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1. Introduction 

 

 Technical progress is a crucial issue in economics and economic history. It lies 

behind sustained economic growth and plays an important role in areas such as 

international competitiveness and export specialization.1 Nevertheless, technical 

change is also a controversial issue. The causes of invention and adoption of new 

technology have generated a vigorous debate among scholars. For example, the 

induced innovation hypothesis, which suggests that relative factor prices (and factor 

endowments) determine both the direction of technical change and the adoption of 

new technologies, has been long discussed by economic historians. The discussion 

was initiated with the publication of Habbakkuk’s book on Anglo-American 

differences in technology during the nineteenth century; and it continued with Hayami 

and Ruttan’s works on agricultural development and the diffusion of agricultural 

technology during the nineteenth and twentieth centuries.2 

 This paper compares technical change in Spain and Italy by considering the 

case of the olive oil industry between the 1850s and the 1930s. Olive oil was, and still 

is, a Mediterranean product. Ranking among the most important crops, it was also an 

important branch of the food industry in both countries, which were the world’s two 

largest olive oil producers and exporters and, interestingly, performed differently in 

the international market for the product. As it was the case in other industries, 

throughout the century before the outbreak of World War II, the olive oil sector 
                                                           
1 See, among others, MacDougall (1951) and (1952), Dosi and Soete (1988), Harrigan (1997) as well 
as the books by Laursen (2000) and Meliciani (2001). These two books are focused on discussing the 
effects of technology and specialisation in countries’ economic growth rather than in explaining the 
role of technology in specialisation.  
2 Habakkuk (1962) and Hayami and Ruttan (1971). See, also, David (1975), pp. 19-91, who discusses 
the Habakkuk’s interpretation, as well as Olmstead and Rhode (1993), whose analysis of American 
agriculture fails to find support for Hayami and Ruttans’ hypothesis. More recently, Ruttan (1997), 
(2001) and (2002) has reviewed both the existing literature on induced innovation and other theories 
about the sources of technical change. In these works, the induced innovation perspective as a source 
of technical change is defended.  
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experienced important technological transformations as well as the introduction of 

new industrial practices.  

 The paper is organised as follows. Section 2 documents the major innovations 

of the industry from the mid-nineteenth century to World War II.  Section 3 explores 

whether the speed in the adoption of new technologies and techniques differed 

between Italy and Spain. Section 4 analyses the causes of technical change in both 

countries in the light of the explanations provided by historiography. Section 5 

concludes. 

 

2. Technical change and new industrial practices 

 

 Throughout the century before the outbreak of World War II, the olive oil sector 

experienced important technological transformations as well as the introduction of 

new industrial practices. A first group of these transformations dealt with the problem 

of increasing product quality in mills (or rural factories). A second group of 

improvements aimed at improving product quality too, but they also tried to solve 

other additional drawbacks dealing with the homogeneity of the product, as well as its 

adjustment to the characteristics of the final market. To some extent, the first group 

affected the production of bulk olive oil, whereas the second had to do with the 

elaboration of bottled and canned olive oil and, consequently, with the activity of 

dealers and exporters. Of course, this distinction is somewhat artificial since these 

two areas of production were not entirely independent. In spite of this, this section will 

discuss these two groups of transformations separately, beginning with the main 

technological changes that took place in the mills.3 

                                                           
3 See Ramon-Muñoz (2000a), pp. 160-162 and (2010), p. 539 for an outline of the process of 
production of bulk and brand-name olive oil. 
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 The production of bulk olive oil was not a very complex activity. Once the 

olives were in the mill, the process consisted mainly in crushing the fruit, which was 

reduced to a uniform pasty mass by means of millstones, in pressing this olive past 

and, finally, in collecting the resulting olive oil in deposits or tanks. Throughout the half 

century before the outbreak of World War II, new methods of production were 

developed, but they were never widely adopted and, sometimes, they hardly passed 

the experimental stage. The real breakthrough only took place from 1945 onwards, 

when continuous processes of production came into use. Consequently, between the 

mid-nineteenth century and the outbreak of World War II olive oil production 

remained a process based on the traditional crushing and pressing operations. It also 

continued to be an activity that took place in small-scale mills (or factories), located 

near the areas of olive production, and belonging to peasants or local 

manufacturers.4 

 This did not, however, hamper the adoption of modern technology and new 

industrial practices. Technological change spread throughout the production process, 

beginning with the storage of the olives and ending with the storage of the olive oil 

itself. Not surprisingly, it was strongly based on the use of new and better machinery 

(millstones and presses), equipment (storage tanks or pumps), tools as well as the 

adoption of mechanical power. However, it also represented the introduction of new 

(or poorly known or used) industrial practices. That is: the shortening of the storage 

period of olives, the production (and storage) of olive oil from different pressings, a 

major focus on the process of separation and clarification, which allowed the 

separation of the oil from the juice and from other objectionable substances, and, last 

                                                           
4 By 1938, for example, the average Italian mill did not employ more than five workers and almost 
three-fourths of the existing factories produced olive oil from fruits that in part or in total had been 
harvested in the orchard of the mill-owner. ISTAT (1940), pp. 33 and 86. 
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but not least, the major use of filtration processes.5 Of all the transformations 

experienced by this industry, those that took place in crushing and, above all, pressing 

need to be stressed since they represented a very remarkable step towards quality 

improvement. Indeed, the olive is a perishable fruit that easily ferments when it is stored 

for long periods or in bad conditions before being crushed and pressed, something that 

in the nineteenth century occurred generally in the largest areas of production. 

Moreover, olive oil from a fermented fruit yields a rancid taste, as well as an 

objectionable odour and flavour. Thus, the long storage of the olives had become a 

serious problem for this industry as it hindered the production of a higher quality 

product.  

 It was also a problem that was difficult to solve. By the mid-nineteenth century, 

the most common olive crusher consisted of a single wheel edge runner revolving in a 

stone bowl where the olives were placed. Made of stone and attached to a central 

column, the runner was driven by a horse, a mule or an ox. In addition, most of the olive 

oil presses working in the Mediterranean basin were wooden presses. These presses 

were also generally driven by animal power, worked slowly and were not very powerful. 

On account of this technology, the long storage of the olives could hardly be reduced.  

 In the last decades of the nineteenth century, however, the collapse of markets 

for industrial olive oils accelerated the farmers’ and manufacturers’ efforts to increase 

the crushing capacity of millstones and, as result, to reduce the period of olive storage. 

The new crushing equipment differed across countries and regions, but, in general, it 

attempted to overcome similar problems. The first was increasing the speed of 

millstones, which, of course, led to the introduction of mechanical energy in the crushing 

                                                           
5 See, for example, Zambrana (1987), Parejo and Zambrana (1994) and Ramon-Muñoz (2010) for a 
summary of the major innovations in the production of olive oil throughout the century before World 
War II. 
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operations. The second was expanding the area of contact of millstones with the mill 

area, which allowed for an increase in the number of crushed olives per unit of time. 

 The introduction of new crushing equipment was only part of the story, however. 

The reduction of the storage period of the fruit could only be achieved if the crushing 

capacity of the mills grew in parallel to the pressing capacity. Otherwise, the process of 

production would suffer from a bottleneck and any improvement in crushing would be 

useless.6 It is not clear whether improvements in the crushing phase allowed for 

improvements in the pressing phase or whether it was the other way round. The fact is 

that technological change in pressing – a central operation in the production of olive oil–

, favoured greatly an increase in product quality. From the central decades of the 

nineteenth century onwards, old wooden presses (or beam presses) began to be 

replaced by modern hydraulic presses. Hydraulic presses had been first introduced by 

Joseph Bramah (1748-1814), a British mechanic who applied the principle of Pascal’s 

law in the development of the first hydraulic press patented in 1795. In 1843, William 

George Armstrong (1810-1900), a British engineer, improved the hydraulic presses 

by introducing an accumulator.7 

 Used initially in the oilseed industry, hydraulic presses were probably 

introduced in the production of olive oil after the Napoleonic Wars. Relative to older 

presses, these new presses were much more powerful and worked faster, especially 

when driven by mechanical power.8 According to a Spanish report, by 1900 the quantity 

of olives that could be treated during the season (120 days) by using a beam press (an 
                                                           
6 Nathan Rosenberg (1976) has suggested that an improvement in one part of a production line 
causes problems or bottlenecks in other parts of the line or production process. Thus, technical 
imbalance (or technical disequilibria) becomes a cause of innovation. This might be the case of the 
olive oil mills, although at the present stage of research it is very difficult to know which part of the 
production line caused the bottlenecks.  
7 Gómez de Fuencarral (1882), p. 55, Simari and Martinenghi (1950), p. 222 and Parejo and 
Zambrana (1994), p. 32. A hydraulic accumulator is a pressure storage reservoir in which a non 
compressible hydraulic fluid is retained under pressure from an external source. Its main function is to 
store hydraulic energy and if necessary, make the energy available again to the system.  
8 Zambrana (1987), p. 145-151, and Simpson (1995a), p. 171. 
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old wooden press) was around 151 metric tons whereas it was 315 metric tons if a 

hydraulic press was used, namely more than twice the quantity of olives treated with the 

old press. Thus, the use of hydraulic presses led to a rapid reduction in the time that the 

olives had to remain stored, which proved to have a crucial influence on the final quality 

of the product. Yet, the modern presses were not only more efficient in terms of product 

quality but also in terms of costs. The same 1900 Spanish report just quoted above 

informed that the cost of producing 100 kilograms of olive oil was 4.0 pesetas when a 

beam press was used, 3.2 pesetas when the pressing was done by means of a 

hydraulic press driven by non-mechanical power and 3.0 pesetas when this hydraulic 

press was driven by steam.9  

 In spite of these advantages, the diffusion of the new pressing machinery was 

relatively slow. Apart from demand side factors, the first olive oil hydraulic presses 

had to face a number of technical problems that hampered their diffusion.10 The 

diffusion process of the hydraulic presses, in fact, fits well with Rosenberg’s 

innovation paradigm, as before the new machinery was widely accepted post-

invention and post-innovation processes were required.11 Fortunately, by the last 

decades of the nineteenth century most of the technical problems that might have 

hampered a major diffusion of these new presses had been solved, as most of the 

French, Italian and Spanish technical handbooks suggest.12 These handbooks also 

                                                           
9 Ministerio de Agricultura, Comercio, Industria y Obras Públicas  (1901b), pp 52-53 and 59. See also 
Ventre (1915-1916). 
10 In the 1840s, for example, some southern Italian millers preferred to use traditional presses 
because the new ones did not always allow a successful pressing process on account of the 
difficulties in maintaining the pasty olive mass within the press area. In the 1890s, it was argued that 
one of the factors that slowed down the diffusion of the hydraulic presses in Spain was the continuous 
breakdown of the new presses, which could not be repaired by local craftsmen but needed skilled 
machinists resident in industrial cities far away from the olive oil mills. Carrino and Salvemini (2003), p. 
522, Manjarrés (1896), p. 158 and Parejo and Zambrana, (1994), p. 34.  
11 Rosenberg (1976), chapters 4 and 11. 
12 For references see, Ramon-Muñoz (2010b), chapter 7. 
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show that the efficiency, speed and power of the hydraulic presses improved 

enormously in the course of the first third of the twentieth century.13 

 The use of modern presses was far from neutral in terms of factor proportions. 

The substitution of old by modern olive oil presses required a considerable cash 

investment, not only because of the higher price of the presses themselves, but also 

because the scale of the mills had to be adjusted to its larger capacity. According to 

James Simpson, mills using modern machinery required an initial investment 50 per 

cent higher than those using old presses. The diffusion of hydraulic presses had two 

additional consequences: it increased the demand for skilled labour, as it required the 

presence of an expert and trained miller in order to manage the pressing operations; 

but simultaneously it reduced the total demand for labour by around 35 per cent per unit 

of olive oil produced. In fact, substituting old presses with modern ones also implied 

substituting (raw) labour with capital and skilled labour. 14  

 Another major technological breakthrough in the olive oil industry was the spread 

of industrial refining plants. Refining is the process of removing impurities and, more 

precisely, the process of removing free and solid fatty acids from vegetable oils and 

fats. These acids together with other substances tend to cause disagreeable or 

objectionable taste, odour and colour. During the second half of the nineteenth century, 

refining methods consisted mainly of removing olive oil impurities by using manual 

techniques of clarification and filtration, although chemical, physical and mechanical 

processes were already known, and successfully applied to inedible oils, but not always 

satisfactorily in the production of edible olive oils.15 The olive oil clarification that was 

generally carried out in the olive oil mills was achieved by simply resting the olive oil in 

                                                           
13 Ministerio de Fomento (1923), p. 348. 
14 Simpson (1985), pp. 186 and 239 and (1995a), p. 170 and Zambrana (1987), p. 181. 
15 See, for example, Roura (1839), pp. 113-118, Manjarrés (1872), pp. 29-71 and (1896), pp. 255-300, 
Aloi (1899), pp. 322-346 and 382-385 and Bizzarri (1900), pp. 15-57, 121-133, pp. 145-146. 
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the storage tanks. Thus, impurities and injurious substances contained in the olive oil 

itself fell to the bottom of the tank, which allowed the oil to be drawn off from the 

sediment. On the other hand, filtration was generally practiced by means of boxes 

with filters of cotton fibbers or other substances that were able to remove solid 

substances from the olive oil in order to increase the transparency of the product. It 

was generally carried out in factories or buildings belonging to traders and exporters. 

Occasionally, olive oil was also washed by means of a chemical solution made of water 

and tannic or citric acids in order to accelerate the clarification and the filtration 

processes. 

 The mid-nineteenth clarification and filtration techniques presented three main 

limitations, however: they were very slow, they were intensive in the use of labour and, 

finally, they were not always satisfactory, since the original deficiencies in taste, odour 

or colour were almost impossible to eliminate.16 Nevertheless, the last decades of the 

nineteenth century witnessed important improvements in the refining of vegetable oils 

and fats.17 By 1900, David Wesson had introduced a new and improved system in 

refining cotton oil. This system was soon applied to other oleaginous products; and in 

the period 1912-1914 industrial refining plants for olive oil had already been set up in 

the Mediterranean basin.18  

 Considering the sector as a whole, the introduction of industrial processes meant 

a new technological paradigm. It allowed massive production of edible and neutral olive 

oils, namely a product being tasteless, odourless, colourless and, finally, lacking in 

acidity.  Although processes and equipment varied between factories, refining usually 

                                                           
16 Aloi (1899), pp. 322-346 and 382-385, Manjarrés (1872), pp. 68-69 and (1896), pp. 282-28,  Mingioli 
(1901), pp. 135-138. 
17 See, for exemple, Weber and Alsberg (1934), pp. 251-259, who summarise the major events in oils 
refining and Ramon-Muñoz (2010b), chapter 7 for further references.  
18 La Revue Oléicole (hereafter ROL), no. 78, 5th May 1913, p. 69, Bontoux (1914), p. 72, Thompson 
(1913), p. 9, Cerisola (1973), pp. 37-38, Zambrana (1987), p. 155, Sierra (1992), p. 45. 
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consisted of three different operations: de-acidification or neutralizing the free acid with 

a sodium hydroxide solution; de-coloration or removing the excess of the colour with 

fuller’s earth or decolorizing carbon; and, finally, deodorization, that is deodorizing by 

treatment with superheated steam in vacuum. The equipment generally used in de-

acidification consisted of a steam-jacketed, a tin-lined, steel tank of cylindrical shape 

and fitted with and agitator. Steam-jacketed tin-lined tanks were also used in de-

coloration, whereas de-odorization required steam-jacketed vacuum pans connected to 

a condenser and ready to receive superheated steam in a dry state and free of 

condensed vapour.19  

 Not surprisingly, in the largest producing countries the introduction of the first 

olive oil industrial refining plants was generally related to the action of olive oil exporting 

firms, especially those dealing with bottled, canned and trademarked olive oil. This 

close connection between refining and exporting never disappeared; and by the late 

1930s, exporters still owned most of the industrial plants. For example, in Spain there 

were 57 refineries in 1936, of which 31 were in the hands of exporters. These refineries 

concentrated 70 per cent of the total capacity of olive oil and sulphur oil refining 

plants.20 

 There are a wide number of reasons explaining this close connection. At least in 

part, they are related to the commercial requirements of the exporters of brand-name 

olive oil. An exporting firm competing in the international market for bottled and canned 

olive oil had to focus its initial attention on a key aspect: the quality of the bulk olive oil 

employed in producing brand-name olive oil and, of course, its regular supply. The 

                                                           
19 Andes (1925), Andersen (1953), Colom (1945) and (1956), Fritsch (1931), Garoglio (1939), pp. 393-
415, Lewkowitsch (1906-10) and (1914), Martinenghi (1947), Morini (1930), pp. 65-117, Savastano 
and Sericano (1935), Simari and Martinenghi (1950), pp. 419-422, Wright (1921). See also, Cruess 
(1924), pp. 34-36 for a brief and useful summary. In fact, this description relies heavily upon this 
summary. 
20 Federación de Fabricantes de Aceite de Orujo de España (1937), p. 275. 
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quality of the olive oil employed was important, because olive oils of lower quality, or 

those with a deficient filtering, rendered the final product rancid, thereby damaging the 

credit of the firm among consumers. Thus, in order to avoid shortages in the supply of 

raw material, especially of virgin or fine oils, exporters set up industrial refining plants, 

which allowed the use of olive oils of medium and low quality and, therefore, an 

increase in the supply of edible olive oils. 

 Disposing of regular supplies of good quality edible olive oil was essential in the 

production of brand-name olive oil and in maintaining a brand in the market, but the 

production of uniform types of the product, adjusted to the foreign market's taste, was 

equally significant. In this respect, the new technology fitted well with the exporters’ 

requirements. In order to produce both different commercial types of olive oil according 

to the country or to the segments of the market where it was sold and to keep them 

homogenous, it was necessary to blend properly many varieties of fine and refined olive 

oil. In these areas, possessing specific skills was considered essential. Indeed, before 

the expansion of modern refineries, tasters seem to have played a crucial role in 

evaluating varieties, qualities and the uniformity of olive oils. Taster’s role continued to 

be essential for the industry, but with the expansion of industrial refineries, the control of 

product homogeneity was clearly improved as neutral olive oils could now be 

produced.21 

 Together with the growth in the supply of edible (neutral) olive oil and the 

improvement in the control of the product quality, establishing refining plants had two 

other consequences. The first one was that this new technology brought about a radical 

change in the product mix. From the eve of World War I onwards, refined olive oil was 

                                                           
21 Skills in tasting, blending and establishing the final quality of the product were mainly acquired after long 
experience, which shows the importance of accumulation of labour skills in this industrial activity. 
Federazione Nazionale Fascista Industrie Chimiche (1932), p. 2 and Ministerio de Fomento (1923), p. 
302.  
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extensively used in the elaboration of commercial olive oils. Thus, most of the brand-

name olive oil entering the market became a blended product made of refined olive oil 

and fine (pressed) olive oil. The latter gave the final product a suitable flavour, taste and 

colour; and the percentage of fine olive oil contained in the tin was a good indicator of 

the quality of the product itself.22 

Table 1 
Estimated costs of refining and packaging olive oil in Italy and the United 

States, 1928-1930 
Cost of producing 1 metric ton Cost of packaging 1metric ton 

of refined olive oil in Italy a of olive oil in the United States 
 dollars b %  dollars % 

Oil for refining 327 85.4 Olive oil f 497 79.9 
Labor 9 2.5 Direct labor 11 1.8 
Power c 2 0.5 Administrative expenses 20 3.2 
Factory overhead d 11 2.9 Cans and cases 65 10.5 
Depreciation and interest   Factory overhead 20 3.2 

             of capital e 34 8.7 Interest of investment 9 1.4 
Total 383 100.0 Total 622 100.0 

Notes: a costs refer to a small size plant, refining 3 metric tons per day, working 300 days per year, using olive oil 
of 10 degrees of acidity, and the initial investment in building and machinery amounting to 800,000 lire; b original 
figures in lire transformed to U.S. dollars at the official exchange rate; c estimated by considering that 3 kwh are 
required for refining 100 kgs; d includes administrative expenses, transport and chemical products; e roughly 
estimates based on the following assumptions: yearly interest of fixed and variable capital 6,5 %, time of 
depreciation, building 25 years and machinery 12 years, maintenance of fixed capital 1.5 per cent; f imported olive 
oil, excluding freight and marine insurance. 
Sources: Italian costs: estimated from Morini (1930), pp. 110-114, Società Nazionale degli Olivicoltori (1927), 
pp.165-166 and D'Ippolito (1935), pp. 222-238; exchange rates: Spinelli and Fratiani (1991), p. 88; American 
costs: U.S. Tariff Commission (1931), pp. 12-15. 
 

 The second consequence in the expansion of modern refining plants has to do 

with factor proportions. The new refining technology brought a switch from manual 

techniques of clarification and filtration to industrial refining processes and, therefore, it 

meant the substitution of labor by capital. In the context of the sector, the amount of 

capital required in setting up and running the new plants was, in addition, far from 

modest. The first Italian industrial refineries were set up by an association of olive oil 

exporters, which suggests the amount of capital required. Zunino, in his book on the 

Italian olive oil market on the eve of World War II, observed that in fact the magnitude 
                                                           
22 According to Erwin W. Thompson, “… these deodorized olive oils can only be used in the same way as 
good seed oils; that is, mainly for mixing with highly flavoured olive oils. It is true, on the other hand, that 
the mixture of the two kinds of olive oils could still be labelled ‘olive oil’ under all the existing pure-food 
laws, which would not be the case with other mixtures”. Thompson (1913), p. 23. 
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of the capital to be invested in the plants led, generally, towards the formation of joint 

stock companies.23 There was an important factor which explained the dimension of 

the refineries. The plants had to have a minimum scale to benefit from the economies 

of scale existing in this industry.24 On the other hand, the costs of the variable capital 

were also substantial in refining, partly because of the large inventories of olive oil to 

cover yearly needs.25 This contrasted with the production of bulk olive oil, since mills 

did not work for more than four months and stocks of olives tended to be relatively 

low.  

 Although remarkable, this process of substitution of labour by capital was not 

exclusive to the new refining technology. It also took place in the bottling, canning 

and labelling of olive oil, the last operations carried out by the exporters before 

sending the product abroad. By the mid-nineteenth century, these were both slow 

and very labour intensive processes, as a Spanish visitor to the Marseilles factories 

recognised.26 The situation totally changed with the development of modern 

(mechanical, continuous and automatic) packing and labelling technology. Thus, 

throughout the first third of the nineteenth century olive oil exporters had the 

possibility of both dramatically reducing the use of labour and increasing the speed 

and volume of the packaging operations. According to the available data on 

production costs for refining and packaging in the late 1920s, the cost of labour 

compared to other inputs had became insignificant, which suggest that the 

introduction of modern technology in both operations led to a labour-saving process 

(table 1). 

                                                           
23 See Cerisola (1973), pp. 37-38 and Zunino (1939), pp. 85-87. 
24 According to Mariani's study, plants should have a capacity of refining never lower than 7.5 metric tons 
of olive oil per day. Società Nazionale degli Olivicoltori (1927), p. 164. 
25 Zunino (1939), pp. 85-87. He also stresses that investment in variable capital is even higher 
because refineries tend to maintain stocks of different varieties of olive oils as well as of tins or cans, 
in order to satisfy consumer tastes and preferences.  
26 Manjarrés (1872), p. 156. 
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3. Technical change in Italy and Spain: falling behind, catching up and forging 

ahead 

 

 Did modern technology and new industrial practices in olive oil spread 

homogenously over the Mediterranean basin? The answer is definitely not, although it 

is not easy to establish a precise map of the diffusion of modern technology. This is also 

true in the case of the world’s two largest olive oil producers and exporters, namely 

Italy and Spain. To be clear, any comparative approach has to face both the lack of 

homogeneity and the incomplete time coverage of the available quantitative 

sources.27 Complementary evidence from olive oil handbooks, contemporary reports 

and secondary sources helps to fill some of these gaps, but, this evidence is not 

always precise and is always subjective. In spite of this, and taking all this into 

account, the concepts that seem to have defined the history of technical change in 

Italy and Spain between the 1850s and the 1930s are that of convergence and 

catching up. The Spanish olive oil industry, which in the second half of the nineteenth 

century fell behind, caught up with the Italian one after World War I, and, probably, 

forged ahead of Italy, and took the lead between the late 1920s and the early 1930s. 

 

3.1. The second half of the nineteenth century: falling behind and catching up  

 

 By mid-nineteenth century, the Italian olive oil industry had made a greater use 

of both modern technology and better industrial practices than the Spanish. The 

Italian modernisation process, however, had a regional rather than a national 

                                                           
27 Theses issues have been developed further in a larger version of this paper.  
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dimension.28 The southern Italian regions continued attached to old crushing and 

pressing machinery as well as traditional methods of production. By around 1900, the 

mechanisation of factories and mills was also below the country’s average and so 

continued until World War I despite remarkable improvements in the use of 

mechanical power (figure 1). 

Figure 1 
The regional mechanisation of the olive oil industry in Italy, 1903-1937 

(firms using mechanical power, as a percentage of total firms in the region) 

0.0

20.0

40.0

60.0

80.0

1903 1911 1927 1937

North Centre South and islands Italy
 

Notes: North: Emilia-Romagna, Liguria, Lombardy,  Piedmont, Veneto,  Venezia-Tridentina (1927 and 1938), 
Venezia-Giulia (1927 and 1938). Centre: Lazio, Marche, Tuscany, Umbria, South and islands: Abruzzo, 
Basilicata, Calabria, Campania, Molise, Apulia, Sardinia, Sicily. For 1903 and 1937, mills and factories. 
Sources: Ministero di Agricoltura, Industria e Commercio (hereafter MAIC) (1906) and (1914) and Istituto Centrale 
di Statistica (hereafter ISTAT) (1927-1931) and (1940). 
 

 Instead, by the mid-nineteenth century the northern and central regions of 

Liguria and Tuscany, as well as the southern province of Bari (Apulia), had already 

initiated a clear process of modernisation. This process included many areas: careful 

harvesting methods as well as concern for fruit selection; modern and more powerful 

machinery (two wheel edge runners and hydraulic presses); the use of new pressing 

practices (product differentiation by pressings); introduction of clarifying and refining 

methods; and packaging and marketing operations.29 

                                                           
28 See, for example, Comitato dell’Inchiesta Industrialle (1874), Aloi (1898), pp. 171-173, 256-275 and 
Bracci (1901).  
29 Dirección General de Aduanas (1876), p. 292. 
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 The consequence of this modernisation process was, obviously, an increase in 

the quality of the olive oil produced in Liguria, Tuscany and the province of Bari, which 

allowed Italy to penetrate high-quality international markets. Contemporaries were well 

aware of these improvements in quality, especially in the case of Tuscay.30  By the mid-

nineteenth century, this Italian region (as well as the French region of Provence) had 

become the model that many Mediterranean producers and exporters aimed to follow. 

To give an example, Manuel Porcar y Tió, one of the few Spanish olive oil exporters 

who had been able to gain credit for his brand name in the Argentinean market by 

1880, had started his industrial and commercial activity with "previous knowledge 

acquired personally in the counties of Tuscany and Provence".31 It is also worth noting 

that many Spanish olive oil handbooks and reports recognised that these regions were 

the most advanced Mediterranean areas in terms of pressing, clarifying, blending or 

packaging.32 

Figure 2 
The regional mechanisation of the olive oil industry in Spain, 1857-1933 

(number of hydrulic presses) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Notes: North-east: Aragón, Balearic Islands, Catalonia, La Rioja and Valencian Community; Centre: Castile-La 
Mancha, Community of  Madrid, and Extremadura; South: Andalusia and Murcia.  
Sources: Estadística Administrativa de la Contribución Industrial y de Comercio [Taxation Statistics of Industry 
and Trade] (hereafter ECIC), various issues and for olive trees area Zambrana (1987), appendixes. 
 
 

                                                           
30 Ministère de l'Agriculture, du Commerce et des Travaux Publics (1863), p. 25, Dirección General de 
Aduanas (1876), p. 292 and Rosenthal (1896), p. 317. See also Ramon-Muñoz (2003), pp. 500-501. 
31 Aguiló (1918), p. 65.  
32 See, for example, Manjarrés (1872). 
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 The modernisation of the olive oil industry started early in Spain too. In 1833, 

the first Spanish hydraulic press was installed in the southern region of Andalusia; 

and by 1857 this region already had 198 hydraulic presses, i.e. 85 per cent of all the 

Spanish hydraulic presses. Although in the 1870s, the number of hydraulic presses 

seems to have fallen because of the agrarian crisis, they tended to increase again in 

the last decade of the nineteenth century. By 1900, the available statistics show that 

in Andalusia the number of presses amounted to 289, of which 138 were driven by 

mechanical power.33 Nevertheless, it was in the northeast of the country, particularly 

in the north-eastern regions of Aragon, Catalonia and Valencia, where the speed of 

technological change proved to be more intense  

 Figure 2 illustrates the technological dynamism of the north-eastern Spanish 

olive oil industry. Between 1857 and 1903, the number of hydraulic presses increased 

from 25 to 230 (it multiplied by a factor of 13) whereas it only increased a little more 

than twofold in the rest of the country. By 1900-04, they already accounted for 11 per 

cent of the total presses installed in Aragon, Catalonia and Valencia and represented 

almost 22 per cent of the total pressing capacity of these three regions. Certainly, 

these percentages are in line with the Spanish average and, sometimes, they are 

even lower than other regions. In Andalusia (South), for example, by 1900 the 

number of hydraulic presses accounted for 17 per cent of the total presses and 

represented 28 per cent of the total pressing capacity of the region. However, in early 

twentieth century north-eastern Spain the number of hydraulic press per hectare 

devoted to olive trees, as well as the number of presses per quantity of olives 

harvested, was clearly higher than the Spanish average. This is an interesting 

finding. It suggests that in this area the storage of olives was relatively short 

compared to other regions, which, of course, was an important step in improving 
                                                           
33 ECIC, various issues. 
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product quality. Obviously, the fact that olive crops were smaller in the northeast than 

in the south of Spain enormously reduced the problem of long olive storage. Olive 

crops were also relatively small in Provence, Tuscany or Liguria, which suggest that 

the improvement of olive oil quality was easy to achieve in areas of lower 

production.34 

 Further evidence showing the technological dynamism of the north-eastern 

Spanish regions might be added, but would only extend this description 

unnecessarily. It is sufficient to say that the modernisation of the north-eastern 

Spanish olive oil industry was not only based on the introduction of better machinery 

but also included the use of new industrial practices as well as the introduction of 

manual techniques of filtering and refining.35 As in northern Italy and the province of 

Bari, these modernisation processes led to remarkable improvements in product 

quality. During the second half of the nineteenth century, olive oil from the north-

eastern region started to gain credit in the major international markets of the product, 

including Marseilles (Provence, France), Genoa (Liguria, Italy) and Argentina.36 Once 

the modernisation process was initiated, other factors such as the variety of the fruit 

also contributed to the reputation of the north-eastern olive oils, as some 

contemporaries stressed.37 

 In spite of these improvements, by 1900 the Spanish olive oil industry probably 

continued falling behind Italy. Ramon de Manjarrés, one of the most reputed Spanish 

experts, was clear in this respect. In his book on the Spanish olive oil sector 

published in 1896, Manjarrés argued that throughout the second half of the 

                                                           
34 Manjarrés (1872), p. 99 and (1896), p. 84. 
35 Lay (1903), p. 423, ECIC, 1900 and Nadal (1987), pp. 30-32. 
36 Manjarrés (1896), p. 383, Ministerio de Estado (1899), p. 48 and (1920), pp. 16-17 and Skinner 
(1903), p. 421. 
37 Relative to those produced in the south, the north-eastern olive oils had, for example, smoother 
taste and lighter colour. Fontana (1932), Ministerio de Fomento (1923) and  Zambrana (1987), pp. 
114-115. 
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nineteenth century an increasing number of olive oil millers followed the modern 

practices of production, which, according to him, were already well known in the main 

areas of production.38 He also pointed out the high development reached by the local 

industry in the development of olive oil machinery, which suggests that modern 

crushers or presses were at the disposal of the Iberian millers. In fact, according to 

Manjarrés, the olive oil technology developed by most of the Spanish engineering 

firms was, at least, as modern as that constructed in the French and Italian factories. 

Nevertheless, he also recognised that, in general, the modernisation process had 

been more intense in Italy than in Spain, which, according to Manjarrés, allowed the 

Italian olive oil sector to open up new foreign markets for edible olive oil faster and 

more intensively than the Spaniards did.39 

Table 2 
The mechanisation of the olive oil mills and factories in Italy and Spain,  

1903-c.1935 
(olive oil firms using mechanical power, as a percentage of total firms) a 

countries 1903 1911 1927 c.1935 
Italy b     
Firms using mechanical power (%) 13.3 23.3 30.6 32.7 
Firms using mechanical power, 
              including also those working for oil seeds (%) 

 
14.7  

 
n/a 

 
31.7 

 
n/a 

Firms using hydraulic presses whatever the power employed (%) n/a n/a n/a 39.6 
Number of hydraulic presses (%) n/a n/a n/a 48.2 
Spain c        
Firms using mechanical power driving hydraulic presses (%)d 7.3 11.7 30.0 40.4 
Firms using hydraulic presses whatever the power employed (%)d 13.2 20.1 45.4 51.4 
Number of hydraulic presses (%) 14.4 23.5 51.6     54.5 
Notes: a firms using water, steam, gas, oil or electricity power; b 1903 and 1937 refer to mills and factories; c the 
Spanish figures exclude presses working exclusively for oil seeds, although include presses partially used for 
pressing peanut seeds; d firms are identified as taxpayers in the source, n/a: no data available. 
Sources: For Italy: MAIC (1906) and (1914) and ISTAT (1927-1931) and (1940). For Spain: ECIC, 1903, 1911, 
1927 and 1933. 
 

 Table 2 compares levels of mechanisation of the olive oil mills (a proxy for 

modernisation) in Italy and Spain throughout the first third of the twentieth century. 

Unfortunately, Spanish sources only specify the type of power driving the hydraulic 

presses. No information is provided regarding the power driving the other presses, 
                                                           
38 See, for example, Manjarrés (1896), pp. 280, 360-361 and 379 and Zambrana (1987), p. 147.  
39 See, for example, Manjarrés (1896), pp. 137, 190, 285, 300 and 376. 
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although J.F. Zambrana has argued for Spain that around 1900 the use of 

mechanical power was the exception rather than the rule in non-hydraulic presses.40 

Despite this limitation, the picture emerging from this table seems to confirm 

Manjarrés’ views: around 1900 the modernisation of the olive oil mills was still higher 

in Italy than in Spain. 

 

3.2. The first third of the twentieth century: catching up and forging ahead 

 

 The data presented in table 2 suggest that Italian technological leadership 

continued until the outbreak of World War I. Although likely, this is more difficult to 

confirm on account of serious shortcomings in the 1911 data.41 Anecdotal evidence 

and qualitative information from Spain and Italy does not throw much light on this 

issue. For example, some consular reports and foreign journals stress the Spanish 

improvements in product quality, which would suggest that throughout the first 

decade of the twentieth century the modernisation process continued going on in 

Spain.42 In fact, according to the Spanish industrial sources between 1900-04 and 

1910-14 the number of hydraulic presses increased 70 per cent. The north-eastern 

regions again took the lead in the modernisation process, as data presented above in 

figure 2 clearly show.43 Consequently, olive oils from Valencia, Aragon and, 

especially, Catalonia continued to be more easily accepted in markets demanding 

olive oil for edible uses, either to be blended with other oils (Genoa or Marseilles) or 

                                                           
40 Zambrana (1987), p. 146.  
41 It is likely that the available sources for 1911 underestimate the Spanish level of mechanisation, 
whereas the contrary might be true for Italy. 
42 Bolletino de la Società Nazionale degli Olivicoltori (hereafter BSNO) (1913), no. 5 (May), p. 77 and 
also Saulini (1918). 
43 In this respect, it is also worth noting that by 1911 the percentage of hydraulic presses over all the 
olives oil presses was already slightly higher in the north-east than in any other Spanish region. 
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to be consumed directly as salad oil (the Americas).44 Although the existing sources 

do not give precise data, the number and capacity of the Spanish refineries seems to 

have increased too. Thus, prior to 1914 two important industrial plants were set up in 

Andalusia. Inaugurated in 1913, the first one belonged to Ybarra, an important 

Spanish olive oil exporter from Seville (southern Spain). Around 1914, Carbonell, 

another important olive oil exporter installed the second one in Córdoba (southern 

Spain).45  

 Likewise, Italian official reports suggest that the process of modernisation of 

the Italian olive oil mills accelerated throughout the first decade of the twentieth 

century.46 In addition, it is well documented by the Italian historiography that between 

1912 and 1914, two industrial refineries were set up in the northern region of Ligura. 

The first one, called SAIRO (Società Anonima Italiana Raffinazione Olii), was 

established in 1912, and two years later, in 1914, the RIO (Raffineria Italiana Olii) was 

set up, both in the coastal city of Porto Maurizio.47 

 Fortunately, American reports speak more clearly than the Italian and Spanish 

do. E.W. Thompson, a commercial agent of the Department of Commerce, 

recognised the Spanish improvements in milling technology and product quality prior 

to World War I, although he limited them to the northern regions. According to him, 

“…in the north of Spain [as well as in Italy or France] there have been many 

improvements made in the manufacture of olive oil and very little of the low grades is 

manufactured (…). It is only in the south of Spain and in the Levant, where primitive 

methods are employed, that low grades of olive oils are produced that need to be 

                                                           
44 See, for example, Boletín del Centro de Información Comercial (hereafter BCIC), 7th December 
1909, for the market of Marseilles. 
45 Sierra (1992), p. 45 and Zambrana (1993), p.78 and (2003), pp. 291-292. See also Díaz Morlán 
(2002) for the case of Ybarra and Arenas Posadas (1995), pp. 167-169 for olive oil refining in the 
southern city of Seville.  
46 MAIC (1914), vols. II-IV. 
47 Cerisola (1973), pp. 37-38. 
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deodorized”; and added that “Italy has made more progress than other nations in 

[cultivation, fertilization, grafting, and pruning], as well as in improved methods of 

making oil”.48 

 Judging from this American information, before World War I Italian 

technological leadership was not only in milling and pressing but also in refining, 

blending and packaging techniques. In 1907, for example, a report from the 

Manufactures Bureau concluded that in Spain "refining is also done on a large scale, 

but the results are not comparable with those obtained by Italian and French 

refineries".49 In 1924, a documented study from the University of California confirmed 

"…the more rapid progress made in Italy and France in the refining, blending, 

packaging, and foreign marketing of olive oil".50 Although the existing evidence is far 

from conclusive, these were probably the areas in which Spain accumulated a major 

backwardness relative to Italy prior to World War I. 

This picture, however, changed during the interwar period. If during the decade prior 

to 1913 Spain had been falling behind the western Mediterranean producers, by the 

mid-twenties it had already caught up with them; and around 1935 it had already 

overtaken Italy in both the mechanisation of its mills and the number and capacity of its 

refineries. The existing data clearly shows the dynamism of the Spanish olive oil 

industry during the interwar period. Between 1911 and 1927, in Spain the percentage 

of mechanized mills multiplied by 2.6 (increasing from 12 to 30 per cent) whereas in 

Italy it had only multiplied by 1.3 (from 23 to 31 per cent). Thus, by the mid-1920s the 

level of mechanization of the Spanish mills was already similar to that of Italy.51 In the 

course of the next decade, mechanization continued to be more intense in the former 

                                                           
48 Thompson (1913), pp. 9 and 22. 
49 Manufactures Bureau (1907), p. 110. 
50 Cruess (1924), p. 3. 
51 For an alternative view, OSNO (1925), no. 3 (January), pp. 1-2. 
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than in the latter. Consequently, around 1935 the percentage of mechanized mills 

became higher in the Iberian country (40 per cent) than in the Cisalpine one (33 per 

cent), as table 3 shows. 

Table 3 
The olive oil industry in Italy and Spain around 1935 

 Italy Spain
 
Panel 1: Olive oil firms, mills or factories a 

 

  

1. Mechanised, as a percentage of total firms or factories 32.7 40.4 
2. Hydraulic presses, as a percentage of total presses 48.2 54.5 
3. Olive oil production, in metric tons b 208,848 352,594 
4. Industrial yiels, kilograms of olive oil per 100 kilograms of olives b 15.8  19.3 
 
Panel 2: Olive oil refining firms and plants c 

 

  

1. Number of refining firms   
    A. Excluding firms devoted to other activities apart from refining 38 53 
    B.  Including firms devoted to other activities apart from refining 63 n/a 
2. Number of refining factories n/a 57 
3. Total production, in metric tons 52,742 73,761 
4. Output per firm, in metric tons of refined oil per firm   
    A. Excluding firms devoted to other activities apart from refining 1,520 1,392 
    B. Including firms devoted to other activities apart from refining 837 n/a 
Notes: a for Italy, mills and factories in 1937 and for Spain, firms, identified as taxpayers in the source,  in 1933; b 
1931/1935, yearly average; c for Spain, the number of plants and firms refers to the first semester of 1936, while 
production data correspond to 1935; for Italy all figures refer to 1937. Total production includes oil obtained from 
both olive oil and sulphur oil; n/a: no data available. 
Sources: For Italy: ISTAT (1940), pp. 19, 108, 52, 125-126, 132-34 and 166; Bolletino Mensile di Statistica 
Agraria e Forestale (hereafter BMSAF), various issues, IIA (1939), pp. 79-114 and Franciosa (1940), pp. 91-105. 
For Spain: ECIC, 1930 and 1933, Federación de Fabricantes de Aceite de Orujo de España (1937), pp. 229, 248-
249, 251 and 275, and Zambrana (1987), appendixes. 
 

 The Spanish process of catching-up and forging-ahead was not limited to 

milling and pressing technology. It spread over other areas of the sector, including 

refining, blending, packaging and foreign marketing. By 1936, for example, Spain had 

more industrial refining plants and it produced more refined olive oil than Italy.52 The 

knowledge acquired by the Spanish exporting firms in blending operations had also 

become similar to the Italian ones, as suggested by El Aceite de Oliva de España, 
                                                           
52 The establishment of refining plants was encouraged by the Spanish authorities through fiscal 
exemptions (Royal Decree, 8th June 1926, quoted by Tió (1982), p. 33. But the same was done by the 
Italian authorities, who granted tax exceptions for setting up of refining plants in southern Italy (Royal 
Decree Law of 26th June 1929, L’Olivicoltore (herafter OSNO) (1929), no. 19, p. 1, no. 41, p. 5 and 
Servicio Informativo de la Federación de Exportadores de Aceite de Oliva de España (hereafter SIFE) 
(1929), Report no. 740). The real impact of these measures for the development of this industry 
remains unclear.  
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the official newspaper of the Spanish exporters. Articles included in this newspaper 

also pointed out another interesting point: the commercialization of the product, i.e. 

foreign marketing did not hold any secrets for the Spanish exporters, while packaging 

techniques did not differ substantially from the Italian ones either.53 From the College 

of Agriculture of the University of California, it was recognised, in fact, that in the early 

twenties Spain had already overcome its initial inferiority in refining, blending, 

packaging and foreign marketing.54 

 Interestingly, Spanish technological dynamism was coincident with important 

changes in regional patterns of modernization. Contrary to the pre-war period, 

between 1913 and 1935 technical change both in pressing and refining proved to be 

more intense in the south  than in the north-east of the country. Thus, by 1933 the 

percentage of hydraulic presses driven by mechanical power as well as the 

percentage of hydraulic presses relative to the total presses was much higher in the 

former (63 and 78 per cent, respectively) than in the latter (39 and 42 per cent, 

respectively). Nevertheless, the number of hydraulic presses relative to olive 

production still remained smaller in the south than in north-west, which suggests that 

the problem of long olive storage had not been totally solved in the south of the 

country (see figure 2). Fortunately, olive storage had become a less serious 

shortcoming during the inter-war period simply because of the expansion of industrial 

refining processes. Andalusia also took the lead in this area: on the eve the Spanish 

Civil War, this region concentrated 57 per cent of the Spanish refining factories and 

2/3 of the total production of refined olive oil. 

 As a partial result of all of these transformations, between 1909/13 and 

1931/35 production and exports of edible olive oil (including press olive oil and 

                                                           
53 El Aceite de Oliva de España (hereafter AOE) (1929), p. 31. 
54 Cruess (1924), p. 3. 
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refined olive oil) increased more rapidly in southern Spain than in the rest of the 

country. Total production of olive oil expanded too, accounting for 65.4 per cent of 

the total Spanish production in the period 1931/1935. Conversely, north-eastern olive 

oil exports and production remained stagnant relative to the rest of the country, 

partially because of competition from the refined oils produced in Andalusia.55 

Table 4 
Geographic localisation and modernisation of the olive oil industry in Spain and Italy 

by regions around 1935 a 
 Spain Italy 

 North-
east 

South Spain North-
Centre 

South Italy 

 
Panel 1: Olive oil firms or factories b 

 

 
 
 

 
 
 

 
 
 

   

1. Geographic distribution       
  1.1. Firms or factories (%) 12 39 100 32 68 100 
  1.2. Olive oil production (%) 20 65 100 27 73 100 
2. Size and structure (Spain or Italy =100)       
  2.1. Average pressing capacity per firm or factory 93 116 100 88 105 100 
  2.2. Presses per firm or factory 99 102 100 80 108 100 
3. Mechanization and modernization:       
  3.1. Firms or factories driven by mechanical power (%) 34 52 39 45 27 33 
  3.2. Hydraulic presses (%) 43 75 55 43 50 48 
4. Physical yields and productivity (Spain or Italy =100)       
  4.1. Production of olive oil per metric quintal of olives 111 98 100 109 95 100 
  4.2. Production of olive oil per firm or  factory 49 150 100 123 89 100 
  4.3. Production of olive oil per press 49 147 100 152 82 100 
 
Panel 2: Refining plants  

 

 
 
 

 
 
 

 
 
 

   

1. Factories (as a % of total factories) 28 57 100 52 48 100 
2. Productive capacity (as a % of total capacity) 20 67 100 69 31 100 
3. Productive capacity per plant (Spain or Italy =100) 71 117 100 132 65 100 
Notes and sources: ª Spain: north-east only includes Catalonia, Valencia and Aragon, and south only includes 
Andalusia. Italy: see figure 1; b  Spain: data on firms, which are identified as taxpayers in the source, for the years 
1930 and 1933, while data on olive oil production are annual averages for the period 1931/1935. See also table 3 
for sources and further remarks.  
 

 Patterns of regional modernization also changed in Italy in the interwar years, 

although the intensity of these changes was moderate relative to Spain. As shown in 

table 4, by the eve of Word War II, southern Italian olive oil mills continued being less 

mechanised than in the north, although it is true that between 1903 and 1937 the 

                                                           
55 See, for example, Zambrana (1987), Pujol (1988) and (1989), Pinilla (1995), and Ramon-Muñoz 
(1999).  
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percentage of firms using mechanical power increased fourfold in southern Italy, 

while it only multiplied by 1.2 in northern Italy. In addition, southern olive oil mills were 

equipped with a higher proportion of older non-hydraulic presses, while physical 

productivity in both olive oil mills and refining plants appears to have been lower in the 

south than in the north. 

 A rapid comparison with southern Spain provides further evidence on the slower 

intensity of the southern Italian modernisation. To start with, the southern regions of 

Italy did not reach the levels of modernization that had been achieved in southern 

Spain. By the mid-1930s, three-fourths of the presses installed in Andalusia were 

hydraulic whereas this proportion was only two-fourths in southern Italy. The 

mechanisation of the firms or factories was also higher in the former than in the latter. 

Olive oil refining also developed to a larger scale in southern Spain than in southern 

Italy, which only concentrated half of the Italian refining plants and less than one-third 

of the total Italian production of refined oil. This is an interesting point. In Spain, the 

south provided the north with bulk olive oil, but it also developed an important refining 

industry strongly connected with southern-firms exporting brand-name olive oil.56 In 

Italy, the southern regions provided northern Italian exporters with fine olive oils, used 

in blending operations, but also with other olive oils of inferior quality, used in the 

northern refineries. Contrary to Spain, firms exporting brand-name olive oil were the 

exception rather than the rule in the south. They were mostly concentrated in the north-

western regions of Italy, and they had specialized in exporting good quality and brand-

name olive oil.57 

 

 

                                                           
56 Ramon-Muñoz (2000b), pp. 106-109 and (2010a), pp. 394-397, and Zambrana (2003), pp. 291-292. 
57 Zunino (1939), p. 187; Borrelli (1930), p. 16 as well as Ricchioni (1934b), pp. 5-56.  
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4. The factors explaining technological change: Spain vis à vis Italy 

  

 The reasons explaining cross-countries differences in the adoption of new 

technology can be various. Spanish historiography and contemporary authors have 

suggested three reasons influencing technological progress in milling and pressing: 

(a) the structure of the industry and the size of the firm; (b) market conditions; (c) and 

the price of the factors of production, i.e. labour and capital costs. This section 

analyses the causes of technical change in Spain vis-à-vis Italy in the light of these 

three explanations. More precisely, it attempts to understand why Spain was so 

reluctant to adopt technical change compared to Italy before World War I, as well as 

why it was able to overcome its relative backwardness during the inter-war period.  

 

4.1. Firms’ size and the adoption of new technology 

 

 The first of the three explanations given by contemporaries and the Spanish 

historiography has to do with industrial structure, which, sometimes, has been 

connected with farm size and the distribution of land.58 According to this explanation, 

small-size olive oil firms were more reluctant to substitute old with modern machinery. 

James Simpson, for example, has argued that “a small owner, pressing his own fruit, 

clearly would not find a large capacity hydraulic press economic to operate”. On the 

other hand, Ramon de Manjarrés has linked the high price of the modern machinery 

with the scale of the firms, arguing that small owners lacked the capital to introduce 

new millstones and more advanced presses. That the size of the firm is positively 

correlated to the speed of technological change is also suggested by J.F. Zambrana. 

In his book on the Spanish olive oil sector, he has pointed out that modernisation was 
                                                           
58 See Federico (2005), chapter 7 for a discussion on farm size and technical progress. 
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lead by both large Andalusian landlords and large north-eastern manufacturers since 

they were able to meet the financial requirements associated with the introduction of 

up-to-date machinery.59 

Table 5 
Size and mechanisation in the Italian olive oil industry, 1911-1927 

number of  1911  1927 
workers per   % of firms using % of firms using  % of firms using % of firms using 

firm  mechanical power non-mechanical power mechanical power non-mechanical power
1 – 4  n/a n/a 30.2 69.8 
2 – 5  n/a n/a 27.8 72.2 
6 – 10  n/a n/a 40.6 59.4 
1-10   22.4 77.6 29.9 70.1 

11 – 50  n/a n/a 74.1 25.9 
> 50  n/a n/a 100.0 0.0 

more than 10  67.4 32.6 75.0 25.0 
Total  23.3 76.7 30.6 69.4 

Sources: MAIC (1914), , vols. II and III and ISTAT (1927-1931), vols. VI and VII. 
 

 The literature dealing with technology transfer has, certainly, provided 

empirical evidence showing that the adoption of innovation can be scale-based.60 

Although scarce and weak, the available data on the average size of olive oil mills 

and mechanisation levels seems to go in the same direction. Proxied by the number 

of presses per mill, in both Spain and Italy those mills using hydraulic presses tended 

to be larger than the rest. The same could be said if, instead of considering presses 

per mill, we looked at the number of workers per mill. For example, by 1927 the 

Italian olive oil mills employing one worker were less mechanised than those 

employing between 6 and 10 workers, the percentages of mechanised mills being 30 

and 41 per cent respectively. This gap tended to widen in parallel with the size of the 

mill (see table 5). 

 If the adoption of innovation can be scale-based, the explanation of the speed 

of technical change seems obvious. During the second half of the nineteenth century, 

the average size of the olive oil mills was smaller in Spain than in Italy, but in the 

course of the first third of the twentieth century it tended to converge. The size of the 
                                                           
59 Simpson (1985), p. 173, Manjarrés (1896), pp. 83 and 360-361 and Zambrana (1987), pp.158-159. 
60 Dosi (2000), pp. 122-123. 
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Spanish mills was, indeed, small. A. Parejo and J.F. Zambrana, for example, have 

pointed out that prior to the 1960s the production of olive oil was characterised by an 

extreme fragmentation.61 

Figure 3 
The average size of olive oil firms in Spain, 1857-1930/34 

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

Notes and sources: Firms are identified as taxpayers in the source; 1920-24=1922; 1925-29=1927, 1930-
34=1930 and 1933. Pressing capacity per firm has been estimated by using tax data, which, among others, mirrored 
differences in pressing capacity. In order to establish comparable measures of pressing capacity across time, the total 
amount of taxes paid by the industry has been divided by the tax that had to pay a non-mechanized hydraulic press. 
Therefore, total taxes have been reduced to “theoretical” non-mechanized hydraulic presses per year. In order to 
estimate pressing capacity per firm, the total number of “theoretical” non-mechanized hydraulic presses has been 
divided by the total number of firms (taxpayers) as given by the ECIC, various issues. 
 

 Figure 3 provides evidence on levels of and trends in the average firm size in 

the Spanish olive oil sector between the 1850s and the 1930s. Although the data is 

far from robust, they confirm Parejo and Zambrana’s views. They show the small 

average firm size, which generally consisted of olive oil mills working with only one 

press. To give two particular examples, by 1900 in the province of Seville (southern 

Spain) these firms represented almost 97 per cent of the total olive oil firms and 

concentrated 96 per cent of the total pressing capacity of the province. By the same 

year, and in the north-eastern province of Lleida, which had a totally different pattern 

                                                           
61 Parejo and Zambrana (1994), p. 21. 
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of land holding, the percentage of firms using a single press was 85 per cent which 

concentrated around two-thirds of the total pressing capacity of the province.62 

 Between 1900 and the outbreak of Spanish Civil War, the number of presses 

per firm continued to be around unity. Of course, it might be argued that the use of 

the ratio presses per mill is a deceptive measure of firm size, since the productive 

capacity of presses tended to increase over time. In Spain, the substitution of wood 

presses by hydraulic ones brought about two important transformations in the 

structure of the sector. The first was, in James Simpson’s words, “… a growing 

concentration of the processing of the fruit, as the new presses were installed not just 

to process the fruit form the growing area of cultivation, but also to replace the older 

ones”.63 The second one was an increase in the average pressing capacity of the 

Spanish firms, which, as shown in figure 3, almost doubled between 1857 and 1930-

34. Nevertheless, by the early 1930s the pressing capacity per firm was only 

equivalent to the use of a single non-mechanized hydraulic press. Certainly, this 

figure has to be considered to be the lower bound. Owing to the limitations of the 

existing sources, the biggest factories have not been included in the calculations. 

Therefore, it is likely that the actual figure was above the estimated one, although 

data for periods in which comprehensive information is available suggest that their 

inclusion would not change the picture significantly.64 

 The crucial point is, however, to know whether the Spanish industrial structure 

differed significantly relative to the Italian one. The evidence suggests some 

differences in average firm size. Prior to World War I, small factories and firms 

dominated the Italian olive oil industry, as was the case in Spain. The 1903 industrial 

                                                           
62 My own calculations from Ministerio de Agricultura, Comercio, Industria y Obras Públicas (1901a) 
and (1901b). 
63 Simpson (1995a), p. 169. 
64 Sindicato Nacional del Olivo (1956), vol. I, p. 142. 
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census shows that the number of presses per factory was 1.75, but also that the ratio 

of workers-per-mill was around four. The average size of the Spanish mills was 

probably smaller. According to the information provided by the Taxation Statistics of 

Industry and Trade, by 1903 the average number of presses per firm was 1.14, i.e. a 

ratio 35 per cent below the Italian one. Whether this difference helps to explain the 

Spanish technological backwardness during the half-century prior to World War I is 

doubtful. A certain correlation between firm size and the modernisation process might 

certainly be established by arguing that the Iberian mill-owners had a lower financial 

capacity due to the smaller scale of their mills. Nevertheless, from a theoretical point 

of view the lack of financing capacity of firms may be attributed to the existence of 

imperfections in the financial markets rather than to the scale of the firms. 

Figure 4 
Trends in total number of presses per firm in Italy and Spain, 1900-1939  

(1900-04=100) 
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Notes: Italy: 1900-04=1903; 1910-14: 1911; 1935-39=1937; total number of presses per factory. Spain: 1920-24=, 
1922; 1925-29=191927, 1930-34=1930 and 1933.  
Sources: See table 3 and figure 2. 
 

 In any case, the available data suggest that the early 1900s Hispanic-Italian 

gap in firm size widened during the interwar period, at least when measured by the 

number of presses per firm (see figure 4). In the case of Italy, other evidence 
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available in both the 1903 and the 1937 industrial censuses, which appear to be the 

most reliable censuses for the olive oil sector, illustrate the intensity of the process 

(see figure 5). Between the beginning of the twentieth century and the outbreak of 

World War II the number of workers per mill increased 20 per cent; the number of 

presses per mill rose 40 per cent; finally, the average number of HP installed in each 

factory more than tripled. In addition, from the mid-twenties onwards the percentage 

of firms employing less than five workers probably declined whereas those having 

more than six workers increased significantly, as a comparison between the 1927 

and the 1937 industrial censuses suggests. 

Figure 5 
Trends in total number of presses, workers and installed power per firm in 

Italy, 1903-1937 (1903=100) 
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Notes and Sources: For 1937, workers per mechanized firm. See also table 3. 
 

 Of course, this does not mean that the Italian industrial structure had changed 

radically in the course of the first third of the nineteenth century. By 1937, the 

percentage of firms employing between one and five workers still accounted for more 

than 70 per cent of all the Italian olive oil firms; and those using one or two presses 

still represented 88 per cent of the sector. It only shows that throughout the period 

under consideration the average firm appears to have been more intensely in Italy 

than in Spain.  
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 This is an interesting finding, which, however, goes against the scale-based 

hypotheses. In fact, owing to the speed of modernisation in the Spanish mills one 

would expect the opposite trend: the average Spanish firm’s size increasing faster 

and overcoming the average Italian firm’s size during the first third of the twentieth 

century. Thus, neither the industrial structure nor the average firm size seem to 

explain much about levels of modernisation and speed of technological change in 

Italy and Spain throughout the second and third decades of the twentieth century. 

   

4.2. Demand factors, market conditions and technical change 

 

 Together with the industrial structure, Spanish economic historians have 

suggested that the speed of technical change in Spain was also influenced by 

demand factors and market conditions. This argument has been mainly applied to the 

pre-World War I period. J.F. Zambrana has suggested, for example, that in the last 

quarter of the nineteenth century technical change was hampered by the agrarian 

crisis, which caused olive oil prices to decline. According to him, the process of 

modernisation resumed at the end of the century and, especially, after the mid-

1900s, coinciding with a rising trend in olive oil prices. In a similar way, James 

Simpson has argued that the industry began to be transformed at the very end of the 

century, “coinciding with the growth in exports of olive oil for culinary purposes”. This 

shows, according to this author, that the Spanish farmers “were willing to adapt 

relatively quickly to new techniques when market conditions were favourable”. 65 

 Did demand factors and market conditions differ in Italy and Spain? As far as 

price is concerned, the evidence shows that in the domestic markets olive oil prices 

moved similarly. Between the late 1870s and the mid-1890s, they declined in both 
                                                           
65 Zambrana (1987) pp. 147-148 and 217 and Simpson (1995a), pp. 169 and 172 and (1985), p. 183. 
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Italy and Spain, although it is true that the fall was more intense in the former than in 

the latter. Throughout this period, in the Iberian Peninsula nominal prices dropped at 

an annual rate of -1.54 per cent whereas real prices declined at -0.62 per cent per 

year. In the Cisalpine country, these percentages were -1.14 and -0.05 per cent 

respectively. Conversely, from the mid-1890s to the outbreak of World War I, olive oil 

prices recovered in both countries, although the increase was again more intense in 

Italy than in Spain. In the former country nominal prices rose 3.16 per cent per year 

whereas in the latter they only increased at an annual rate of 1.66 per cent. Rates of 

growth of real prices also differed but not so greatly, being 1.81 per cent in Italy and 

1.12 per cent in Spain.66 

 Whether these differences in price growth rates influenced the speed of 

technical change or not is difficult to say. Changing conditions in the olive oil markets 

between the late 1870s and the outbreak of World War I must have influenced 

profitability in the sector, which, in turn, influenced the mill owners’ decisions on the 

adoption of innovations. One might conclude that the Italian mill-owners, compared to 

their Spanish colleagues benefited from conditions that appeared to be more 

favourable for the adoption of new technologies. However, the Italian-Hispanic 

differences in olive oil price growth rates might mean almost nothing in terms of 

technical change. For example, the intense rise of Italian olive oil prices after 1896 

could be associated with a wide number of factors, including increasing trends in the 

production costs or changes in the product mix.  

 To understand the speed of technical change, it is perhaps more helpful to 

explore the differential in prices amongst olive oil qualities. During the second half of 

the nineteenth century, contemporaries observed that the larger the price-gap 

                                                           
66 Olive oil prices have been taken from GEHR (1981) and ISTAT (1958). The price deflators are from 
Prados de la Escosura (2003) and ISTAT (1958). 
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between a high and a low quality olive oil the bigger the stimulus to produce high 

quality olive oil through the introduction of modern machinery and technical change. 

They also considered that the slow modernisation of the Spanish olive oil sector was 

very much associated with the small differential in prices between high quality olive 

oil and the lower grades.67 J.F. Zambrana has also indicated that price differentials 

influenced technical change in the Spanish olive oil sector, and noted an increasing 

differentiation in both product qualities and prices prior to the First World War.68  

 Alternatively, one might argue that the price differential was the consequence 

rather than the cause of technical change. Nevertheless, technical change is a 

gradual process in which the decisions of the first adopters of modern technology 

influence the rest of the potential adopters. From a theoretical point of view, it might 

be argued that the pioneers in the use of better methods of olive oil production made 

it possible for new and better qualities to enter the market. By doing this, they were 

contributing to widen the price differentials between the lowest and highest olive oil 

qualities. Consequently, they were influencing the progressive adoption of modern 

processes of production by the rest of olive oil millers, who benefited from both new 

market opportunities and the possibility of increasing their profits through increasing 

product quality. 

 At first glance, trade journals and commercial handbooks seem to support the 

views of the Spanish contemporary observers. During the second half of the 

nineteenth century, the price lists published in commercial and industrial Spanish 

journals such as La Gaceta Industrial (Madrid) and Los Vinos y los Aceites (Madrid) 

did not distinguish more than two or three qualities of edible olive oil. Conversely, 

trade handbooks and other sources show that at least five different qualities (and 
                                                           
67 Muñiz (1881), p. 360 and Ministerio de Agricultura, Comercio, Industria y Obras Públicas (1901b), p. 
65. 
68 Zambrana (1987) p. 183. 
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prices) for edible olive oil had already been established in Italy, namely extra-fine, 

fine, mid-fine, edible and common.69 According to this, one might expect larger price 

differentials for the Italian olive oils than for the Spanish ones.  

Table 6 
Italian and Spanish price gaps by qualities in foreign markets, 1886-1929 

(average quotation of edible olive oil = 100) 
 France b Italy b UK c USA c 
 (Marseilles) (Genoa)   
Qualities ª 1886 1892 1913 1929 1891 1913 1929 1913 1929 1883 1913 1929 

 
 

 
Panel 1: Italian olive oils 
 

 
 
 

 
 
 

 
 
 

Edible:             
Highest  137 138 n/a n/a 109 108 111 n/a n/a n/a n/a n/a 
Lowest 76 77 n/a n/a 94 90 93 n/a n/a n/a n/a n/a 
Refined n/a n/a n/a n/a n/a n/a 95 n/a n/a n/a n/a n/a 

Average 100 100 n/a n/a 100 100 100 100 100 100 100 100 
Inedible n/a n/a n/a n/a 76 n/a n/a 56 66 51 42 55 
  

Panel 2: Spanish olive oils 
 

 
 
 

 
 
 

 
 
 

Edible:              
Highest  116 104 105 108 n/a 103 111 n/a n/a n/a n/a n/a 
Lowest 87 96 102 92 n/a 94 97 n/a n/a n/a n/a n/a 
Refined n/a n/a n/a n/a n/a n/a 104 n/a n/a n/a n/a n/a 

Average 100 100 100 100 n/a 100 100 100 100 100 100 100 
Inedible n/a n/a 77 90 n/a n/a n/a 85 84 66 66 82 
Notes and Sources: a for the marketplaces of Marseilles and Genoa, it has been assumed that the highest and lowest 
qualities are those that have the highest and lowest quotation. The average quotation is an unweighted average 
of all qualities of Italian or Spanish edible olive oils quoted in the market. The same applies to the quotations on 
inedible olive oil; b for 1891, price data have been taken from Guillén García (1893), who provides information on 
olive oil quotations in the market of Marseilles (14th May 1892) and Genoa (14th November 1891). For 1913, prices in 
Marseilles are an average of the quotations published monthly in ROL (Nice, 1913). In the case of Genoa, see figure 
7.2. For 1929, prices in both Genoa and Marseilles are an average of the quotations published monthly in AOE 
(1929), c unit values taken from the foreign trade statistics of the UK and the USA, respectively, in the periods 
1880/1883, 1909/1913 and 1925/1929. n/a: no data available. 
 

 A closer look at the price lists reproduced in several trade journals partially 

confirms this first impression. Table 6 summarizes the price differentials in four of the 

main importing markets for bulk olive oil from the 1880s to the 1920s. It compares the 

price gap between the highest and lowest qualities of edible olive oil quoted in the 

market. It also provides information on the average price of edible olive oil relative to 

the average price of inedible olive oil. According to these data, by the last decades of 

                                                           
69 See, for example, Magliani (1880), p. 5 and Rigobon (1894), p. 13. 
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the nineteenth century Italian olive oils benefited from a strong quality premium 

through price differentiation whereas Spanish ones did not. Interestingly, the price 

gap between edible and inedible olive oils was also much bigger for Italy than for 

Spain. In the course of the first third of the twentieth century, this gap tended to close 

for edible olive oils and this differential becomes very similar in both countries, as 

data for Marseilles and Genoa suggest. The same, however, cannot be said when 

edible and inedible olive oils are compared. During the twentieth century, the price 

differentials in the USA and the UK markets continued to be larger for the olive oils 

which arrived from Italy vis-à-vis the price differentials of the Spanish olive oils.  

Figure 6 
Italian and Spanish price gaps between fine and ordinary edible olive oils in the 

domestic market, 1881-1935  
(ordinary edible olive oil = 100) 
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Notes and Sources: Ramon-Muñoz (2010b), p. 537. 
 

 Figure 6 presents further evidence on price gaps, although the data now have 

a more limited scope. The information on prices refers to some of the main 

marketplaces of Italy and Spain. Due to lack of data, the gaps have only been 

estimated for two different qualities, which would roughly correspond to fine and 

ordinary olive oils. In general, the results are in line with those presented above. 

They clearly show that during the first third of the twentieth century the price 
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differentials between edible olive oils become similar in both countries. They also 

indicate, however, that price differentials were about the same in the last decades of 

the nineteenth century, as data for the period 1881-1885 suggest. Unfortunately, the 

information used for this period is much less precise than one would like. It probably 

introduces an upward bias to the Spanish data, as the available source does not 

make clear whether low-quality olive oil prices include inedible olive oils or not.  

 In fact, the existing evidence on domestic prices for the early 1870s and the 

early 1880s suggests a wider price differential in Italy than in Spain. For example, in 

the period 1871-1875, a first quality edible olive oil produced in Porto Maurizio 

(Liguria) or Lucca (Tuscany) could reach a price of between 21 and 32 per cent 

higher than a second quality edible olive oil produced in Bari. By the early 1880s, in 

the marketplace of Genoa (Liguria) the price ratio between the highest and lowest 

qualities of edible olive oil quoted in the market was 1.00:1.40 (mide-fine:extra-fine) 

whereas in the marketplace of Bari (Apulia) this ratio was 1.00:1.50 (ordinary:first 

quality). Instead, by the early 1870s the best edible olive oils (Caspe and Olesa, all 

qualities) quoted in the marketplace of Barcelona reached a price that was only 13 

per cent higher than the worst (Andalusia and Empordà, all qualities). In this respect, 

it is worth noting that around 1900 some important Spanish olive oil firms still 

produced a single quality of olive oil.70 

 Certainly, the database on olive oil prices needs to be enlarged before can 

give us any conclusive answer on price differentials and technical change. 

Nevertheless, the available evidence suggests that in the second half of the 

nineteenth century Italy enjoyed wider price differentials vis-à-vis Spain. This might 

have predisposed the Italian mill-owners to improve the quality of the product through 

a more intense use of modern machinery and better practices in olive oil production. 
                                                           
70 Magliani (1880), MAIC (1886), Massa (1897), Manjarrés (1872), Zambrana (1987), p. 183. 
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However, this argument cannot be used for explaining the levels and speed of 

technical change during the interwar period. Italian-Hispanic differences in price gaps 

in edible olive oil simply disappeared, although it remained significant between the 

average price of edible and inedible olive oils. In spite of this, from the first decade of 

the twentieth century the Spanish modernization process proved to be extremely 

dynamic, which calls for a complementary or alternative explanation. 

 Before proceeding, it is worth noting that technological transference might 

have acted as a stimulus for technical change by widening price gaps between 

qualities, at least at an initial stage. Patrick Boulanger, for example, has shown that 

technical change in Liguria was closely linked to the action of French producers and 

traders, who had arrived at this Italian region by the beginning of the eighteenth 

century. They had come from the south-eastern French region of Provence, at that 

time the most developed area in terms of production and clarification techniques. 

Interested in increasing the supply of high-quality olive oils in order to meet the 

French demand, olive oil millers and traders from Provence began to train Ligurian 

people in the production of “fine olive oils following the example of Aix[-en-Provence], 

the most reputed place”.71  

 Annastella Carrino and Biagio Salvemini have also connected the 

modernization of the olive oil industry in Bari with the transfer of technology and 

industrial practices from southern France and northern Italy. In this process, a French 

man played a leading role: Pierre Ravanas, an olive oil businessman born in Aix-an-

Provence, moved to Marseilles when a child, and, finally, settled in the province of Bari 

in the 1820s. After some failed businesses, Ravanas set up several olive oil mills in the 

cities of Bitonto and Bari by making use of technology and techniques already existing 
                                                           
71 Boulanger (1996), p. 52 and pp. 51-53. According to this author, the presence of French millers and 
traders in Liguria was related to the 1709 frost, which caused most of the olives trees in southern France 
to die while demand for fine olive oils in France continued to grow. 
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in Provence and Liguria. The experience was very successful. Ravanas started to 

produce and to export increasing quantities of fine olive oils to France, which, of course, 

quoted at higher prices than other inferior grades. In the province of Bari, olive oil 

producers and traders soon followed the Ravanas’ example. He had shown that olive 

oil quality improved with the use of new technology and techniques, i.e. the use of more 

powerful crushers and presses (which contributed to reduce olive storage periods) as 

well as the separation of olive oil by pressings.72 Olive oil makers rapidly realized that 

an increase in product quality was followed by an increase in the price they received, 

which probably acted as a stimulus for technical change among olive oil producers and 

traders in the province of Bari. 

 As in Liguria or Bari, the French transfer of both industrial practices and 

technology seems to have played a remarkable role in the initial modernisation of the 

Catalan olive oil industry. Daniel Mangrané Escardó, a leading Spanish exporter, 

argued that Catalan olive oils had improved in quality thanks to the action of “some 

French businessmen that settled in [the southern Catalan city of] Tortosa” in the last 

quarter of the nineteenth century. According to Mangrané, French businessmen 

“started the production of fine olive oils”, which obtained a price premium relative to 

low quality olive oils.73 

 

4.3. Supply side, factor prices and the modernisation process 

 

 James Simpson has reasonably argued that “the rapid diffusion of [the 

hydraulic press in Spain] can in part be explained by the growing wage inflation, 

especially during and after the First World War”. In addition, this author has 

                                                           
72 Carrino and Salvemini (2003). See, also, Ricchioni (1938). 
73 Mangrané (1967), p. 22. 
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compared agricultural wages and olive oil prices between 1914 and 1935 in order to 

see whether an increase in factor costs was passed on to the consumer in the form 

of higher prices. According to him, “only in the post World War One years and the 

Second Republic [1931-1936] were the farmer’s profits seriously threatened”, “the 

general response [being] to cut labour cost by employing less”, namely substituting 

labour by capital.74 

 Although essentially correct, Simpson’s statements need to be extended. The 

substitution of labour by capital may have been influenced by the rise of labour costs, 

but also by the decline of the price of capital. From a theoretical point of view, the 

choice of more capital-intensive techniques can be expected to take place in a 

context in which labour is becoming more expensive relative to capital and the other 

way round. Therefore, the analysis of the trend of the wage-price ratio needs to be 

complemented with information on the evolution of the wage-capital ratio. 

 Phrased in this way, the question that first emerges is whether milling wages 

relative to both the price of olive oil and the price of olive oil machinery increased 

more rapidly in Spain than in Italy. Unfortunately, there is a lack of quantitative 

evidence for most of these variables. Data on olive oil price are abundant, but the 

same cannot be said for labour costs in the olive oil mills. They can be proxied by 

using harvesting wages, but they are fragmentary and insufficient for our purposes. 

Although far from satisfactory, a solution could be to use male agricultural wages as 

a proxy for mill wages by assuming that in the larger areas of olive oil production they 

followed similar trends throughout the period under consideration. The cost of capital 

for olive oil mill owners is more difficult to measure. Apart from other limitations, 

accurate and reliable information on the cost of olive oil machinery seems almost 

impossible to obtain. Therefore, trends in the cost of capital have been proxied with 
                                                           
74 Simpson (1995a), p. 171 and (1985), p. 242. 
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more general data on the price of machinery and equipment. In order to estimate 

ratios to capital, both the price of machinery and agricultural wages have been 

transformed into real terms. 

Figure 7 
The ratio between the daily wage of a male agricultural worker and the price of 

bulk olive oil, 1880-1935  
(1914=100) 
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Notes and Sources: My own elaboration from: Italy:  Inchiesta Jacini (1881-1885), vol. XII-I, p. 447, Inchiesta 
Faina (1907-1911), vol. VI-I, p. 410, Massa (1897), pp. 13-15 and 18-20, Arcari (1936), pp. 270-271, ISTAT 
(1940), p. 56 and (1958), pp.172 and 178.  Spain: Carnero and Sánchez Albornoz (1981), statistical appendix, 
Cámara Oficial de Comercio, Industria y Navegación de Barcelona (1912-1936), various issues, Anuario 
Estadístico de España, various issues, Bringas Gutiérrez (2000), statistical appendix and Prados de la Escosura 
(2003), table A.9.10. For further details, see Ramon-Muñoz (2010b), p. 538 

 
Figure 8 

The ratio between the daily wage of a male agricultural worker and the price of 
machinery, 1880-1935  

(1914=100) 
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Notes and Sources: See figure 7, Vitali (1978), pp. 511-512 and Prados de la Escosura (2003), table A.9.10. 
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 Figures 7 and 8 provide information on trends in the wage-price ratio and the 

wage-capital ratio in both southern Italy and southern Spain, the areas of larger olive 

oil production. Although the data have to be read carefully, they allow us to make 

some interesting observations, particularly for the inter-war period. To start with, 

figure 7 shows that in the long run (and contrary to the pre-First War Word period) 

the southern Spanish agricultural wages grew faster than the price of olive oil. As 

suggested by James Simpson, this relative increase was not continuous: it was 

concentrated in the periods 1910/14-1915/19 and 1925/29-1930/34 whereas 

throughout the periods 1915/19-1925/29 the wage-price ratio declined. A similar 

pattern is observed for Italy. In spite of this, by 1925/1929 the Italian wage-price ratio 

had already returned to the pre-War level. Conversely, the Spanish one remained at 

a higher level than in 1910/14, although it is true that it had been declining throughout 

most of the 1920s. 

 The analysis of trends in wages and prices is, however, only a part of the 

story. The other (and perhaps more important) part has to do with trends in the wage-

capital ratio. In southern Spain, during the interwar years capital was becoming 

cheaper relative to labour, continuing an earlier trend. This growing tendency seems 

to have started by the turn of the century and, from then onwards, seems to fit quite 

well with the general pattern described by Giovanni Federico.75 

 This is also true for southern Italy. The wage-capital ratio seems to have 

increased between the 1880s and 1914 and again after the War.76 However, 

between the early 1910s and the early 1930s this ratio grew at much lower rates in 

                                                           
75 For the period 1870-1938, and by proxing the cost of capital with the interest rates on state bonds, Federico 
has concluded that “throughout the world and in all periods (with the exception of the war decade 1911-1920), 
capital has become cheaper relative to labor”. Federico (2005), p. 66. 
76 For the immediate post-War years, see Cohen (1976), p. 394. 
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Italy than in Spain, as figure 8 shows. Needless to say, these results are very 

approximate, since they rely on the use of the price of machinery series and deflators 

that are neither specific to the regions taken into consideration nor to the agricultural 

sector. The only thing that can be said is that the general picture does not change 

significantly when more refined agricultural wages data and alternative deflators are 

used.77 

 To what extent these differences in the wage-capital ratio trend influenced the 

speed of technical change in the olive oil sector is again difficult to say. Nevertheless, 

there is no doubt that in the interwar period the prices of the factors did not follow the 

same rate of growth in Italy as in Spain and this coincided with remarkable 

differences in the speed of technical change in both countries too. In Spain, the 

substitution of older presses by hydraulic ones accelerated during the interwar 

period, in a context in which agricultural real wages were increasing rapidly and 

agricultural labour was becoming more expensive than capital. In Italy, the 

modernisation of the olive oil mills continued after World War I, but it slowed down 

relative to Spain. Perhaps this happened because the Italian olive oil millers felt less 

necessity to save labour by introducing modern presses as the Spanish did. 

 

5. Conclusions 

 

 This paper has focused on analysing technological change in Italy and Spain, 

the world’s largest olive oil exporters and producers between 1850 and 1938. Although 
                                                           
77 A significant part of the observed differences in the growth of the wage-capital ratio can be related to wages, 
with Southern Spain’s real agricultural wages rising more than in Southern Italy (see Ramon-Muñoz, 2010, p. 
261). Unfortunately, there is a lack of studies comparing the agrarian sector of these two countries, which makes 
it very difficult to explain in some detail the reasons of such remarkable differences in real wages. Here, it will 
suffice to mention that economic and political conditions differed between the two countries and this caused 
wage trends to differ too. For trends in Spanish agricultural wages, see also Simpson (1992), (1995b), Rosés and 
Sánchez Alonso (2004), and Maluquer de Motes and Llonch (2005), p. 1175. For Italy, see Zamagni (1997), p. 
308-309 and Nützenadel (2001), pp. 299-300. 
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still weak, the existing evidence has shown that the process of modernisation was, in 

fact, far from homogenous in this part of the Mediterranean basin. It began earlier and it 

spread more rapidly in Italy than in Spain. Thus, Spanish olive oil industry 

modernisation fell behind the Italian one in the second half of the nineteenth century 

and, perhaps, during the first decade of the twentieth century. The adoption of new 

machinery and better methods of production accelerated more rapidly in Spain than 

in Italy from the years around World War I to the mid-1930s. Consequently, by the 

first half of the 1920s the Iberians had caught-up with their Italian colleagues in 

milling, pressing, refining, blending and packaging, and in the early 1930s Spain had 

probably surpassed Italy in some of these areas. As a result, the average quality of 

the Spanish olive oils improved rapidly too, ranking close to the Italian ones in the 

international markets. 

 The reasons explaining cross-country differences in the speed of technical 

change may be various. In the cases of Italy and Spain, firm size proved to be an 

unsatisfactory explanation. Conversely, price and wage data suggested that market 

conditions favoured technical change in Italy in the second half of the nineteenth 

century whereas trends in factor prices appear to have contributed to accelerating the 

modernisation process in Spain during the interwar period, as the followers of the 

induced-innovation model would predict. 
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