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Abstract

Anthropometric studies have given much attention to the impact of industrialization and urbani-
zation on the biological standards of living of urban populations. Instead, we know less about the
evolution of height and the disparities within the rural world and how they have changed during
the modern economic growth process. This article analyzes the evolution and the determining
factors that would explain the inequality of the biological welfare ofa group of rural populationsin
Mediterranean Spain. Using a database of the heights of military conscripts (N = 146,041) of the
study area, a comparison is made of the biological well-being of the cohorts born between 1840
and 1965 in different rural environments (irrigated vs. dry farming). The results show that the
recruits residing in irrigated areas were taller than those in dry farming areas and that the nutri-
tional differences were greater among the latter. The advantage of the heights in irrigated areas
widened with the development of commercial agriculture at the end of the nineteenth century
and, although it began to reduce from the early decades of the twentieth century, the anthropo-
metric gap persisted throughout the period analyzed. The data also suggest that the distribution of
income was also more unequal in the dry farming areas, where the diet was less varied and rich
than in the irrigated areas. This situation could be largely explained by the existence of low
productivity agriculture in these dry farming areas, among other possible factors.

Keywords: height; biological inequality; irrigated and dry farming; determinants; Mediterranean rural Spain

Introduction

Inequality in biological standards of living in accordance with environmental condi-
tions is one of the most fascinating topics in the fields of economic history and social
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science. In recent decades, an increasing number of studies have been carried out
addressing the inequality in different environments based on anthropometric data
and indices, although height continues to be the principal indicator to assess nutri-
tional differences in populations of the past. Height data enable comparisons to be
made between socioprofessional groups of different environments and allow us to
analyze the inequality in biological welfare (Baten and Blum 2012; Blum 2013;
Galofré-Vila 2018; Komlos and Kelly 2016; Martinez-Carrién and Salvatore
2019; Perkins et al. 2016; Steckel 2019).

Unlike the conventional indicators of living standards, such as per capita income,
consumption, or real wages, anthropometric history reveals the hidden biological
costs of industrialization and modern economic growth, showing nutritional differ-
ences between urban and rural areas from the beginning of the Industrial
Revolution and urbanization (Cinnirella 2008a; Floud et al. 2011; Haines 2004;
Heyberger 2014; Komlos 1998, 2019; Komlos and Kiichenhoff 2012; Steckel
1995; Steckel and Floud 1997; Treme and Craig 2013). Many anthropometric
studies show that the beginning of industrialization did not significantly improve
the height of the working classes and affected the urban-industrial environment
more than the rural world (Komlos and Baten 1998; Steckel and Floud 1997).
The poor health and hygiene infrastructure, the high incidence of environmental
diseases, the increase in relative food prices, the prevalence of child labor with hard
and intense working hours in workshops and factories, in general, explain the exis-
tence of an “urban-industrial penalty” in many cities. The advantage of the rural
height, however, would have been associated with better access to fresh food (or
at least cheaper produce than in the cities) and a lower incidence of the diseases
most prevalent in cities and industrial towns that were more prone to contagion
caused by demographic pressure due to mobility, overcrowding, and urbanization
(Komlos 1998). The deterioration of height during the first industrialization process
is well documented in the economic history literature (Craig 2016).

In continental Europe, the anthropometric findings show a more diverse rural
panorama. For example, until well into the nineteenth century, the less market-
oriented inland Dutch rural regions enjoyed higher biological standards of living,
but at the beginning of the twentieth century the urban penalty had disappeared
and was replaced by the urban premium at least for the small and medium sized cities
(Tassenaar 2019). There were situations of nutritional stress in many parts of rural
Europe at least until the mid-nineteenth century. This was the case in some
German states between the beginning and middle of the nineteenth century
(Baten 2000; Cinnerella 2008b; Ewert 2006). There was widespread poverty in the
small villages of eastern Belgium, which would explain the very low average heights,
at around 160 cm (Alter et al. 2004), as was the case of many rural towns in Spain
(Martinez-Carrién and Moreno 2007). In other cases, nutritional stress was the conse-
quence of the impact caused by institutional changes in the rural world. For example,
in Spain it has been shown that the privatization of communal lands in some regions
(areas of Central and Southern of country) did not have positive effects, increasing
inequality within rural communities. On the contrary, the persistence of common
lands in other regions provided peasants with mechanisms different from the market
and made the transition to a market economy more socially sustainable (Beltran
Tapia 2015). From the mid-nineteenth century, the heights in the rural areas grew
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in almost all European regions and, despite the wide local variation, they converged in
the early decades of the twentieth century (Heyberger 2007; Martinez-Carrién and
Pérez-Castejon 2002). However, we still know very little about the differences in
biological welfare within the rural environment.

This article studies the diversity of biological welfare in the rural world of
Mediterranean Europe during the modern economic growth period and generates
unprecedented results from new analytical perspectives regarding nutritional
inequality. It compares heights in different, well-characterized rural environments:
irrigated areas (vegetable crops) with intensive agriculture systems and arid areas
(drylands) with extensive agriculture systems. The comparison of the two areas with
different agricultural yields seeks to analyze the influence of agricultural produc-
tivity on biological welfare and to explore whether lower heights prevailed in dry
areas, where productivity was lower than in irrigated areas. The heights in the irri-
gated areas may have been taller given the greater provision of water resources and
the specialization in intensive crops (horticultural), with higher earnings due to the
demand of foreign markets. The comparative analysis is carried out in a group of
rural towns in one of the most dynamic areas of Mediterranean Europe: the eastern
coast of Spain. With a database of the heights of conscripts of the area of study
(N =146,041), it analyzes the health and nutritional differences among the cohorts
born between the 1840s and 1960s.

The studies carried out show that, in some periods of the nineteenth century, the
populations of the towns with irrigated agriculture were, on the whole, taller than
those that practised dry farming. In southeast Spain, the differences were small
(Martinez-Carrién 2014). In rural Catalonia, there were large fluctuations between
the two rural areas until the beginning of the twentieth century, but the results are
not fully consistent due to the size and characteristics of the sample (Ramon-Muiioz
2009). In Andalusia, the data for the second half of the nineteenth century and first
half of the twentieth century show a very small advantage of the irrigated areas
(Cdmara 2009). In other countries, such as rural France, the differences were
substantial, reaching 2 and 5 cm in the mid-nineteenth century, showing the influ-
ence that variables such as the levels of capitalization, the yields obtained, the type of
soil or the crop systems had on the evolution of height (Heyberger 2007). In the case
of the eastern coast of Spain, previous studies have confirmed the anthropometric
advantage of the irrigated areas compared to the dry agriculture areas, where heights
increased from the cohorts of 1870 (Ayuda and Puche 2017; Puche et al. 2018).
Nevertheless, to date, no studies have been conducted that analyze the possible
factors explaining these anthropometric differences between irrigated and dry
farming areas in the context of Mediterranean rural Spain.

This article studies the topic in depth and generates unprecedented results
regarding the determining factors that would explain the inequality in biological
welfare between the different rural areas of Mediterranean Spain over the long term.
It is structured into four sections: After this first section, which reviews the literature
on the variability of heights in rural environments compared with the urban-
industrial areas and defines the objective of the study, the second section describes
the sources of the study, the anthropometric sample, the municipalities selected, and
the methodology and hypotheses proposed. The third section presents the results
and their discussion and analyzes the differential evolution of the average height
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Table 1. Data of the anthropometric sample

1840 3,089 (60.2) 2,041 (39.8) 5,130 1632 162.6 6.6 6.9
1850 3,260 (66.2) 1,665 (33.8) 4,925 163.4 162.0 6.8 6.9
1860 5190 (56.9) 3,933 (43.1) 9,123 1638 161.5 6.7 6.8
1870 6,028 (52.7) 5411 (47.3) 11,439 164.2 161.8 6.6 7.4
1880 5,798 (48.9) 6,053 (51.1) 11,851 164.7 162.6 6.1 6.3
1890 6,361 (43.6) 8,229 (56.4) 14,590 164.8 162.6 5.9 6.5
1900 6,374 (46.3) 7,00 (53.7) 13,774 165.4 163.4 5.9 6.3
1910 5491 (47.3) 6,114 (52.7) 11,605 165.9 164.4 5.9 6.0
1920 6,602 (41.5) 9,297 (58.5) 15,899  166.1 164.2 6.0 6.2
1930 6,554 (46.5) 7,543 (53.5) 14,097 166.9 165.6 6.2 6.2
1940 7,600 (54.0) 6,462 (46.0) 14,062 168.0 166.7 6.5 6.2
1950 8,933 (51.9) 8,269 (48.1) 17,202 170.8 168.9 6.6 6.6
1960 1,247 (53.2) 1,097 (46.8) 2,344 1729 170.9 6.2 6.7
Total 72,527 (49.7) 73,514 (50.3) 146,041

Source: Conscription and call-up records from municipalities composing the anthropometric sample.

of the conscripts among the cohorts between 1840 and 1965 in the irrigated and dry
agriculture areas of the eastern coast of Spain. This section also examines the deter-
mining factors that could explain the nutritional differences in both rural contexts.
The fourth section summarises the main conclusions.

Sources, Data, Methodology, and Hypothesis

The principal source of the study is the information referring to the heights of
146,041 conscripts at 21 years of age from 10 municipalities in Mediterranean
Spain, a well-characterized region of Mediterranean rural Europe. The data have
been drawn from the military recruitment records corresponding to each munici-
pality from 1860. Unlike other countries with truncated data, the Spanish military
conscripts comprised the whole of the population, incorporating all social groups.
The sample of the study includes the cohorts born between 1840 and 1965
(conscripts called up from 1860 to 1986). We have divided the data into two
subsamples in accordance with the type of agriculture practised in the municipalities
analyzed (see table 1): 72,527 heights correspond to conscripts residing in munici-
palities with irrigated agriculture (49.7%) and 73,514 to conscripts residing in
municipalities with dry agriculture (50.3%). Table 1 presents the number of
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Map 1. Altitude of Mediterranean Spain. Irrigated municipalities (i): 1. Villarreal; 2. Alzira; 3. Sueca; 4.
Gandia; 5. Pego. Dry framing municipalities (df): 6. Requena; 7. Almansa; 8. Yecla; 9. Villena; 10. Jumilla.
Source: Spanish National Geographic Institute. http://www.ign.es/web/ign/portal

conscripts of the sample per decade of birth, the average height (in cm), and the
standard deviation, distinguishing between rainfed and irrigated areas.

The area of study is representative from a production and environmental point of
view of Mediterranean rural Spain, enabling us to compare the heights of the
conscripts from the irrigated and dry agriculture areas. Depending on the climate,
altitude, and level of rainfall, we can broadly differentiate two large agricultural
spaces (Piqueras 1999): on the one hand, a humid coastline, with irrigation and
a variety of horticultural crops and fruit trees and, on the other hand, a dry inland
area, where cereals, mostly wheat and barley, wine, and olives are grown in the
drylands (see map 1). Cereals, grapes, olives, citrus fruits and horticultural products
prosper in the Spanish Mediterranean, a region that enjoys warm and dry summers
and mild and rainy winters (Atlas Climatico Ibérico 2011).

Five towns where irrigated agriculture is practised were chosen (from north to
south): Villarreal, Alzira, Sueca, Gandia, and Pego (see table 2). Between 1850 and
1930, these municipalities, with low altitudes, experienced an intense process of
agricultural growth, sustained, on the one hand, by the expansion of intensive crops
(e.g., oranges, rice, horticultural products) and, on the other hand, by the moderni-
zation of the agro-food sector (Ayuda and Puche 2017). The expansion of intensive
agriculture was based on efficient irrigation systems (first, riversides, ditches and
aquifers, from the eighteen century, and second, wells and the use of machinery
to extract underground water, from the nineteen century) and on high-yield crops
that were grown alongside subsistence crops (Calatayud 2011; Calatayud and Millan
2010; Garrido 2004). The comparative advantage of the horticultural crops
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Table 2. Municipalities analyzed

Irrigated™ 48.605 158.2 206.6
1. Villarreal ~ Castellon 43 Oranges/horticultural crops 10,743 163.4 2282
2. Alzira Valencia 16 Oranges/horticultural crops 13,652 166.0 195.3
3. Sueca Valencia 6 Rice/horticultural crops 11,422 150.4 180.5
4. Gandia Valencia 21 Oranges/horticultural crops 6,930 1679 293.5
5. Pego Alicante 82 Oranges/Raisins 5,858 134.0 1415
Dry farming* 52,950 161.6 186.7
6. Requena Valencia 694 Grape vines/cereals 12,081 146.2 156.7
7. Almansa Albacete 687 Grape vines/cereals 7,961 149.3 1933
8. Yecla Murcia 606 Grape vines/cereals 12,228 187.1 171.7
9. Villena Alicante 503 Grape vines/cereals 10,214 153.6 214.7
10. Jumilla Murcia 511 Grape vines/cereals 10,466 166.9 206.3

*Location on Map 1.
Source: Puche (2011), Ayuda and Puche (2017), and the Spanish Statistical Office (https://www.ine.es/intercensal/).

stimulated exports to growing European markets and the nearby urban centers
(Pinilla and Ayuda 2009, 2010).

For the dry agriculture, five municipalities were also selected that practised
(from north to south): Requena, Almansa, Yecla, Villena, and Jumilla (see table 2).
In all of them, with altitudes ranging from 500 m to almost 700 m, there was a clear
specialization in cereal, olive, and particularly grape crops. The expansion of wine
growing was the most noteworthy phenomenon in the agriculture of the Spanish
Mediterranean in the second half of the nineteenth century, with a particular prom-
inence in the rainfed areas. The impact of phylloxera in France during the 1870s and
1880s caused a spectacular increase in the area dedicated to the production and
export of wine (Piqueras 2000).

With agricultural specialization, the population of the 10 municipalities analyzed
increased between 1860 and 1910 and continued to grow with the demographic
transition in the first half of the twentieth century (see table 2). In 1910, all the
municipalities analyzed, except one, exceeded 10,000 inhabitants, although they
did not become urbanized until the mid-twentieth century. They were
Mediterranean “agro-towns” as the majority of the population was still employed
in the agricultural sector. Until the mid-twentieth century, Spain’s economy
continued to be based predominantly on agriculture with a fairly small industrial
sector (Maluquer de Motes 2014; Prados de la Escosura 2017).

As well as analyzing the evolution of the average height and the coefficient of
variation (CV), several econometric models are estimated (dummies for municipal-
ities have been included in all of them as well as the variables that appear in the
tables). This has a double objective; first, to verify the existence or not of biological
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differences between the dry farming and irrigated areas and, second, to analyze in
depth the determinants of the rural biological welfare in accordance with the agri-
cultural specialization. When making these estimates we have only considered the
cohorts born between 1898 and 1949, as these are the cohorts for whom we have
information about the variables considered in the models. The dependent variable is
the height of the recruits and the explanatory variables are different dummy vari-
ables referring to (1) the decade of birth of the recruits, distinguishing five decades
from 1898-1909 to 1940-49; (2) the type of agriculture (irrigated or dry farming);
(3) the professional category according to the HISCLASS classification’ that meas-
ures the degree of qualification of the conscripts at the time of measurement, distin-
guishing five professional categories: Hisl (nonmanual skilled), His2 (nonmanual
semiskilled), His3 (farmers), His4 (manual workers), and His5 (farmer workers);
(4) the health and poverty status or the family situation of the conscripts based
on the allegations made to legally evade military service, distinguishing four cate-
gories: declared fit to serve, no appeal (excluded), physical appeal (excluded),
and social appeal (excluded); (5) the level of education (literate and illiterate); and
(6) place of birth, distinguishing between native recruits (those measured in the
municipality of birth) and immigrants. Within the immigrants we have distinguished
between those born in other municipalities of the Region of Valencia; the ones born in
Andalusia, Castilla-La Mancha, and Murcia; and the rest of immigrants.

Three models have been estimated for the period corresponding to the cohorts of
1898-1949. The first takes into account the information of the conscripts of both
rural areas (41,057 conscripts) and includes an additional dummy variable to distin-
guish between dry agriculture and irrigated areas. As this dummy variable is highly
significant, another two models have been estimated, one for each rural area
(irrigated area with 21,670 conscripts, 52.8 percent of the sample; and the dry
farming area, with 19,387 conscripts, 47.2 percent of the sample). The econometric
analysis also contemplates the nutritional inequalities according to the type of
agriculture and examines the possible convergence or divergence between the
two rural areas. To do this, models for three groups of cohorts have been estimated:
1898-1915, 1916-29, and 1930-49, distinguishing in each period between irrigated
and dry farming areas. All the models have been estimated with heteroskedasticity
robust estimators, as, given the omission of relevant variables such as genetics,2 the
models had heteroskedasticity problems.

On a methodological level, three considerations are necessary.

1. The height data analyzed do not have any social representativeness biases or
truncation problems due to the requirement of a minimum height. This is

'HISCLASS is based on HISCO, a historicized version of the International Labor Organization’s 1968
International Standard Classification of Occupations (ISCO). HISCO and HISCLASS were created by
researchers associated with the International Social History Institute in Amsterdam. HISCO is an occupa-
tional classification system providing a list of 1,600 occupations. HISCLASS transforms these occupations
into a convenient number of socio-occupational categories. The main dimensions of the HISCLASS
socio-occupational categories are the manual/nonmanual division, the skill level, and the economic sector
(Leeuwen and Maas 2011).

2According to scientific research, about 80 percent of the variability in height is due to genetic inheritance
(McEvoy and Visscher 2009; Silventoinen 2003).
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Figure 1. Distribution of frequencies of the heights of the recruits from Mediterranean rural Spain; birth
cohorts of 1840-1965.
Source: Conscription and call-up records from municipalities composing the anthropometric sample.

because the Spanish Army established a universal military recruitment system
from 1835 that guaranteed that the majority of the youths of military age were
measured, except for those who had emigrated or had been declared as fugitives
for attempting to elude military service. As a result, the histogram in figure 1,
which shows the distribution of the frequencies of the heights of the 146,041
recruits analyzed, reveals a normal distribution, confirming the absence of trun-
cation. The same may be observed in the histograms of the irrigated and dry
farming areas (see appendix figure Al in the supplementary materials).

The anthropometric sample is made up of a majority of autochthonous
recruits. Of the 146,041 heights analyzed, 66.9 percent are of recruits born
in the same municipalities as where they were measured. The percentages
in the irrigated and dry farming areas are 68.0 percent and 65.9 percent,
respectively. This high proportion of autochthonous recruits is positive, as
the results of the study are not affected by cultural or genetic factors as the
populations are homogeneous.

. The height data have been standardized at the age of 21. This is due to the

changes made to the recruitment age in Spain in the second half of the nine-
teenth century, which was 20 years between 1857 and 1885, falling to 19 years
between 1885 and 1899, rising again to 20 between 1901 and 1905 and
remaining at 21 years from 1907 until 1970. For the standardization we have
calculated height averages on the basis of the 50th percentile (P50) of three
generations of youths who were measured at different ages but close in time:
those conscripted between 1895 and 1899, measured at 19 years of age;
those conscripted between 1901 and 1905, measured at 20 years of
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Table 3. Standardization of the height of the conscripts at age 21 in the irrigated and dry agriculture
areas of Mediterranean Spain, birth cohorts of 1876-1890

19 1876-80 1895-99 3,161 3,050 163.2 19-20 0.8
20 1881-85 1901-5 3,281 2,922 164.0 20-21 0.7
21 1886-90 1907-11 3,118 2,997 164.7 19-21 15
Total 9,560 8,969

19 1876-80 1895-99 2,966 2,617 161.5 19-20 0.8
20 1881-85 1901-5 3,093 2,842 162.3 20-21 0.2
21 1886-90 1907-11 3,915 3,638 162.5 19-21 1.0
Total 9,974 9,097

Source: Conscription and call-up records from municipalities composing the anthropometric sample.

age; and those conscripted between 1907 and 1911, measured at 21 years of
age. Subsequently, we obtained the height differences between the three age
groups. The result can be seen in table 3: In the group from irrigated areas, the
average height at ages 19 and 20 increased by 1.5 cm and 0.7 cm respectively
and in the dry agriculture areas 1 cm and 0.2 cm, respectively. The height
series of Mediterranean rural Spain for the conscripts of 1860-1905 have been
constructed based on the arithmetic mean of the standardized series of the
irrigated and dry farming areas.

In the following text we will describe the hypothesis of our study. One of the key
elements of the nutritional status advantage of the conscripts from irrigated areas
over those from dry farming areas lies in the greater availability of water resources.
This favored the productivity of intensive agriculture and could have had beneficial
effects on health, hygiene, and diet. The populations of irrigated areas had a more
varied diet, rich in proteins and nutrients, consistent with a more fertile and diverse
agriculture. In addition to a wide range of fruit and vegetable products and cereals
(rice, wheat, and corn), studies on the Spanish Mediterranean Levant have shown
that the irrigated areas also had cattle that produced milk and meat (Martinez
Carrién 1991; Obiol Menero 1992). A more diversified and protein-rich diet could
have had positive effects on child growth and adult height. The availability of
irrigation water in the “Huertas” areas and a greater fertilization of agricultural
soils, allowed maximum advantage to be taken of the favorable climate conditions
(mild temperature and sunlight). Water and climate constituted the comparative
advantage of the irrigated areas over the dry farming areas on Spain’s eastern coast
(Calatayud 2011).
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Figure 2. Average height by decade with 95 percent confidence intervals and CV in Mediterranean rural
Spain; birth cohorts of 1840-1965.
Source: Conscription and call-up records from municipalities composing the anthropometric sample.

From an anthropometric approach, this article suggests that agricultural produc-
tivity influenced biological welfare and the nutritional differences in irrigated and
dry farming areas of the Spanish Mediterranean. Contrary to the rainfed areas that
were less fertile and with a predominance of traditional crops, the higher produc-
tivity of the irrigated areas, which produced a wider range of products and generated
higher levels of income, could have had positive effects on the nutritional status and
physical growth of the resident populations. To confirm this hypothesis, the average
heights of the cohorts of 1840 and 1965 from the irrigation and dry farming areas of
Spain’s eastern coast are compared. Finally, the econometric models estimate the
existence or not of biological differences between the two rural areas, the influence
of the environmental context of residence (irrigation or dry agriculture), the socio-
economic status and other variables on these differences and whether these differ-
ences increase or decrease in the period of study.

Results and Discussion: Secular Trend and Rural Differences

Figure 2 presents the 10-year averages of the heights of the conscripts from
Mediterranean rural Spain with 95 percent confidence intervals and the CV for
the birth decades of the 1840s and 1960s. The average height increased by 9.1
cm with an average per decade of 0.75 cm. Physical growth was moderate in the
second half of the nineteenth century, it improved at the beginning of the twentieth
century, deteriorated slightly among the cohorts of the 1920s due, most likely, to the
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Figure 3. Average height by decade with a 95 percent confidence interval and differences in average
height between the irrigated and dry farming areas of Mediterranean Spain; birth cohorts of 1840-1965.
Source: Conscription and call-up records from municipalities composing the anthropometric sample.

impact of the Spanish Civil War and the immediate postwar period and accelerated
with the cohorts of 1930s. Between the 1920s and 1960s the average height grew by
7 cm. The CV shows that the inequality in height was very pronounced in the mid-
nineteenth century, diminished at the end of this century and the beginning of the
twentieth century and increased again among the cohorts between the 1920s and
1950s during the military conscriptions of the Franco dictatorship.

Figure 3 compares the average heights by irrigation and dry agriculture areas
among the cohorts of the 1840s-1960s. The conscripts from the irrigated area were
taller than those from the dry farming areas throughout the whole period. With the
expansion of irrigation, a secular penalty in biological welfare can be observed in the
dry agriculture areas, more prominent at the beginning of agricultural capitalism in
the mid nineteenth century. In part, the deterioration of the nutritional status in dry
farming areas could also be explained by the negative effects caused by the privati-
zation of common lands, which generally affected the areas with the highest concen-
tration of landownership (Beltran Tapia, 2015). The expansion of irrigated
agriculture was based on high-yield crops that coexisted with subsistence crops
and, most of all, on the growing use of the factor markets. As a result, the irrigated
areas generated more prosperity in terms of employment and wealth. In fact, there
was a low incidence of emigration among the people from the irrigated area and its
economy displayed higher growth rates (Ayuda and Puche 2017). From the end of
the nineteenth century, the conscripts residing in the irrigated and dry farming areas
experienced an improvement in their biological welfare which, however, deterio-
rated slightly in the dry areas in the 1920s as a likely result of the Civil War and
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Table 4. Differences in the average wheat and corn productions per hectare in dry farming and
irrigated areas of the provinces analysed of the east coast of Spain and Spain as a whole, biennia
1904-5/1964-66 (qm/ha)

Albacete 27.43 3.66 14.75 6.75 SIS,
Alicante 5.19 21.18 3,00 20.00 3.50 23.50
Castellon 3.51 11.57 4.00 16.00 6.00 44.30
Murcia 8.36 23.24 19.80 21.05
Valencia 27.05 3.75 14.75 3.75 51.60
East coast of 5.68 20.76 3.58 17.64 4.42 3511
Spain?

Spain 10.07 21.67 12.86 18.73 16.30 34.60

Wheat (autumn cereal)

Albacete 3.49 12.43 9.67 25.62 4.07 9.03 6.80 21.20
Alicante 3.29 15.72 8.74 17.47 3.50 16.29 5.75 22.00
Castellon 8.35 25.65 7.90 15.95 4.50 15.50 6.35 24.50
Murcia 3.82 18.36 4.46 20.34 3.80 15.43 3.85 16.25
Valencia 3.41 29.97 6.94 21.55 413 23.26 4.50 30.00

East coast of 4.72 22.43 7.01 18.83 3.98 17.62 5.11 23.19
Spain?®

Spain 6.39 17.34 9.19 17.80 5.87 14.86 9.65 22.30

2East coast of Spain: provinces of Alicante, Castelléon, Murcia, and Valencia.
Source: Annual Agricultural Statistics (https://www.mapa.gob.es/app/biblioteca/articulos/rev_numero.asp?codrevista=AEA).

Franco’s autarchy. From the 1930s, the heights in both rural areas grew again and a
process of relative convergence can be observed. This convergence process can also
be appreciated if we observe the evolution of the annual height averages (see
appendix figure A2 in the supplementary materials).

Which factors explain the biological advantage of populations living irrigated
areas? We believe that one of the key factors could reside in the fact that the popu-
lations of irrigated areas had a good diet. Based on horticultural crops with a high
vitamin and calorie content and certain basic cereals such as wheat and rice, the
most fertile land of the Spanish Mediterranean was located in the irrigated areas
with a greater availability of water resources and better unit yields. Table 4, which
compares the average wheat and corn productions per hectare in dry farming and
irrigated areas of the five provinces analyzed for several biennia of the twentieth
century, shows that the production capacity of wheat and corn per hectare was
greater in irrigated areas. Table 5 shows the same result for the case of some spring
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Table 5. Differences in the average in some spring (chickpeas) and autumn (beans) legumes productions
per hectare in dry farming and irrigated areas of the provinces analysed of the east coast of Spain and
Spain as a whole, biennia 1928-29/1962-63 (qm/ha)

Albacete 5.63 12.06 6.75 12.70 1.89 3.50 5155 11.40
Alicante 4.11 8.88 4.50 10.50 3.63 7.50 4.00 8.00
Castellon 3.88 6.38 4.25 10.75 4.13 sd 7.40 19.00
Murcia 2.60 8.56 1.65 6.60 2.03 4.95 3.00

Valencia 4.78 5.50 2.95 10.00 4.20

East coast of 3.84 7.94 3.98 9.28 3.18 7.48 4.65 11.08
Spain?

Spain 4.38 8.61 5.98 9.31 224 7.64 5.70 9.60

Beans (autumn legume)

Albacete 7.66 13.12 5.80 14.50 231 7.30

Alicante 4.00 14.09 7.00 15.50 2.50 5.38 3.50 2.00
Castellon 5.53 10.90 5.88 15.98 4.75 11.00

Murcia 16.00 14.95 557 9.65
Valencia 4.92 29.52 7.50 26.60 5.00 25.00 4.00 10.50
East coast of 5.00 17.86 6.79 18.26 4.08 11.78 3.75 8.74
Spain?®

Spain 8.10 14.66 8.70 19.42 3.74 10.63 8.25 16.95

2East coast of Spain: provinces of Alicante, Castelléon, Murcia, and Valencia.
Source: Annual Agricultural Statistics (https://www.mapa.gob.es/app/biblioteca/articulos/rev_numero.asp?codrevista=AEA).

and autumn legumes (chickpeas and broad beans). In the specific case of wheat,
particularly noteworthy are the municipalities of the provinces of Castelléon and
Valencia, in the Region of Valencia. The evidence coincides with the observations
in the regional literature, which indicates that, with more than 20 quintals per
hectare (qm/ha), the yields of the wheat crops grown in the irrigated area of
Valencia were comparable to those of the best cereal-growing regions in the wet
areas of Europe at the beginning of the twentieth century (Mateu and Calatayud
1996: 108-9). Furthermore, table 4 not only shows the fall in agricultural yields
during the Franco autarchy of the 1940s, greater in dry farming areas, but also that
the yields in irrigated areas were slightly higher on the eastern coast of Spain than
for Spain as a whole, at least in the case of wheat.

One of the determinants contributing to the higher agricultural productivity of
the irrigated area is the greater availability of water resources. Two elements inter-
vened in the period analyzed: rainfall and the technical change that improved the
capture of underground water for irrigation. With regard to rainfall, figure 4 reveals
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Figure 4. Average annual rainfall of the municipalities analyzed, 1971-2000.
Source: Atlas climatico Ibérico (2011: 67). http://www.aemet.es/documentos/es/conocermas/recursos_en_linea/
publicaciones_y_estudios/publicaciones/Atlas-climatologico/Atlas.pdf

that large rainfall differences existed in Mediterranean rural Spain at the end of the
twentieth century: between the fruit and vegetable producing areas such as Gandia
(district of La Safor) and Pego (district of Marina Alta), with 800-700 mm per year
and the dry farming areas, such Almansa, Jumilla, Yecla, or Villena, where the rain-
fall was no more than 400-300 mm per year. These disparities in rainfall in general
could have been similar in the nineteenth century and beginning of the twentieth
century. In the dry farming areas, the scarce rainfall and the high temperatures in
summer significantly limited not only the crops that could be grown but also the
yields obtained. In contrast to the aridity of the dry farming area, at the end of
the nineteenth century, irrigation water was applied to 25 percent of the cultivated
area in Valencia’s irrigated area, a higher proportion than in any other Spanish
region. These irrigated areas were used for growing commercial crops (fruit and
vegetables, pulses) and also to reinforce the yields of traditional crops such as basic
cereals (Calatayud 2011).

As it would be expected, the differences in production had an effect on diets.
According to the testimonies gathered by doctors in the medical topographies of
different populations of rural Valencia at the end of the nineteenth century, there
were considerable differences in diet between the fruit and vegetable growing areas,
the dry farming areas, the seaside villages, and the urban centers. The doctors indi-
cated that the climate conditions and the production specialization exercised a
determining influence on the diets of the different populations. Therefore, unlike
the dry farming areas that had a less diverse dietary pattern predominantly based
on cereals, the diet of the populations in irrigated areas was more varied and richer.
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It was preferentially based on pulses, vegetables, cereals, and a wide range of fruit in
addition to animal products such as pork and lamb. It also included cereals such as
rice which has a high nutritional value (Barona 2004).

The medical topographies indicate that at the beginning of the twentieth century
the markets of the city of Valencia and the towns close to the irrigated areas were
well stocked with meat, which came from the interior regions of the country, as well
as eggs and milk (ibid.: 78-79). Although the diet in the irrigated areas of the eastern
coast of Spain was essentially plant-based (e.g., cereals, vegetables, legumes, tubers),
the consumption of eggs, milk, and dairy products was also significant (ibid.: 79).
The incorporation of these animal-based foods was gradual within the context of the
Spanish nutritional transition process (Collantes 2020; Hernandez Adell 2012;
Hernandez Adell et al. 2019). In the case of milk, the studies carried out reveal that
between the end of the nineteenth century and the first third of the twentieth
century there were regional differences in terms of the production and consumption
of milk, depending on the type of cattle. In our area of study, that of the eastern coast
of Spain, in general there was a predominance of the production and consumption
of goat’s milk, which had a lower nutritional value compared to cow’s milk. This is
because the acclimatization of foreign breeds of cows (Swiss and Dutch) was diffi-
cult due to the environmental limitations, such as the lower availability of pasture-
land (Hernédndez Adell 2012: 130-31, 188-89, 193-94). The provinces of Castell6n
and, most of all, Valencia were exceptions to this pattern. According to the data
available from the historical statistics on Spanish agricultural production, in the
period 1923-33, the average production of cow’s milk for fresh consumption
in these two provinces was 58.6 percent and 84.3 percent, respectively, and
40.9 percent for the Spanish eastern coast as a whole (Grupo de Estudios de
Historia Rural 1991: 412-13, 1094-95). This production, in general, was located
in the large municipalities, such as the city of Valencia, with more than 300,000
inhabitants in 1930, and its surrounding areas with a predominance of irrigated
agriculture. Some studies for the nineteenth century show that the proximity to
sources of basic foods such as cereals, vegetables, milk, or meat products had posi-
tive effects on height. This largely explains the biological advantage of some rural
communities in central Europe (Baten 2009).

In addition to the variety and quality of the diet, we should also consider the
consumption of foods per household to assess the influence of the family structure.
Recent studies reveal that if there are many individuals in a family unit, the amount
of available resources (e.g., income, food, medical attention, dedication to the chil-
dren, patience) per individual is lower, which could affect biological well-being
(Oberg 2017). Using population data and the number of households of the munici-
palities analyzed, figure 5 shows the evolution of the average number of individuals
per household in the irrigated and dry farming areas of Mediterranean Spain
between the mid-nineteenth century and the mid-twentieth century. We can
observe that, within a long-term decreasing trend due to the drop in fertility, the
average number of people per household in Mediterranean rural Spain was always
higher in the dry farming areas from the beginning of the twentieth century. This
was not the case in the mid-nineteenth century where the average number of people
per household was slightly higher in the irrigated areas, leveling out at the end of the
century. The fact that the number of members in a household was always higher in
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Figure 5. Average number of individuals per household in the irrigated and dry farming areas of
Mediterranean Spain, 1857-1960.
Source: Population censuses of Spanish Statistical Office. https://www.ine.es/intercensal/www.ine.es

the dry farming areas from the beginning of the twentieth century suggests that this
situation could affect the average consumption of food within these households,
being reflected in a lower average height compared with the members of the house-
holds in irrigated areas.

Another factor that could explain the biological advantage of the populations in
the irrigated areas was the better endowment of land transport infrastructures,
particularly the railway. The studies carried out have shown that the construction
of the railway on Spain’s eastern coast advanced more quickly in the fruit and vege-
table growing areas from the 1850s (Piqueras 1999: 220-21). This was fundamental
for the expansion of commercial agriculture in the second half of the nineteenth
century and beginning of the twentieth century. In around 1900, the railway
network covered a good part of the Valencian coastline, enabling not only the
expansion of intensive crops to other towns but also the arrival of goods from
the main ports to the farms, such as fertilizers. For example, the imports of guano
were particularly prominent. It was imported from Peru and northern Chile.
Valencia was the first Spanish region to import it to increase the profitability of
the irrigated crops (ibid.: 219). Instead, in the dry farming areas the railway network
was less dense than in the irrigated areas, although it was fundamental for the artic-
ulation of certain inter-district markets, such as wine (Piqueras 1999).

Results and Discussion: Nutritional Inequalities and Determinants

Where was there greatest nutritional differences? In the irrigated or dry farming
areas? A first response to this question can be seen in figure 6, which shows the
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Figure 6. CVin theirrigated and dry agriculture areas of Mediterranean Spain; birth cohorts of 1840-1965.
Source: Conscription and call-up records from municipalities composing the anthropometric sample.

differences in the CV in the two rural environments among the cohorts of
1840s-1960s. The data show that, in general, the nutritional inequality (CV) was
greater in the dry farming areas. The inequalities were higher in the mid-nineteenth
century and greater in the dry farming areas. They diminished at the turn of the
century until the 1910s and increased again among the cohorts of 1920s-50s,
but this time they were greater in the irrigated areas. At the end of the period
analyzed, the nutritional inequality in the irrigated areas diminished significantly
(see figure 6). The increase in the nutritional inequality in the irrigated areas among
the cohorts of 1940s could be partly associated with the increase in immigration
that took place in the years 1950s-60s mainly originating in Andalusia, Castilla-
La Mancha, or Murcia, regions with a lower economic development and biological
welfare (Quiroga 2010; Riquer 2010). Figure 7 shows that the populations of all
the municipalities making up the sample of the irrigated area increased between
1960 and 1970 when they began to attract immigrants as a result of the agro-
industrial development. However, in the dry farming municipalities, the increase
in the population was much lower, with even some towns losing inhabitants.

To analyze the nutritional inequalities, several econometric models have been
estimated, but only for the birth cohorts from 1898 to 1949 as there is insufficient
information available about the variables included in the models for the rest of the
cohorts of the period of study. Furthermore, it should be noted that all of the regres-
sion models that have been estimated include dummies for municipalities.

Table 6 shows the estimates for three models. One model with all of the
conscripts (column 2: All) which includes a dummy variable (Dry Farming) to test
whether there were significant differences in average height between the conscripts
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Alzira (irrigated)
Villarreal (irrigated)
Sueca (irrigated)
Gandia (irrigated)
Pego (irrigated)
Villena (dry farming)
Jumilla (dry farming)
Yecla (dry farming)
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Figure 7. Evolution of the resident population in the municipalities analyzed between 1960 and 1970.
Source: Spanish Statistical Office. www.ine.es

of the irrigated and dry farming areas. As this variable is highly significant, we have
estimated another two models: one for the conscripts from the irrigated areas and
another for those from the dry farming areas (columns 3 and 4: Irrigated and Dry
Farming, respectively). If we examine the model with all the individuals (All), the
estimates reveal (1) that the cohorts born in the 1940s were, on average, almost
2.5 cm taller than the cohorts born at the end of the nineteenth century and begin-
ning of the twentieth century. There was, however, a slight stagnation in the cohorts
of the 1920s, most likely attributable to the negative effects of the Spanish Civil War
and the Franco autarchy of the 1940s (Puche 2011); (2) that the conscripts residing
in the irrigated areas of the Spanish Mediterranean were taller than the conscripts
from the dry farming areas; on average approximately 2 cm taller; (3) that higher
professional qualifications implied a taller average height; the conscripts with
nonmanual semiskilled professions (His2), farmers (His3), manual workers
(His4), and farmer workers (His5) were, on average, approximately 1.6 cm,
2.6 cm, 3.1 cm, and 3.4 cm shorter, respectively, than the conscripts with
nonmanual professions (Hisl); (4) that the conscripts who were declared apt for
military service were taller than those who were excluded due to physical problems,
who were, on average, 1.2 cm shorter than the useful recruits; a greater anthropo-
metric difference (2.6 cm) can be observed with respect to the excluded conscripts
who, however, did not make any allegations because in general they were rejected
for not having the minimum height required by the Spanish military legislation;
(5) that the literate recruits were taller than the illiterate ones; approximately 1 cm
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Table 6. Regression results: determinants of height and nutritional inequality in Mediterranean rural
Spain; birth cohorts of 1898-1949. (Dependent variable: height at 21 years, in centimeters; with
dummies for municipalities)

Independent variables All Irrigated Dry farming

Decade of birth

1898-1909 Ref, Ref. Ref.
1910-19 0.387*** 0.215 0.454***
(0.106) (0.177) (0.136)
1920-29 0.500*** 0.578*** 0.254*
(0.103) (0.167) (0.140)
1930-39 1.564*** 1.501*** 1.613***
(0.102) (0.167) (0.141)
1940-49 2.543*** 2.534*** 2.572%*
(0.103) (0.172) (0.135)

Type of land/agriculture

Irrigated Ref.
Dry farming -2.075***
(0.164)
HISCLASS
His1l (Nonmanual skilled) Ref. Ref. Ref.
His2 (Nonmanual semiskilled) -1.666*** -1.363*** -2.108***
(0.175) (0.220) (0.288)
His3 (Farmers) -2.640*** -2.229*** -3.262***
(0.170) (0.212) (0.281)
His4 (Manual workers) -3.188*** -2.977*** -3.492***
(0.168) (0.210) (0.278)
His5 (Farmer workers) -3.411*** -2.752*** -4,051***
(0.181) (0.239) (0.289)

Appeals for exemption

Declared fit to serve Ref. Ref. Ref.
No appeal (excluded) -2.650*** -0.750* -3.520***
(0.237) (0.383) (0.290)
Physical appeal (excluded) -1.260*** -1.062*** -1.575***
(0.131) (0.166) (0.216)
Social appeal (excluded) 0.0320 0.248 -0.302
(0.124) (0.165) (0.192)

(Continued)
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Table 6. (Continued)

Independent variables All Irrigated Dry farming

Education

Literate Ref. Ref. Ref.

Illiterate -1.075*** -1.000*** -1.039***
(0.109) (0.168) (0.144)

Place of birth

Native Ref. Ref. Ref.
immigrants (Valencia) -0.195* -0.377*** 0.227
(0.113) (0.134) (0.210)
Immigrants (Andalusia) -1.685*** -2.020*** 0.376
(0.274) (0.296) (0.686)
Immigrants (Castilla-La Mancha) -1.029*** -2.062*** -0.0948
(0.156) (0.236) (0.204)
Immigrants (Murcia) -0.449 -1.406*** 0.149
(0.345) (0.530) (0.443)
Remaining immigrants -0.417** -0.648*** 0.210
(0.205) (0.226) (0.478)
Intercept 169.3*** 169.1*** 167.0**
(0.198) (0.252) (0.316)
Observations 41,057 21,670 19,387
R-squared 0.087 0.066 0.084

Robust standard errors in parenthesis.
***p < 0.01; **p < 0.05; *p < 0.1.
Source: Conscription and call-up records from municipalities composing the anthropometric sample.

taller; and (6) that, in comparison with the native recruits of the sample, the immi-
grant recruits born in Andalusia, Castilla-La Mancha, and other territories were
shorter.

What nutritional differences are estimated if we analyze the populations of the
irrigated and dry farming areas separately? According to the results in table 6
(columns for Irrigated and Dry farming), the estimates suggest that the dry farming
areas had higher levels of nutritional inequality than the irrigated areas. The growth
in the average height for the whole period, estimated at approximately 2.5 cm, was
similar in both agricultural areas. However, there were differences depending on the
decade analyzed. For example, and contrary to what occurred in the irrigated area,
the growth in height of the cohorts of the 1920s decelerated in the dry farming areas.
The evidence is consistent with the hypothesis that the impact of the Civil War and
the Franco autarchy of the 1940s was greater in the dry farming areas. After the
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postwar period, the generations born in the 1930s experienced a higher growth in
the dry farming areas that started at very low levels.

Analyzing the type of profession in which the conscripts were engaged, the
estimates reveal that the differences in height between the HISCLASS categories
were greater in the dry farming areas than in the irrigated area, probably due to
the existence of a more unequal income distribution. The case of the farm workers
(His5) is illustrative. The conscripts in this category from the irrigated area were
approximately 2.7 cm shorter than their counterparts in the category of nonmanual
skilled (His1). In the dry farming area, this estimated difference increased to up to
4 cm, suggesting a greater economic inequality between social classes in the dry agri-
culture area. This is apparent in the difference observed in the wages paid to the
agricultural workers in the dry farming and irrigated areas of the east coast of
Spain. The available data show that at the end of World War I, the wages paid
to the day laborers in irrigated areas were, in relative terms, higher than those in
dry farming areas (Calatayud 1986: 279; Martinez Soto 2002: 647-48, 652).
Within the irrigated area, the highest wages were paid in the rice-growing areas
(Alcazar 1989: 173). In general, the data suggest that the income distribution in
Mediterranean rural Spain was more balanced in irrigated areas.

If we consider the “allegations for exclusion,” the anthropometric differences
between apt recruits and excluded recruits were also greater in the dry farming
areas. While in the irrigated areas the recruits excluded for physical reasons were,
approximately 1 cm shorter than the apt recruits, in the dry farming areas this phys-
ical gap was as much as 1.5 cm. We can find larger differences between the excluded
recruits who did not present any type of allegation. While in the irrigated areas,
these excluded recruits were approximately 0.7 cm shorter than the apt recruits,
in the dry farming area the difference was much larger, almost 3.5 cm shorter with
respect to the apt recruits. If we consider that the majority of these recruits were
excluded for being shorter than the minimum height, we can infer that stunting
was more widespread in the dry farming areas.

With respect to the “education” factor, the estimates suggest that, both in the
irrigated and dry farming areas, the illiterate recruits were approximately 1 cm
shorter than the literate recruits. Finally, and with respect to the “place of birth,”
we can observe that the immigration movements had greater significance in the
irrigated areas. The evidence is consistent with the greater employment opportuni-
ties and wealth in the irrigated areas. In these areas, the immigrant conscripts from
other towns in Valencia were, approximately 0.3 cm shorter. This difference
increases considerably when the comparison is made with the immigrant conscripts
born in the regions of Andalusia, Castilla-La Mancha, and Murcia, who were,
approximately 2 cm, 2 cm, and 1.4 cm shorter, respectively.

Although the estimates in table 6, on the whole, reveal that the nutritional
inequalities according to the HISCLASS categories were greater in the dry farming
areas than in the irrigated areas, table 7 presents five new models, one for each
HISCLASS category. The principal objective of this exercise is to determine which
professional categories were most affected by nutritional inequality. If we consider
the variable “type of land/agriculture,” the estimates obtained show a very revealing
result: In the gap documented between the irrigated areas and dry farming areas, the
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Table 7. Regression results: determinants of height and nutritional inequality in Mediterranean rural
Spain by categories HISCLASS; birth cohorts of 1898-1949. (Dependent variable: height at 21 years, in
centimeters; with dummies for municipalities)

Independent variables Hisl His2 His3 His4 His5
Decade of birth
1898-1909 Ref. Ref. Ref. Ref. Ref.
1910-19 0.518 0.363 0.145 0.222 0.662***
(0.611) (0.278) (0.205) (0.191) (0.216)
1920-29 1.405*** 1.012*** 0.112 0.474** 0.254
(0.532) (0.262) (0.185) (0.189) (0.260)
1930-39 2.808*** 2.166*** 1.272%** 1.319*** 1.143***
(0.545) (0.251) (0.194) (0.180) (0.274)
1940-49 1.600** 3.837*** 2.062*** 2.183*** 1.438***
(0.646) (0.238) (0.232) (0.167) (0.300)
Type of land/agriculture
Irrigated Ref. Ref. Ref. Ref. Ref.
Dry-farming 0.968 -0.255 -2.041%** -2.614*** -3.318***
(0.730) (0.303) (0.365) (0.350) (0.669)
Appeals for Exemption
Declared fit to serve Ref. Ref. Ref. Ref. Ref.
No appeal (excluded) 1.369 -1.076** -2.708***  -2475***  -5290***
(0.855) (0.506) (0.510) (0.417) (0.512)
Physical appeal (excluded) -1.415** -1.131***  -1.099***  -1.145***  -1.930***
(0.588) (0.310) (0.227) (0.236) (0.355)
Social appeal (excluded) 0.300 0.581* 0.0457 -0.0658 -0.244
(1.023) (0.336) (0.224) (0.229) (0.251)
Education
Literate Ref. Ref. Ref. Ref. Ref.
Illiterate -4.067 -2.048*** -1.378*** -1.184*** -0.651***
(3.076) (0.729) (0.184) (0.225) (0.182)
Place of birth
Native Ref. Ref. Ref. Ref. Ref.
immigrants (Valencia) 0.166 0.142 -0.282 -0.259 -0.358
(0.522) (0.236) (0.228) (0.199) (0.281)
Immigrants (Andalusia) -0.514 -0.799 -2.674***  -1.574***  -1.881***
(1.707) (0.761) (0.940) (0.394) (0.499)
Immigrants (Castilla-La Mancha) -0.307 -0.506 -2.047***  -0.896*** -0.636**
(0.924) (0.417) (0.359) (0.246) (0.317)

(Continued)
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Table 7. (Continued)

Independent variables His1 His2 His3 His4 His5
Immigrants (Murcia) 3.693*** -1.425** -1.729** -0.153 0.121
(1.233) (0.714) (0.772) (0.633) (0.662)
Remaining immigrants 1.268 0.185 -1.147*** -0.494 -0.899
(0.844) (0.420) (0.436) (0.335) (0.568)
Constant 165.7*** 165.0*** 166.6*** 166.8*** 166.7***
(0.680) (0.317) (0.301) (0.354) (0.625)
Observations 1,610 7,717 11,213 13,839 6,678
R-squared 0.061 0.097 0.048 0.050 0.091

Robust standard errors in parenthesis.
***p < 0.01; **p < 0.05; *p < 0.1.
Source: Conscription and call-up records from municipalities composing the anthropometric sample.

nutritional differences were only present in the farmers (His3), manual workers
(His4), and farm workers (His5) categories. The recruits in the dry farming areas
in these three categories were, approximately 2.0 cm, 2.6 cm and 3.3 cm shorter than
their counterparts from irrigated areas. On the contrary, the estimates suggest that
these nutritional inequalities in nonmanual professions (Hisl) and nonmanual
semiskilled professions (His2) were not significant. The econometric evidence,
therefore, reveals that, in the long term, among the birth cohorts of the first half
of the twentieth century, dry farming penalized the biological well-being of farmers,
manual workers and farm workers, but not that of the other occupational groups
that did not depend directly on farming.

Tables 8, 9, and 10 show the estimates of the models for the birth cohorts of
1898-1915, 1916-29, and 1930-49, respectively, distinguishing between irrigated
and dry farming areas. The reason for this periodization is to determine whether
the nutritional inequalities in the two types of agriculture of the Spanish
Mediterranean reduced over time or whether, on the contrary, they increased.
Two main conclusions can be drawn from the results obtained in the three regres-
sions: First, the nutritional inequalities were always greater in the dry farming areas
than in the irrigated areas: the estimates of the parameters accompanying the vari-
ables for “HISCLASS,” “exemption allegations,” and “education” suggest this (see
tables 8, 9, and 10); and second, we can observe that the nutritional inequality
increased during the Franco dictatorship; compared to the first subperiod selected
(birth cohorts of 1898-1915), the nutritional inequalities in the irrigated and dry
farming areas increased among the cohorts of 1916-29 and 1930-49, coinciding
with the military conscriptions of the Civil War and the Franco dictatorship; the
estimates of the parameters accompanying the variables for “HISCLASS” and
“education” suggest this (see tables 9 and 10 compared to table 8); the estimates
seem to confirm that the increase in the nutritional inequality during the Franco
dictatorship was greater among the more disadvantaged social classes, with less
professional skills and a lower level of education, as revealed by other recent anthro-
pometric studies (Camara and Martinez-Carriéon 2018; Camara et al. 2019;
Canabate and Martinez-Carrién 2018; Martinez-Carrion and Puche 2009); this
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Table 8. Regression results: determinants of height and nutritional inequality in the irrigated and dry
farming areas of Mediterranean Spain; birth cohorts of 1898-1915. (Dependent variable: height at
21 years, in centimeters; with dummies for municipalities)

Independent variables Irrigated Dry farming
HISCLASS
His1l (Nonmanual skilled) Ref. Ref.
His2 (Nonmanual semiskilled) -1.471*** -2.063***
(0.516) (0.510)
His3 (Farmers) -1.791*** -2.465***
(0.483) (0.505)
His4 (Manual workers) -2.372*** -2.829***
(0.481) (0.493)
His5 (Farmer workers) -2.202*** -3.554***
(0.550) (0.499)
Appeals for exemption
Declared fit to serve Ref. Ref.
No appeal (excluded) -2.086*** -3.994***
(0.771) (0.405)
Physical appeal (excluded) -0.764*** -2.413***
(0.283) (0.325)
Social appeal (excluded) -0.141 -0.388*
(0.422) (0.213)
Education
Literate Ref. Ref.
Illiterate -0.759*** -0.809***
(0.225) (0.168)
Place of birth
Native Ref. Ref.
immigrants (Valencia) 0.441 0.622*
(0.337) (0.371)
Immigrants (Andalusia) 2.591** 2.450**
(1.175) (1.033)
Immigrants (Castilla-La Mancha) -1.896* 0.669**
(1.104) (0.333)
Immigrants (Murcia) 2.919 -0.0422
(3.643) (0.567)

(Continued)
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Table 8. (Continued)

Independent variables Irrigated Dry farming
Remaining immigrants -2.355*** -0.573
(0.789) (0.972)
Intercept 167.7** 167.0***
(0.455) (0.496)
Observations 3,788 8,029
R-squared 0.021 0.057

Robust standard errors in parentheses.
***p < 0.01; **p < 0.05; *p < 0.1.
Source: Conscription and call-up records from municipalities composing the anthropometric sample.

Table 9. Regression results: determinants of height and nutritional inequality in the irrigated and dry
farming areas of Mediterranean Spain; birth cohorts of 1916-29. (Dependent variable: height at 21
years, in centimeters; with dummies for municipalities)

Independent variables Irrigated Dry farming
HISCLASS
His1l (Nonmanual skilled) Ref. Ref.
His2 (Nonmanual semiskilled) -2.230*** -2.674***
(0.370) (0.516)
His3 (Farmers) -2.302*** -4,332***
(0.345) (0.472)
His4 (Manual workers) -2.995*** —4,549***
(0.349) (0.488)
His5 (Farmer workers) -2.708*** -4,883***
(0.424) (0.494)

Appeals for exemption

Declared fit to serve

No appeal (excluded) -0.765 -2.768***
(0.562) (0.59)

Physical appeal (excluded) -0.630** -1.004**
(0.275) (0.422)

Social appeal (excluded) 0.593** -0.551
(0.269) (0.611)

Education

Literate

(Continued)
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Table 9. (Continued)

Independent variables Irrigated Dry farming
Illiterate -2.036*** -1.283***
(0.377) (0.392)

Place of birth

Native
immigrants (Valencia) -0.558** -0.342
(0.233) (0.378)
Immigrants (Andalusia) -1.433* -0.0649
(0.743) (1.309)
Immigrants (Castilla-La Mancha) -2.933*** 0.0222
(0.723) (0.463)
Immigrants (Murcia) -2.377*** 0.741
(0.838) (1.012)
Remaining immigrants -0.454 -0.885
(0.369) (0.807)
Intercept 168.4*** 168.4***
(0.333) (0.496)
Observations 6,001 4,006
R-squared 0.037 0.050

Robust standard errors in parentheses.
***p < 0.01; **p < 0.05; *p < 0.1.
Source: Conscription and call-up records from municipalities composing the anthropometric sample.

result coincides with the evolution analyzed in the CV in rural Mediterranean Spain
and its different agricultures from the cohorts born in the 1920s (see figures 2
and 6).

Finally, and with respect to the “place of birth,” the estimates obtained confirm
that the immigrant recruits were, on average, shorter than the native conscripts. The
models estimated for the three periods considered confirm that these differences
were more significative in the irrigation areas than in the dry farming areas.
These migratory movements were the result of the differences in the economic
dynamism and biological welfare of the different Spanish regions (Quiroga 2010;
Riquer 2010). If we observe the estimates for the irrigated farming municipalities
corresponding to the cohorts of 1930-49 (called up during the 1950s and 1960s
and with the highest proportion of internal migrations), we can see that the recruits
born in Andalusia and Castilla-La Mancha were, approximately, 2.1 cm and 1.8 cm
shorter, respectively, than the native recruits (see table 10). These anthropometric
differences can also be seen from the cohorts of 1916-29, during the military
conscriptions of the Civil War and the Franco autarchy of the 1940s (see table 9).
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Table 10. Regression results: determinants of height and nutritional inequality in the irrigated and dry
farming areas of Mediterranean Spain; birth cohorts of 1930-49. (Dependent variable: height at 21 years,

in centimeters; with dummies for municipalities)

Independent variables Irrigated Dry farming
Decade of birth
1930-39 Ref. Ref.
1940-49 0.924*** 0.921***
(0.121) (0.148)
HISCLASS
His1l (Nonmanual skilled) Ref. Ref.
His2 (Nonmanual semiskilled) -0.976*** -1.834***
(0.323) (0.451)
His3 (Farmers) -2.271*** -3.254***
(0.322) (0.450)
His4 (Manual workers) -3.015*** -3.511***
(0.314) (0.439)
His5 (Farmer workers) -2.769*** -4.170***
(0.348) (0.495)
Appeals for exemption
Declared fit to serve Ref. Ref.
No appeal (excluded) 0.879 —2.945***
(0.658) (0.574)
Physical appeal (excluded) -1.717%** -0.774**
(0.291) (0.385)
Social appeal (excluded) 0.0756 -0.495
(0.239) (0.734)
Education
Literate Ref. Ref.
Illiterate -1.197*** -2.447**
(0.344) (0.442)
Place of birth
Native Ref. Ref.
immigrants (Valencia) -0.444** 0.332
(0.187) (0.341)
Immigrants (Andalusia) -2.159*** -1.058
(0.328) (1.111)

(Continued)
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Table 10. (Continued)

Independent variables Irrigated Dry farming
Immigrants (Castilla-La Mancha) -1.841*** -0.683**
(0.256) (0.312)
Immigrants (Murcia) -1.022 0.566
(0.684) (0.857)
Remaining immigrants -0.596** 1.564**
(0.303) (0.704)
Intercept 168.6*** 169.0%**
(0.322) (0.445)
Observations 11,881 7,352
R-squared 0.067 0.055

Robust standard errors in parentheses.
***p < 0.01; **p < 0.05; *p < 0.1.
Source: Conscription and call-up records from municipalities composing the anthropometric sample.

Conclusions

Four decades of anthropometric history have produced significant findings
regarding the impact of the industrialization processes on biological welfare.
However, we know little about the biological welfare in the rural environment
and less still about the differences within the rural world depending on the types
of agriculture from the beginning of modern economic growth. This article offers
unprecedented results on the topic which may be of interest to policy makers in low
income and developing countries. Based on the diversity that characterises
European Mediterranean agriculture, this article analyzes the dynamics of heights
in the dry farming and irrigation areas of Mediterranean Spain, studying the scope
of the nutritional inequality in relation to some of its determining factors.

Using a broad database of heights and other characteristics of the conscripts
of the eastern coast of Spain, the results reveal two important findings. First, that
the populations in the intensive irrigation areas were taller than those in the
dry farming areas although these differences fluctuated throughout the period.
The Mediterranean fruit and vegetable growing areas, contrary to the dry farming
areas, had comparative advantages in the production of goods. The greater avail-
ability of irrigation water was fundamental. The supply of water was regular and
its availability enabled more intensive use and higher yields in traditional crops
and livestock. The irrigation water, which was obtained, first from the surface of
the rivers and then from underground through the drilling of wells, was used to
irrigate commercial crops (e.g., oranges, rice, vegetables, fruit) and improve the
yields of traditional crops such as cereals. The favorable conditions of mild temper-
atures and sunlight were also influential and the impact of these two factors on the
productivity of the cultivated land was decisive. As a result, improved productivity
in irrigated areas was reflected in the food supply and a more varied diet, rich in
vitamins, protein, and calories.
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Second, the analysis of the coefficient of variation and the econometric models
show that the nutritional inequality was higher in the dry farming areas, probably
explained by a less equal distribution of property of land, relatively lower agricul-
tural wages, and, in short, a more unequal distribution of income. The greater differ-
ences in height among the professional categories of the HISCLASS (especially in
the farmers [His3], manual workers [His4], and farm workers [His5], professional
categories directly related to the agricultural sector and manual occupations) in the
dry farming areas suggest this. The inequalities in height were high in the mid-
nineteenth century, greater in the dry farming areas. They fell at the end of this
century and the beginning of the twentieth century and increased again with the
cohorts of 1920s-50s, this time greater in the irrigated areas, coinciding with the
military recruits of the Franco dictatorship. The estimates corroborate the increase
in the nutritional inequality during the Franco dictatorship which particularly
affected the most disadvantaged social groups with scarce economic and educational
resources.

Supplementary Material. To view supplementary material for this article, please visit https://doi.org/10.
1017/ssh.2022.11
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