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THE words technical change tend to give an impression of some
thing connected with machines. In their present context, how- · 

ever, the words are used in a broader sense to include all kinds of 
innovation produced by the mental ability of mankind and aimed 
at contributing to increased efficiency of production. Thus, changes 
effected by breeding and improvements in cultivation and in the feed
ing of farm animals are included, as well as the invention of new 
machines and implements. On the other hand, changes in the social 
structure, land tenure, &c., in spite of their effects on agricultural 
efficiency, are generally not included. It is clear that interdependency 
exists between technical development and social forms, but when 
analysing technical change it is always desirable to isolate its effects 
from those of social change. 

The late A. W. Ashby, whose personality was so central in our 
previous Conferences and whom we now deeply miss, said once that 
since man made his first inventions the Creator's activity has con
tinued through the work of man. The inventions of mankind have 
widely exceeded the limits of normal understanding, especially during 
our generation. An enormous number of inventions and discoveries 
are now benefiting agriculture, and they are mostly international 
property. Thousands of scientific institutions are at work continu
ously on improving techniques. 

We must make a distinction between the level of technology 
and the practical application of techniques. There is always a gap 
between them. Lack of knowledge, of initiative, or of capital retards 
the adoption of innovations in agriculture. There is always some 
uncertainty about the real utility they may bring. In our age new 
inventions regularly undergo experimental testing under public 
sponsorship, and reliable methods are recommended by organized 
advisory services. Technical testing, however, does not always prove 
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18 K. U. Pihkala 
that an innovation has economic advantages, and all kind of tech
nical innovations have to be considered on the basis of prevailing 
price-relationships and the structural conditions of agriculture. 

To describe all improvements in technology would involve us in 
too much detail without giving any conception of the significance 
of each of them. The question whether technology is well applied in 
the agricultural economy of a country or a region can be answered 
only if we know what would be its optimum use there. The basic 
data for an accurate estimation of this optimum are probably lacking 
in most cases, and even if we had them we should still have to choose 
between different alternatives. On the other hand, we may scrutinize 
the factual rise of efficiency in agriculture, and analyse its most 
important causes. We may not find out how completely the possi
bilities of technical improvements have been utilized, but the com
parisons between countries or regions with varying degrees of 
development may throw some light on this point. 

My undeserved privilege today is to analyse the effects of tech
nical change in the agricultural economy of Scandinavia. This wide 
area comprises some of the most highly developed agricultural regions 
in Europe, with a temperate climate, good soil, and skilled culti
vators, but it also includes other regions which in consequence of 
unfavourable climate, difficult topography, or poor soil are on very 
low levels of cultivation. Between the four countries which consti
tute the area, Denmark, Sweden, Norway, and Finland, there are 
remarkable differences in wealth, depending partly on unlike re
sources, partly on different history and political development. No 
one is extremely poor, however, forthe poorer agricultural resources, 
e.g. in Norway and Finland, are partly compensated for by fisheries 
and forestry. Manufacturing industries are well developed, especially 
in Sweden, which also owns rich mineral deposits. Thus, the per 
caput national income of Sweden, which amounts to 921 U.S. dollars 
(1952), exceeds those of Denmark and Norway by about 30 per cent., 
while Finland remains on a level at least 10 per cent. lower still. 

The land-tenure conditions are much the same in these countries. 
Owner-operated farms dominate everywhere; tenant farmers are a 
negligible minority, except in Sweden, where about 20 per cent. of 
the farmers are tenants. Measures of consolidation began rather early, 
and the scattered, narrow field-strips have generally given way to 
fewer larger blocks, though the degree of consolidation still varies 
a great deal, and in most cases is far from ideal. 

In earlier days the Scandinavian countries had more-or-less de
veloped manorial systems, and some large estates still exist to some 
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extent as relics, especially in Sweden and Denmark. At present, middle
sized (10-60 ha.) farms occupy more than two-thirds of the Danish 
agricultural area; Sweden is in about the same position (Table I). In 
Finland about half and in Norway about a third of the arable areas 
belong to the size-group 10-50 ha.; most of the Norwegian agri
cultural area is in small farms (less than 10 ha.). If part-time 
farms (up to 2 ha.) are omitted, the average cultivated area, not in
cluding natural meadows is 14·1 ha. in Denmark (1951), 13·7 ha. in 
Sweden according to a preliminary estimate, but only 8·8 ha. in 
Finland (1950) and still less in Norway 5 ·r ha. (1949). Between 1920 
and 1950 the average size of farms decreased, except in Sweden. In 
that country both public policy and economic as well as population 
trends have favoured the uniting of small, inefficient holdings. In our 
country the loss of territory in r 944 and the resettlement policy 
necessitated by it contributed much to the reduction of farm size. 

TABLE I 

The Average Arable Area of FarJJJs with More than 2 Hectares Arable 
Land, and Percentage of Total Arable Area on FarJJJs 1vith Less than 2, 

2-Io, IO-JO, and over JO ha. Arable or Agricultural Land* 

Average arable Percentage of the arable area of each country 011 

area 011 farms with farms with 
2 ha. or more <2 ha. I 2-IO ha. J IO-JO ha. I >JO ha. -

I9I9 I9JI (about I9 JO) 
Denmark 15'2. 14'1 0·7 i6·4 69·6t in+ 
Sweden 11·8 13'7 3'2. 26·4 49·1 21·3 
Norway 7'3§ 5'111 10·5 51·1 35·8 2·6 
Finland 10·49' 8·8** 5·1 39'2 50·9 4·8 

* The distribution into size classes is in Denmark and Norway according to agri
cultural area, in Sweden and Finland according to arable area. The figures for Sweden 
are based on preliminary estimation. 

t io-60 ha. :t: 60 ha. § i917. II 1949 g i920. 
** i950. 
Note: The declining area of permanent meadows is not reflected in area figures. 

The large expansion of agricultural production which has taken 
place in Scandinavia since the 187o's was first directed towards 
animal production, especially dairying. Increasing demand for these 
products at home and in the industrial areas of western Europe led 
to higher prices and stimulated the intensification of farming which 
was partly based on imported feeding-stuffs. As Skovgaard has 
pointed out, the invention of the milk separator and the continuous 
pasteurizing machine were very important in this stage of develop
ment. A wide network of creameries soon freed a great deal of 
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agricultural labour which could then be used to increase animal 
production. The mower was introduced during the same period. It 
saved about 20 man-hours per hectare and was the first of the modern 
machines to spread rapidly through Sweden and Finland. The horse 
rake followed, contributing to labour saving by almost as many 
woman hours. 

TABLE II 
Numbers of Some of the More Important Agricultural Machines around 

I9JO (in thousands)* 

Trac- Seed Mowing· Rea- Bin- Com- Thresh. Potato Potato Milking-
tors drills mach. pers ders bines ma ch. plant. diggers ma ch. ---------------------

Denmark r7·8 .. 128·8 3·0 III·O 0·4 146·1 4·2 15·9 83·1 
Sweden 46 160 250 Irt So 4 II5 4 18 So 
Norway 9·7 36·5 n3·1 .. 11·2 .. 37·1 1"4 27·6 6·4 
Finland 14"5 . 63·2 175•2 19·3 2·4 .. 94·7 .. 37·3 4·2 

• Source: Agricultural Censuses, Norway 1949, Denmark and Finland 1950. Sweden: Estimate of 
A: son Moberg 1948-49. 

t Figure of 1944 Census. 

The use of the threshing-machine, which saves at least 40 man
hours per ton of grain, spread from about 1870 on the larger farms 
especially in Denmark and Sweden. Before the First World War the 
steam-engine predominated, and small farms, unless they put up 
with less efficient horse-power machinery, could utilize machine 
threshing only co-operatively. Later the internal combustion engine 
and the electric motor facilitated its wider use. Thus, whereas in 
Denmark in 1907 only 3 5 per cent. of the farms used threshing
machinery, the percentage in 1923 was 50. In the early 1920's there 
were about 20 threshing-machines per hundred farms in Finland. 
Now there are 36, and at least 72 per cent. of farms-practically all 
the grain-growing farms-are served by them. 

Seed-drills first appeared in Denmark and Sweden about the same 
time as threshing-machines. In Denmark (1923) about 43 per cent. 
and in Norway ( 1918) 20 per cent. of the farms had them. In Finland 
their use spread later. Only 6 drills per hundred farms were recorded 
in 1920. Now the figure is 27, and if we can rely on statistics, they 
are available to 3 1 per cent. of our farms and 5 9 per cent. of Swedish 
farms. 

Grain harvesting has undergone an enormous change, although 
the old methods, especially in the reaping of bread grain, may still 
be seen in remote regions. Cutting with sickle, which demands about 
so hard woman-hours per hectare, was first gradually superseded by 
scythe work which needed only 20 man-hours. The side-delivery 
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reaper was introduced later on middle-sized and large farms, thus 
saving a further l 7 man-hours or so. The era of this machine began in 
Denmark and Sweden about l 890, and lasted roughly up to the end 
of the First World War. In Finland these machines were rare until 
then though their use has expanded since. The binder, which saves 
about 30 additional woman-hours, earlier used for binding of sheaves 
-a task perhaps not so necessary-still flourishes in Sweden and 
Denmark today. 

The use of the combine harvester was regarded at first as im
practicable in our conditions. But during the last few years, not only 
the machine itself but also people's opinions about it have undergone 
a radical change. There is no risk in using it given adequate equip
ment for artificial drying. In Sweden in 195 3 for the first time more 
combine harvesters were bought than binders, and the total number 
acquired since 1938 is now about 13,000. In each of the three other 
countries the number of combines exceeds a thousand and is rapidly 
increasing. In Finland no proper binder period even existed. 

The potato harvest demands nearly l 30 man-hours less per hectare 
when the simple potato digger is used. Complete harvesters save 
about 50 hours more, The former machine has been in general use 
since the. 192o's, but handwork is still common on small fields. In 
Norway, for example, about 27 per cent. of the farms with more than 
2 ha. still used hand-tools in l 9 5 3, and l 5 per cent. used horse 
ploughs. 

The efficiency of all kinds of field-work has greatly increased with 
the expanding use of tractors and tractor implements. Sweden is well 
ahead with its l 20,000 tractors at the beginning of this year. Denmark 
now has about 6 5 ,ooo, Finland 3 5 ,ooo, and Norway about 2 5 ,ooo. 
The use of tractors has gone farthest in eliminating horses in 
Sweden, having supplanted 183,000 working horses since 1937. In 
Denmark horses have decreased in number by 87,000, but in Finland 
and Norway by only 14,000 and 6,700 respectively. The elimination 
of horses is naturally a slow process, and cannot proceed very far in 
regions of smallholdings and forestry. 

Much human labour has also been saved in animal husbandry. 
As barn-work is regular daily work, such equipment as milking
machines, water-pumps, and manure removers cause remarkable 
saving of time. The milking-machine alone is estimated to save 50 
man-hours a cow. Speeding up milk transport or leaving it to truck
owners also reduces the daily work. When tractors displace horses, 
the care of animals requires less time. 

Expectations about saving labour, however, are not the same every-
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where. The use of most modern machinery is not so advantageous on 
small farms as it is on larger ones. Co-operative use is necessary and 
waste of work-time cannot be avoided. In Norway about 15 per 
cent. of the farms have unfavourable terrain. In Finland open ditches 
hamper field operations with large machines. Small fields of irregular 
shape are common in some parts of Finland, Sweden, and Norway. 
In addition, the fields are often stony, sometimes to such an extent 
that the use of modern machines is quite impossible. In some stony 
districts in Finland, for example, all labour-use figures are very high. 

In spite of estimates of the normal performances of machines, the 
aggregate work-time saved by them is not easy to calculate. The 
statistics report the number of machines but do not say how they are 
used, and though the number of farms using certain machines is also 
given sometimes, a quantitative estimate is very difficult. I may 
quote some figures to indicate the normal saving of labour, and com
pare them with statistics of the labour force in agriculture. 

Thus, the first stage of mechanization in the Finnish system of 
agriculture, i.e. the adoption of the threshing-machine and two-horse 
machinery in the 192o's may have caused a reduction, according to 
standards of performance, of about 70 man-hours per hectare of 
arable area. If the unavoidable waste time is added, we may calculate 
80 or 8 5 man-hours. 

The next stage of mechanization was the introduction of the 
binder, though a few tractors were taken into use at about the same 
time. At first they were used only for ploughing and other tillage 
work, by which a reduction of from 8 to 10 man-hours per hectare 
was possible. Using a tractor for harvesting and transport saves still 
more labour. Thus, in Sweden, according to Hyrenius, on farms of 
different sizes, from 1 ·6 to 2 · 5 man-days per hectare are saved in that 
way. In addition, the elimination of horses, to the extent that has 
occurred in Sweden for example, would save about 7 man-hours on 
animal care per hectare. If the milking-machine is taken into account 
at this stage, about 2 5 man-hours per hectare in Scandinavian con
ditions would be added to arrive at the total reduction in labour use 
when compared with the previous stage. It will amount to about 50 
man-hours or, corrected for waste time, about 60. 

The beginning of the next stage of mechanization may mean, first 
of all, the introduction of a combine harvester. According to the 
investigations of Det land0konomiske Drifts bureau, harvesting with 
combine requires only from 7'5 to 11·2 man-hours per hectare de
pending on the weather, while the use of a binder requires 41·3 
hours (in Denmark). If the grain crops cover 3 6 per cent. of the fields, 
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the reduction of labour use is 11 man-hours per hectare. We lack 
sufficient empirical material to estimate the effect of other modern 
machinery, such as the increasing size of tractors and the widening 
breadth of various field-machines. 

Attempting to measure the effect on overall development is ham
pered by the fact that adequate figures about labour force in agri
culture exist only for very recent years. We have to turn, therefore, 
partly to population statistics and partly to records from book-keeping 
farms (Tables III-V). If the working population is related to the 

TABLE III 

The Adult Working Agricultural Population per IOO Hectares of Arable 
Land* 

Denmark Sweden Norway Finland 
---

a b (J a c a b 
1920 16·5 l7'2t 25·4 42·9 . . 52·1 .. 
1930 19·6 18·2:j: 25·2 39·0 50·5 50·4 .. 
1940 20·3 .. 20·2 37'8§ 46·3 44·7 32·1 
1950 18·3§ 14·3 14·6 30·8 39·7 37'5 31'5 
1952 . . 13·6 . . . . 37·7 . . .. 
* Sources: a = population statistics. b = labour force statistics of agriculture. 

c = Norges Nasjonalregnskap. The figures, especially of population statistics, of suc
cessive years are not always fully comparable. 

t 1923. :j: 1934. § 1946. 

TABLE IV 

The Labour Force on Farms of Different Sizes in Full:Jear Workers per 
IOO Hectares of Arable or Agricultural Land* 

Farm size Denmark Sweden Norway Finland 

r923 I9J4 I9JI I94J I9J9 r949 I9JO 
2-5 29·5 37·1 41·9 32'9 75·7 68·1 81·5 
5-10 23·6 24·5 21·2 20·2 46·8 44·9 42·6 

I0-20 19·8t 
} 17'6 I 3·6 {I~:~} 31·7 27'4 26·5 

20-30 17·6:j: 
22·5 19·6 { 19·1 

30-5o 14·4§ Ip§ I0·7§ 8·1 16·0 
50-rno 12·311 12·911 8·611 7·5} 18·6 17·1 { 14·7 

JOO 10·4' 11·9' 8·7' 8·o I 5 '7 --- ------
Average . 17'1 18·2 14·3 14·6 46·6 42·4 36·2 
Compar. aver.** 18·8 19·9 16·9 14·6 34·8 31· 5 31·4 

* The casual workers included, converted to full-year workers, except in Finland 
and in Sweden, whose figures are from population statistics. 

t 10-15 ha. :j: 15-40 ha. § 30-60 ha. II 60-120 ha. S" 120 ha. 
** Averages are calculated assuming similar farm-size structure as in Sweden 1944. 
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arable area, we find that since 1920 decreases varying from 4 to 14 
persons per hundred hectares, or from l 9 to 3 3 per cent., are recorded 
in these four countries. Assuming that units of population statistics 
represent full-time occupied persons, we may calculate per each unit 
a decrease of 3 man-days per hectare. Thus, in Norway and Finland, 
for example, a reduction of not less than 3 6 and 42 man-days per 
hectare, and in Sweden 30 working days, were within the limits of 
probability. The least decrease with this method of calculation is 
found for Denmark with only from 8 to l 2 days, but the basic data 
may not be fully comparable. 

TA.BLE v 
The Use of Human Labour in Agriculture on the Book-keeping Farms, 

Converted Man-dcrys per Hectare 

r922-4 r929-p r936-8 r948-JO I9JI-2 

Denmark 45' 2 42·7 39·2 34·2 33·9 
Sweden 38·7* 33·0* 26·7* 29·8t .. 
Norway .. .. .. 59·7 54·5 
Finlandt (a) . 42·2 40·1 39·8 37'6 33·9 

(b) . 5 5·7 51·8 49·0 47"3 37·6 

* About 60 larger farms in Middle Sweden, 1922-5, 1929-32, and 1936-9. Corrected 
to 9-hour days. 

t 'Standard average' of book-keeping farms, assuming the farm-size structure of 
1944, farms under 5 ha. omitted. 

t (a) = published averages, corrected to 9-hour days and using unaltered ratio when 
converting woman and child labour. (b) = 'standard averages', assuming the pro
portion of different farm sizes to be the same as in agricultural statistics, farms under 
5 ha. omitted. The Finnish figures are calculated per hectare of 'converted agricultural 
area'. · 

The statistics of book-keeping farms which give the time taken 
over ordinary farmwork do not fully confirm such large reductions 
(Table V). The complete series from Denmark and Finland show 
decreases of n·3 and 18·1 adjusted 9-hour man-days respectively 
between 1922-4 and 195 l-2. Since 1936-8 decreases of 5·3 and 11·4 
man-days respectively can be observed. Incomplete series from 
Sweden indicate a decrease of 12 converted man-days between 1919-
22 and l 9 3 8-40. If expressed in percentages, we find that the 
decreases in Denmark were 2 5 and 14 per cent., in Finland 33 and 2 3 
per cent., and in Sweden 3 l per cent. 

We find that the actual reductions in work-time generally exceed 
these resulting from the full use of machinery. We have still to take 
into account many other factors. Much labour formerly used in home 
crafts, in processing, and in transport, is now saved when purchased 
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goods and services are more and more used. Thus, even such a 
substantial part of agricultural production as drying and cleaning 
grain is taken up by commercial firms to a remarkable extent. In 
addition simplification of work methods and improvements in drain
age, buildings, and roads may have played a part. 

The interesting problem of how farms of different sizes may have 
contributed to the reduction I can mention only in passing. In our 
country the figures of book-keeping farms show that though the 
largest proportional reduction is in the size-class z. 5-5 o ha., the farms 
in the size-class 5-10 ha. can show nearly as large a reduction. In 
Denmark the farms of less than 10 ha. have done more than others 
to reduce working hours. 

The efficiency of labour has risen even more than the figures of 
reduction per hectare indicate. The fact is that production both per 
unit of area and per animal unit have increased simultaneously which 
of course has increased the labour requirements. 

As a common measure of production per unit of area, the term 
crop unit (equal to 100 Scandinavian fodder units) is here generally 
used. Both in Sweden and Denmark, the yield from about l 870 to 
l 890 was 14 or l 5 crop units per hectare of arable or agricultural land. 
It rose during the first two decades of this century, in Denmark up 
to z.z., and in Sweden to 17 or 18 crop units. At present, Denmark 
produces about 44, Sweden z.4, Norway z.6, and Finland l 5 crop 
units per hectare of arable area (Table VI): Since l9z.1-5 there has 
been a rise in yields, in Denmark of 48, in Norway and Finland 
37, in Sweden z.6 per cent. 

A part of the rise in yields is explained by decreases in fallow or 
by shifting to plants which give higher yields per area unit. Thus, 
the nearly ninefold expansion of root crops in Denmark between 
1870 and 1919 contributed to the rise of crop-unit yield by about 
6 units, while the total rise was 7'4 units. On the other hand, 
opposite tendencies in land use are discernible during recent decades, 
e.g. in Sweden. 

Reliable estimates of the contributions of different technological 
improvements to yield increases scarcely exist. Maybe the average 
effect of fertilizers in a great number of field experiments is computed, 
e.g. recently in Finland, or that a few estimations of the effects of 
plant breeding, plant protection, &c., have been made. It seems, 
however, that the total effect of the various factors cannot be divided 
reliably into components, though attempts have been made to do so. 
Thus in Sweden the total increase of hectare yields of grain crops 
since l 890 is credited half and half to plant breeding and fertilizers. 
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TABLE VI 

The Average Yields in Crop Units* per Hectare Arable Land and Com
puted Rise caused by Increased Use of Fertilizerst 

Crop 11nits per hectare Abso/11te changes 
Crop 11nit per hectare 

I92I-f I9}f-9 z9;z-4 Actt10/ rise Comp11ted rise 

a b c a-b b-c a-b b-c 
------------

Denmark 29·7 35·4 43·9 5"7 8·5 l"l 3·6 
Sweden 19"3 22·6 24·3 n 1"7 1°0 2·9 
Norway* 19"2 21·5 26·1 2·3 4·6 1°2 5·1 
Finland 10·6 14·3 14"5 3"7 0·2 o·8 1"9 

* Crop unit= lOO Scandinavian fodder units. 
* Hay from the meadow included as well as half area of them. 

t l kg. of plant nutrient is computed to give the following yield increases (in fodder 
units): 

N P20 5 K.0 
Denmark 19"4 4·4 4·0 
Sweden 14"4 5"7 4·0 
Norway 9 3 5 
Finland 14·1 5·6 3·1 

A careful estimation presented by a prominent plant breeder in Fin
land in l 940 attributes to plant breeding an average increase in hectare 
yields of grains of 7 per cent. between 1920-z and 1936-8. The total 
rise, which includes some casual fluctuation, is 40 per cent. The 
qualitative improvement in crops, as well as the introduction of new, 
more valuable crop plants, has also to be taken into account when 
estimating the significance of plant breeding. 

The effects of fertilizers may be computed from field experiments, 
but there is no real consistency between increase of yield computed 
in this way and actual development. In Denmark the real rise of 
yields is much larger than that computed on the basis of the in
creased use of fertilizers. In other countries, especially during the 
latter period, the actual rise is smaller. The differing weather con
ditions of the periods compared, as well as uncertainties in the 
statistics, may sometimes explain the inconsistency. Nor should the 
effects of the law of diminishing output be totally excluded, e.g. in 
the case of Norway. On the other hand, the larger crop increase in 
Denmark may be explained partly by plant nutrients derived from 
imported feeds, by good care of manure and by ample use of lime. 
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Improvement or deterioration in drainage may be very significant, 
for example in such a country as Finland, where good drainage is an 
important prerequisite of good crops, and where there are many open 
ditches which fall into decay rapidly and demand much labour for 
their maintenance. Underground drainage is also a necessity here, 
not only because it increases yields, widening the useful area and 
reducing weed damage, but also because it facilitates the use of 
modern machinery. 

The rise in yields per hectare, if attained with reasonable costs, 
increases the productivity not only of the land factor, but also of 
labour. According to Ringborg a 10 per cent. higher yield on a 
typical Swedish estate with 100 ha. of arable land is associated with 
no more than a 4·4 per cent. rise in labour use. Taking into account 
that the net yield-seed deducted-rises more, in this case 10·8 per 
cent., the productivity per man-hour rises by 6·1 per cent. because 
of the yield increase alone. These figures also help to explain what 
difficulties the regions and countries of low natural productivity have 
in competition with more favoured areas. 

Technical change in animal husbandry makes itself felt especially 
in increasing production per animal unit. This may be reached by 
new and better breeds, successful breeding of existing stock, or im
provements in feeding. The first attempts to improve stock generally 
is based on importing breeding animals to be used for crossing with 
native stock. Modern breeding principles were brought into use at 
the beginning of this century and breeding according to performance 
became the watchword, not latest in Finland. Herd-control work 
began about the same time and has had great significance, not only 
for breeding, but also for cattle feeding through education and 
advisory services. 

Whereas milk production per cow in Denmark and in Sweden, for 
instance, was about 1,200 kg., around 1870, it is now on average 
3,200 and 2,900 kg. respectively. Finland and Norway, with smaller 
cows, have statistical averages of 2.,480 and z,3 20 kg. a year. The level 
of control herds in Denmark and Norway is z3 or z4 per cent. higher, 
and in Sweden and Finland 34 or 3 5 per cent. higher; and a rise, 
varying from 17 to 60 per cent. has taken place since 1921-5 
(Table VII). 

If we care to estimate the significance of such increases in pro
duction per head, we may take Finland as an example. Our control 
cows in 1948-52 produced an average of 3,369 kg. of milk per cow 
with standard 4 per cent. fat content. This was 5 8 · 3 per cent. more 
than in the period 1921-5. 
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We have taken into account some rise in live weight, maybe from 

3 20 to 3 70 kg. The normal consumption of feed would thus have 
risen from 1,760 to 2,375 fodder units according to our standards. 
This means a l 5 per cent. reduction per kilogramme of standard milk. 

TABLE VII 
Average Milk Production (kg. per cow) and Proportional Use of Different 

Feeds in Control Herds or Other Herds on Similar Productive Level* 

Use of feeds, % 

Milk All Roots 
produc- Oil concen- and Ensi- Green Pas-

tio11 cakes /rates tubers /age Hay Straw fodder lure 
------------ -----------

Denmarkt 

1923-7 3,3 l 3 . . 27'1 30·2 .. 6·5 6·2 3·0 27·0 

1927-32 a M83 . . 26·7 29·7 .. 5·6 6·5 3 l ·5 
1927-32 b 3.470 . . 21·4 30·8 .. 5"4 7'0 35·4 
1935-8 3,669 . . 21·2 31·8 .. 4·7 6·6 35·7 
1948-52 3,85 5 . . l 5'9 32·3 .. 3'7 6·2 39·6 

Sweden 

1910-14 2,651 15·6 31·6 10·2 4·0 15'0 14"7 5'7 

I 
17'9 

1929-33 3,260 1I'3 25'5 u·3· 2·7 18·9 10·9 3·8 27'4 
1934-8 3,41 l 10'9 23·7 10·8 4·3 18·6 10"0 1"7 30·9 
1948-51 3,9 19 4·9 21·7 10"1 3·6 22·0 5·9 

36·7 . , 

Norway ,.. 
1922-6 2,177 . . 22·4 12'3 41·6 .. 23·7 
1935-9 2,529 .. 20·8 l 3·1 36·7 . . 29·4 
1948-52 2,897 .. 18·1 13·6 32·1 . . 35'7§ 

Finland 

1913-15 l,968 5'5 20·6 3'5 2·4:j: 47·1 .. 26·4 

2,128 8·o 31·6 
' 1921-5 19'4 3·4 2·7 14·1 .. 28·8 

1929-33 2,588 6·3 21·0 4·1 3'5 28·2 Il'O .. 32·2 
1934-8 2,812 5·4 21·4 4·6 5'5 28·3 8·9 .. 31·3 
1948-51 3,369 5·3 24·1 4'5 6·1 26·4 7'4 .. 3 l' 5 

* Milk production in Sweden, Norway, and Finland is calculated to standard 4 per 
cent. milk. 

t 1923-7 and 1927-32 a = averages of book-keeping farms. 1927-32 b = averages 
of control herds of Jutland. 1935 =weighted averages of control herds of Jutland and 
Zealand. 

:j: Figures in this column include green fqdder, skim milk used for milking-cows, and 
wood cellusa. (The last two items together do not exceed o· 3 per cent.) 

§ +0·5 per cent. 'auxiliary' feeds. 

According to calculations from book-keeping farms of 10-25 ha., 
with average milk production per cow of 3,400 kg., we assume 17 

adjusted man-hours per loo kg. of milk, of which 6 are for feed pro-
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duction and 4 for milking. If the time used for feed production and 
for milking are assumed to be in fixed proportion to production, and 
if the feed for young cattle and the work-time spent attending to the 
stock are kept constant, we find that the net productivity of human 
labour in dairy production has increased by 3 z per cent. 

There is, of course, an important presupposition to this con
clusion, namely, that the qualitative requirements of feed must not 
be substantially altered, resulting in more expensive fodder units. 
In fact this is not the case. In all Scandinavian countries the control
herd statistics show decreases in bought concentrates, especially oil 
cakes. On the other hand, there is increasing use of the most in
expensive feed-pasture-perhaps partly in consequence of the well
known efforts of grassland organizations. Remarkable expansion in 
the use of ensilage contributes in the same direction, and in spite of 
some decrease in straw feeding, even in Finland, where the use of 
home-produced concentrates is larger than before the last war, the 
average cost of the dairy ration per fodder unit is proportionally 
lower. 

In this connexion the significance of modern ensilage methods 
may be stressed, especially the AIV method invented by the Finnish 
scientist Virtanen and used increasingly in Scandinavian countries. 
This method, which is simple and inexpensive, can halve the losses 
in fodder units which exceed 30 per cent. in ordinary haymaking in 
our conditions, at the same time retaining valuable proteins and 
vitamins. The optimum use of this method is not yet achieved, 
at least in Finland, probably because leguminous grasses, which 
offer the best raw material for it, need more intensive cultivating 
than the most common herbaceous grasses. 

It has been pointed out recently by a Dane, S. P. Jensen, that the 
feed consumption of our farm animals varies considerably according 
to stall conditions (temperature, feeding system, &c.). Improvements 
in these may save food, as well as labour. The loose housing system, 
which has awakened much interest here, may probably be considered 
from both points of view. 

It would take too long to examine the effects of various other 
technological improvements. We could, for instance, find a remark
able rise in efficiency in swine and poultry production. We could 
examine the significance of advances in veterinary service, which we 
have to thank for the high standard of health of our domestic 
animals. We could perhaps calculate the economic significance of the 
fact that bovine tuberculosis, for example, is quite unknown in this 
country, and that contagious abortion has recently been eliminated, 
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and so on. This would lead us too far. Instead of that, some kind of 
summary about the effects of technical change is called for. 

I have not had time to make careful estimates of the rise of agri
cultural efficiency, as well as the components of it, for each of the 
countries of the area. Some estimates of the total rise of productivity, 
however, already exist, though not on uniform bases. Thus D0ssing 
from Det Statistiske Departementet has estimated the rise of net factor 
income in Denmark since 1865, at constant prices. Lindahl and co
workers have done the same in Sweden for the years from 1861 to 
1930. In Norway estimates from the beginning of this century are 
presented. The Finnish calculations made by Lindberg and later by 
the Central Statistical Office extend back only to 1926. In addition 
to these more-or-less official calculations some other interesting 
calculations for shorter intervals have been made. 

On the basis of the first of these calculations we find that the per ca put 
net income from agriculture in Denmark in 1925-9 compared with 
1865-9 was as 2·0 to 1·0. In Sweden the multiplier for the same time 
interval was 1 ·9. From the first five-year period of this century until 
1950-2, a 2·7-fold rise took place in Denmark. In Norway, between 
1900 and 1950, a 2·1-fold rise seems probable. Between 1925-9 and 
1950-2 a rise indicated by multiplier 1·87 is calculated on the basis 
of figures of Det Statistiske Departementet; in Finland the 1950-4 
income was 1 ·90 times that of period l 926-9. 

Some interesting calculations have been made in which the present 
is compared with pre-war years. They are based partly on general 
statistics and partly on the data of book-keeping farms. Using the 
data of Swedish 'total accounting', Holmstrom estimates the volume 
of production, 1953-4, as 112·1 per cent. of the corresponding 
volume in 1938-9 corrected for normal yields. The costs of pro
duction are 89·0 per cent., and the rise in productivity thus 26 per 
cent. The rise in net productivity of labour is 3 8 per cent. D0ssing's 
calculations show a rise in the productivity of labour of 5 l per cent., 
using 1950-2 for comparison. Production volume in Denmark has 
risen by 21 per cent. In Norway, where the volume of production 
seems to be on the average of 1950-1 to 1953-4, 5·5 per cent. larger 
than 1938-9, the rise of net productivity of labour is 32 per cent. 

In Finland the Central Statistical Office has computed the net pro
duction volume (average of 1950-4) to be 107·1 per cent. of 1935-8 
volume. If we accept an estimate based on population statistics, 
according to which the labour force may have decreased by 20·8 per 
cent.-which is hardly proved-we find a rise of 34 per cent. in the 
productivity of labour. This may be compared with recent calcula-
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tions by Suomela, which were made on the basis of book-keeping 
farm statistics. He found a 5 • 5 per cent. increase in the volume of 
production, but a 9·7 per cent. decrease in net productivity per hec
tare, while net productivity per hour of human labour increased by 
13·3 per cent. between the periods 1935-6 to 1938-9 and 1950-1 to 
1952-3. This was for unaltered farm structures, but as farm sizes 
did change during this period, his corrected calculation shows only a 
5 per cent. increase in net productivity of labour for agriculture as a 
whole on the basis of the book-keeping farms. 

It seems evident that the rise of productivity has been larger in the 
two countries which have the better agricultural resources, Denmark 
and Sweden, than it has been in Norway and Finland. In Denmark 
too, according to D0ssing, the larger farms have done better than 
the smaller, though the book-keeping statistics show satisfactory 
savings of labour also in the smaller size classes. 

As to the influence of the various technical changes, it seems that 
it is increased plant production that has played the most important 
role in Denmark. In Sweden the advanced stage of mechanization 
has been most important. In Finland and Norway it may be that 
increases in animal production have been relatively more important. 
Changes in farm structure both in Sweden and in Finland must be 
taken into account. In the former the change of structure has in
creased labour productivity, in the latter it has diminished it. 

Comparisons between the four countries indicate great differences 
in the natural conditions of farming. Norway and Finland have much 
less favourable conditions for the economic use of labour. Differences 
in yields per hectare are striking, especially between Denmark and 
Finland. It follows that if our consumer organizations insist on 
having the same price level for agricultural products as prevails in 
Denmark and Sweden, and if at the same time trade unions demand 
the same wages for agricultural workers, we are faced by an insoluble 
problem. But if more realistic views are adopted, it is clear that, in 
common with many other less favourably placed peoples, -we can 
still live by agriculture and even make it more productive. 

(b) FRANCE 

M. CEPEDE 

Institut National Agronomique, France 

TECHNICAL progress is an idea of which we all believe we have 
a clear conception but which, because of its complexity, resists 

any attempt at definition and therefore at measurement. By affirming 
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that technical progress is the relationship between the increase in 
productivity from the initial point in time (t0) to the present time (t), 

and that the productivity in the beginning= ( PPo), we are only 

avoiding the problem1, for the definition of productivity as a relation
ship between production and the factors involved in production 
cannot be applied to agriculture without raising difficulties.2 

Doubtless the problem is simplified by defining productivity in terms 
restricted to human labour;J and by this means standards can be 
arrived at which make possible some comparisons in space4 and, as 
concerns us here even more, in time.5 

Thus, to define productivity in terms of human labour would 
doubtless make it possible, in a different context from that of 
western Europe, and particularly of France, to define technical 
progress in agriculture. For, even supposing technical progress to 
be accompanied by some increase in yield per hectare, the pursuit 
of an increase in the productivity of human labour has always taken 
precedence over the pursuit of one in the amount produced. The 
point is, as George Washington wrote many years ago, that 'the 
aim of this country's farmers is not so much to get the most from 
the land, which is or has been cheap, but from labour which is dear', 
whence an attempt to increase the productivity of human labour 
which is naturally allied with the pursuit of a higher standard of 
living for the labourers. It is written at the entrance to the Agri
cultural Institute of Chapingo in Mexico, 'Here you learn to exploit 
land and not men.'6 

In western Europe the density of population on the limited 
surfaces available for cultivation has made it necessary to aim above 
all at maximum production and high physical yields to the hectare. 
As is only natural, technical progress has been identified with high 
yields, 7 even if the quantity of labour used remains high or if high 

1 L. A. Vincent, Le Progres technique en France depuis zoo ans; and J. Dumontier, 
'Rendement et progres technique', Observation economique, part iii, ch. ii. 

2 M. Cepede, 'La Mesure de la productivite en agriculture', Revue du Ministere de 
/'Agriculture, May 1949· 

3 Comite National de la Productivite, Concepts et termino/ogie de la productivit!, Paris, 
195 5. 

4 H. Brousse, 'La Productivite de la main-d'ceuvre agricole en France et a l'etranger', 
Bull. de la St. Gen., France, Avril-Juin 1948. 

5 P. Coutin, 'La Productivite agricole en France de 1892 a 1942', Bulletin Technique 
d'Information 39, 1949· 

6 M. Cepede, Du prix de revient au produit net· en agriculture, Paris, 1946. 
7 Comite National de la Productivite, Actions el problemes de productivite I9JO-JJ, 

part ii, ch. i. 
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production entails a drop in the producers' revenue and in their 
standards of living. 1 Obliged to consider preferentially the land from 
which he must be prepared to ask more and more, the French farmer 
will be tempted to exploit men, z whether they be labourers who work 
harder than average for insufficient wages or consumers who have to 
pay excessive prices. Even those whose essential mission it is to study 
the productivity of labourJ are tempted to compare yields rather 
than labour productivity in order to judge regional inequalities in 
productivity: 'Though the wheat harvest exceeded 41 quintals to 
the hectare in 1949 for the whole of the departements of the north 
with fields producing up to 72 quintals, ten departements, especially 
in the south-west region, had yields of around ro quintals.' This 
associating of high yields with productivity is only justified in so far 
as French agriculture is, as it were, condemned to the expansion of 
production. Doubtless this is not false, at least on a national scale, 
but it must be clearly examined.4 

Elements of Technical Progress 

It follows from the above consideration that progress resulting 
from the application of the biological sciences, which tends to produce 
'living machines' capable of higher yields and to place these machines 
in the best possible conditions, seems to be the essential and universal 
element in agricultural progress. The consumption of fertilizers and 
of the products of the struggle against the enemies of cultivation or 
against weeds, such as the use of selected varieties, can seem to be 
characteristic of progress or of decline in productivity. 

On the other hand, mechanization, which aims at raising the 
productivity of labour to the highest possible level and which has 
developed considerably (the number of tractors in use has increased 
sevenfold since the Liberation), is not held to have the same signifi
cance. On the one hand, according to M. Carillon, in 195 3 only 
one-fifth of the land was entirely cultivated with the aid of tractors, 
which 'means that a total of at least 800,000 tractors would be 
needed to mechanize French agriculture completely'.s On the other 
hand, the map showing the distribution of these tractors does not 
correspond as well as others do (that of the consumption of fertilizers 
for instance) to the areas of high yield per hectare which we are 

1 A. de Cambiaire, L'Agriculture et /'economic nationale, Rennes, 1954. 
2 Rapport de la commission des comptes et bi/ans economiques de la nation, Paris, 195 3. 
J Comite National de la Productivite, op. cit., 1950-3. 
4 Rapports des commissions agricoles du deuxieme plan de modernisation (in particular 

L. Malassis). 
5 Jean Fauchon, Economic de I' agriculture franfaise, Paris, 1954. 

B 5094 D 
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always tempted to associate with high productivity, rn the most 
advanced regions. 

Doubtless here it is necessary to analyse further the regional 
differences, whose importance to French agriculture is well known 
in the 450 recognized agricultural regions in terms of yields of wheat. 
They vary from 8 quintals (corresponding to that of the great export
ing countries with extensive cultivation) to ten times that amount 
on the more advanced modern farms. 

Using the figures collected by the Economic Commission for 
Europe, we have been able to show by means of several graphs, 
the correlations existing between (a) the indices of yields of seven 
important enterprises and production per hectare (close) and ( b) 
between this last index and that of agricultural production per person 
gaining his living by farming (wider). 1 So far as France is concerned, 
it is interesting to calculate agricultural production (expressed in 
value added to the cost of the factors) per agricultural worker and 
per l,ooo cultivated ha. Taking the average of France as a whole as 
loo, we have the following indices for the 8 departements showing the 
highest and the 8 showing the lowest values added per worker. 

Workers Va/11e added 
Va/tie added per per 

FRANCE 1938 per I,000 ha. I,000 ha. 
departe111e11t.r worker Ct1/tivated Ct1!tivated 

Average for France = 100 

Oise 204 58 II9 
Aisne 195 57 III 
Bouches-du-Rhone 190 II5 218 
Cote-d'Or 179 60 108 
Somme 176 68 120 
Eure-et-Loir 173 58 IOI 
Vaucluse . 172 140 242 
Marne t72 60 105 

Jura 62 98 61 
Rte-Loire 60 III 68 
Lozere 60 44 26 
Morbihan 58 169 98 
Ardeche. 57 168 95 
Htes-Alpes . . . 56 61 34 
Alpes-Maritimes 53 139 73 
Savoie . 45 II7 53 

We should point out that, except for the Cote-d'Or, the dcparte
ments shown in the first part of the table are all considered to have 
increased their agricultural productivity since 1938 considerably, 

1 M. CC:pede, op. cit., 1949. 
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whereas, with the exception of Morbihan, those in the second part 
are virtually where they were, or even worse. (Lozere). 1 

So far as mechanization is concerned there were, on 1 January 
1953, more than 2,000 tractors in all the departements in the first part 
of the Table. Oise, Aisne, Eure-et-Loir, and Marne, which in 1938 

already had fewer than 60 per cent. of the average number of workers 
per 1,000 ha., were each using more than 4,000 tractors, whereas in 
the only two departements where the number of workers per 1,000 

cultivated ha. was above the average for France in 1938 there were 
fewer than 60 ha. cultivated by tractor on that date. 

In the departements in the lower part of the Table we find that Jura 
and Morbihan possessed from 1,000 to 2,000 tractors and the six 
other departments possessed fewer than 1,000 tractors, whereas 
in Morbihan and the Alpes-Maritimes there was less than one 
tractor per 200 ha.2 If we can rely on these indices, we shall 
conclude that technical progress in the last few years has tended to 
accentuate the disparities between the productivity of the various 
regions. 

It would, moreover, be fitting to ask whether from the point of 
view of social science the evolution of the various regions might not 
correspond to a progression; the fact that the production, the yield 
per hectare, or the productivity of human labour does not increase, 
nay, is diminishing in certain zones, could correspond to a different 
kind of progression of maximum satisfaction. The pursuit of full 
employment can lead to the neglect of the productivity of labour, 
and the pursuit of income or the desire to avoid investments or even 
annual expenses can be sought at the expense of production and of 
yields. Peasant agriculture often has reactions that, if not unexpected, 
are at least contrary to economic laws.J Indeed, whatever degrees of 
satisfaction there may be, an uneasiness can generally be felt-a 
feeling of frustration-among the inhabitants of the backward zones 
and a desire to get out of them. Family farmers, who for a long time 
have not accepted technical progress of a biological and mechanical 
origin or methods of accounting which the size of their undertakings 
seemed to make useless, have come to be interested in technical and 
economic progress by way of a productivity of management (une 
productivite de la gestion) whose methods can resolve their problems 
of priorities and of the elimination of waste.4 

' Comite National de la Productivite, op. cit., 1950--3. 
2 Jean Fauchon, op. cit. 
3 M. Ct!pede and M. Lengelle, L'Economie et l'a/imentation, Paris, 1954. 
4 M. Ct!pede, 'La Comptabilite au service de la productivite dans les exploitations 

agricoles', Revuefranfaise de comptabilite, Mar. 1955. 
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Why these disparities in the rates of development? 

We realize that in France there coexist progressive, static, and 
regressive regions. Let us try to distinguish the reasons for this. We 
might be tempted to use the classic contrast between large and small 
undertakings; doubtless the large farms seem better placed to utilize 
technical advances, but there are thos'e which are at a standstill or 
are going backwards, while small farms in the region of the north are 
beginning to develop. Doubtless, progress in management was first 
made in the large farms grouped, for example, around the Office de 
Comptabilite de Soissons founded and kept alive by M. J. Ferte. 1 

But it is in the regions which have small and average-sized farms 
that, under the direction of MM. J. Tugult and R. Moreau of the 
division de la rentabilite of the C.G.A., and of some others2 in the Bas
Rhin, Maine-et-Loire, the Breton departements, &c. that the develop
ment of methods of management has advanced most spectacularly. 
And these departements of small farms are in the zone of increasing 
productivity. Quite naturally the scientific study of rural economy 
has concerned itself, in France, with the problems of small farmers. 3 

Shall we contrast the regions of capitalist agriculture directed at 
the market and those of family cultivation still impregnated with the 
subsistence principle? This would doubtless be a more fruitful 
distinction. Participation in technical progress implies the farm's 
greater dependence on the outside economic world. It is in so far as 
they bring monetary returns that recourse can be had to external 
aids in fertilizers, machines, selected seeds, &c. The initial impulse 
can come from an outside source (subsidy, credit) which would be 
made easier by a pooling of guarantees (Credit Agricole) or from 
using other methods (zones temoins-cooperatives for sharing 
agricultural implements) if they did not present grave difficulties.4 

It may be that the enterprises undertaken on a farm are particularly 
favoured. If one realizes that more than half the wheat crop is 
harvested by one-eighth of the wheat producers; that farms of more 
than 100 ha., representing fewer than 8·6 per cent. of the wheat 

1 Rapport de la commission des comptes et bi/ans economiques de la nation, op. cit.; and Office 
de Comptabilite Agricole de Soissons, Rapport moral 1949-;o. 

2 M. Cepede, 'La Comptabilite au service de la productivite clans Jes exploitations 
agricoles', Revue franfaise de comptabiliti, Mar. 195 5. 

3 J. Chombart de Lauwe, Les Possibilites de la petite en/reprise dons I' agriculture franfaise, 
Paris, 1954. 

4 J. Chombart de Lauwe, op. cit. and 'Aspects economiques de !'utilisation en com
mun du materiel agricole', Bull. Soc. Franfaise d'Economie Rurale, Oct. 1952; P. Fremont, 
'Progres technique et dimensions de !'exploitation', Revue d' economic politique, 1949; 
and D.R. Bergmann, L'Etat present de !'agriculture frarn;aise', Bull. Soc. de Geographic, 
195 5. Also R. Chatelain, L' Agrimlture franfaise et la formation professionnelle, Paris, 19 5 3. 
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sellers, furnish 80 per cent. of the wheat sold at a guaranteed price 
calculated on the basis of the costs of production (national averages); 
that the farms in question are often units producing industrial beets 
and oil-yielding plants, products whose prices and sales are effectively 
guaranteed; one must not be astonished at the spectacular progress 
achieved in the region of north-west France. 

Doubtless, from the technical point of view, progress in the 
matter of fodder production has been such that it may be called 
revolutionary, and that is the explanation of the development of 
certain regions of the west. On the other hand, the much less well
organized markets of meat and dairy produce have not been able to 
benefit the producers by a development similar to that of the regions 
of oligoculture (beet, wheat, oil-bearing plants). Those that have not 
shared in technical progress are by comparison in absolute decline. 
Now-and this is doubtless the principal cause of disparities-in a 
world in which the acceleration of progress is considerable, too large 
a number of farmers are not taking part in the advance, owing to 
the lack of a sufficient education1 and through not using the advisory 
services.2 Whereas the most advanced farmers organize themselves 
into a Centre of Technical Agricultural StudiesJ it is really only with 
the second plan (Plan Hirsch) of modernization that the right means 
to help backward regions are developed. Their possibilities are 
considerable: they do not generally lack either land or hands, 
though certain internal readjustments are necessary iri the form of 
rural migrations, but they do need technical assistance and financial 
aid. But these possibilities can be realized only in an expansion of 
production which would not be consistent with the internal oppor
tunities of a static economy. 

Conclusion 

Marc Bloch wrote, about 1930, 'Almost everywhere, in the 
European or Europeanized world, agriculture is tending to become 
more rational, more scientific, and to be inspired by technical and 
financial methods similar, in many respects, to those of big business. 
In this evolution which is one of the clearest characteristics of con
temporary economics, F ranee has committed herself less definitely and, 
as a whole, has gone less far than most of the neighbouring nations.'4 

1 R. Chatelain, L' Agriculture franfaise el la formation professionnelle, Paris, I 95 3. 
2 O.E.C.E., Les Services consullatifs agricoles dans /es pays europeens, Paris, 1953. 
3 See, e.g., Actions el probli:mes de productivite, and other works quoted above. Also 

economic el humanisme, 1955; and]. Feret, L'Evolution de la comptabilite agricole-cara&
teristiq11es et resultats de I' exercice I 9 44-;. 

4 Marc Bloch, Les Caracleres originaux de J'hisloire ruralefranfaise, 2nd ed., Paris, 1952. 
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This judgement would have been still more valid at the time of 

the Liberation. 1 Since then the manner in which we have tackled 
the numerous problems raised by technical progress and, in particular, 
those whose importance we can merely sketch rapidly for their 
relevance to the discussion-problems of land ownership (redistribu
tion, land reform), of the structure of the farms (status of tenant 
farming and share-cropping), of their sizes, of the capital necessary 
for basic improvements and reorganization as well as for the intensi
fication of the methods of farming, problems of employment which 
differ according to whether it is a question of salaries (on the whole 
these are not numerous since only 3·4 per cent. of the farms in 1946 
possessed more than two workers, though regionally the question is 
important in the Paris basin since the proportion rises to 1 8 per cent. 
in the Aisne, 22 per cent. in the Oise, 23 per cent. in Seine-et-Oise, 
and to 27 per cent. in Seine-et-Marne1) or of family man-power 
whose unemployment is hidden by other occupations-shows that 
French agriculture is in the midst of a transformation. Perhaps it is 
imprudent to judge this in advance, but a certain number of con
clusions seem to make up the substance of the French agricultural 
problem. 2 

French agricultural expansion is part of an irreversible evolution, 
and technical progress is far from having exhausted its efforts. There
fore it is necessary to organize it with the co-operation of the farmers, 
particularly of family farmers who must develop their economic 
organizations and participate more widely in their management. 
The harmonious development of agriculture and industry together 
in all regions is the only thing which will reduce the disparities which, 
in the competition renewed after seventy years of protection, would 
run the risk of inciting the two principal forms of French agriculture 
to a mortal conflict. 

(c) SOUTH-EASTERN EUROPE 

STANE KRASOVEC 

University of Ljubijana, Yugoslavia 

To explain the significance of technical changes in agriculture in 
south-east Europe on the basis of facts and experience is a com

plex task. 
1 D. R. Bergmann, op. cit. 
2 C.R. du congres de Brest de la confederation nationale de la n111tualiti de la cooperation et du 

credit agricoles, 1954; and Jules Milhau, Rapport au congres de Nice de la confiderafion 
nationale de la mutualiti de /fl cooperation et du credit agricolu, 1955. 
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In the first place, great differences exist between States and 

between the many regions within individual States in geological, 
pedological, 1 historical, and institutional conditions, in industrial and 
educational levels. Taking Yugoslavia as an example, in the centre 
and south-east (the mountainous part) some technical measures are 
being introduced which have been in operation for from fifty to a 
hundred years in the north-west and in the plains of the north. The 
degree of illiteracy in the different countries varies between 20 and 
5 o per cent.; within the same country between 2 and 70 per cent. 
as to region, and is no doubt much higher among the rural 
population. 

Differences and frequent changes in statistical terms and in adminis
trative territorial units as well as periodical adjustments or complete 
lack of a cadastre make a time series extremely difficult if not imprac
ticable. Furthermore, there is either absolute lack of detailed official 
statistical information about agriculture, except to some extent for 
pre-war Bulgaria, or the data are not published. Since the war some 
countries have not published statistics at all. 

Because of the short duration of various regimes, such as existed 
between the two World Wars and the new ones established after 
194 5, and because of continuous changes in their economic policies, 
it is difficult to distinguish between the influence of merely technical 
changes and of economic, fiscal, political, or psychological factors, 
unless special research were to be undertaken for the purpose. 

Neglecting many individual differences and regional exceptions, 
the following could apply to the entire territory: 

1. For Europe as a whole a relatively high percentage of the 
population is engaged in agriculture, which shows the small degree 
to which industrialization has developed; furthermore, there is a 
high degree of population density per hectare of agricultural land, 
with great variations in the share of cultivable and of agricultural 
land. 2 

1 In this respect we could group the regions into two large groups, the plains and 
the mountains; or, more properly, into four, plains (valleys), mountains, Karst, 
Mediterranean. The mentioning in this paper of the different Republics (States) within 
the Yugoslav Federation may illustrate the size of the differences. 

2 The proportion of agricultural population is above 50 per cent., mainly above 
60 per cent. Comparable official data for all countries are not available. The relevant 
figures for Yugoslavia in l 9 5 3 demonstrate great regional differences : Total Yugoslavia 
60·4 per cent., Serbia 66·2 per cent., Vojvodina in Serbia (North plains) 59·4 per cent., 
Bosnia and Herz. 63·5 per cent., Montenegro 62·3 per cent., Macedonia 60·5 per cent., 
Croatia 56·3 per cent., Slovenia 42·9 per cent. The total population per lOO ha. agri
cultural and arable land is not easy to establish on a uniform basis. The total population 
per loo ha. agricultural land varies from 120 to 150, and per loo ha. arable land from 
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2. A low national income throughout the regions and in particular 

in agriculture. 1 

3. A high degree of partitioning of land, which reached extreme 

I 50 to 200. Agricultural population per 100 ha. agricultural land amounts to from 65 
to 110, and per 100 ha. arable land from 100 to 140 (Turkey excluded). Arable land per 
head of total population amounts to 0·4-0·7 ha.; per head of agricultural population, 
to 1·0-1·5 ha. 

Population of Yugoslavia in I9JJ per roo ha. mltivable 
and per hectare agrimltural land 

Total population Agricultural population 

agric. land mltiv. land agric. land cultiv. land 

Yugoslavia II8 212 71 128 
Serbia 127 170 83 II2 
Vojvodina (north Serbia) 90 120 56 65 
Croatia 88 430 63 130 
Slovenia 152 454 62 I87 
Bosnia and Herz. II2 234 68 142 
Macedonia 100 228 61 140 
Montenegro So 700 49 427 

The relative figures on land are the following in percentage of total land: 

Cultivable land Agricultural land 

Albania * * 
Bulgaria 38·6 46·0 
Greece 26·2 65·3 
Turkey 19·6 69·3 
Yugoslavia . 30·4 5 3·3 
Hungary 62·0 78·6 
Romania 44'3 53·5 
Europe 30·0 50·3 
Italy 5 5'2 72·3 
France 38·4 60·7 
Netherlands 30·4 67·2 

Within Yugoslavia arable land covers in the plains of Vojvodina 84 per cent. and in 
Montenegro 15 per cent. of the agricultural land only. 

1 National income per head in U.S. dollars in 1949 amounted in Greece to 128, 
Albania *, Bulgaria *, Hungary 269, Turkey I25, Yugoslavia 146. Within Yugo
slavia (= 100), the income in 1953 were Serbia 88·2, Croatia II0·3, Slovenia 184·1, 
Bosnia and Herz. 78·2, Macedonia 69·4, and Montenegro 59·3. 

The proportion of agricultural income to the total national income in I 948 was as 
follows: Albania *, Bulgaria 43·07 per cent. (1946), Greece 38·7 per cent., Hungary 
25·7 per cent. (1946), Yugoslavia 30·3 per cent. (I953), Turkey 43·7 per cent. For 
comparison: France 27 per cent., Italy 33 per cent., Netherlands IO per cent., U.S.A. 
IO per cent. 

(*=unknown.) 
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levels after World War I in Greece. There was also excessive 
fragmentation of each farm into separate plots. 1 

4. The average type of farm existing in the great majority of the 
regions is subsistence and semi-subsistence, of a primitive cropping 
pattern yielding an unbalanced diet. Nevertheless, all these countries 
are traditional exporters of various agricultural products. The farming 
is mainly extensive-with various exceptions, wine as the largest 
among them, so me industrial plants, some horticulture in Bulgaria, &c. 
The techniques applied are generally not modern nor do they generally 
require much labour. Thus, a high proportion of bread is produced 
and consumed,2 a diet which lacks diversity, and a production per 
hectare of cultivated land which is thought by some to be very 
wasteful for a country lacking land, and by others to be the only 
possible course. In any case it causes increased shortage of land and 
requires concentrated seasonal labour for short periods of the 
year, leaving a superabundance of man-power for the rest of the 
time. 

5. On the average, a high degree of aridity, mostly in summer. 
6. A low degree of fertilizing, and differing standards of cultiva

tion, half the region having very primitive rotations.J 

1 In 1929, 87 per cent. of the holdings in Greece were ofless than 5 ha. (in 1950 about 
85 per cent.), 95·9 percent. less than 10 ha., 99·1 per cent. less than 20 ha. In 1950 more 
than 50 per cent. of the land still belonged to farmers with less than 5 ha. Yugoslavia 
for 1939: 67'8 per cent. up to 5 ha., 29·3 per cent. from 5-20 ha., 97'7 per cent. up to 
20 ha., with one-half of the total land. Bulgaria in 1934: 13·5 per cent. up to 10 
ha., 13·5 per cent. from 10-20 ha., 27 per cent. up to 20 ha., 36·1 per cent. from 
20-50 ha. 

This fragmentation of holdings and plots may be considered to be a substantial 
hindrance to the increase in output and to production on a larger scale. It hampers the 
application of modern farming methods, retains unemployment (though hidden) in 
agriculture, and prevents a rise in marketable surpluses. 

Tenancy practically disappeared during the agrarian reforms in the twenties but an 
increase in indebtedness resulted. 

2 The majority of the sown area is under wheat and other cereals: 

Year I9J9 Yugoslavia Greece Bulgaria 

% % % 
Cereals 87'0 71·0 68·3 
Industrial crops 3·5 10·6 8·6 
Livestock fodder 5·4 5·6 18·9 

(including natural 
grass-land) 

3 Yugoslavia in 1939, 1·1 kg. of artificial fertilizer for 1 ha. arable and sown land. 
Compare: Netherlands 301·1 and 328·6, Denmark 49·2 and 49·2. The amounts for 

the south-eastern European countries are not evenly distributed. 



S. Krasovec 
7. Low degree of mechanization. 1 

8. Low yields of cereals.2 

9. Small number of livestock per hectare.J 
10. Lower quality of products or lack of standardization (except 

tobacco, grapes, dry prunes, and some others). 
11. A relatively low tradition of agricultural administration, 

particularly in some countries. For instance the budget of the 
Ministry of Agriculture in pre-war Yugoslavia amounted to about 
1 per cent. of the government budget (with some more from local 

1 Number of tractors: 

per z,ooo ha. mltiv. land per zoo head of agric.pop. 

z948 I9f4 z948 I9f4 

Greece 0·72 1·25 0·07 0·12 
Turkey 0·18 2·23 0·02 0·25 
Yugoslavia 0·92 1'34 0·06 0·09 
Bulgaria .. . . .. .. 
Europe 478 6·68 (1950) 0·54 0·76 (1950) 
Italy . 2·87 7·08 0·23 0·58 
France 5·12 Il'79 1°06 2·44 
Netherlands 12'14 28·35 1°06 2·49 

In Yugoslavia, in 1948, about 50 per cent. of the peasants' implements in the less 
developed areas were ploughs and carts; about 80 per cent. of the value of all imple
ments and machinery was in the form of ploughs, carts, sprayers, and barrels, not count
ing small tools (according to Professor Kostic). Threshing machines are widespread 
in south-east Europe except in very backward regions. 

2 The available data for wheat (per mtc.= rookg. per ha.) are the following: 

Albania Bulgaria Greece Hungary Romania Turkey Yugoslavia 

1953 . . . . 13·4 .. . . 12'5 l 5'3 
1947-51 . . . . 9·9 .. . . 8·7 12·6 
1934-8 . . . . 9·0 14'2 .. 10'7 Il'4 
1930--4 13'9 15'0 7·7 13·0 14'3 8·2 10·5 

J Number of livestock per hectare (full-grown animal equivalent units) (Federal 
Institute for Agricultural Eco11omics, Belgrade): 

per zoo head 
per zoo ha. per zoo head per zoo head of active 
agricultural of total of agricultural agricultural 

land population population population 

Greece 24·42 19'49 .. 140·97 
Turkey 27·17 76·32 1II·38 182·75 
Yugoslavia 50·21 43·75 62·75 98·18 
Europe . 45·37 29·64 88·06 .. 
Italy 44·96 20·97 49·78 .. 
France 58·78 49·46 194'43 265·00 
Netherlands 109·78 25·76 2II·88 342·00 
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budgets); in Greece, where pressure of over-population and the 
balance-of-payments problems after the depression in the early 
thirties necessitated special attention to agriculture, the percentage 
amounted to about 1 o per cent. Efforts to increase marketable 
surpluses and industrial crops occurred in the twenties in Bulgaria 
but lessened owing to the discouraging experience of farmers during 
the depression. Only the production of tobacco and sugar beet 
showed some progress. Progress in the more advanced regions is due 
to the co-operative movement, mainly among the richer classes of 
peasant. 

The 1930-1 depression caused a sharp decline, resulting in 
Yugoslavia in a catastrophic decrease of imports of machinery and 
fertilizers; in spite of a price-support policy, the position that existed 
before 1929 was never regained before the War. 

In general, such various factors as the fragmentation of holdings, 
the slow industrial development with a not too stimulating market 
for the peasant either as seller or buyer, and insufficient interest on 
the part of both governments and private investment, prevented any 
revolutionary advancement in techniques, in productivity, or in 
income between the two Wars. 

Even the small accumulation of investments of the twenties became 
exhausted owing to the depression in the early thirties and was not 
restored until the outbreak of World War II, when the agricultures 
of Greece, Albania, and Yugoslavia were badly devastated and that 
of Bulgaria considerably exhausted. 

Agrarian reform was carried out because of population pressure 
and a strong peasant movement. Both pre-war and post-war agri
cultural reforms resulted in a further break-up of the larger holdings 
throughout south-east Europe. 

* * * * 
Unlike the past, there is now not only no hesitation or resistance 

to technical changes, but a strong desire for some of them. The 
spreading of industries around the country, the growing network of 
transport, increased travelling, interconnexioh between families and 
their dependants in towns, military service, and so on, create a desire 
among the rural population for higher standards.1 The desire for 
greater knowledge and higher production so as to be able to sell and 

1 For the use of better and more modern clothing, better food, bicycles, electric 
light, radio, medical assistance, &c. Patriarchal dress, home-woven stockings, the habit 
of eating from a common bowl with wooden spoons, &c., tend to disappear zone by 
zone around towns, each resisting not more than a dozen years or so. The wearing of 
winter coats, ties, nylon stockings, &c., is gaining ground in the more developed and 
close-urban areas. 
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buy in the market is spreading, very slowly, even among the most 
backward population in the mountainous areas and on the islands. 
The lack of manufactured goods, as in post-war Yugoslavia for 
instance, together with various features of economic and fiscal policy, 
caused a temporary slackening of ambition for increased production 
and productivity. r 

There are some social, political, and administrative prerequisites 
to any practicable and efficient technical change: 

(a) A well-balanced general economic development, creating urban 
employment for labour released from agriculture and additional 
purchasing power to induce intensified agricultural production. This 
must include the rapid development of local manufacture of cheaper 
fertilizers, of small agricultural machines and tools or at least repair 
works, of small food packing and processing plants, and the develop
ment of transport and marketing facilities. 

(b) A good agricultural administration with a network of technical 
and economic research stations. (Possibly also Chambers of Agri
culture and Co-operative Unions.) 

(c) The existing high degree of partitioning and fragmentation of holdings 
should be eliminated either by means of co-operatives or by gradually 
providing for urban employment and inducing the owners of the 
smallest holdings to go to town. This should produce larger incomes 
on average and make savings and investment possible and improve 
the feeding of urban populations. 

In view of the scarcity of available funds (low national income, 
and little foreign exchange), and of the fact that concealed unem
ployment and population pressure in rural regions can be absorbed 
only very slowly by an increase of employment in urban occupations, 
the choice of technical advances in agriculture should take into 
account the following principles : 

(a) cheap but efficient investments, 
(b) increase production rather than save man-power, or-more 

yield per unit of land than per unit of labour, 

1 This is true of the regime of compulsory deliveries, introduced in Yugoslavia, for 
example, both as a necessity caused by war and as a fiscal and political instrument. Also, 
the sudden rise in the number of peasant work co-operatives, enforced by all kinds of 
economic and fiscal privilege and promises of easier work, did not give a substantial 
increase of yield in most cases. This was due largely to indiscriminate remuneration. 
The abolition of compulsory deliveries, the transformation of those peasant work co
operatives which proved not to be self-supporting, and from which members preferred 
to withdraw, into co-operatives of independent farmers, and the reintroduction of a 
free market for agricultural products, resulted in some increase of production and of 
individual investments. 
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(c) the approach to the subsistence farmer with his particular 
psychology and level of education is different from the approach 
which is appropriate to farmers in more highly developed 
zones. 

A. General (Public) Investments 
1. Apart from advancing the fertilizer industry, as mentioned 

above, the first priority, on the larger part of the territory under 
consideration, should be given to irrigation. Lack of moisture 
owing to an unstable climate is a special defect of Greece and 
south-eastern Yugoslavia, as well as of the frequently drought
stricken grain belts in north-eastern Yugoslavia. Funds and loans 
invested in irrigation have greatly increased production and might 
even double it in some regions. 1 

z. Investment in various types of transport and marketing 
facilities should be no longer neglected. 

3. Thereafter investments may be made in various long-term land 
reclamation and soil conservation projects, beginning with drainage 
through to the reafforestation and afforestation in mountain regions. 

B. Changes on the Individual Holdings 

Of the long chain of single technical changes the following groups 
and priorities may be listed: 

I. Not strictly a technical change in a positive sense, but an 
indispensable measure against deterioration, is a well-organized 
plan, with adequate funds, to fight plant and animal diseases and 
pests. This is both welcome and desired by the peasant and is the 
easiest way to get his confidence for any other change.2 

z. Among the most practicable and not very expensive technical 
means is the improvement of seed. This requires mainly an able and 
active administration with research centres and an adequate budget. 
Also, good co-operatives might be of great value. In either way 
much has been done in this respect in most countries of south
eastern Europe, and it has contributed definitely to the gradual rise 

1 In Greece, even before the war funds were available for this purpose, the problem 
being of vital importance for the country's trade and balance of payments. Owing to 
private investment, some limited progress was achieved, but small holdings are not 
able to finance works on a larger scale. Part of the Greek increase in production and 
productivity, however, both pre- and post-war, is due to results achieved in this 
direction. 

2 The action undertaken by Yugoslavia against foot and mouth disease (some years 
ago some zo billion Dinars of damage) contributed to enormous savings in the national 
economy and makes Yugoslavia a sanitary island among her disease-stricken neighbours, 
although some of them are more highly developed countries. 
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of farm revenues since the beginning of the century. It is not easy, 
however, to identify the share of the increased yields due to the 
improvement of seed among other factors, such as better cultiva
tions. I 

3. The next easiest and most acceptable change for the peasantry 
(merely involving more effort by the administration and extension 
services) is better breeding of livestock. In some respects, this 
requires changes in feeding and in the production of fodder. Much 
has been done and still more could be done. The co-operation of 
well-developed research work and breeding stations is needed. 

4. In the past fifty or eighty years much has been done in the more 
advanced areas to improve the rotation of crops and methods of 
cultivation, but there is still much to be done. 

5. There has been some improvement in the use of fertilizers in 
the more advanced regions and on some of the larger holdings 
during the last forty or fifty years but on the whole progress has been 
very slow. 

Consumption of Fertilizers in Yugoslavia 
-

r929 I9J4 r938 I9f4 

Fertilizers used per hectare arable land (kg.) IO 2 4 38 
Quantity of wheat needed to pay for IOO kg. of 

super-phosphate (kg.) 50 85 57 29 

From Professor Kristof. 

This table shows that great delay was due mainly to the high cost of 

1 At all events, much of the increased pre-war yield in Greece and the actual main
tenance of the pre-war yield in other countries, in spite of war devastation and other 
unfavourable circumstances, may be attributed to the use of improved seed or of better 
varieties. A comparable time series for south-east Europe is practicable for the period 
I920-39 only, taken from a paper by Professor Milan Kristof of Belgrade with his 
permission : 

Increase of Crop Yields per Hectare from r920 to I9J9 

Wheat Maize S11gar beet 

coeff. coejf. coeff. 
Co11ntry mtc. % variance mtc. % variance mtc. % variance 

-------
Yugoslavia. 3·3 35·8 I8·3 4·9 38·4 2I'4 55'3 39·6 I2'7 
Vojvodina 

(north 
Serbia) 4·5 47'2 24·0 6·o 4I'4 24·9 59·0 40·8 Io·2 

Hungary 4·2 38·0 I 3'I 7·4 57'2 2I'I 37'9 2I'0 I2'5 
Romania 2·0 24·4 I9'7 -0·1 -1·2 21·0 n 2·2 T5 
Bulgaria 6·4 82·4 15·6 5·0 60·4 I8·o 56·5 46·6 23·7 
Greece 4·6 90·6 20·7 0·2 2·8 16·9 .. .. .. 
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fertilizers, both pre-war and post-war, which almost exclusively have 
to be imported. Further causes are the subsistence type of farm, 
sometimes the lack of incentive to produce above the home needs, 
the uncertainty as to future crop prices, and to some extent the lack 
of extension services. Even manure is not used efficiently in many 
places with cattle not always fed in stalls. As one sees, a substantial 
improvement in the use of fertilizers will require a general attack in 
many directions, including more local research and further develop
ment of domestic production. 

6. Improved feeding and management of livestock and better use 
of range resources in the mountainous regions. The same applies as 
was said of fertilizers. In many places little progress can be expected 
until there has been more education and extension. 

7. Much agricultural production is neither technically nor 
economically suited to certain regions. There have been some changes 
in the last hundred years, and even in the last two or three hundred 
years (potatoes, maize, tobacco, sugar beet, decline of linen, &c.), 
but experience with new crops, particularly with industrial crops, 
calls for much caution. Pre-war, the considerable and fast advance 
in this respect in Bulgaria and Greece and to some extent in Yugo
slavia, was largely offset by the depression. Under the planning 
regime in Yugoslavia (1947-51), when so-called intensive cultures 
were enforced by the Plan, the area sown to them was indeed in
creased, particularly in the peasant work co-operatives, but their 
yields were among the lowest. Even in some co-operatives with 
higher yields the lack of appropriate accountancy and the complicated 
system of prices make the real gain uncertain. The same may 
be said of Albania and Romania, and probably of Hungary and 
Bulgaria in their more advanced regions. Economists, therefore, 
reject mere agro-technical plans as a means of introducing wide
spread revolutionary changes by enforcing some system of rigid 
regional specialization and rigid methods better fitted technically1 

to each region. Overall revolutionary projects as a rule are un
realistic in both capitalist and socialist States of south-east Europe, 
and unworkable by independent farmers and Peasant Work Co
operatives alike. They may be applied only exceptionally, and 
gradually, not by any excessive economic, financial, or fiscal pressure, 
and only after previous research work, in areas around towns and 
in the few highly developed zones which have good communications 
and marketing facilities, where the population is on an adequate 
educational level and where farms are semi-commercial or are ceasing 

1 This includes greater yields and more calories and more labour per hectare. 
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to be on a mere subsistence basis, and on larger holdings as a partial 
culture. 

8. So far as mechanization is concerned, it is of primary importance 
to supply the qualities and modern varieties of their small tools, 
which in most cases have not been renewed since the war, and to 
liquidate the wooden ploughs and other 'prehistoric' implements 
which still remain in some numbers in backward and mountainous 
regions. This is a problem of price and credit rather than of education. 

On the other hand, there is much discussion between economists 
and agronomists in south-east Europe, as everywhere else, about the 
advisability of adopting large-scale agricultural mechanization in less 
developed countries. In Yugoslavia, for instance, particular attention 
is paid to the socialist character of the political structure and to the 
overwhelmingly small-holdings character of the agriculture. 

The economists deny the advantage of using more funds in 
agriculture for a general and rapid introduction of more labour
saving devices when labour is so very cheap and when there is 
disguised unemployment with little possibility of shifting unem
ployed agricultural labour into urban industries. They also doubt 
the alleged substantial increase of yields owing to tractorization. 
Therefore, they advise a slower introduction of tractors, having 
regard to economic, soil, and demographic conditions, and the use 
of the scarce funds which are available in such ways as may create 
more occupation either in agriculture or elsewhere. Most Yugoslav 
economists stress the point that with a general introduction of 
either co-operatively or publicly owned tractors the surplus man
power would remain idle on the farms or in the co-operatives, eating 
up all the gain in yields derived from the mechanization, whilst 
additional and attractive employment might be created neither in 
urban industries nor in agriculture. 

The agro-technicians, on the contrary, stress the value of deeper 
ploughing by small tractors for improving yields, for giving better 
insurance against drought, and for more appropriate timing of work; 
the extra investments would soon be paid for by the greater yields. 
And they question the advantages of the proposed increase of draft 
animals instead. 

No doubt, the availability of qualified personnel and of foreign 
exchange for most of the tractors, spare parts, and fuel, &c., as well as 
the organizational qualities of co-operatives for the use of machinery 
(in countries where smaller holdings prevail and really well ad
ministered peasant work co-operatives do not exist) are essential. 
Otherwise the advantage of using tractors is doubtful, except perhaps 
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in very arid zones where they provide some security against drought. 
The use of tractors for soil reclamation and similar work, how
ever, is not questioned. 

Instead of advocating all possible kinds of change, governments 
might do better to concentrate on a smaller number of targets. If they 
attempt to undertake widespread activities in all kinds of technical 
improvement simultaneously, experience shows they cannot ade
quately or efficiently organize them. 

A discriminating regional approach to the subject is unavoidable. 
It would be unrealistic to start by transforming the most backward 
parts overnight into the technically and commercially most advanced. 
In the less advanced and unfertile mountainous zones more stress 
should be laid on the control of diseases, on supplying better seed, 
on better breeding, on the improvement of methods of cultivation, 
and on better and greater use of manure and fertilizers. In the areas 
around towns as well as in some regions with industrious peasant 
populations on a higher educational level, and with semi-commercial 
types of farm and deep-rooted co-operative movements, reasonable 
changes in crop cultivations, improvements and specialization in 
animal husbandry and fruit culture, and some large-scale mechaniza
tion may be advisable, but only a little at a time and after thorough 
preliminary research and small-scale experimentation. 

In conclusion, I wish to express my thanks to Dr. J. Lavric of 
Ljubljana and my colleagues present here who have read the first 
draft of this paper and made many suggestions. 

(d) ASIA 

S. R. SEN 

Ministry of Food and Agriculture, New Delhi, India 

A. GRICULTURE in Asian environments presents a much more 
£l. heterogeneous picture than one usually meets in Scandinavian, 
French, or east European environments. Even if one leaves out the 
numerous local variations, one has to distinguish between at least 
four broad types that one comes across in Asia. In the first place 
there is the small subsistence farm economy with a low level of tech
nical development, where agriculture is more a way of life than a 
business, that is so common in most parts of south and east Asia. 
Secondly, there are the technically well-developed small farms found 
mainly in Japan but to a smaller extent in other parts of south and 
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east Asia also, which are operated as efficient business units. Thirdly, 
there are the big plantations of tea, coffee, rubber, and sugar-cane in 
parts of India, Ceylon, Malaya, Indonesia, &c., which are run as 
highly developed capitalistic organizations. Fourthly, there are the 
giant collective and State farms in central Asia where agriculture is 
carried on in much larger and more mechanized units than perhaps 
anywhere else in the world. Shifting cultivation and nomadic animal 
husbandry found in some of the tribal areas, small subsistence type 
farms specializing in commercial crops such as jute and cotton as in 
Pakistan, small orchards and vineyards producing for the market as 
in parts of the Middle East, small plantations of coconut, pepper, &c., 
as in southern India and Indonesia, co-operative farms as in Israel 
are illustrations of some of the numerous local variations. The nature 
of technical change even in its narrow sense (viz. change in the 
manner of execution of or the proportions in which the various 
factors of production are utilized in one or more of the numerous 
processes relating to the production of agricultural commodities and 
their marketing or disposal) is bound to be very different in these 
different environments, and that difference will be even greater if 
we take into account the broader economic, social, and institutional 
settings as well. It depends largely on the relative scarcity or other
wise of land, labour, capital, and enterprise. It also depends on what 
is the main inducement for the change-improvement of marketing 
or of production or reform of the social and institutional set-up; and 
on how the change is introduced-through deliberate State action 
or through the operation of market forces. 

In the collective farms of central Asia and in the big plantations of 
south-east Asia the forms of organization differ-one being socialis
tic and the other capitalistic-but both specialize in large-scale 
capital-intensive techniques of production and seek to press into the 
service of agriculture the various developments of modern science
powerful machines, more rational farm layout, better use of water, 
large-scale utilization of fertilizers and pesticides, quicker transport, 
bulk handling of supplies as well as of products, &c. They maintain 
a close link with research organizations and try to utilize to the fullest 
extent possible the results of modern research. From the narrow 
technical point of view they have a certain degree of similarity, 
especially in the tackling of problems of production, although there is 
a vast difference in their utilization of the human factor-in their 
handling of the problems of incentives and disincentives and of 
organization. The emphasis at present in most collective farms and in 
big plantations is on substituting labour by capital as much as possible 



Technical Change in Different Environments 5 1 

and maximizing the output per unit of labour, although there are 
still some big plantations which continue to use labour-intensive 
methods by taking advantage of the cheap labour available. 

In the Japanese type of farm on the other hand the service of 
modern science is sought to be utilized for making the small farm as 
technically efficient as possible. The emphasis in Japan is on maxi
mizing yield per unit of land by substituting capital and labour as 
much as possible for land. Although production and distribution are 
on an individualistic basis, the State has provided so many facilities 
by way of highly developed transport and marketing organizations, 
easy credit, efficient research and extension services, &c., that the 
yield per unit of land in the tiny farms of Japan is today among the 
highest in the world. Each farm is run as a small business. Private 
profit is the main motive force, and within his limited means the 
Japanese farmer is as anxious to make the fullest use of modern 
technology as the large plantations in other parts of Asia. But in view 
of the scarcity of land, the emphasis in Japan is naturally on making 
the organization and layout of the small farm as efficient as possible, 
improving farm techniques, and developing small machines and im
plements rather than big ones. 

In the rest of Asia agriculture is still continuing very largely as a 
way of life rather than a business. But even here significant changes 
have taken place in recent years. Most of the changes though not all 
are exogenous. With the development of world trade and transport, 
cropping pattern in some of these areas changed even as early as the 
second half of the nineteenth century from food crops to commercial 
or cash crops such as cotton or jute. To the small farmer specializing 
in the production of commercial crops, farming became partly a 
business, although the manner in which he carried it out might still 
continue to be wedded to the old tradition where farming was a way 
of life. The development of transport brought him into much closer 
touch with world market forces. He was gradually introduced to new 
and improved varieties of crops and the use of chemical fertilizers, 
pesticides, and insecticides, and in some cases to improved techniques 
and improved implements. His attitude towards life also changed to 
a certain extent. He began to produce not merely for his own sub
sistence but also to get in exchange for his products the manu
factured articles for which he now felt a new want. To the compulsion 
of subsistence there was now added the inducement of luxury goods 
and the farmer gradually tended to manifest to a greater extent some 
of the characteristics of the homo economicus. But the social and institu
tional environment in which he lived and worked was such that it did 
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not permit any massive or even substantial change unless action was 
taken by the State on a very broad scale. In small farms the elasticity 
of substitution as between different factors of production is neces
sarily rather low and certain services could not be provided unless 
they were organized on a large scale. In such cases it became impera
tive for the State to take the responsibility for inducing changes by 
taking action and providing services on a broad enough scale; which 
overcame the inherent inertia of this more or less petrified structure. 
These actions generally took the form of 

(i) creation of social capital through the extension of irrigation 
and power works, reclamation of virgin lands, improvement 
in the means of transport and communication; 

(ii) organization of research in improved technology, develop
ment of new strains and breeds, new implements, and use of 
fertilizers, pesticides, &c.; 

(iii) establishment of social services for education and extension, 
health, veterinary, &c.; 

(iv) participation in the arrangements for distribution of equip
ment, seeds, manures, chemicals, &c.; 

(v) helping in the expansion of credit facilities to enable farmers 
to acquire the material requisites for improved agriculture; 

(vi) creation of more favourable conditions for marketing and 
storage; 

(vii) legislation for bringing different social groups into closer 
relationship with one another and providing greater incen
tive to the actual tiller of the soil; 

(viii) helping in the organization of institutions for mutual help 
at least in a limited sphere to start with. 

By doing all this in varying degrees the States in this region are 
trying to create conditions which will be conducive to accelerated 
technical change. The general objective in all these efforts is to 
transform the small subsistence farm either into individualistic busi
ness units or into efficient co-operative units. Although the ideo
logical preference in some of the south and east Asian countries may 
be for the latter type, and it has already achieved a certain amount of 
success in Israel, the general trend so far seems to be towards the 
former type which is such a characteristic feature of Japan. 

Even in the relatively highly developed countries of the West some 
of the activities that I have mentioned are considered to be the 
responsibility of the State but they are of special significance in the 
under-developed countries because of the lack of the capitalist entre-
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preneur of the type that has been such a force for the development of 
agriculture in Wes tern countries. The organization of these State 
activities represents a major technical change for Asian agriculture. 
The problem of maintaining a balance in the organization of these 
various activities needs some emphasis here. One important factor 
in the agricultural situation in most of the countries of south and east 
Asia is that the governments generally want to preserve for the 
individual farmers as much of his personal freedom of action as pos
sible. It is almost impossible, therefore, to introduce piecemeal any 
change which would be devoid of social meaning to the cultivator 
unless introduced along with other complementary changes. For 
example, let us take the question of increasing agricultural production 
through the adoption of some labour-intensive techniques which, 
let us assume, would not cost any money and material. As under the 
system of subsistence farming there is usually a lot of unemployment 
on most farms, it may appear that such changes should be easy to 
bring about. But if no attempt is made to improve simultaneously 
the system of marketing the expected surpluses or to provide the 
banking facilities or to ensure that the fruits of exertion are not all 
taken away by landlords or to increase the supply of goods whose 
consumption is considered to be an important constituent of a higher 
standard of living and which will provide material incentive for 
harder work on the part of the farmer, it may be difficult to secure 
increased production even through the use of resources which will 
otherwise go to waste. For such an increase will obviously have no 
social significance for the human agent who is expected to exert him
self for it. This illustrates the difficulties of putting into practice in 
south-east Asian agriculture ideas exogenous to its social and institu
tional settings. In the relatively well developed and capitalist econo
mies such problems will not present themselves, at least to the same 
extent, since the complementary requirements mentioned above will 
have been fulfilled there already. In the communist countries on the 
other hand such changes can be forced upon the agricultural com
munities by State fiat. But to millions of small farmers living at a level 
of hand-to-mouth existence as in south and east Asia, technical and 
social change has to come both in a more comprehensive and a more 
democratic form. Hence the problem of technical development in 
these economies is much more difficult than in the other two types 
of economies already mentioned. In the context of these considera
tions it is probably easier to understand the importance that countries 
like India have been attaching to techniques such as national econo
mic planning on the one hand and village or community deve;lopment 
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programmes on the other, as essential supplements to market forces. 
If modern technology requires the development of heavy industries, 
social welfare demands in these environments a balanced and inte
grated development of the rural communities on the basis of small
scale industrial as well as agricultural units. 

These considerations should help to explain the relative signifi
cance of the variety of forms which technical changes are taking in the 
different regions of Asia and the factors which are determining the 
emphasis given in the different regions to the types of change which 
are occurring. One might say that so far a's developments during the 
last decade or so are concerned, there is not perhaps much difference 
between these regions in the general direction in which the tech
nical changes are being introduced, thanks to the extraordinary de
velopment of international communications and the accelerated 
exchange of experts and students. In fact, in the collective farms of 
central Asia and in the bigger plantations of south Asia they are 
almost the same both in kind and in degree, but so far as the small
farm economy of south and east Asia is concerned, although the 
general directions may not be very different, there is, nevertheless, a 
very marked difference both in character and in degree which de
serves special mention here. 

For instance, in the field of mechanization and engineering the 
tendency in the giant State and collective farms of central Asia is to 
introduce bigger and bigger tractors, sowing and harvesting 
machines, irrigation and drainage equipment, &c. In Uzbekistan 
98 per cent. of the ploughing operations have been mechanized, 
giant electric tractors are being experimented with, spraying of 
chemicals and fertilizers is being done either by aeroplane or by large 
field sprinkler equipment, and even cotton harvesting has been 
mechanized to the extent of 60 per cent. All this has been possible in a 
relatively short time not only because the farms are now as large as 
5 ,ooo or 10,000 ha. or even more, but also because the State is pro
viding all the machines and compelling the collective farms to use 
them through the agency of State-owned and operated Machine and 
Tractor Stations. Although in the opinion of some authorities this 
has meant an over-emphasis on mechanization, neglect of techniques 
of intensive cultivation and loss of productive efficiency, especially 
in such fields as animal husbandry where individual attention is 
important, it has possibly served the main objectives of the Soviet 
State, viz. the elimination of the peasant proprietor as an individual 
entrepreneur and the maximization of the government procurement 
of agricultural products. In the large plantations of south Asia also 
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there has been considerable mechanization-although compared to 
the central Asian collective farms it has been perhaps relatively 
greater in the field of processing than in primary agricultural opera
tions. Partly because these plantations are substantially smaller in 
size than the collective farms of central Asia and partly because the 
drive towards mechanization has in "their case come through the 
operation of market forces, and not through State fiat, and has been 
tempered with a calculation of relative profitability, the tractors and 
other farm machines used by them are relatively smaller in size and 
also sometimes fewer in number. They also tend to pay relatively 
greater attention to techniques of intensive cultivation. But in other 
parts of Asia, which are by far the most extensive, big tractors are 
used only for reclamation work or for ploughing up lands presenting 
special difficulties for animal·power (e.g. India) either by the State 
itself or by State-assisted agencies. Medium and small tractors are 
being used for normal cultivations by a few relatively large private 
farms or by mobile government-owned pools (e.g. Philippines, 
Ceylon, Turkey). But the part played by mechanized farming still 
remains insignificant. By and large, most of the farmers still depend 
on human and animal power for agricultural operations. The em
phasis in these areas has, therefore, to be mainly on the improvement 
of the rather primitive hand tools and animal-drawn implements 
generally used by the local farmers. In this the lead has been given 
by Japan which has not only introduced several improved types of 
plough, hoe, harrow, weeder, sprayer, duster, harvesting and thresh
ing implement, &c., to be worked by human or animal power, but 
also small power-driven machines such as tractors of from 3 to 5 h.p., 
and harvesters suitable for very small farms. In other countries of 
this region progress in this direction was rather slow until recently, 
partly because it lacked the glamour of power mechanization and 
partly because of inadequate research and extension facilities. Re
cently, however, agricultural authorities in several south Asian coun
tries have initiated experiments in this field. Results have shown that 
farmers are quite eager to accept improved tools and implements if 
they are properly demonstrated and are supplied at a cheap price 
and/or on credit. These improved tools and implements are useful 
for reducing the drudgery of farm work as also for increasing farm 
output. The simple substitution of a steel-pointed plough for the 
digging stick and of a small tractor for the animal-drawn plough or 
of the scythe for the sickle and of a small harvesting machine for the 
scythe helps to reduce drudgery very substantially besides raising 
labour productivity several times. At the same time they avoid many 
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of the social and economic problems which the sudden introduction 
of large-scale mechanization in the agricultural economy of an over
populated country would inevitably raise. 

It is important to remember that while mechanization of farming 
operations improves considerably the yield per unit of labour, it does 
not necessarily increase the yield per unit of land. Hence, for most 
of the countries of south and east Asia where the land/man ratio in 
agriculture is very low, the scope for mechanization is very limited 
at least until the ratio can be raised substantially by transferring a 
large proportion of the population now dependent on agriculture to 
secondary and tertiary occupations. But even with the best of efforts 
that process is likely to take a long time. The technical changes which 
are likely to be the most fruitful in these circumstances are, therefore, 
the sort of changes which have been introduced in Japanese agri
culture. Besides an emphasis on the improvement of small agricultural 
implements and machines described above, it involves the better 
conservation and use of water, improvement of soil fertility through 
good crop rotations, better cultural operations, full use of organic 
waste as manures, application of chemical fertilizers, the breeding 
and multiplication of improved varieties of plants capable of higher 
yields and resistance to diseases, pests, and adverse climatic condi
tions, control of plant pests and diseases and reduction of losses 
during harvest and post-harvest operations, the proper integration 
of crop and animal husbandry, the improvement and better manage
ment of pastures, including the conservation of fodder; introduc
tion of scientific feeding practices, control of animal diseases, and 
improving the breeds of animals so as to combine high produc
tivity with resistance to disease and unfavourable climatic condi
tions. Improvements in processing and marketing techniques are 
also equally important. Most of these improvements are again inter
dependent or at least closely related. Higher yield is not possible 
without irrigation. The economics of irrigated farming requires 
better varieties of plants and heavier use of fertilizers, weed control 
becomes more important with better varieties, and all this additional 
effort and investment will prove to be unremunerative unless there 
are adequate processing and marketing facilities. Any discussion of 
technical changes in south and east Asian environments has to take 
note of all these factors. 

But this discussion need not be merely theoretical. In varying 
degrees technical changes are now taking place in an ever-increasing 
tempo in most countries of this region and, while the State has played 
an active role in inducing these changes in many cases, farmers are 
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also showing a remarkable ability to adapt themselves to changing cir
cumstances. For instance, the substantial increase in the use of small 
diesel and electric pumps in recent years by farmers in India for minor 
irrigation is a proof not only of their adaptability but also of their 
ability to use relatively complicated machinery. Similarly encouraging 
is the manner in which small farmers have readily adapted themselves 
to the Bombay Milk Scheme which is one of the biggest and most 
modern experiments of its .kind. The Japanese method of rice culti
vation, which is a complex of better farm layout and better use of 
water, fertilizer, and seeds found quite a ready response amongst 
Indian farmers when properly demonstrated and necessary capital, 
fertilizers, and seeds supplied. In the field of plant breeding and 
improvement also there has been encouraging progress. Not only 
have new breeds been introduced into some of these areas but in a 
few countries there has been considerable local research and de
velopment. For instance, in India there are a number of well
equipped research institutes where extensive research is being carried 
out in plant breeding. Some of the new varieties of sugar-cane, wheat, 
and cotton developed in India are now well known throughout the 
world. Research is also being carried out on the breeding of better 
animals, especially cattle, and the development and production of 
germ plasms. The introduction of the results of research to the actual 
farmer did not keep pace, however, with the progress of research 
until recently. But during the last four years a special extension agency 
has been set up in India and it is hoped that the practical utilization of 
the results of research will be accelerated. In other countries of the 
region the position is not very dissimilar although the progress 
naturally differs widely from country to country. As regards the 
control of insects, pests, and weeds, quite a good deal of research is 
being carried out and the knowledge is being disseminated to the 
farmers again through the extension agencies. On the use and con
servation of soils the position differs widely from countries like 
Afghanistan, where practically nothing has been done, to Japan which 
has one of the most comprehensive soil surveys in the world. In 
India a special soil conservation service has been set up recently and 
the use of chemical fertilizers is being stepped up. Studies have 
recently been initiated in problems of land use and a country-wide 
soil-testing survey is in progress. During the last three years the use 
of chemical fertilizers has gone up by four times and this must be 
regarded as a major technical change. Here again, there has been 
greater progress in areas growing cash crops than in areas growing 
food crops. In several other countries in this region also there are 
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definite signs that the farmers are no longer unwilling to use chemical 
fertilizers or to take to crop rotation or mixed farming, where these 
have been introduced to them in a suitable manner. As I mentioned 
earlier, the development of roads and railways has been another 
factor responsible for great changes in the country-side. Rapid exten
sion of motor transport in rural areas in particular has been one of 
the greatest technical changes of recent years in south and east Asia. 
In fact, it is tending to revolutionize ~arketing in most of these 
areas. Other factors which are making for very significant changes 
in the field of marketing are the provision of grading facilities by the 
State, the setting up of regulated markets, the introduction of im
proved processing equipment such as cotton gins, jute-baling 
machines, ground-nut decorticators, paddy-husking machines, food 
processing and dairy equipment, tobacco-drying machines, &c. The 
setting up of co-operative and State marketing organizations and the 
work of some of the big trading corporations in the field of tobacco, 
jute, cotton, &c., are also helping to modernize marketing methods 
considerably. 

In other words, the unchanging East has started to change even 
in the field of agriculture. The change has perhaps been greatest in 
central Asia and in Japan. The changes in south-east Asia are likely 
to follow the Japanese pattern rather than the central Asian or the 
Western pattern. Small farms, small machines, a greater reliance on 
improved varieties, better fertilizer practices, and improved tech
niques, an emphasis on crop rotation and mixed farming, the intro
duction of co-operative forms of organization in certain aspects of 
agricultural business, especially in marketing and credit and the supply 
of requisites, are some of the directions in which this change seems 
to be taking place. Even the People's RepublicofChinaisnotfollow
ing the central Asian pattern but is moving closer to the Japanese. 
This is quite understandable because developments in agriculture can
not obviously follow mere ideology but have to depend essentially on 
hard economic facts. And the hard economic fact for south and east 
Asia is, as I have said, the very low land/man ratio in the agricultural 
sector. What has happened in Japan and what is happening in India, 
Burma, and other countries of south Asia are but logical corollaries 
of this fact. Technical changes in this region will be necessarily 
different from technical changes that have taken place in other 
countries of the world, where the land/man ratio in the agricul
tural sector is much more favourable. And in the introduction of 
these changes the State will have perhaps to play a much greater 
role than it has in Western countries, and market forces a more 
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active part than in the U.S.S.R. primarily because of this very 
reason. 

(e) LA TIN AMERICA 

J. O. MORALES 

Department of Economics and Rural Life, Inter-American Institute of Agricultural 
Sciences, Turrialba, Costa Rica 

TECHNICAL change and Latin America are subjects which lend 
themselves better to speculative rather than factual treatment. 

Technical change involves the natural and physical sciences, the 
technologies, and the social sciences. Sociology, cultural anthro
pology, psychology, social psychology, economics, as well as many 
of the applications of these sciences in education, extension, and 
communication are basic to the understanding of technical change. 1 

Deep ethical, moral, and other philosophical considerations are also 
involved. It would be presumptuous of your speaker to talk about 
technical change without acknowledging the serious limitations of 
his mental grasp and balance of thought in approaching the subject. 

He is also forced to emphasize speculation rather than fact by the 
geographical and human diversity of the Latin American area. 
Sweeping generalizations, probably difficult to substantiate in fact, 
are inherent in writing about such a vast, diverse area. Over 1 5 o 
million people of different origins, organized for productive activities 
in over twenty countries and territories, occupying an area extending 
from the temperate north of Mexico to the polar south of Argentina 
and ranging in altitude from the hot equatorial lowlands to the 
snow-covered highlands, are not an ideal subject for concrete and 
precise observation and description. 2 But speculation is sometimes 
useful, even under these handicaps. These remarks should not be 
interpreted as an excuse for failure to deal with the subject properly, 
but as a note of caution in interpreting what follows. 

We must also recognize that technical change is just a means to 
an end, and it is difficult for me to discuss the means without at 
least making a passing reference to the end. I believe we all agree that 

1 Margaret Mead, Ed., Cultural Patterns and Technical Change (A manual prepared by 
the World Federation for Mental Health), Paris, United Nations Educational, Scientific 
and Cultural Organization, 1953; H. S. Perloff, 'The Requirements of an Effective 
Point Four Program', Economic Development and Cultural Change, No. 3, Oct. 1952, pp. 
209-15, and R. S. Merrill, 'Some Comments on Moore's Industrialization and Labour', 
ibid., pp. 229-35. 

2 P. E. James, Latin America, New York, Odyssey Press, 1942, 
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this end is development, but agreement on what is development is 
not so unanimous. Generally, we have a group which considers 
development as increased production. Another group would rather 
define it as increased levels of living. A third group, probably smaller, 
regard it as that process by which the individuals in society achieve 
maximum expression of their personalities through individual and 
group action. 1 I belong to the third group, because this definition 
embraces the other two and places emphasis on the broader concept 
of human development. It gets away from the material aspects of life 
as the sole object of human endeavour and paves the way for 
eliminating the stigma currently attached to the concept of develop
ment, of carrying in it the basis of cultural imposition. In adopting 
this definition which places emphasis on man, the discussion of the 
topic will necessarily stress the human and institutional angle. 

The Present Situation 

I must start by acknowledging reluctantly that, by and large, the 
definition of development adopted in both the international and 
national Latin American circles which control the programmes of 
technical change is that of increased production. I believe this 
statement is clearly supported by extensive evidence.2 Practically 
every country has a number of programmes, relatively well financed, 
to stimulate production in agriculture and industry. The educational 
aspects of these same programmes, however, are poorly financed and 
sometimes ignored. Primary, vocational, professional, and adult 
education programmes are barely holding their own low levels of 
accomplishment in the face of sharply increasing populations. It 
appears that the direct attack of more and better machinery and other 
conspicuous projects of industrialization, transportation, com
munications, and agriculture are strongly favoured, for short-term 
political reasons, over the less dramatic attack on the exceedingly 
high illiteracy rates, poor health conditions, and obsolete practices 

1 ]. 0. Morales, Community Development Program, Draft no. 2, Turrialba, Costa Rica 
Inter-American Institute of Agricultural Sciences, 1953 (mimeographed); and A. M. 
Arce and J. 0. Morales, Sociologla: 7 Casos de Desarrollo de la Com1111idad, Turrialba, 
Costa Rica, Editorial SIC, 1954· 

2 S. G. Hanson, Economic Development in Latin America; An Introd11ctio11 to the Economic 
Problems of Latin America, Washington, D.C., Inter-American Affairs Press, 1951; 
Tercera Conferencia sobre Programas y Perspectivas de la Agricultura, Nola sobre 
Problemas y Politicos Agrlcolas en America Latina, Buenos Aires, 1954; International 
Bank for Reconstruction and Development, The Economic Development of Mexico: Report 
of the Combined Mexican Working Party, Baltimore, Johns Hopkins Press, 195 3; Inter
national Bank for Reco11struction and Development, r946-I!JJJ, Baltimore, Johns Hopkins 
Press, 1954· 



Technical Change in Different Environments 61 

and systems of farming. This choice comes as a natural development 
of the social structure prevalent in our countries which leads to 
short-term, unstable governments and programmes. Thus, the area 
is committed for the time being to a very strong bid for increased 
production, at practically any expense. 

As a general rule agriculture, when faced with such a short-term, 
centrally directed approach, presents many more complications than 
do industry, communications, and transportation, and it is these 
therefore that have been favoured. As a matter of fact, a significant 
part of the value of agricultural production has been diverted, 
through foreign exchange, tariff, and other manipulations, to finance 
expansion in other sectors of the economy. This is evident in the 
relatively stable proportion of total exports represented by agri
cultural products, and in the rapidly increasing importance of the 
industrial share of the gross product, under a high tariff protection. 
This process has been carried so far in some countries that agricultural 
production, and consequently, the volume of exports, have been 
seriously affected. 

This general background of the situation of technical change in 
agriculture cannot leave out of consideration the role of prices. 1 

The exceedingly favourable price situation for such products as 
coffee, 'tacao, and cotton of the last few years has probably provided 
the principal incentive for technical change. 

A rough observation made against this background would lead to 
the general conclusion that technical change in agriculture is 
extremely 'spotty'. It is spotty between and within countries. It is 
also spotty in terms of crops and livestock enterprises and even in 
the practices followed in these enterprises. One is impressed by the 
highly developed cotton, sugar-cane and dairy farms of the Lima and 
coastal area of Peru, for example, as contrasted with the primitive 
Indian farming of its highlands. Similar contrasts, although not so 
pronounced, are observed between the corn plantings in tierras de 
regadio (irrigated lands) and the tierras de tempora/(non-irrigatedlands) 
in Mexico. Usually, technical change has been applied at a faster rate 
to export crops than to food crops grown for local consumption. 
Livestock enterprises, with the exception of those close to the few large 
urban markets, have failed to show signs of major technical improve
ments, particularly in pasture, feeding, and management practices. 

1 United Nations, Department of Economic Affairs, Initability in Export Marketi of 
Under-developed Countriei in Relation to Their Ability to obtain Foreign Exchange from 
ExportJ of Primary Commoditiei, r9or-JO, New York, 19~2; and United Nations, 
International Co-operation in a Latin American Development Policy, i and ii, New York, 
1954. 
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Technical advance has not yet evolved from the introduction of 

isolated new practices to improved systems of farming. Thus, good 
selected animals are not fed properly or are not effectively protected 
from diseases and pests. Expensive machinery is improperly used 
and cared for. Expensive fertilizer is applied to crops which are not 
protected from insect and clisease infestation. Heavy applications of 
fertilizer are made to land which has been continuously in the same 
crop for many years, sometimes for a lifetime. 

The channels through which technical information is reaching 
farmers and their families are many. The international programmes 
of F.A.O. and the Inter-American Institute of Agricultural Sciences 
are directed mostly at technicians in the various national programmes 
who, in turn, pass the information to farmers. The bilateral pro
grammes of the United States with the individual countries represent 
by far the largest form of direct technical assistance. The Rockefeller 
Foundation, with its highly effective research programmes in Mexico 
and Colombia, represents another source of technical information and 
services. These, and other supra-national programmes, represent at 
present the main direct efforts to take scientific agricultural informa
tion to Latin America. It is important, however, to note that a study 
of large coffee and sugar-cane farmers of Costa Rica revealed that 
considerable technical information used by these farmers had 
reached them through technical magazines, dealers of equipment 
and materials, and personal visits to other producing countries. 1 

Some expansion of national programmes has also occurred, 
especially in the fields of research, extension, grain storage, and 
specific crop production campaigns. The work of the Corn and 
Wheat Commissions of Mexico and of the Cotton and Cacao 
Campaigns in Colombia are specific examples of this trend. The 
extension programmes, as a general rule, are in the early stages of 
development and their impact will not be felt for some time. Their 
net effect can be assessed in terms of the adopted goal of increased 
agricultural production. The figures provided by F.A.O. show that 
agricultural production per caput was only 93 per cent. in 1952-3 
of the level of 1934-8.2 If the abnormal situation of Argentina is 
eliminated, the adjusted figure is 102 per cent. Thus, the advances 
are hardly keeping up with the rapid increase in population. Pro
ductivity in agriculture has increased somewhat, allowing with a 

1 Alvaro Chaparro, Role Expectation and Adoption of New Agricultural Tec'111ologies, 
Pennsylvania State College, I9H (unpublished Ph.D. dissertation). 

2 Food and Agriculture Organization of the United Nations, Prospects for Agrimltural 
Development in Latin America, Rome (processed). 
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minimum of disruption the relatively significant shift in population 
from the agricultural to the non-agricultural occupations. In general, 
however, we could conclude that the impact of technical change on 
agricultural production has been small. 

There is some evidence that farmers are adopting new practices. 
By the end of 194 7 Latin America was importing three times more 
fertilizer, four times more tractors, and four times more pesticides 
than pre-war. While the rate of change is significant, the absolute 
amounts are discouraging. For 1946-7 F.A.O. estimated that less 
than 1 per cent. of the draught power was provided by tractors. 1 In 
1954-5 Latin America used only about z per cent. of the total world 
consumption of the three principal fertilizer elements. 2 The magni
tude of the change has apparently been highly selective instead of 
en masse, tending to provide statistical evidence of the spotty nature 
of the adoption of new farm practices. 

The Process of Technical Change 
The process of technical evolution is clearly evident in the Latin 

American setting, even though its impact is barely noticeable in 
statistical terms. It has affected some men without significantly 
influencing what they produce and consume on their farms, so a 
description of the process by which the change is finding its way 
into Latin American agriculture is significant. 

As a general rule technical improvements are adopted first by 
large, progressive farmers and corporations. These have usually had 
considerable contact with other, more developed areas and have 
become dissatisfied with their own 'state of the art'. Some of these 
men even carry the indiscriminate process of adopting practices from 
the outside world too far. Their efforts and the dispersion of new 
practices among neighbours and friends, largely within their own 
large-farmer group, explain to a great degree the spotty nature of 
development. The fact that such a wide difference exists between this 
group and small peasant farmers, both in resources and in social 
distance, has apparently reduced to a mere trickle the flow of technical 
knowledge and experience to the small farmer.3 Extension Services 

1 Food and Agriculture Organization of the United Nations, The State of Food and 
Agriculture-r948: A Survry of World Conditions and Prospects, Washington, D.C., 1948. 

2 Food and Agriculture Organization of the United Nations, An Annual Review of 
World Production and Consumption of Fertilizers-r914, Rome, I9H· 

3 Manuel Alers-Montalvo, Cultural Change in a Costa Rican Village, East Lansing, 
Michigan State College, 1953 (unpublished Ph.D. thesis); C. P. Loomis and others, 
Eds., Turrialba Social Systems and the Introduction of Change, Glencoe, Illinois, Free Press, 
1953; ]. 0. Morales, Social and Economic Implications of Extension Work in the Caribbean 
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have apparently failed to bridge this gap. Credit institutions and other 
necessary services, as well as the new economic group organization 
needed to provide full participation of the small-farmer group in the 
technical evolution of agriculture are largely missing. What will 
happen under these circumstances if both large and small farms 
produce the same crop and technical change gives clear competitive 
advantage to the large-farm group is a problem of deep concern and 
immediate urgency. 

This phenomenon explains in a large measure why, other things 
being equal, technical change has tended to affect more accessible and 
better farming districts first, why the enterprises having something 
to borrow from temperate agriculture have tended to assume the 
lead, why annual crops have advanced more than permanent crops, 
why export crops have tended to move faster than crops for local 
consumption, and why individual practices rather than whole 
systems of farming have been affected by technical change. Another 
factor, intimately related with this situation is that 'the "know-how" 
of more fully developed countries is not necessarily the exact know
how needed or applicable in less well developed areas'. 1 The lack of 
adequate agricultural research centres, in itself, gives competitive ad
vantage to some enterprises over others. It appears that industrial 
development has had a lot more to borrow from more fully de
veloped areas than has agriculture. Thus, in this sense also, Latin 
American countries may be following the line of less effort. 

There are two other developments in connexion with the process 
of technical change worth noting. Large irrigation, flood control, 
and colonization projects have sometimes provided successful 
initiation of technical change. A considerable proportion of the 
improved agricultural technology in Mexico has apparently occurred 
in irrigation areas. The impact of some colonization schemes in 
Brazil has significantly influenced the process of technical advance 
there. When the complete setting is altered, opportunities which are 
favourable to the introduction of change seem to develop. 

To a smaller extent, and still mostly in the making, changes in 
marketing are affecting technical change on the farm. I am informed 
that in some countries supermarkets are markedly improving the 
standardization and quality of products. They are also providing a 
more stable demand for those high-quality products which in the 
Region, Cornunicaciones de Turrialba no. 50, 1954 (mimeographed); and S. Sariola, 
Social Class and Social Mobility in a Cos/a Rican Town, Turrialba, Costa Rica, lnter
American Institute of Agricultural Sciences, 1954· 

1 B. F. Hoselitz, The Progress of Underdeveloped Areas, Chicago, University of Chicago 
Press, 1952· 
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long run may have a decided effect on the fruit and vegetable 
industry. 

Technical Change and Development 

There are many other factors affecting technical change in agri
culture and especially the broader aspect of development in Latin 
America that deserve attention. For example, the level of education 
and health: 'Three-fourths of the Latin American countries have 
illiteracy rates exceeding 50 per cent. and only two countries have 
cut the rate below 20 per cent. 1 We could safely say that more than 
90 per cent. of the rural population of Latin America have not taken 
more than three grades of elementary school education. We could also 
safely say that over half of the population cannot fully apply them
selves to active work because of health and dietary limitations. On 
the other hand, wages are so low that in some countries hand 
methods have a cost advantage over the most advanced mechanical 
harvesting of cotton and wheat. People are crowded in the highlands 
and Mesetas, trying to get a living out of patches of less than one 
acre of corn, while vast areas of reasonably fertile lowlands lie idle 
a few hundred kilometres away.z I could bore you with the long list 
of deficiencies and weaknesses of so-called underdeveloped countries, 
which you have read and heard about so many times. Latin America 
probably has all of them and others besides.3 But the key question is 
no longer what but wiry and how. 

I submit that the answer has to be sought not so much in things 
as in man. I further postulate that the key factor is in the relatively 
simple process of human development. The answer is made up of 
many minute decisions that millions of individuals are making every 
day. Thus, the answer to the question cannot come in atomic bomb 
fashion. It is not in programmes designed for short-run achievement 
or in show-case-type projects. Our eight years of experience in the 
Community Development Programme at Turrialba, its more recent 
expansion to five other Latin American countries, and the reports 
coming in from India and other countries where similar approaches 
are being followed, lead me to believe that the answer is largely in 
the patient, long-term everyday process of the dissemination of 
knowledge and experience on all sides of life among people. For 

1 S. G. Hanson, op. cit. 
• ]. 0. Morales, Lo.r Recur.ro.r Humano.r en el Area de/ Caribe, Turrialba, Costa Rica, 

Instituto Interamericano de Ciencias Agricolas, 1955. 
3 Joint ECLA/FAO Working Party, Agricultural Requi.rile.r in Latin America, New 

York, United Nations, Department of Economic Affairs, 1950. 
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this reason, the means-that is to say, technical change-has been 
discussed as part of development, which is the end. 

(f) NOR TH AMERICA 1 

SHERMAN E. JOHNSON 

Agricultural Research Service, United States Department of Agric11lt11re 

THE discussion in this paper is confined largely to the United 
States with some references to changes that have taken place in 

Canada. The discussion also is limited to the farm production aspects, 
but within a broad definition of technical change which includes all 
the technical and economic changes that alter the way resources are 
used in farm production and in the farm home. These changes have 
taken place both on and off the farm. 

The production side of agriculture has been almost completely 
transformed since the turn of the century. The most significant 
changes have come since 1920 and the rate of change has been 
greatest in the last fifteen years. In most areas farming has shifted 
from hand and horse-power operations to mechanical power and 
complementary machines; from diversified production, much of it 
for home use, to more specialized production for the market. The 
changes that have taken place in the farm home and in the rural 
community have blurred the distinctions between urban and rural 
culture. 

Origins of the Agricultural Transformation 

How do we account for such a transformation in our agriculture? 
It has not come about spontaneously. To a large extent it has its 
origin in organized research conducted by both public and private 
agencies. Before the turn of the century agricultural improvements 
were largely the product of individual invention and discovery. The 
steel plough, the reaper, the mower, the grain-binder, and other 
machines developed for use largely with animal power can be traced 
to the inventive ingenuity of individuals, some of them with little 
or no formal training in organized science and mechanics. And the 
earlier improvements in livestock breeds and crop varieties were 

1 This paper expresses the writer's personal views. Dr. J. F. Booth and associates 
kindly supplied statistical series on developments in Canada. Statistical data and helpful 
suggestions also were received from fellow workers in the U.S. Department of Agri
culture. 
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largely the product of selection by shrewd individuals who had 
learned their art by trial and error. 

Formal agricultural research had its beginning in the latter half of 
the nineteenth century. The first results of research were significant, 
but they did not cause a flood tide of changes in farming. This is 
understandable when we consider: (1) the modest investment in 
research programmes both in the Federal Departments and in the 
State and Provincial Agricultural Experiment Stations; (z) the time 
lag between research undertakings and achievement of results ; and 
(3) the time lag between significant results and adoption by farmers. 

The time lag in research results is explained partly by the lack of 
adequately trained scientists for undertaking the early research 
programmes. It was necessary for the few who had scientific training 
to build a foundation of knowledge and to train others for step-by
step progress in research. Even after construction of such a founda
tion, it took some time to carry out complex research undertakings 
and to obtain significant results. This was especially true in the 
biological phases of agricultural research where results depend upon 
breeding new generations of plants and animals. 

The time lag in adoption of research findings by farmers stemmed 
partly from the fact that results of research in natural science 
developed in the laboratory or on the test plot were not always ready 
for adoption by farmers. Information was not available on whether 
it would pay farmers to incorporate the suggested improvements in 
their farming. To some extent, therefoi;e, adoption was held back by 
lack of economic research and testing to determine conditions under 
which results would pay on actual farms. 

Adoption of research results is not automatic, however, even when 
their profitableness is evident. The farm environment must be 
favourable for accelerated adoption. Perhaps the two most important 
environmental factors are education and sufficient income to take 
advantage of new opportunities. 

Although many economic and institutional factors have favoured 
rapid adoption of technological improvements in the United States 
and Canada, perhaps the most important single accelerating factor 
has been a relatively high level of basic education. Tables I and II 
indicate educational progress among farm people in the United 
States and Canada. The adult and youth education programmes of 
the Agricultural Extension Services and the vocational agriculture 
programmes in the high schools have been able to build on the 
foundation of adequate elementary education. These programmes 
have had tremendous influence in improving agriculture, but they 
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TABLE I 

Percentage of Rural Farm Population (2J years old and over) reporting 
Years at School, United States, I940 and I9JO 

Grade school High school College Median 
school 

I-4 J-6 7-8 I-J 4 I-J 4 or more years 
Age-group None years years years years years years years completed 

--------------
% % % % % % % % 

1940 
All persons 2 5 

4·8 I I l 5·7 I 39·2 I 12·0 I I 3·4 I I and over l 5·9 7'7 1"3 n 

1950 
All persons 2 5 

and over 3·2 l 3·8 l 3·1 36·4 14"2 12·8 4·4 2·1 8·6 
25-29 1"7 9·0 9·7 26·7 19·0 26·8 5·0 2·1 9·5 
30-34 1°6 9·3 10"3 31"4 18·2 22·2 4·7 2·3 9·0 

35-39 1°8 10·6 Il'5 34·2 17'5 17·4 4·7 2·3 8·7 
40-44 2·0 12"2 12"3 37'0 16·2 12"3 5'4 2·6 8·5 
45-49 2·6 13"3 l 3·5 40·4 14·1 8·9 4·8 2·3 8·3 

50-54 3·0 14'4 13"9 42·0 12°8 7·6 4'3 2·0 8·2 

55-59 3·6 16·3 14'9 41"5 II·4 6·5 3·9 1"9 8·1 
60-64 4·4 18°5 l 5·8 40·7 9·9 5·6 3·4 1"7 8·o 
65-69 6·4 21·8 16·5 37·9 8·5 4·7 2·8 1"4 7'6 
70-74 6·6 22·2 17·0 38·1 7'6 4·5 2·6 1'4 7·4 
75 and over 8·8 23·7 17'3 36·4 6·o 4·1 2·4 1'3 7'0 

Source: U.S. Census of Population, 1950, vol. ii, part l 

TABLE II 

Percentage of Rural Farm Population (2J years old and over) reporting 
Years at School, Canada, I9JI 

Median 
school 

I-4 J-8 9-I2 r;years years 
Age-groups* None years years years and over completed 

---
% % % % % 

All persons 2 5 and over . 3·1 10·9 59·5 23·6 2·9 7'4 
25-34 o·8 4'9 59·8 30·8 3'7 8·o 

35-44 1°6 8·9 60·8 25·5 3·2 7'6 

45-54 3·6 14"1 59·7 19'9 2·7 7'2 
55-64 5·4 14·9 58·3 19'0 2·4 7'0 
65-69 6·7 16·2 57·8 17'3 2·0 6·9 
70 and over 8·3 21·1 56·1 12'7 1°8 5·8 

* Of population not attending school 
Source: Census of Canada, 1951, Population, vol. 2 



Technical Change in Different Environments 69 

would have been seriously handicapped in the absence of good 
elementary education. They are still handicapped in some areas where 
educational progress has been retarded. 

Private agencies have made important contributions to technical 
progress but the effectiveness of their work also was facilitated by 
education and a favourable economic environment. Organized 
private research played a large part in the development of mechanical 
power and improved farm machines. It also has contributed to 
improvement of insecticides, fertilizers, breeds of livestock, and 
some crop varieties. 

The potential size of the farm market for machines and agricultural 
supplies was a considerable inducement for private research invest
ment in these fields. In countries where the potential size of the 
market is small, it may not be profitable for private investors to 
undertake the research and sales promotion programmes which are 
necessary for profitable exploitation of a development which involves 
considerable expense. The limitations imposed by the size of the 
market are illustrated in the United States by a lag in the development 
of machines for handling crops such as peanuts and sweet potatoes. 
The recent improvements for these crops were stimulated by public 
research. 

Availability of plentiful raw materials for the manufacture of 
machines and agricultural supplies, and the use of modern large.:. 
scale methods of manufacture have permitted sales at prices that 
made mechanization attractive in comparison with prevailing 
methods. Farm electrification made little headway until central 
station power became available at prices which farmers felt they 
could afford. 

Readily available railway, truck, and even air transport, equipped 
with refrigeration as needed, has facilitated technological changes. It 
has promoted greater local specialization in production. For example, 
broiler production (raising young chickens for meat) has been 
concentrated in areas where farmers were willing to specialize in this 
enterprise and to adopt the newer production techniques. Distances 
to consumer markets, or to feed supplies, have assumed secondary 
consideration in the location of broiler areas. 

As already mentioned, the economic environment must be 
favourable for the rapid adoption of new technology. Most new 
techniques require additional investment in machinery, buildings, 
livestock, or in operating expenses. If farmers are to supply the 
necessary funds they must either have current savings or opportunity 
for increased earnings which can form the basis for credit. In the 
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depression of the 19 3 o's these conditions were lacking. Consequently 
farmers did not adopt the improvements made available by research. 
In fact, they did not even maintain their equipment inventories. 

As economic conditions improved, partly as a result of price 
supports and other farm programmes, farmers began to renew their 
machinery inventories and to incorporate other improvements in 
their farm operations. Even so, there was considerable selectivity in 
adoption. Improvements such as hybrid seed corn came fairly 
rapidly in the corn belt of the United States. The purchase of seed 
involved a rather small expense in relation to a probable zo per cent. 
increase in yield per acre. On the other hand, use of commercial 
fertilizer required greater cash outlay and this practice increased very 
slowly in both the United States and Canada until the beginning of 
World War II. 

The war-time need for food and the doubling of prices to farmers, 
with prices paid rising more slowly, furnished the incentives for a 
flood tide of changes in farming. The stockpile of research results 
which had accumulated during the depression was utilized almost as 
rapidly as the supplies of new products or services could be made 
available. The result was an unprecedented increase in output during 
the war despite the shortages which developed in labour, machinery, 
and production supplies. There was very little increase in crop-land
about 3 per cent. in the United States, and 10 per cent. in Canada. 
All of the physical conditions contributing to increased production 
during the war years (aside from favourable weather) grew out of 
research and invention, which in turn were spread by education and 
other farm programmes. But adoption was facilitated by a favour
able economic environment. 

The Main Events 

The main events in the transformation of farm production in 
the United States, and apparently also in Canada, can be listed as 
follows: 

I. Use of mechanical power and complementary machines. Mechanical 
power and the development of machines specifically designed for 
tractor use was a cornerstone in the foundation for increased produc
tion. The most significant effect was the release of crop-land, and 
other resources formerly used for production of power on the farm, 
to produce commodities for the market. In the United States about 
70 million acres of crop-land were released for other uses from 19zo 
to 1954. About one-half of the increase in output during the inter
war years can be accounted for by release of crop-land and other 
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resources. This direct effect of mechanization also accounts for about 
one-fourth of the increase in World War II and the post-war years. 
Mechanization also speeds up farm operations, and adequate power 
facilitates better tillage, which combined with greater timeliness, 
results in higher yields. Output per worker is increased, and farm 
use of central station electric power reduces chore jobs around 
the farmstead. Continuing improvements in mechanical power and 
complementary machines have accelerated their adoption. Many 
machines are now almost fool-proof. The electric motor starts when 
the switch is turned on, and the tractor and truck have self-starters. 

2. Crop improvements. Introduction of hybrid seed corn is the 
outstanding innovation in the crops field, but other crop improve
ments have contributed a great deal to increased output. For example, 
high-yielding varieties of soybeans have made it possible to expand 
this crop in the United States from an infant enterprise of 1 million 
acres to a 20-million-acre giant in thirty years. Other improvements 
in wheat, oats, grain sorghum, potatoes, and many other crops have 
contributed to higher yields per acre. 

3. Plant pest and disease control. Effective control methods have 
been developed for such pests as the cotton boll weevil and the corn 
borer. Seed treatments have prevented the spread of many plant 
diseases. And both tillage and chemical methods have been developed 
for more effective weed control. 

4. Improvements in livestock breeding, feeding, and disease control. 
Animal breeders have used artificial insemination and cross-breeding 
to speed up the genetic improvement of animals. Better breeding 
stock has made it possible to capitalize on improved feeding methods, 
including more adequate and better balanced rations, use of anti
biotics, and more recently, hormones. The greatest improvement 
has been realized in breeding, feeding, and handling commercial 
broilers. In 1940 about 4·2 lb. of feed were used to produce 1 lb. of 
broilers, whereas in 19 5 3 it took only 3 lb. Commercial broiler 
production has developed from an almost unknown enterprise of 
thirty years ago to an output of 3·3 billion lb. in 1954. 

5. Soil conservation and improvement. Greater attention to conserva
tion and improvement of soils has resulted in adoption of better 
rotations, terracing, contour and strip cropping as well as other 
practices to conserve the soil. The most startling development, 
however, has been the increased use of lime and commercial fertilizer. 
Farmers in the United States today use about four times as much 
lime and fertilizer as they did in the years preceding World War II. 
In Canada farmers are using about three times as much. 
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6. Farmstead improvements. Aside from electrification, improve

ments in farm service buildings and related equipment have lagged 
somewhat behind other developments. However, recent research 
indicates tremendous opportunities for saving labour, investment, 
and operating costs through use of low-cost housing for dairy 
cattle combined with efficient storage of grain and forage. 

Although these are the main events in the transformation of farm 
production, many others could be cited. And we must recognize 
the joint effects from the combined adoption of some of these 
improvements. For example, higher crop yields may be the result of 
combined use of an improved crop variety, applying adequate 
quantities of lime and fertilizer, providing timely tillage, and growing 
the crop in a rotation system that conserves and helps to improve soil. 

The main events in the transformation of the home and community 
side of farming have been (1) improved schools, (2) roads, (3) auto
mobiles, (4) electricity, (5) radio and television. Before the advent 
of improved roads and automobiles, farmers drove with horses over 
mud roads to the local trading centre about once a week. They read 
the newspaper by the light of the kerosene lamp. Their children 
attended 'the little red school house', which was expected to provide 
all the education needed for farming. Improvement of schools and 
compulsory school attendance have helped to change that. In most 
areas farm homes are now only a few minutes drive from local towns 
or even larger trading centres. Consequently, urban contacts have 
increased and farm people are part of the same cultural group as their 
urban cousins. Electricity is now available in most farm homes in 
both the United States and Canada, but many lack central heating, 
running water, and other plumbing facilities. Electricity and other 
recent improvements make it possible to have a modern, well
equipped farm home. But the first cost of some of the conveniences 
is higher in rural areas, which probably accounts for the lag in water 
and other plumbing facilities. 

Impacts on Farming 
Technological changes have resulted in startling increases in out

put per acre, per animal, and in total farm output (Figs. 1 and 2). 
Despite serious drought in large areas, the physical volume of output 
of farm products in the United States in 1954 was 43 per cent. above 
the average of the pre-war years 193 5-9. Both production per acre 
and livestock production per animal unit of breeding stock were more 
than one-fourth above those years. The larger output was produced 
with about 30 per cent. fewer man-hours of farm work, which means 
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that the output per man-hour was about double that of pre-war years 
(Fig. 3). Canada reports a 5 5 per cent. increase in the physical volume 
of agricultural production, with about rn per cent. increase in 
crop-land, during the same period. Considering also the reduction in 
farm employment, it appears that output per man-hour has doubled 
in Canada. 

The output per man-hour, of course, is not all net gain. There has 
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been considerable substitution of capital for labour both for invest
ment capital and for cash operating expenses. Figs. 4 and 5 show the 
trend in output per man-hour and per dollar of investment capital in 
four different types of farming in the United States. The output per 
unit of all inputs on these farms is shown in Fig. 6. 

In the United States the current value of total assets used in farm 
production in 1954 was about three times the value in 1940. The 
number of workers on farms in 1954 was 25 per cent. below 1940. 
Thus the value of assets per worker was 310 per cent. above 1940. 
A farm worker in 19 5 4 had about $14,000 of physical assets associated 
with him as compared with $3,500 in 1940. This comparison is 
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somewhat distorted because of changes in the price level. Hence, if 
the comparison is made in l 94 7-9 dollars for both dates, the physical 
assets per worker in 1954 would be $12,000 and $7,500 in 1940. 
This is an increase of 72 per cent. (Fig. 7). 

The current value of the investment in farm machinery was nearly 
$2,ooo per worker in 1954, or eight times the investment in 1940. 
The current value of the investment per worker in real estate 
increased partly because of fewer workers and larger farms, and also 
because land values are about 150 per cent. above 1940. 

In Canada the total current value of assets used in farm production 
in 195 l was more than double the value in 1941. The investment per 
worker was three times as high. The total value of farm implements 
and machinery was over three times as high in 1951 as in 1941, and 
machinery investment per worker was four times as high. 

The commercial family-operated farm of today is big business 
compared with the relatively self-sufficing farm of yesterday, which 
is still found in some areas of both the United States and Canada. 
The average acreage per farm has increased steadily since l 920 in both 
countries. But this is not an adequate measure of change because of 
the growth of part-time farming and the consequent increase in 
numbers of small farms. The current value of the physical assets on 
family farms is a better measure. In the corn belt of the United States 
this usually ranges from $30,000 to $90,000. In cattle and sheep 
ranching and in the Pacific Northwest wheat areas, the asset values 
per farm are even higher. In dairy areas the assets per farm are more 
typically $20,000 to $30,000, and they are only about $15,000 on 
small cotton farms in the south, an area with slower progress in 
mechanization. 

The cash outlay required for farm operation is also much higher 
than in pre-war years. The greatly increased use of lime and fertilizer 
means that a part of the soil productivity is bought by the ton each 
year, instead of by the acre as an investment cost in the purchase of 
the farm. Fuel, oil, and repairs for the farm tractor and truck are also 
out-of-pocket expenses. In recent years farmers in the United States 
have spent more than $10 billion annually for non-farm goods and 
services used in farm production. This is more than four times as 
much as they spent annually in the pre-war years 193 5-9. Price 
changes account for about half of the increase, which means that the 
actual volume of these purchases has doubled. Higher investment 
costs and higher cash operating expenses result in higher 'break-even 
points' in farming. This in turn means that farm income is more 
vulnerable in event of lower prices, crop failure, or other disaster. 
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The vulnerability is well illustrated by the returns on 'wheat-small 
grain-livestock farms' in the Northern Plains region of the United 
States. Prices received in l 9 5 4 were 8 5 per cent. of the average of 
the years 1947-9. Crop yields per acre were 72 per cent. of those 
years. The net farm income, however, was only 40 per cent. of 
1947-9. 

Further development is needed of measures for protection against 
both price and production hazards which are beyond control by 
individual farmers. Price supports offer some protection against 
severe price declines, but the protection is partly offset by the pro
vision for restriction of output in years when support prices are 
effective. Crop insurance is one means of protecting against the 
hazards of crop failure, but this programme is still in the develop
mental stage in the United States. 

Most farm improvements tend to increase output per acre, per 
animal, per man, and in total for the resources expended. We were 
fortunate, indeed, to be able to increase output in this way during 
World War II and the post-war rehabilitation period. But once 
production is expanded it is not readily contracted in response to 
slackening demands. Moreover, adoption of improvements is to 
some extent self-generating. For example, once farmers have learned 
the yield-increasing effects of commercial fertilizer, they will continue 
to use it and, perhaps, to increase their applications so long as they 
foresee a margin of return over cost. There is a tendency toward 
over-production, therefore, in periods of slackening demand. 

Perhaps equally serious, however, is the tendency toward un
balanced production which frequently is accelerated by advances in 
technology. The urgent demands for wheat to meet war and re
habilitation needs resulted in an increase of wheat acreage in the 
United States of 31 million acres from l 942 to l 949, or 5 8 per cent. 
Nearly four-fifths of the increase came from the Great Plains 
States. It was achieved largely by ploughing out grass-lands in the 
more hazardous areas. The rainfall cycle was favourable for crop 
production, and modern equipment and good prices furnished 
additional incentives. It was fortunate that we had this reserve 
capacity to meet the war rehabilitation needs-fortunate both for 
ourselves and for our friends abroad. The bins were swept clean each 
year from 1945 to 1948. It was part of the cost of the war, but it 
threw farm production seriously off balance. In the last four years 
serious droughts were experienced in the Great Plains region. It is 
both difficult and costly to restore those hazardous lands to grass, 
and investment losses will be incurred by many farmers. 
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Cotton acreage also was increased for rehabilitation exports, 

especially after the Korean crisis in 1950. At the present time wheat 
and cotton are the problem crops in the United States. If more 
resources could have been devoted to meat production in the years 
from 194 5 to 19 5 1, farmers would have avoided a part of the 
inflationary spiral in meat animals, and our agriculture today would 
be in better balance in relation to prospective markets. 

REAL INCOME OF FARM AND 
INDUSTRIAL WORKERS 

%OF 1947-49 
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Fig. 8 

Impacts on Farm People 

Viewed in historical perspective, farm people as a group have 
benefited greatly from the adoption of technological improvements. 
The real income per farm worker has doubled in the United States 
since the beginning of World War l1 (Fig. 8). The physical burden 
of farm work has been lightened both on the farm and in the farm 
home. More money has been available for home and community 
improvements. Young people on farms today receive a better educa
tion, and are better equipped to participate in both the private and 
public activities of our complex civilization. 

' The increase is partly accounted for by returns on a higher investment, since no 
allowance is made for capital charges other than interest on farm debts. 



80 S. E. Johnson 
But the benefits have also brought burdens. Farming has become 

more complex. Greater managerial and technical skills are required 
for financial success. More money is required to get started, and as 
previously mentioned, farming is more vulnerable to the ups and 
downs of the market and to production hazards. Benefits also have 
been unevenly distributed (1) as to time periods, (2) among areas 
and groups within agriculture, and (3) in relation to other sectors 
of the economy. 

As to time periods, farmers accelerated their adoption of improve
ments and harvested their gains from increased efficiency in the 
years when food and fibre demands were high, as in 1915-19 and 
almost the entire decade of the 1940' s. But the general price level was 
rising in both those periods. This meant a gradually rising cost 
structure which caught farmers in a cost-price squeeze when demands 
for their products slackened after the special war and rehabilitation 
needs had been met. In the years of transition that followed, farm 
incomes were reduced and farm debts increased. 

The severe strain of transition in the inter-war years (accentuated 
by drought in the 193o's) cancelled the economic gains of the World 
War I period for most of that generation of farmers. But some of the 
home and community gains were retained. Better schools were 
maintained, and farmers clung tenaciously to the advances that had 
been made in levels of living, frequently at the sacrifice of farm 
maintenance. The opportunity for achieving some of the home and 
community facilities enjoyed by non-farm groups, which flashed 
briefly in World War I, was not completely extinguished. The 
remaining sparks touched off the 'equality for agriculture' campaign 
of the 192o's in the United States, and resulted in the creation of the 
Farm Board in 1929, and the adjustment, credit, and conservation 
legislation of the 193o's. 

The slow recovery in the late 193o's was followed by the stimula
tion of World War II. The 194o's were the most prosperous years 
that commercial farmers have experienced, both in the United States 
and in Canada. Although both prices and net incomes dropped in 
1948 and 1949, the Korean crisis in 19 5 o again accentuated demands 
for farm products. But the difficult transition to peace-time markets 
began in earnest in 19 5 2, and is still with us in 19 5 5. The real income 
of farm people in the United States is back to the level of 1941-2, 
before the war boom was well under way. 

The uneven distribution of. the benefits of technology among areas 
and groups is one of our most difficult problems. Many farming 
areas both in Canada and the United States have been almost 



Technical Change in Different Environments 81 

completely by-passed in the march of technological progress. A 
recent study of the low-income farm problem in the United States 
indicates that in relatively prosperous 1949 there were I· 5 million 
farm families with net cash incomes from all sources of less than 
$r,ooo. Nearly 800,000 of these families were on essentially full-time 
farms, the operators of which were under sixty-five years of age. 1 

The low-income farms tend to be concentrated by geographical 
location-the mountain areas, the old cotton and tobacco areas, and 
the cut-over timber areas. These are the 'under-developed regions' 
of the United States. Some of them are physically isolated from 
outside economic activity. Others, such as the Spanish American 
settlements and the American Indian groups, are 'cultural islands'. 
Physical and cultural isolation, and in some areas, physical obstacles 
to the adoption of mechanized farming seem to be the chief factors 
which have cut off these areas from the main stream of progress. 

When low-income farming is concentrated by areas, poverty tends 
to be self-perpetuating. The income of the community is not sufficient 
to provide adequate schools, health facilities, and roads, all of which 
help to provide contacts with the outside world. Hence the young 
people growing up in these areas are ill equipped to compete for the 
better economic opportunities. Table III indicates that educational 

TABLE III 

Percentage of the Rural Farm Population (25 years old and over) 
completing Specified Educational Levels, 1950* 

Low income problem areas 
0 Remainder 

Years of of the 
schooling Total Serious Substantial Moderate United Stales 

---
% % % % % 

Less than 8 years completed 54·8 l9"3 60·0 44·6 27"4 
Completing 8 years but not 

high school . 33·4 31·0 29·8 39·6 46·2 
Completing high school II·8 9·7 10·2 I 5·8 26·4 ---

Total 100·0 !00"0 100·0 100·0 100·0 

* Special tabulations from United States Census. 
Source: Development of Agriculture's Human Resources, op. cit. 

levels are much lower in these problem areas than in the remainder 
of the United States. 

The vicious circle of self-perpetuating poverty must be broken 
with outside investment-both public and private. First of all, better 
schools, health facilities, and roads are needed. When hope and 

1 Development of Agriculture's Human Resources, a Report on Problems of Low-Income 
Farmers, U.S.D.A., Apr. 1955. 

B 5094 G 
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aspiration have been kindled, the younger people, at least, will take 
advantage of improved opportunities developed by investing more 
capital in both farm and non-farm activities. The most important 
investment of all, however, is investment in people that will permit 
them to develop their innate capacities. 

More than three-fourths of the farm work in the United States is 
performed by the operator and members of his family, but hired 
labourers are still an important group. And despite a 3 30-per cent. 
increase in wage rates since 193 5-9 most hired workers tend to stay 
at the bottom of the income scale. The year-round hired workers are 
largely on dairy or other livestock farms where special skills are 
necessary. They constitute about one-fifth of the hired work force 
and are relatively well paid. Their earnings compare favourably with 
the incomes of operators of the smaller family farms. Migratory 
labourers, however, which constitute another fifth of the hired 
workers, are at the very bottom of the income scale. The seasonal 
and migratory nature of the work also contributes to unsatisfactory 
living conditions, including lack of adequate educational opportuni
ties for the children. Fortunately, technological advances are 
gradually decreasing the need for migratory labour. The younger 
workers are being absorbed in other occupations, but their lack of 
training makes this transition more difficult. 

Another concern of farm people is whether the benefits of tech
nology and other changes are resulting in income improvements 
comparable with other occupational groups. The campaign for 
'equality for agriculture' in the United States, and the later emphasis 
on 'parity', have focused the attention of commercial farmers on 
comparisons of prices and incomes received by farmers with those 
of other groups in our economic society. Fig. 8 indicates the changes 
in 'real income' per farm worker (both family and hired) as compared 
with non-salaried industrial workers. It does not show comparative 
levels of income, which include a wide range in incomes for both 
groups (see Fig. 9 for returns per hour on four types of farms). 

The real income of farm workers rose more rapidly than that of 
industrial workers during the war and rehabilitation years, but it 
dropped back in 1948-50. It recovered some of the losses in 195 l, 
but has declined each year since then. The real income of industrial 
workers dropped back at the end of the war, but increased again in 
1948 and has recovered steadily since that time. In 1954 it was 18 per 
cent. above the average of the years 1947-9, whereas the income of 
farm workers was l l per cent. below those years. 

Technology on the farm has benefited industrial workers and other 
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non-farm groups by providing adequate supplies of food and fibre at 
relatively low costs. In fact, the price declines which accompany 
periods of slackening demand for farm products tend to transfer 
most of the benefits to non-farm groups. This tendency presents a 
challenge. Can scientific progress be so organized that farm people 

CENTS 

150 

RETURNS PER HOUR 
Adjusted for Changes in Family- Living Cost 

I 
Cash grain farms, Corn Belt --+------+---------i 

•-• Hog-dairy farms, Corn Belt 

100 

0 

50L-L.-'--'--'-'--L--'--'-'--'-......._.._.__.__......._.__.__.__._.__._~._._~ 

1930 1935 1940 1945 1950 1955 
U.S. DEPARTMENT OF.AGRICULTURE NEG. 55 ( 7)- 710 AGRICULTURAL RESEARCH SERVICE 

Fig. 9 

will continue to receive a proportionate share of its benefits in periods 
such as the present, when the economy is operating at prosperity 
levels? Also, in view of the by-passed areas and groups within 
agriculture, can scientific progress be made to serve all farm people 
-the operator of the small farm and the wage worker as well 
as the commercial farmer ? If these challenges can be met, no one will 
question the benefits to farm people of technological change. 

Conditions Favourable to Continued Progress 
Farm technology can spell the difference between scarcity and 

abundance for an entire national economy. It can release labour to 
build up industry and productive services. This has been the historical 
experience in the United States and Canada. However, we shall have 
to solve some of the economic problems associated with technical 
change to realize its full potentialities, and to enable agriculture to 
keep step with other sectors of the economy in the march of progress. 
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We must not forget that the margin of food and fibre abundance is 

small even in the surplus-producing countries. For society as a whole 
it has a plus rather than a minus sign-for the surplus-producing 
countries and for the entire world. In the United States the much 
discussed surplus is largely in wheat and cotton. And it represents 
only 4 or 5 per cent. of the total output. A serious drought or an 
increase of emergency demands could wipe it out very quickly. 

Farm technology made it possible to provide adequate food and 
fibre during the war and rehabilitation years. Farmers were then 
operating under pressure to increase production. And once the 
pressure of increased output is turned on it cannot be turned off 
quickly, or even regulated, like the flow of water from a spigot. 
Although we may want to regulate the pressure of production, or at 
least to guide it in line with market prospects, we certainly do not 
want to turn it off. Neither do we want to turn off the research spigot. 
In fact, the pressure for research must be increased if agriculture is 
to keep step with progress in others sectors of the economy. Con
tinuous improvement in efficiency is needed, otherwise we shall 
experience a stagnant agriculture which cannot attract persons of 
ability and will not provide adequate supplies as needed at low cost. 

If we are to have a healthy and prosperous agriculture, which will 
ensure continued progress, farmers must have confidence in the 
future. Farm incomes must be sufficient to provide a margin for 
investment in progress. Increased efficiency will require additional 
investments. They will have to come either from current income or 
from the use of credit supplied on the basis of confidence with 
respect to future income. A favourable economic climate for 
agriculture will require steps to prevent the terms of trade from 
running seriously against agriculture. We must find ways of balancing 
farm production with potential markets, and to offset price reductions 
by lower costs. 

A part of the need for balancing production with potential 
markets can be achieved by building up reserve productive capacity to 
meet emergency and future needs. For example, we could avoid 
continued exploitation of the wheat-lands unsuited for arable farming, 
by restoring them to grass cover. This would prevent exploitation 
of resources at a time when they are not needed and protect them for 
possible future needs. Other conservation measures could help to 
achieve part of the balancing job. Reserve capacity provides insurance 
against emergencies, but we should not expect farmers to pay a 
disproportionate share of the premium cost of such insurance. 
Reserve capacity constitutes an illsurance policy to protect the 
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existence and continuity of our society in case of emergency needs, 
and to ensure more adequate supplies for future generations. Building 
up reserve capacity of this type is the responsibility of the economy 
as a whole, and farmers should not have to pay the entire cost. 

But reserve productive capacity is only part of the answer to the 
balancing problem. Other measures should also be developed. There 
is urgent need for economic research to find better ways of achieving 
balance with potential markets, and ways of reducing costs to offset 
price reductions that may accompany technical change. We need 
better understanding of how farmers respond to technical changes 
and to changes in price-cost relationships. We need to study ways 
of preventing or meeting the production hazards which farmers 
encounter. 

The questions involving the economics of change have been 
studied only sporadically, because wholly inadequate resources have 
been devoted to research on economic and social problems associated 
with technical change. So far, much of the research in farm tech
nology has increased the pressure in the production spigot. The 
effects on production balance, on market prices, and on the incomes 
of farmers have been neglected. Production-increasing research 
should go forward. It constitutes a part of our reserve productive 
capacity, but greatly expanded research effort should be devoted to 
ways of guiding the production spigot into lines that promise higher 
income to farmers, and to devising ways of reducing costs as one 
means of improving incomes. 

The foregoing types of research should provide guidance in 
achieving greater equality of economic opportunity between farmers 
and other groups in our society. But we should still have the problem 
of increasing the flow of benefits from farm technology to the areas 
and groups within agriculture which heretofore have benefited least 
from technical change. Greater research and programme attention 
must be devoted to providing opportunities for increased income 
both on and off the farm for operators of small farms and for farm 
labourers. This will require greater public and private investment in 
people. All young people growing up on farms should have an oppor
tunity for full development of their innate capacities in order that 
they may compete on even terms for the available economic oppor
tunities and participate intelligently in our complex society. 

We can provide an opportunity for all farm people to benefit from 
technical changes in farming. But it will not occur spontaneously. It 
will require considerable redirection of present efforts-in research 
and in other farm programmes. It will require much more attention 
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to the economic and social consequences of technical change. We 
must learn how to lighten the burdens that accompany the potential 
benefits. We shall then be on our way to realize the potential contribu
tion of scientific progress to better living for all farm people. 

G. MEDICI, National Institute of Agricultural Economics, Rome, Ita!J 

Within agriculture as a whole it is possible to identify at least six 
different types of farming. Peasant farming (or subsistence family 
farming) is the predominant type, and is found mainly in Asia and in 
south-east Europe. Secondly, there is the commercial family farm 
which is important in Europe and the Western hemisphere. Both 
peasant farms and commercial family farms are sometimes organized 
co-operatively. Thirdly, we have the capitalistic or large-scale farm 
which might be of the plantation type, or of the more common 
European type such as is found in the Po Valley and in the lle de 
France. Fourthly, there is the State farm, including the kolkhoz of 
the U.S.S.R.; fifthly, the nomadic type; and sixthly, the so-called 
part-time holding. It might be useful to have a map showing the 
distribution of these types of farming in relation to systems of land 
tenure and ownership. This would help us to realize how different 
are the forms of technical change which would be appropriate to 
various regions. 

Sherman Johnson has indicated the main lines along which tech
nical change can advantageously proceed in agriculture. First, 
selected seeds can be used profitably almost everywhere; but we have 
not yet achieved much in this direction, as Dr. Pihkala has pointed 
out. Secondly, there is the use of chemical fertilizers; but apart from 
countries such as Denmark and some parts of Italy, Britain, and 
France, these fertilizers are not widely exploited. Thirdly, there is 
mechanization, which we know to be of great importance; but here 
we must heed the warnings of Professor Cepede, Mr. Klatzmann, 
and Mr. Elmhirst. Mechanization is not always a good thing, 
especially in backward countries or where mechanical equipment is 
very expensive. The essential point is to choose the best form of 
capital investment. Better seeds, for example, or pest control may 
prove to be better investments than additional machinery. Animal 
breeding is important, though we do not know enough about the 
way production in many parts of the world is changing from crops 
to livestock and livestock products. In Scandinavia, for instance, 
from 60 to 70 per cent. of the agricultural output is in the form of 
livestock products, and in Italy the proportion has increased from 
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30 to 40 per cent. This trend is closely related to general progress in 
world agriculture. If we consider India or China we certainly do not 
find adequate emphasis on animal husbandry. In such countries 
technical progress depends not only upon seeds, fertilizers, mechani
zation, animal breeding, and pest control, but upon the ability to 
make people realize that dung should not be burned but used as a 
fertilizer. 

Most important of all, perhaps, is the preparation of rural popula
tions for technical development. This might be achieved through 
vocational training and extension services. There can be no progress 
if the farmer is not prepared to apply in a sensible way what the 
scientist has discovered. 

What is the influence of technical change on the various types of 
agriculture? Everywhere in the world it is more or less the same. 
The first effect is reduction in the input of labour per unit of output. 
Consequently there is a general reduction in the proportion of the 
active population which is engaged in agriculture. For instance, in 
England this proportion is only 5 per cent. ; but we have some 
countries, including some parts of Europe, where it is 80 per cent. 
In Italy the percentage today is down to 41 per cent. When technical 
progress is rapid, we notice a rapid decrease in agricultural popula
tion as in some parts of France and Italy. Secondly, we have an in
crease of all kind of capital-livestock, buildings, roads, water and 
electricity supplies, and so forth. However, we have not given 
enough consideration-it seems to me-to the fact that in the world 
as a whole the price of unimproved land is declining while the im
portance of essential capital such as buildings and livestock is in
creasing. This is a fact of great importance everywhere. For instance, 
in Europe a century ago there was much latifundia, and the law in 
itself was of great importance as it is today in some parts of India, 
Persia, and Latin America. But with technical improvement, we find 
that everything increases in importance except the land itself. There 
is a third factor, the improvement in farm layout and the incentive 
to consolidation. The consolidation of farms scattered in many par
cels is of increasing importance-and not only from the technical 
point of view. For instance, in France there are at least 8,000,000 ha. 
of land in need of consolidation, and in Italy at least 3,000,000; but 
twenty years ago the problem was more difficult than it is today 
because there was an excess of rural population, whereas today the 
percentage of rural population is decreasing. Another point is that 
technical progress is related to land tenure and land reform. Per
sonally, I have some experience of land-reform and of land-tenure 
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programmes, and I think that progress from a technical point of 
view is possible, especially if a well-balanced distribution of rural 
income can be achieved; but this improved distribution is possible 
only if a good tenure system is established through land reform. 

E. D. BRANDAO, Universidade Rural do Estado de Minas Gerais, Vifosa, 
M. G., Brasil 

I believe we all agree that the six papers we have heard have pro
vided us not only with a background for this Conference, but have 
also brought out the varieties of forms in which technical change in 
agriculture is taking place in the regions discussed. 

All the speakers have mentioned that, in one way or another, lack 
of education and capital have retarded the adoption of technical 
innovation in agriculture. For instance, Dr. Johnson stated that the 
farm environment must be favourable for accelerated adoption, and 
concluded that perhaps the two most important environmental fac
tors in the U.S.A. and Canada were education and sufficient income 
to take advantage of new opportunities. I should like to comment on 
this by saying that in Brazil, the most important cause, probably, is 
the recent impact of industrialization. When the economy of the 
country was based largely on agricultural production, and when 
there existed a fabulous abundance of both cheap labour and cheap 
land, neither the farmers nor the landlords were under any economic 
pressure to adopt new and more efficient techniques. Instead, there 
was a nomadic exploitation of the land which was characterized by 
periodic shifts of agricultural production not only from product to 
product but also from one region to another as the fertility of the 
land was reduced below an economic level. In addition, Brazilian 
economic history has been described as 'a sensational record with 
amazing fluctuations-a record of appearance and disappearance of 
entire industries: sugar, rubber, gold, tobacco, cotton, cacao, coffee. 
Each of these products has its place in the history of the country and 
was at one time the axis of the national economy, giving Brazil a 
temporary world supremacy.' 1 But with the recent rapid rate of 
industrialization there has developed a relative scarcity of labour in 
the agricultural sector. For example, in the State of Sao Paulo the 
rural population dropped from 56 per cent. in 1940 to less than 
40 per cent. in 1954· This has shown the urgent need for a re
organization of agriculture. To meet this new situation some farmers 
have adopted labour-saving methods which have resulted to some 
extent in stabilizing the cultivated area. From 1949 to 195 3 the 

1 J. F. Normando, Brazil-A Study of Economic Types, p. 18. 
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number of tractors in Brazil increased more than three times. Also, 
the wheat crop has been entirely mechanized. 

Dr. Johnson says that in North America the introduction of 
new technology was due partly to price support programmes. Dr. 
Morales has mentioned that in Latin America the principal incentive 
for technical change probably was the very favourable price situation 
for the main agricultural export products. This is a very interesting 
coincidence, because it shows that Brazil, in supporting prices, has 
a short-run interest in protecting the farmers but a long-run interest 
in creating favourable conditions for introducing new technologies. 
So far this policy has permitted many alterations in the production of 
several crops. For example, in coffee plantations we have innovations 
such as three new varieties, chemical control of Ifypothenemus hampei 
and Leocoptera cojfela, manuring, irrigation by sprinkling. Some 
farmers now raise cattle or hens with the chief purpose of obtaining 
manure. Milk and eggs are secondary products in this case. The 
economic data, about the effect of these innovations on the growth 
of coffee trees in the old zones offer great hope for Brazilian agricul
ture now that there is no more new land fit for the crop. 

The high support prices plus new techniques, however, are creat
ing an excess of production which may have an adverse effect on the 
necessary rate of investment. I should like to have more light thrown 
on this. On the basis of Brazilian experience I should say that the 
price policy followed during the last decade has helped to create a 
favourable economic environment. High incomes and the resulting 
availability of capital for investment in technical improvements are 
characteristics of this environment. But some of the people whose 
countries have a longer experience of price-support policies can 
comment, perhaps, on some of the long-term effects they have on the 
adoption of technological innovations. 

Dr. Morales has not only called our attention to the spotty nature 
of agricultural development in Latin America, but has also given a 
very fine analysis of the factors which have caused it. I certainly agree 
completely and should like to emphasize it by adding some other 
factors which have been important in Brazil. 

Some of this unevenness, especially between regions, is related to 
the great fluctuations in agricultural production that I have already 
mentioned-that is, the appearance and disappearance of the 
production of entire crops owing to fluctuations in their world 
prices and supplies. But within a given region, uneven development 
may be partly a result of the political and social situation. There 
often exists a tendency in the extension service, with limited personnel 
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and materials to treat preferentially the large and more powerful 
landlords. This is commonly justified on the ground that they are in 
a better position to adopt innovations, but in many cases this preferen
tial treatment may be due to the dependence on political conditions 
under which the administration of the extension service works. 

In the case of Brazil capital availability is very important and is 
closely related to the political and social situation. One may find a 
farmer using a modern tractor next door to one still using a primitive 
hoe-a contrast which is often blamed on the rapid rate of economic 
development. Producers are said to react with different sensitiveness 
to changing economic conditions. But when it comes to obtaining 
credit, political and social influence is all-important, unless indeed 
the farmer has adequate financial resources in his own right. In Brazil 
we have a saying that our banks make loans to those who do not 
need them. 

On the important relation between education and the adoption of 
new techniques I should say that, since the present economic en
vironment has encouraged new techniques, the farmers themselves 
have come to recognize the limitations of their education. This can 
be shown by my own experience. When I started teaching twenty 
years ago, very few farmers went home from our short courses either 
with technical bulletins or with good seeds. We knew that some 
farmers who were given hybrid seed corn were feeding it to their 
hogs. Lectures on the use of fertilizers and hybrid maize or on farm 
management were poorly attended. Recently there has been a signi
ficant change. The attendance at these lectures has increased more 
than ten times. 

It has been stated that the inefficiency of the extension services is 
the main reason for the failure in Latin American countries to in
crease the yields of basic crops in spite of the agricultural research 
done so far. I do not want to disagree entirely, but I wonder if we 
could have had an efficient extension service under the conditions of 
fluctuation and nomadic shifts in production that I have mentioned. 
Also we must remember that Brazil has 8·5 million sq. km. and 56 
million people. We certainly need extension services and I believe 
that they can be more effective now because the farmers themselves 
are asking for them. 

In summary, I should like to emphasize that I agree that education 
and capital are very important factors for the adoption of new 
techniques. But if a satisfactory environment of price relationships 
does not exist, efforts in education and artificial means of increasing 
capital availability will not be very successful. I have given examples 
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of how education in Brazil has become important and effective 
because of the new economic environment which has made farmers 
receptive to education. Also, I have shown how this environment 
has increased capital availability and the desire of farmers to make 
investments in new techniques. But I pointed out some of the barriers 
to both capital availability and education. Thus the first condition 
for the adoption of new techniques is a proper economic environ
ment. After that, the maximum exploitation of the possibilities thus 
opened up depends on capital availability and education. 

]. KLATZMANN, National Institute of Statistics and of EconotJJic Studies, 
Paris, France 

When the term productivity is used in F ranee it is generally thought 
of as referring to labour productivity-that is, to the relation between 
production and labour input. However, this idea may in certain cases 
be dangerous and may give rise to illusions about actual and possible 
progress. For example, calculations have shown that when the sickle 
is replaced by the binder for the harvesting of wheat, labour pro
ductivity is increased thirtyfold; that is to say, thirty times less human 
labour is needed to harvest an acre of wheat. But this figure in no way 
represents the a<:;tual progress achieved, since human labour is also 
used in the manufacture of binders. 

I once visited a farm where there was a binder for 2 ha. of cereals. 
This means that, even if the binder were used for twenty years, the 
human labour expanded in the construction of this machine would 
have served, in all, for the harvesting of only 40 ha. Therefore 
when the total productivity, or the relation between production and 
all the factors of production, is calculated, it becomes clear that the 
replacing of the sickle by the binder has not only not increased pro
ductivity thirtyfold, but has even reduced it. In reality the question is 
more complex since the use of the binder enables harvesting to be 
done at the correct time. 

Again, I once read an article by a technical expert who explained 
that mechanization would free some labour from agriculture and that, 
consequently, this labour would be available for use in other indus
tries. In particular, he said, a part of this labour could be utilized in 
the production of agricultural machinery or fertilizers. Then this ex
pert put the following question: 'Will it be possible to utilize in 
factories working for agriculture all the labour freed by mechaniza
tion?' He failed to see that if all the labour freed by mechanization 
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were utilized in the production of goods used by agriculture, then the 
gain in productivity would be exactly nil. 

So it is absolutely necessary, whenever possible, to take into ac
count the variations in total productivity and not only variations in 
the productivity of what one might call direct labour. There is, of 
course, a practical reason for speaking mainly of labour productivity, 
for this is the only sort of productivity which, in the majority of cases, 
it is possible to measure. But it should always be borne in mind that 
technical progress is not necessarily measured by an increase in the 
productivity of direct labour. 

C. EVELPIDI, The Agricultural Universiry of Athens, Greece 

The development of industry in the place of handicrafts is not 
simply a matter of replacing human energy by mechanical energy. 
It also causes structural changes both in social life and in the general 
evolution of mankind, namely, the emergence of the capitalist and 
labour classes, specialization of production, and financial inter
dependence. 

In the same way the replacing of animal traction by the tractor 
and of manure by chemical fertilizers has far-reaching consequences, 
all of which have not yet fully completed their course. This explains 
the permanent latent crisis in agricultural countries. In economically 
under-developed countries in particular, the transition to advanced 
forms of economy creates serious economic and social problems 
which have to be faced with exceptional measures. 

Among the more significant consequences of this transition is the 
increased dependence of agriculture on the other sectors of the eco
nomy and on international trade. For instance, instead of breeding 
draft animals and producing the necessary feeds, the farmer now is 
obliged to buy a tractor and fuel. This necessitates the production 
of surplus foodstuffs for sale in the market, and obliges his country 
to increase its exports, usua~y of agricultural products, in order to 
procure the requisite foreign exchange. This renders agriculture less 
flexible and subjects it to the economic fluctuations of industry and 
the unforeseen events of international trade. 

The mechanization of agriculture permits-or rather necessitates 
-the flow of many farmers to factories in the towns. These migrants 
consume the surplus agricultural products, so that the remaining 
farmers earn more money for the purchase of new machinery. How
ever, in economically backward countries, industrial employment 
opportunities are not sufficient for absorbing the displaced farming 
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population. The introduction of mechanical power also requires 
alterations in the agrarian organization. Farms should be enlarged 
and fragmentation eliminated. Often it is necessary to disregard the 
boundaries existing between small farms in order to facilitate the joint 
use of machinery or even the joint cultivation of land. Then there arises 
the problem of finding employment for the surplus family labour. 
Finally the agrarian workers need to become more specialized, and 
an organization must be established for maintaining the agricultural 
equipment. Most of these changes are contrary to the old standing 
traditions of farmers. 

I take Greece as an example. There it was necessary to intensify 
agriculture owing to the density of population in relation to the 
land. All the large properties were divided and now no one person 
has the right to possess more than 30 ha. But the average holding of 
the family farmer does not exceed 3t ha. 

Improved technical methods have been adopted. The consumption 
of chemical fertilizers, 1 5 o,ooo tons before the war, has now reached 
450,oootons. The number of tractors has risen from 1,365 (32,oooh.p.) 
to 6,500 (280,000 h.p.), combines from 42 to 800, and irrigation units 
from 6, 700 to 30,000. But although the result has been an increase in 
production, there has been no proportional increase in farmers' 
incomes. There are various reasons for this. More than 2 5 per cent. 
of gross farm revenue is spent on productive materials and services 
the value of which includes a 20 per cent. margin for transportation, 
merchants' profits, interest, &c. Similarly, items sold by the farmer 
are burdened with at least a 30 per cent. margin. Despite the importa
tion of tractors, the number of draft animals has been reduced by 
only 1 per cent. Either tractors are not being efficiently used or more 
draft animals are being kept than necessary. Large debts with oppres
sive terms have caused living standards to fall. Many farmers have 
their cultivations done by contract, and although machinery co
operatives have been established all over the country they have not 
prospered because of difficulties of priority in the use of machines. 
A few farmers in the plains areas have established co-operatives for 
joint cultivation. 

Technical "innovations, in fact, tend to increase the productivity 
of the land but not of the people, of whom there is a superabundance. 
The use of selected seeds, improved animals, chemical fertilizers, 
better implements and rotations, and above all irrigation, must take 
precedence over mechanization, which must be slow enough to 
permit other sectors to absorb the displaced population. 

Finally, certain measures of an organizational, financial, and social 
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nature seem necessary. Small fragmented holdings are incompatible 
with mechanization. There is need for production and machinery 
co-operatives; for agricultural credit, especially medium term credit, 
under favourable terms; for draft animals to be replaced by produc
tive animals (which suggests the development of the milk industry); 
for a parallel development of rural industries and crafts because of 
the limited employment opportunities in the urban centres; for the 
extension of social insurance into the countryside because of the 
increasing risks; and for consumption and selling co-operatives to 
reduce the margins added to the products farmers purchase and sell. 

R. FERNANDEZ Y FERNANDEZ, Banco National de Credito Ejidal, 
Mijico 

The technical advance of agriculture depends much more on other 
factors than the educational level of the peasants. This last factor 
very frequently is over-estimated. To a large degree the technical 
advance of agriculture is exogenous. That is, agriculture in the pro
cess of development is an induced activity. This is true not only be
cause research work, land improvement, and rearrangement of tenure 
must be done by Government instead of by the individual farmer, 
but also in a more ample sense because industrial development in 
many ways opens fields for the technical advance of agriculture. 
Without these external factors, the education of peasants may mean 
much time and effort lost. 

N. B. TABLANTE, Farm Economics Association of the Philippines, College, 
Laguna, the Philippines 

I agree completely with Dr. Sen that in Asia technical change is 
a question of adapting and not adopting technological innovations. 
The practice in Japan of developing and improving small agricultural 
implements gives better results than introducing large machines. Too 
often people think in terms of adopting practices and machines which 
have been successful in another country and forget that the con
ditions are different. The large machinery found on the farms of the 
United States, for example, are not practical for the small and frag
mented holdings in most of Asia. 

Among the technical changes which are of greatest significance in 
Asia for the betterment of agriculture and rural life are improvements 
in crop and livestock production, increased labour efficiency and 
higher incomes, improved facilities for education and recreation, 
medical services and sanitation, and better means of communication. 
In a programme of land settlement for the under-developed countries 
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of Asia, improved transportation, market, and credit facilities are 
imperative. 

H. FLORES DE LA PENA, Banco Nacional de Credito Agricola, Mijico 

In my opinion Dr. Morales places too much emphasis on human 
behaviour as such and disregards the fact that it is fundamentally 
the result of institutional and political relationships. If a farmer lives 
in a feudal economy, it would be unrealistic to expect him to work 
hard on the basis of a non-existent income incentive. The Latin 
American farmer is very much influenced by the political and 
economic institutions in which he lives. In those countries where 
land tenure is still based on a feudal economy, the farmer cannot im
prove his methods, which remain similar to those of the peasant of 
the Middle Ages. He would be more progressive if he became the 
owner of the land and its products. 

I take issue with Dr. Morales when he says that technological 
change and improvements have to be introduced by a slow process. 
That would be to condemn one hundred and fifty million people to 
eternal poverty. Already we have the example of the Catholic Church 
working in Latin America for four hundred years on a very slow 
process of introducing better farming systems, and twenty-five years 
ago we were still much as we were when the church began its labour. 
I doubt if anybody in Latin America can accept Dr. Morales's atti
tude. Furthermore, Mexican experience shows that very much can be 
achieved in a short time for the masses when institutions are changed 
and social justice has more than a rhetorical meaning. Agricultural 
production in Mexico has increased 1 5 o per cent. in ten years, mainly 
as a result of agrarian reform, irrigation, credit, and trade. This 
proves that, in Latin America, improvement can be achieved in a 
short time so long as the Government desires it and private interests 
do not interfere with the interest of the community as a whole. 

]. CHONCHOL, Ministry of Agriculture, Santiago, Chile 

I should like to make two remarks on the paper given by Mr. 
Morales. The first concerns the process of industrialization which has 
developed greatly in Latin America during the last few years. Mr. 
Morales said that the governments of the different countries have 
given priority, for short-term political reasons, to industrial rather 
than agricultural development. I believe that this was not an arbitrary 
decision but rather the consequence of an international situation 
which it was not in their power to change. The majority of these 
countries existed, and still exist, by the export of one or two primary 
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products. For some of the tropical nations these products are agri
cultural, such as coffee and cocoa, which bring in the greater part of 
their revenue in foreign currencies and which are responsible for a 
considerable part of the governments' budgets. For other countries, 
such as Chile, the main exports are minerals such as copper and salt
petre. But in the international market the prices of all these raw 
materials, both agricultural and mineral, change very rapidly, and this 
does not depend on the will of the producer nations but on the policy 
of the consumer nations which are highly developed countries. 
Considering that a large part of the revenue and the greater part of the 
foreign currencies of the countries producing these goods depend on 
exports which vary considerably and suddenly in price and in volume, 
it is not surprising that their economies suffer great internal in
stability. 

It is this external factor, the impossibility of developing these 
countries by turning the main part of their economic activity towards 
their export trade, rather than arbitrary political decisions, which has 
obliged the Latin American countries to emphasize internal in
dustrialization. 

My second remark concerns the importance of education. Here, I 
am completely in agreement with what has been said by the Mexican 
members. In Latin America there are many large traditional agri
cultural estates called latifundia. Often on these estates, or near to 
them, there are primary schools founded by the State at fairly high 
cost in relation to national resources. However, many peasants, who 
spend three years at primary schools learning to read and write, com
pletely forget what they have learnt once they leave because they no 
longer have the opportunity of practising it. It is this institutional 
factor, this type of social and economic organization of agriculture, 
which is diametrically opposed to cultural development. It seems to 
me that the only way to bring culture to the peasant masses of Latin 
America is by a complete transformation of their economy, on the 
one hand by continuing the development of industry in order to 
absorb the surplus agricultural population, and on the other by 
changing the social order and system of property ownership in agri
culture by means of agrarian reforms. 

T. YAJIMA, Institute of Agricultural Economics, Hokkaido University, 
Japan 

I should like to make some comments on Dr. Sen's report. I fear 
he has pointed out only the brighter side of our recent technical ad
vance, and I think it is my duty to give some points on the darker side. 
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First, I want to emphasize the special prerequisite for technical 
advance in our agriculture. Contrary to the general tendency in most 
countries our farm population is not decreasing and we are unable 
to decrease it. Thus our technical advances have to be concerned 
mostly with increasing the yield per unit of cultivated land. 

In Japan mechanization aims at increasing the productive capacity 
of the soil. Over 80 per cent. of our arable land needs some type of 
soil improvement. Much emphasis is placed on equipment which can 
cultivate deeper and improve the land in other ways, and on water 
control and the like. Also through mechanization and diversification 
of enterprises, we try to eliminate labour peaks so as to increase labour 
efficiency. Though our government is encouraging these measures, 
especially soil improvement, our farmers lack the necessary capital. 
It is very important that the Government take the initiative in this 
direction. 

Technical advance is retarded and hampered also by the disparity 
between prices for farm products on the one hand and farm equip
ment and supplies on the other. Price policy is in principle a very 
important tool for encouraging technical advance, but I fear that 
farmers are not sufficiently adaptable or sensitive to the initiative or 
encouragement of the Government. As has been pointed out already, 
they need more vocational training. 

S. SINCLAIR, University of Manitoba, Canada 

Dr. Morales raised one very important point among many when 
he commented in his concluding sentence that our concern should 
be more about the how and why of technical advance and not so 
much about the what. He stressed also what to me is a very im
portant feature of this whole issue, that of education. 

It is my opinion that the adoption of technical development is 
dependent in the first place upon the desire of people to advance. 
Before they can be induced to adopt technical changes they have to 
develop a desire for the things that will flow from such changes. 
That requires education. I suggest that the slow pace of education 
among many agricultural people is one reason why new technologies 
are not adopted more rapidly, especially in the under-developed 
countries. In saying this I do not deny that, as a result of better world
wide communications, more people are learning more and faster 
about the advantages of the technical developments that flow from 
scientific research and invention. 

I think special thought has to be given to the nature of educa
tion for agricultural people. In North America today, almost every 
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magazine and newspaper carries a new word-automation. This term 
is associated with the secondary industries. Commonly, it is inter
preted as a replacement of labour by machines to the point where 
labour will hardly be used in production. In such cases the masses of 
workers will not require a great deal of technical knowledge to per
form their tasks. I had the opportunity to visit an automobile plant 
in the United States recently, and was told that a worker there re
quires only fifteen or twenty minutes' instruction in order to operate 
most oft.he machines in the plant. In agriculture, however, the trend 
is in the opposite direction. Technical changes in farming require 
progressively greater skills. It is doubtful if we shall ever have auto
mation in agriculture, owing to our desire to maintain the family-size 
farm, as well as because of the space factor. Education for agricul
tural people therefor5! requires attention and emphasis from our 
planners and educators, to prepare them both for the higher standard 
of living and for the skills necessary to achieve that standard. 

There is one by-product of education for a better standard of 
living which deserves some special attention in any discussion of 
technical advance. When a people has progressed in its productivity 
to the point where it has achieved a relatively high standard of living, 
the preference for leisure becomes very strong. Consequently it 
requires a larger material return to induce increased production. 
I suspect that is the case with many of our farmers. Their response 
in production to higher prices is inelastic. This is not an argument 
against education, budt means that more and better techniques may 
be necessary to maintain a continuously increasing output under 
such conditions. This is a matter that requires the attention of plan
ners and governments providing education services to agriculture. 

MA SHIH-AN, Peking Agricultural Universiry, People's Republic of China 
China, being a vast country with abundant resources, possesses 

excellent conditions for developing agricultural production, though 
her rural economy was in a state of decline before 1949, the year of 
the founding of the People's Republic. Agricultural production had 
dropped some 2 5 per cent. compared with the pre-war peak level 
(1937-45 being the war years). The country had lost 16 per cent., 
and in some places as much as 40 per cent., of its livestock, and some 
30 per cent. of the principal farm implements had been destroyed. 
The peasants generally had 30 per cent. less stable manure and used 
50 per cent. less commercial fertilizers. By 1949 total grain produc
tion had dropped to 74·6 per cent. of the pre-war level, wheat to 
71 per cent., rice to 75 per cent., cotton to· 52 per cent., and tobacco 
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to 63 per cent. Moreover, the pre-war level of agricultural produc
tion was not high. 

Technical development, among other measures, has undoubtedly 
played an extremely important role in the subsequent rehabilitation 
and development. 

A series of measures have been taken in recent years. In addition 
to replenishing what had been lost of the old-type tools, new-type 
implements capable of deeper ploughing and more intensive cultiva
tion have been popularized and widely used. Tractors and combines 
have been employed on the large farms while new-type horse-drawn 
implements have been popularized for small farms. In the field of 
water conservation enormous work has been carried out. The con
struction of the Kwanting Reservoir on the Yungting River, the 
Poshan Reservoir on the Huai River, and the Chinkiang Detention 
Project have all been completed, and that of the Fotzeling Reservoir 
on the Huai River is basically completed. In addition to these huge 
undertakings, a large number of small-scale irrigation works have 
been built or repaired. 

Good-quality crop varieties which can better resist plant diseases 
and give higher yields are being selected, cultivated, and popularized. 
The method of rational close-planting is being widely extended, and 
peasants are beginning to use more fertilizers. Methods of soil im
provement are disseminated. Insecticides and sprayers have been 
popularized, including the employment of aeroplanes for spraying 
anti-locust chemicals. The age-long locust plague in China has now 
been controlled to a large degree. Finally, large-scale reafforestation 
is under way. 

As a result of all this work the per-hectare yield of crop shas 
increased. Grain yields in l 9 5 3 were l 5 · 5 per cent. higher than in 
1950 and of cotton 17"6 per cent. Owing to this increase as well as 
to the increase in the area of cultivation, the total grain output in 
l 9 5 2 was 9 per cent. higher than the peak record in our history, and 
cotton 5 2 per cent. higher. In spite of the fact that there have been 
serious floods and droughts during the past two years, production 
still increases. The total grain output was greater in 1954 than in 
l 9 5 3 and l 9 52.; and 5 2. per cent. higher than in l 949, and about 
14 per cent. higher than the highest point in Chinese history. 

The benefits of this restoration and development can be seen in 
the rise in the living standards of the peasants. For instance, in 19 5 2 

the rural population spent l 5 ,42.0,000,000 yuan in purchasing various 
commodities, averaging 31·10 yuan per person; in 195 3 the expendi
ture was 18,970,000,000 yuan, the average being 37"50 yuan; and 
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in 1954 the total was 22,020,000,000 yuan, the average being 42·80 

yuan. 
It is quite clear that such a rapid upsurge in China's agricultural 

production would have been unthinkable had it not been for enor
mous undertakings in technical development. I wish to point out, 
however, that the development of the closely related mutual-aid and 
co-operative movement has played an even greater role. With China's 
actual conditions in view, it is difficult to apply modern agricultural 
technique to the small farm economy. Even if its production could 
be raised, the increase would not be large. In order to raise the 
productive level of these peasants, therefore, and to eliminate the 
menace of poverty and bankruptcy, the Chinese people have taken 
the socialist road and will continue to develop mutual-aid and 
co-operation. Agricultural producers today are organized in teams 
according to the principles of voluntary participation and mutual 
benefit. Once the peasants are organized, they prove to be in a better 
position for employing new-type machinery, in extending the area 
of cultivation, in using up-to-date techniques, and in overcoming 
natural disasters. The productivity of the mutual-aid teams and 
co-operatives today is higher than that of the small farms by from 
20 to 30 per cent., and the peasants in the movement enjoy larger 
incomes and better living than the others. This is the main reason 
why more and more peasants are willing to join. 

Although there has been a rapid increase in agricultural produc
tion in the recent years, it does not match the ever-growing demands 
of the people, and the work of organization and technical develop
ment has to be carried still further. The per-hectare yields of the land 
now under cultivation will continue to rise along with the develop
ment of farming technique. On the other hand, there are vast ex
panses of cultivable wastelands larger than the total now cultivated. 
Reclamation is already under way. In addition to other forms, large
scale State farms are being established in these virgin areas in a 
planned and step-by-step manner. At present, surveying work is 
being carried out. In some places cultivation has already begun. 
For instance, in Sinkiang Province, more than 3 20,000 ha. more 
land was cultivated in 1954 than in 1949. Grain output there was 
1·5 tons per hectare, and other crops have also shown higher yields 
than the national averages. The past few years have shown that it is 
feasible and profitable to obtain abundant agricultural products 
through large-scale reclamation of virgin soil. 

China is now laying the main stress on national industrialization. 
Agriculture will be provided thus with better equipment, and its 
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technical level will be further raised. The enormous wastelands will 
become the home of millions of farmers where they will work and 
prosper. 

T. MrsAwA, Tokyo University of Education, Japan 

I should like to raise some points about Japanese farming men
tioned by Dr. Sen. As he rightly pointed out, we have been making 
the most of those new techniques which are adapted to small farms. 
The productivity of land and even of labour has been almost doubled 
during the past fifty years of industrialization. However, we are now 
in a position where we must recognize that land is a major limiting 
factor for further progress. Part-time farming has been steadily 
gaining ground, because income from land is not sufficient for many 
farmers to keep their families at a tolerable standard ot living. 
Increased productivity has come mainly from government-sponsored 
plant-breeding and from the introduction of commercial fertilizers, 
but here too the benefits are limited by shortage of land. I should 
point out that in recent years there has been a tendency to over-invest 
in mechanization which might be conducive to further increases in 
productivity even with the prevailing techniques. 

M. KRISTOF, University of Belgrade, Yugoslavia 

I should like to make some references to the statement of my 
Yugoslav colleague, Professor Krasovec. Originally we had some 
wide differences of opinion but on our very long journey to Finland 
-four long nights and three whole days-we discussed and discussed 
until by the time of our arrival in Finland our differences had con
siderably lessened. A few remain, so perhaps the journey was not 
long enough after all! 

Professor Krasovec stated as a general-and very true-principle 
that a country with only limited means can afford only inexpensive, 
though effective, investments. But almost immediately he proposed 

0 giving first priority to irrigation plants for the greater part of the 
territories in question. Now in our country, irrigation plants are 
amongst the most expensive capital investments. Their cost is very 
high and they have to be used a great deal if they are to pay. It takes a 
long time for the farmer to switch over the organization of his farm 
and take full advantage of them. They show their effects slowly. 
There are some parts of Yugoslavia where they are necessary, though 
not in our chief grain areas, the great plains of the Banat, Bachka, and 
Srem where, with proper cultivation, good farmers achieve average 



102. M. Kristof 
wheat yields of z.,500 kg. a hectare or 38 bushels an acre. In those 
areas it is not irrigation but proper cultivation that needs priority. 
After every time of drought the same observation can be made: one 
plot showing every sign of failure, while a neighbouring plot carries 
a good, sometimes even a very good, crop as a result of correct and 
well-timed cultivation. Once we appreciate that soil cultivation is the 
most important factor in these places we must provide the peasant 
with the opportunities to carry it out. Unfortunately, we have some 
100,000 horses fewer than before the war, though their number is 
now gradually increasing. So also is the number of tractors. The 
question now is how to deal best with this deficiency at the least 
possible cost. Have we to increase the number of horses or should 
we increase the number of tractors? It would not be enough merely 
to revert to pre-war numbers. If our cultivations are to be improved 
and done at the proper times we should need more horses or more 
tractors than we had then. 

There are some differences of opinion in this matter between our 
agricultural economists and our general economists. The question is 
not concerned with general mechanization-nobody wants that and I 
myself would be decidedly against it. The question is how to make 
up for the deficiency of draught power. Our "maximizers" demand 
50,000 tractors within the next ten to fifteen years. Well, Yugoslavia 
is about the same size as the United Kingdom, and if we accept this 
demand there does not seem much danger of unemployment on the 
land! 

Tractors have been in general use in our chief grain areas for some 
twenty years. This may sound exaggerated, for even in America 
there were no large areas twenty years ago where each farmer would 
have been using a tractor. But our peasants did not use tractors for 
ploughing, nor for harvesting but as stationary motors, as engines 
to drive the big threshing machines. Of all the tractors we had before 
the war, only half were equipped with ploughs, the rest were used for 
threshing. Nowadays, the peasant requires a tractor for other jobs as 
well: for transport purposes, for ploughing, mowing, and harvest
ing. It shows how the same machine may serve different purposes in 
different places. 

The tractor together with the big threshing machine is now used 
almost wholly on a co-operative basis. A few private tractors do 
exist, but the majority are owned co-operatively. 

As I say, no one in my country is thinking of total mechanization 
of our agriculture. I agree with Professor Krasovec that today it 
would be a mistake. On the other hand, one need not be afraid of 
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letting a peasant have a tractor if he has been used to it, and under
stands it, and if he wants it in order to do his cultivations more 
efficiently. Provided the advisory service kept an eye on it, a tractor 
used in that way would be fulfilling a proper function. 

S. M. AKHTAR, Department of Economics, University of the Put!}ab, 
Lahore, Pakistan 

From this morning's discussion it is clear that technical change 
embraces a variety of things. It includes matters related to the actual 
farm operation and to methods of finance and marketing. The farm 
operation includes not only the adoption of better seed and fertilizers, 
improved methods of cropping, and so on, but also more efficient 
irrigation. It includes too the replacing of the traditional power of 
muscle of man and beast by mechanical power. But it appears that 
technical change is regarded too frequently as identical with mechani
zation. In countries with high pressure of population, such as my 
own, where there is considerable scope for better seeds, fertilizers, 
methods of irrigation, and so on, the scope for mechanization is 
extremely limited. 

There are serious technical and economic obstacles to it. The in
dividual farmer may lack the capital, or the necessary foreign ex
change may not be available. Even if these difficulties are overcome, 
the international situation may limit the availability of the desired 
equipment, as it did during the Korean crisis. And even when the 
equipment has been imported, difficulties may arise because of the 
lack of skilled operators, mechanics, spare parts, and fuel. 

Even if mechanization is technically feasible, the more fundamental 
question remains. Is it economically worth while? In countries such 
as mine the small owner-operator and tenant farmer lack not only 
the necessary capital, but also the spirit and resources to co-operate. 
And almost all the land is cultivated on a small scale, some holdings 
being very much fragmented. 

Even if some form of mechanization were economic under this 
system, piecemeal mechanization may not be. For example, a bullock 
may be replaced by a tractor for ploughing, but it may still be needed 
for irrigation and manuring, so both forms of power have to be 
maintained, though the machinery will not be profitable unless it is 
fully used. Then too, mechanical power which replaces manpower 
brings difficulties in rural areas where labour is already surplus. 
Mechanization and other forms of technical change cannot be im
ported piecemeal, but must come as part of the general development 
of a country and must permeate the whole economy simultaneously. 
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A real lifting of the standard of the mass of the people from its 
present unbelievably low level depends on a planned and comprehen
sive approach to the problem of development. 

]. HoRRING, Agricultural Economics Research Institute, The Hague, The 
Netherlands 

I am shocked and ashamed as an economist. People in the natural 
and physical sciences always say of economists that they are a kind of 
people who always speak in vague terms and are seldom able to 
measure anything. This morning Mr. Cepede stated that technical 
progress is about the same as productivity. We want to measure it and 
he says that although it is very complex we can simplify it by measur
ing it in terms of labour productivity. Then Mr. K.latzmann appears 
and gives two examples-good ones, I thought-to show that this 
yardstick is no good. So now we are talking about technical progress 
and productivity and still have no yardstick with which to measure 
them. In science it is generally believed that it is only when you can 
measure a thing or count it that you have progressed. So I think that 
we shall have to start at the beginning again and try to find a yard
stick with which to measure productivity. I will not try to give a 
solution here, although I am rather more hopeful than Mr. Cepede 
seems to be. I propose that five or ten interested people should meet 
to thresh out this problem and report to the Conference. 

M. B. DESAI, Universiry of Bombay, India 

We have heard a good deal about mechanization in the advanced 
countries, and the circumstances under which this was brought about. 
In India we are faced with different conditions which have compelled 
us to adopt labour intensive rather than capital intensive techniques. 
The first condition on which technical advance must be based is the 
layout and organization of the Indian farms, more than 90 per cent. 
of which are of less than 1 5 acres, a large majority being less than 
5 acres. On an ?-Verage each farm is composed of about four or five 
fragments spread all over the village. Then there is very limited 
specialization or commercialization in agriculture. Crops such as 
cotton and oilseeds, which are exported, are raised on small farms 
and in all probability on small fragments of farms. In a way this 
diversified crop pattern serves as insurance against complete loss in 
the event of the failure of the monsoon, but it does limit the possi
bilities of technical progress. Finally, about 70 per cent. of a farmer's 
holding is used for crops for home consumption, only the remaining 
30 per cent. being used for commercial or cash crops. This leaves a 
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very small marketable surplus. These conditions limit the possibilities 
of mechanization. We have to look to those adjustments which can 
increase production with very limited investment of capital, which 
implies the fuller use of the existing physical and human resources. 

The second condition is the occupational set-up in the rural areas. 
About 2 5 per cent. of the agricultural population consists of landless 
labourers. Any technical change based on the investment of capital 
would mean the displacement not only of this group but also of a 
sizeable proportion of the family labour which already is under
employed. It may be said that roughly 40 per cent. of the agrarian 
labour force could be removed without disturbing agricultural pro
duction. Without rapid industrialization, which under democratic 
planning is a gradual process, agricultural mechanization would lead 
to considerable hardship and unrest. To avoid this problem we must 
follow a pattern of technical change that ensures improved produc
tion through better and fuller use of the existing labour force. 
Progress is conditioned by the facts of an abundant supply of labour 
and a relative scarcity of land and capital. 

M. N. HunA, Universiry of Dacca, Pakistan 

It has been pointed out that technical change on the farm is related 
to the opportunities available for transferring population from agri
cultural occupations, particularly in the over-populated areas. There 
were times when under-developed countries such as India and 
Pakistan attempted to develop large-scale industries for this pur
pose. They have now found that this is not the way to transfer 
population, and I think that there is a tendency to favour small 
cottage industries for the under-employed people of the rural areas. 
This facilitates technical change. 

Because of the diversity of the area which Dr. Sen had to cover, he 
could not possibly deal with all circumstances. However, we find 
that technical change, in so far as it has taken place in Asia, has done 
so mostly in the direction of so-called commercial crops and only now 
is it beginning to be adopted more widely. Jute and cotton, as com
pared with the more important crops such as wheat and rice, are 
the particular concern not only of the Government which receives 
revenue from them, but also of the trade element, which is interested 
both in increased production and better quality. It is only now that 
we are trying to adopt the more intensive Japanese method of pro
ducing rice, a method involving the use of better seed and cultural 
practices, and improved small implements which can be introduced 
with some effect. But other phases, such as the control of weeds and 
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plant pests, are ruled out because of the scattered layout of the farms. 
More important, flood control-and at this very moment floods are 
ravaging large parts of India and Pakistan-is impossible with the 
present system of small fragmented farms. A state-sponsored agency 
is the only means of controlling floods and their effects. 

For a long time to come we must concentrate on those improve
ments which are practicable on small fragmented farms, all the time 
trying to consolidate them as quickly as possible. Progress has not 
been great, but we are trying to demonstrate through model farms 
the better results that can be obtained not only from better practices, 
but from consolidation. The farmers' responses are already encourag
ing and when they appreciate that consolidation pays, then technical 
change will proceed faster than it does at present. 
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