale; the volume of employment of manual labour
increased by 1.7 times until the early seventies. Thus, we can define the boundary
between sixties and seventies as the beginning of transition to the economy of farmer
type, with retaining labour-intensive type of development of productive potential of
agriculture.

The mechanism of economic growth undergoes principal changes; the significant
point of changes, as in the Japanese pattern of changes, consists in the fact that now
the process of reproduction of the agricultural farming is strictly determined by the
conditions of intersector commodity exchange between the agriculture and industry
and other nonrural complexes (in particular, scientific and technological ones).

However, even at this labour-intensive stage due to the more efficient application
of labour resources, we can observe some growth in the productivity of labour (by two
or three times as compared to very low level of productivity of labour in the
traditional farming). Simultaneously (from the late sixties), the significant structural
changes take place in the reproduction process; in particular, the commodity yield of
the major grain product — wheat — begins to increase. And by the early eighties, the
specific weight of the marketed wheat was more than 50% of the gross wheat output
in the agriculture of Punjab that testified to the already formed powerful association
of the farmer economy.
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In the early eighties, the symptoms indicated the beginning of the transition of the
given economy to the higher stage of techno-economic evolution — that of capital-
intensive with the limited labour-saving effect. At this time, the process of
mechanization in the economy of Punjab became more noticeable, it was accompanied
by the growth of productivity of labour, particularly, in the grain farming, and the
given process gradually spreads to the more number of agricultural operations. What
is characteristic is that the engines are applied not only for purposes of greater yield
by the land factor of productivity, but also — in some branches (primarily, in wheat
production so far) — for the mere saving of labour.
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The curiosity of this phenomenon consists in the fact that it originated on the
background of the significantly increased labour-intensity of Punjab agriculture: from
the late seventies and especially in eighties, new, rather labour-intensive commodity
crops are involved in the agricultural practice, and they are cultivated almost
exclusively with the application of manual labour (for instance, rice, which
commodity yield is about 90%; tomatoes).

The new technological mode of production was realized, figuratively speaking, at
the limit of its technological abilities. For example, the symptoms of “slipping” in
technologies of “green revolution” by the land factor of productivity were observed
twice during two last decades. The first time was in the early seventies (see Fig. 4
and Table 2), the second time was in the late eighties. But the difference between two
periods consists in the fact that the significant reserve still remained in the first case
for the increase of the average yield — by the implication of more new areas for high
yielding varieties (HYV)®; and in the second case, this reserve was exhausted: by the
late eighties, the areas of the major grain crops were almost completely occupied with
HYV*®. We can soundly assume that the biochemical stage, based on the present
resource-intensive technologies of the “green tevolution”, virtually exhausted its
potential of growth by the factor of land efficiency'”.

We should specially note the social character of labour. Since old times, Punjab
was famous for the fact that the predominant part of labour force, employed in
agriculture, consisted of family workers. But the development of highly productive
economy within the framework of the modernized version of “land-saving” mode of
production would inevitably result in the rapid growth of requirement of human
labour, and the farms, independently of their social status, began to employ the hired
labour in mass scale. It was the late sixties, when the social structure of labour force
used in agriculture started to change: the share of hired workers sharply increased
and that for family workers decreased (see Table 2). This process, though less
intensive, continued also in seventies, indicating the rapid process of formation of
farmer and capitalist economy. We should supplement that, for example, the
transition to the scale production of new commeodity crop — rice — required the
employment of great masses of extraneous labour, which demand was covered
preferentially by the labour of migrants from other states.

Thus, in Punjab, as in the case of Japan, the land factor of efficiency of production
acquires the absolute priority in the technological transformations at the initial
stages of the process of modernization. The shift to the increase of the importance of
the efficiency factor of labour and its transformation into the priority factor occurs
somewhat later. But in Punjab, which stepped in the way of modern economic growth
later, as compared to Japan, both phases of wave of technological transformations are
characterized by the greater compression, and in this case the greater trend to the
technologies of land efficiency takes place in the late sixties and seventies, and the
greater trend to the technologies of efficiency of labour occurs in the late seventies
and eighties (and, evidently, nineties)®. The changes in the technological conditions
of the process of economic growth, naturally, left their imprint on the conditions of
formation of farmer and capitalist economy: the latter begins to apply in the greater
scale the fixed capital, primarily, in the form of engines and mechanisms, saving the
labour.

But the agrarian sphere of Punjab as a whole have not yet escaped from the vice of
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TMP, which is essentially “land-saving” (respectively, “labour-wasteful”). Therefore,
the farmer economy, as in Japan, can normally exist and operate only under the
shield of “protectionist umbrella”. And one point more. Rather retarded, repeatedly
recorded cycle of change of technologies of the “green revolution”, their obsolescence,
threatening to the economic interest of the mass of private growers in the
development of agriculture as the sphere of productive activity, providing the
sufficient standard of income, — all these phenomena only reveal with the new
strength the imperative demand of agrarian sphere in Punjab — the demand to place
the more stable scientific and technological basis under the process of economic
growth that will provide the powerful impetus to the dynamic technological
modernization,

However, the technological breakthrough, performed by the economy of
agricultural sphere in Punjab, using even rather labour-intensive technologies,
produced the strongest effect on the system of food supply in the whole India: it is
Punjab grain — wheat and rice — that form the major share (54%, according to the
data for 1986/87-1988/89) of the national resources of food grain, accumulated by the
state for the purposes of regulation of the food market and solution of the social
problems (see basic data in: Gulati, Sharma. 1990). The grain self-sufficiency (which
was, however, unstable, if we consider the value of the grain import in individual
years of the eighties) was achieved by India due to the “green revolution” even in the
late seventies.

Now we turn to the changes, determined by STR, in the system of agricultural
farming under the historical “labour-saving” TMP. We consider that we can reveal
the example of these changes, classical of the sort, in the agrarian sphere of the USA.
Actually, the USA is one of the leading countries in the scientific and technological
progress, clearly demonstrating the transformation of the scientific factor into the
powerful propulsive agent of economic growth in agrarian sphere.

The USA

The scientific and technological revolution began in the agriculture of the USA
from the late thirties after the significant deterioration in the parameters of
agricultural reproduction that resulted from both the great depression of the early
thirties (see Table 3). The resulting technological transformation of the agricultural
farming passed through several qualitatively different stages.

Until the mid-thirties, we observe the stability of the basic characteristics of the
farm economy that, if we consider the indicators of the grain farming, impressed
rather “monotonous” extensive type of development, but with the minimum technical
changes, or even without those by many parameters. Agriculture at that time have
already achieved, according to our scheme, the capital-intensive stage with the
limited labour-saving effect (in the wheat production, the efficiency of labour
achieved the level of 40 kg/hr), but for the level of land productivity that indicated (as
compared, for instance, with the period of seventies and, more comprehensively, of
eighties) so far the “land-wasteful” type of agricultural practice (at last, in grain
farming).

The agricultural farming was represented by the economically uniform system
(properly, by farmer and capitalist farming) that was almost completely oriented to
the production of commodity for market: the intrafarm (or “home”, as it is called in
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official sources) consumption covered about 1/7 of the reproduced agricultural product
(see Table 3).

The first bump of technological transformations in the agriculture of the USA
occurred in the forties, when, as compared to the previous period, the indicators by
the land factor of efficiency of production were significantly improved, the
productivity of labour began to grow far more rapidly (the increase was by
approximately two times during the forties). Movement in a circle of “technological
linearities” was replaced by the form of movement, where the profiles of technological
jerk were clear: the agricultural farming of the USA began to perform the transition
to a new dynamic pattern of economic growth, supported by the first achievements of
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STR. But the real jerk in the change of technological basis in the agricultural farming
occurred from the boundary between the fifties and sixties (see Table 3 and Figs. 6,
7). During twenty—twenty five years, it was radically transformed by all its depth,
and by a series of parameters (primarily, by the factor of productivity of labour) it
occupied the leading position in the world, became one of the most competitive by
many agricultural products. And what is characteristic, the process of massed
modernization of farming by the factor of productivity of labour superimposed
temporarily on the process of modernization of agriculture by the land factor of
efficiency of production. Such combination of technological transformations indicated
the intrinsic entirety (as opposed, for example, to the Japanese pattern) of the process
of transformation.

The example of technological transformations in the agrarian sphere of the USA
convincingly demonstrates also such new phenomenon as that the penetration of the
achievements of STR into the agrarian sphere initiates the elimination of the
qualitative differences between both historically formed TMP; this process passes in
the form, figuratively speaking, of harmonization in the parameters of labour
productivity factor and the land efficiency factor of production, but it is clear so far
only for the initial “labour-saving” TMP, still slightly affecting the situation in the
countries, where the “land-saving” TMP was historicaslly initial.

Actually, the intercountry differences in the scale of technological changes by the
land factor of productivity for the different initial TMP impress in the age of STR no
less than the differences by the factor of labour productivity (compare the
corresponding indicators in Tables 1, 2, 3). Entering the age of scientific and
technological revolution with the yield of the secondary (for the USA) grain erop —
rice — of only 16.2 hwt/ha (the average for 1936-1940), i. e., the yield that only
slightly exceeded the half of that in Japan at that time (see Table 1), the USA in five
decades achieved the yield commensurable with the yield of the major grain crop of
Japan — 40.5 hwt/ha (1986-1990) that was 4/5 of the Japanese level (see USA
Statistics. 1950; USA statistics. 1992). But the major result consisted in the fact that
rice became the essential commodity in the agricultural export of the USA (above
50% of the available resources of rice is exported) that far exceeds by its
competitiveness the analogous commodity produced by the family farmer economy of
Japan. For example, in 1992 producer’s price for rice in the USA was 6.9 times lower
than that in Japan (see Japan Almanac).

But in the eighties, especially in the late eighties, the process of technological
transformations in the agriculture of the USA (if we consider the combination of
indicators, represented in Table 3) “slips” more and more at the same position. For
example, the crop yield in the grain farming reached the peak values (rather high in
some cases, particularly, in the feed crop production) and achieved the plateau; the
signs of stagnation appeared in the factor of productivity of labour (from the middle
eighties) though, evidently, for the indicators that were the highest in the world.

However, the seeming paradox of this technological stabilization consists in the
fact that the economic yield (efficiency of productive activity) in the agricultural
farming significantly increases rather than decreases. The vector of changes altered
its direction.

Actually, in the late seventies and the early eighties, more symptoms appeared
indicating the beginning of the transition of the agrarian economy of the USA to the
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new pattern of economic growth. The essence of these changes consists in the fact
that the output factor indicators of production in the USA agriculture significantly
increase with the sharp decrease of the values of input factor parameters. Thus,
according to the calculations of the US Department of Agriculture, the total value of
the production expenses in agriculture decreased in the late eighties to 87 points
(1988-1989), with 100 points in 1977 and 103 points in 1980 (USA Statistics. 1992).
In particular, for the stabilization of the amount of applied fertilizers, the yield of
individual grain crops (for instance, corn, rice) sharply increased (compare the data
for 1975 and 1990 in Table 3), for the virtual stabilization of power capacity available
in agriculture (if we agree that the dynamics of per hectare power capacity provided
by tractors gives a clear impression of the dynamics of the total power capacity) the
productivity of labour increased (see Table 3)". Figure 7 presents the sufficient
expression of the fact that each energy unit, consumed in the agriculture of the USA,
provided more and more productivity of labour. It is characteristic that the total
expenses for the mechanical energy and engines significantly decreased (their index
reduced to 73 points (!) in 1989 as against 100 points in 1977). The index of the gross
agricultural product increased by 12 points to the early nineties (1988-1990) (USA
Statistics. 1992). Thus, the case was that the yield of product increased with the
decreasing capital intensity of production.

If we consider the dynamics of efficiency of production in the agricultural farming
of the USA, expressed by the ratio output/input within more or less protracted
historic period (since 1950, by the available data), we make sure that the tendency of
accelerating growth of the indicator of efficiency is definitely characteristic for the
USA, while the strong acceleration of its rate started just from the boundary between
seventies and eighties (that is expressed by the appearance of the curve of parabolic
type in the graphic display; see Fig. 8). Such phenomenon became possible due to the
massed application of the scientific achievements in the agricultural practice.
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Another characteristic feature of the new pattern of growth is the qualitatively
new (significantly more efficient) mechanism of saving of the used resources of
production, both man-made and natural, with the significant growth of the yield of
product per the unit of expenses. It is the formation of such mechanism of saving,
based on R&D, that enables us to speak about the agricultural progress as the
development of the determinant effect of the scientific factor in the economic growth
that transforms the reproduction process in the agrarian sphere of the USA ever
more actively. In our scheme, the forming new pattern of economic growth
corresponds to the science-intensive stage in the evolution of agrarian sphere.

We should note two remarkable facts with respect to the socio-economic evolution
of the system of farming in the agrarian sphere of the USA. By the early eighties, at
the farms of the USA the category of product that was earlier assigned to the
intrafarming needs in nature (so called “home consumption”) virtually disappears,
and the greatest shift in the direction of overcoming of the residues of subsistence
economy relations in the USA agriculture takes place within the period until the mid-
sixties. Henceforth, all product produced at the farms of the USA (total 100%, by the
data for 1990) is sent to the market and all product consumed at the farms
(productive and personal consumption) comes from the market. In other words, we
can already speak of the formal termination of the process of formation of the market
economy in the agrarian sphere in its farmer and capitalist versions.

The second fact concerns the changes in the proportions between these two
categories of farming. The sharp increase of the per farm average land area in the
farmer economy began essentially from the late fifties. But until the early seventies,
this process was not accompanied by the change in the social proportions of the
employed labour, basing primarily on the application of own labour of farmer; the
latter provided approximately 3/4 of all expenses of live labour in the farming
(compare the data on the specific weight of the hired labour in Table 3). It is
absolutely clear that this reasult could be achieved only by the intensive
mechanization of the agricultural operations. The capitalist farming, based on the
hired labour, began to displace the properly farmer one only from the early seventies,
when the average size of the farm significantly increased (approximately to 180 ha;
see Table 3), and the total expenses of live labour decreased. Until the early
seventies, the displacement of the own labour of farmers from the agrarian
production in the USA proceeded, on the whole, adequately to the displacement of the
hired labour, but since this moment (i. e., since the early seventies) the relationship
in the social structure of the employed labour changed in favor of the capitalist
farming. In other words, the noticeable shift occurred in the agrarian sphere of the
USA from the system of farming, where the typically farmer economy is the
predominant element, to the system, where the capitalist economy appears to be such
element.

The same changes initiate us to make one more conclusion of fundamental
importance: with the spreading of STR in the agriculture of the USA, such economic
source of growth of efficiency in the productive activity on land as the application of
the advantages of the economy in scale appears more and more actively. It is the
optimal enlargement of production, which conditions are formed, among other things,
due to the existing system of land relations (free mobilization of land in the required
size), that enables to realize the available resources of production in the farmer
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economy with the maximum efficiency.

Russia

The analysis of corresponding package of data on Russia represent the specific
difficulty. Thus, the considered above indicators on Japan, India (Punjab state) and
the USA express only that we could refer to as the natural type of evolution, its
parameters are determined by the logic of process of development of productive forces
in their industrial and postindustrial form, the logic to which, in turn, the logic of the
dynamics of the economic system corresponds. In the agrarian sphere of Russia, on
the contrary, the natural type of evolution was interrupted (after 1917) by the large
scale process of political violence over the economic processes. The gradually
strengthening market regulators were replaced by the administrative and command
centralized system of agricultural management that suppressed, among other things,
the mechanism of its feedback, namely, that which under natural conditions correct
and direct the process of the development of farming, being realized through the
market. As a result, during all period of supremacy of communist system in Russia
(with the partial exception of the short-range period in the twenties), the changes of
both technological and socio-economic character in the agricultural farming of Russia
were determined to the great extent by the factors lying beyond the market
regulation. In such circumstances, the conditions of economic growth in agrarian
sphere formed themselves as the funcion with respect to “bare” will of the power itself
that appeared as the state system of extra-economic compulsion, or, for example, as
the system of “state supervision” embracing all space of agrarian sphere.

In spite of the principal differences between both considered types of economic
systems (market economy and “administrative and command” economy), we can
perform certain comparisons by the factors of reproduction process.

In Russia, as in the USA, we can discriminate in the considered period (by the
character of changes in the major parameters of TMP) several large stages in the
techno-economic evolution of the agricultural farming. Until the early thirties, we
deal in Russia with the traditional (peasant) farming (which, for example, was
referred to as the “semi-subsistence” economy in the CPSU documents of that time).
TMP, which was intrinsic to this type of farming, is adequately characterized by all
combination of quantitative indicators, given in Table 4, — the indicators of
application of technical means, power availability, productivity of labour, crop yield
and level of commoditisation of production. The same data indicate that TMP, which
was predominant in the twenties, underwent in some components as though the
“reverse” evolution: as a result from the large-scale “black reallotment”, followed the
revolution in 1917 and desrtoyed almost completely all accumulated productive
potential of the highly marketable economy, subsistence economy relations got the
strongest impulse (for example, in the grain branch of agriculture the share of the
marketed produce in gross grain output decreased by more than two times in
comparison with the prewar years; see Table 4) that indicated the significant
reduction of exchange relations between the industry and agriculture. Nevertheless,
it was the semi-subsistence peasant economy that should become the social basis for
the formation of the economy of farmer type under the conditions of natural
evolution.

With the beginning of collectivization (the boundary between twenties and
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thirties) in Russia, an attempt was made to pass “in the shortest time possible” from
the TMP, characteristic for the semi-subsistence peasant farming, to the TMP (within
the framework of “socialist” relations of production), where the advantages of the
economy of scale open up in full measure, i. e., in accordance with our scheme, to the
capital-intensive stage with the increasing labour-saving effect. “The shortest
possible time” failed — the modernization of agricultural farming by the factor of
productivity of labour, though arising (the thirties), started skidding for a long time
{essentially, until the late fifties, if we consider the indicators of the most mechanized
branch of agriculture — grain farming) at the same position (we should, however,
take into account the destructive residual effects of invasion of German faseist troops
into the European Russia during the war of 1941-1945). Only at the boundary
between fifties and sixties, when the scientific and technological revolution was
already gaining fresh energy in the USA farm economy, the stable growth of
productivity of labour was clear in Russia’s agriculture. The major technological
changes, resulted in the increase in the efficiency of land, began to take place only
from the sixties (see Table 4). It is this decade, when the most significant (for all
history of the “construction of collective and state farming”) increase in yield of grain
crops occurred™®,

Thus, though the social revolution, which destroyed the individual peasant
farming to its ground (compulsive collectivization), was performed less than in a
decade, the technological “pretransition” embraced no less than three decades in the
agrarian history of Russia, and it revealed itself to the rather moderate extent only in
the form of changes by the factor of productivity of labour. The saving of resources of
production was still far.

In the combination of factors, characterizing the economic growth in the agrarian
sphere, the major achievement of that period was the jumpwise change in the yield of
the marketed product in agriculture: for example, in the grain farming the share of
marketed produce in gross grain output increased under the influence of the system
of extra-economic compulsion in different forms (“obligatory supplies” of the product
to the state; understated prices for the grower; gratuitous, i. e., free “social” works,
etc.) during ten or fifteen years (the period of “socialist reconstruction”) by more than
three times — up to 40%—45% (and “froze” at this level during five decades — until
the late eighties — see in Table 4 the data on the state procurement of grain, which
covered from 90 to 95% of its total marketed volume before the early eighties).

The cycle of technological transformations, initiated in the sixties, continued as
the forward motion until the eighties (by different parameters — until the early,
middle, or late eighties) as was the case in the USA, but its results with respect to the
economic growth in the agrarian sphere were principally different in both countries.

There was no synchronism between two aspects of technological change in the
agrarian sphere of Russia. If we consider the data on the major branch of
agriculture—grain farming, agriculture in Russia very soon (the early seventies)
achieved the stage of “plateau” by the land factor of efficiency of production, and it
was necessary to saturate during fifteen years the sphere of grain farming with more
massed doses of mineral fertilizers (and other technological means) in order to
support this state of “plateau” at the comparatively low level of yield (see Fig. 9, and
also the data in Table 4) as was the case with Punjab in the middle and late
seventies'?. (The effect from such increase of expenditure of material resources was,
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however, minimum: the annual harvests of grain in the eighties — during the Five-
Year Plan period from 1981 to 1985 — were on the average below those achived in
the second five-year period of the seventies and they scarcely surpassed this level
during the Five-Year Plan from 1986 to 1990.)

The changes by the factor of productivity of labour had their peculiarities. The
massed investments into the agrarian sphere in the seventies and eighties sharply
increased the capital intensity (“fund intensity” as it is referred to in the “socialist”
political economy) of production and, subsequently, resulted in the significant
reduction of its capital output (“fund output”). For example, the index of output of
agricultural product from the collective farms per each 1000 rubles of fixed capital
used in agriculture of the USSR was as follows (in the comparable prices of 1973):
100 (1970), 62 (1975), 45 (1980), 37 (1985), 30 points (1990) (calculated on the basis
of: National Economy of the USSR. 1985; do. do. 1990). At the first stages of the
industrial growth, such dynamics of capital output normally indicates the situation,
where the productivity of labour increases with the decrease of population employed
in the process of production in agriculture.

But the following two circumstances just draw our attention. Although the
productivity of labour, expressed by various indicators, continued to increase (though
rather irregularly during the individual periods) at least until the late eighties (see
Table 4 and Figure 10), more energy input were required per the unit of increase in
the general productivity of labour (in the grain farming — see Fig. 10 — the
transition from the saving type of energy consumption to the “wasteful” type occurred
at he boundary between the seventies and eighties). The second circumstance
consists in the fact that during twenty years of “industrial jerk”(1970-1990) the
quantity of workers, employed by the productive activity on land (in the socialized
economy of collective and state farms, and in the interfarming enterprises during last
decade), decreased very insignificantly — only by 11.5%, and by 19% during all period
of technological transformations (since 1960) (the corresponding data for the agrarian
sphere of the USA are 33.2 and 57.2%, respectively).

Apparently, we can make an assumption that both the USA and Russia, initiated
the realization of the major part of technological transformation in their agrarian
spheres approximately at the same time (since the sixties), later on appeared at the
different levels of motion; the vectors of their techno-economic (to say nothing about
socio-economic) evolution diverged more and more, very rapidly in the seventies and
impetuously in the eighties. Within the framework of the USSR, Russia failed to
solve the central problem of industrialization of the agricultural farming — to create
the most effective production (allowed by the character of the industrial productive
forces). The process developed more likely in the reverse direction: the increasing
expenses of material (and financial) resources were not accompanied by the adequate
economic output; the efficiency of economy did not increase, but decreased: at least
since the late seventies, increasingly more resources of production were virtually
spent per the unit of the agricultural product. We can suppose that it is the economic
system, resulted from the collectivization of the peasant farm economy, that
obstructed the possibility of the adequate economic and technological (productive)
realization of already high accumulated productive potential in agriculture (that
became especially clear in the eighties). And this is the symptom of crisis of the given
system.
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Since the early nineties (and since the late eighties by some indicators), we
observe some shifts in the basic parameters of the economic growth (see Table 4), but
they are the subject of a special analysis that is beyond the possibilities of this
article. However, we should mention here one phenomenon.

Paradoxical is the fact of stabilization, lengthened by five decades, of the level of
marketability of economy in the major branch of agriculture — grain farming that
corresponds, according to our scheme, to the parameter, characteristic for the petty
commodity production. And this is in spite of the fact that the agrarian sphere of
Russia underwent great transformations of the technological basis of agriculture
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during this period, it moved forward, though with the wasteful expenses, by the way
to the labour-saving stage of development, and the economic growth in its agriculture
became firmly dependent on the conditions of intersector exchange®. This historic
paradox seems to get the full-fledged account only from the special investigation of
the terms of trade that involves the agricultural farming. But paradoxical in the
agrarian sphere of Russia is also the fact of reduction of power of the all-powerful
state, the virtually monopolistic purchaser of the product from the agricultural
producers. Since the eighties, the state purchases have the trend to reduction, falling
to 26% of the total grain harvest in the early nineties. It is the food problem, this
painful center of the social existence, where the crisis of the departing economic
system appeared with the greatest sharpness. In fact, it developed against the
background of the economy of Russia, which was increasingly dependent on the
foreign food supplies (especially grain) during the last decades.

As to the problems of food import, only the data on the former USSR are available
to us. They indicate that if in the middle sixties, when the Soviet state performed the
massed grain supplies from abroad for the first time after collectivization, these
supplies were, according to the data from the Central Statistical Board, only 10.9% of
the value of internal state purchases of grain (1963-1966), this share increased up to
40% in 1980, to 60% in 1985 and to 47.3% in 1986-1990. In other words, during the
last decade of the USSR, approximately 1/3 of the commodity grain stock, controlled
by the state, was formed on account of the foreign supplies of grain.

To Sum up

The abovementioned facts give a clear evidence that the science and technological
revolution, that has embraced the agricultural farming since the middle of the
current century (in the USA by a decade earlier, and in many developing countries, in
India in particular, by a decade and a half or two decades later), performs a profound
upheaval in farm economy, transforming it up to its roots. However the country-wise
results produced by STR, are far from being identical.

The facts prove convincingly,that the technological potential created through STR
can be exposed in its entirety only provided the type of farm economy, adequate to the
character of this potential, is formed, which, among other things, could accomplish
self-regulation through market mechanism, supported, only in this function, by the
state (the corresponding contrasts between the agrarian systems of the USA, on one
hand, and Japan, on the other, are a clear example for this). On the contrary where
the state starts to substitute its administrative (actually power) activity for economic
activity of the private agricultural producer, involved the methods of extra-economic
compulsion with respect to the latter (these can include also the performance by the
state, of the function of monopsony on the market, to the detriment of the bona fide
farmer), the economic environment, adequately corresponding to the requirements,
determined by STR, can not take shape. For example, within the framework of the
USSR, Russia failed to solve the problems in her agrarian sphere that determined by
the very nature of the industrial type of productive forces.

Intercountry comparative analysis reveals also a remarkable regularity for initial
“land-saving” technological mode of production, in which zones the scientific and
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technical progress paves the path largely through the development of land factor of
efficiency of production: the motion of farm economy towards such a fundamental
goal as the increase in labour productivity at par with that in other economic sectors
producing material product, has been progressing with great difficulties and is
distinguished up till now with meagre results (India, Japan). Therefore, since the
beginning of the age of STR the gap between different countries involved in the
process of STR, by the labour productivity factor of growth becomes, as the course of
the technological transformations goes on, ever more wide. Moreover, the
consequences aroused by the agriculture falling behind in labour productivity factor
of production is felt ever more painful for the society, especially in the context of
world economic development.

As for Russia’s farm economy, one of the fundamental lessons of her agrarian
history for the last seventy years consists of the fact that the regeneration of the
motivation to the efficient labour and the productive accumulation becomes the
imperative need of the development of her agricultural system,; it is this background
against which, among other things, the special significance in the transition of
today’s Russian agrarian sphere to the system of farmer economy is to be estimated.

Notes

(1) For instance, according to the report of UNCTAD, “during the period of the
sixties and seventies, the national economies united with each other and with
the world market ... the share of export in gross domestic product in all
countries of the world, as a whole, increased approximately by two times and
achieved 20% ...” (UNCTAD Report, 1987, p.28. Translated from Russian).

(2) E.E.Yashnov was one of the first who suggested (by the example of China)
the fundamental theory on of the concept of “land-saving” technological mode of
production as opposed to the “western”, “labour-saving” analog (Yashnov. 1933;
about the theory of E.E.Yashnov see Mugruzin. 1984). Afterwards, many
scientists returned to the problem of differences between the technological
modes of production of “East” and “West”, for example, Seiichi Tobata (Tobata.
1958), G.Murdal (Murdal. 1970), Yujiro Hayami and Vernon W.Ruttan
(Hayami, Ruttan. 1971).

(3) For the characteristic technologies of the science-intensive stage in the
agricultural development see: Agriculture. 2000.

(4) The detailed analysis of achievements connected with the scientific and
technological progress in the agriculture of Japan is given in the study:
Markaryan. 1987.

(5) Moreover, in the seventies, as the investigators note, the “green revolution”
technologies (of the “first generation”) essentially achieved the marginal border
in their productivity. In the mid-seventies, the increased cost of production
(because of the “price revolution” on the energy resources markets) “became a
major concern due to the stagnation in yield levels”. “Farmers were trying to
maintain their yield levels by applying higher and higher doses of fertilizers”
(Gulati, Sharma. 1990). Figure 4 quite clearly displays the extent of efficiency
of these efforts.
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(6) With respect to the late eighties, the investigators pay their attention to the
formation of “showing signs of sluggish growth” both in productivity and
production as a whole (Sidhu, Sidhu. 1992); to the “stagnation of farm
technology” (Ball et al. 1991).

(7) “It was also found that the operating points in the highly productive areas
were nearer to the flattening part of the production surface that means the
further growth in such areas demands more of the new technology rather than
just making the fine adjustments with the available technology” (Singh, Kaur.
1992). Let us recall the example of Japan: what a striking agreement we see
between the problems!

(8) Approximately the same periods are discriminated by K.Singh and K.Kaur
(1992), distinguishing them by the type of predominant capital investments in
agriculture — “landesque” and “labouresque” that are concentrated around
land and labour, respectively.

(9) The passing note. From the branches of grain farming, represented in Table
3, the transforming effect of STR to the greatest extent influenced the corn
farming — one of the basic branches of feed production. On the contrary, the
wheat producion, which potential of growth is primarily restricted by the state
(for example, by means of subvention of farmers under their obligation not to
enlarge the planting area under this crop) was significantly less affected by this
revolution, especially with respect to the factor of productivity of the crop.
Therefore, in the development of farming, producing the crop that is
“unsuitable” for the state (it requires the ineffective expenses), the most
emphasized is likely to be the factor of productivity of labour, i.e., the reduction
of costs of production (because we should keep in mind the extremely strong
competition at the world wheat markets).

(10) Here we should make an essential reservation. The indicator of yield of
grains changed so significantly during the period from 1965 to 1970 (i.e.,
virtually from 1964 to 1971) not only as a result of the application of new
technological means, but also likely because of the change in the practice of the
account for the value of yield: instead of estimating the grain harvests in the
category of “storehouse harvest”, the estimate of harvest by the “green shoots”
was used since 1965.

(11) The dynamics of efficiency of production in the cattle farming was no less
remarkable. After Stalin passed away with his plainly terrorist regime of extra-
economic compulsion of agricultural producers, during only five years the milk
yield per cow increased in the socialized farming by 72% and achieved 2062 kg
in 1958, according to the data of the Central Statistical Board. During the next
27 years, the cattle farming of Russia firmly “stuck” at the stage of the
“plateau” (and that was with so small average milk yields per cow!): by 1985,
this indicator increased only by13%. At the same time, the increase in the milk
yield per cow in the socialized economy of Russia was zero during the period
from 1970 to 1985!

{(12) If we consider the original statistical data on the degree of mechanization of
labour in the grain farming, already in the sixties, to say nothing of the
eighties, the level of its marketability (40—45%) is in a striking disagreement
with the industrial potential accumulated in it.
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