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Abstract
Traditional agricultural systems in Mediterranean Europe were characterised by diversity and multifunctionality, and poly-
cultures played a fundamental role in them. Some of these farm systems and the traditional agricultural practices linked to 
them have now largely disappeared, but they are increasingly recognised as a valuable source of agroecological knowledge. In 
this study, we seek to recover the long-lost experience from a traditional Mediterranean intercropping system that combined 
the cultivation of vines and cereals. Using local historical resources available for a Catalan village for the second half of the 
nineteenth century, we compare the characteristics and functioning of intercropping and monocultures of vines and cereals 
using socioeconomic and agrarian metabolism indicators, and discuss the advantages of the traditional intercropping system 
as an adaptation to the productive limitations of the agroecosystem (particularly in terms of soil quality and productivity, and 
availability of labour and draft force), but also as a peasant economy strategy that responded to a multifunctional balancing 
rationale. This way, this research contributes to recovering the knowledge and experience of a long-lasting traditional crop 
system that had been used until the second half of the twentieth century, and provides an understanding of the rationale and 
advantages of traditional Mediterranean crop systems beyond productivity and profit maximisation strategies.
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Abbreviations
AFEROI  Agroecological final EROI
BR  Biomass reused
EFEROI  External final EROI
EI  External inputs
EROI  Energy return on investment
FEROI  Final EROI
FP  Final produce
IER  Income equivalent ratio
IFEROI  Internal final EROI
L-FEROI  Final EROI on labour
LER  Land equivalent ratio

NPPact  Actual net primary productivity
NPPEROI  Net primary productivity EROI
RY  Relative yield
TP  Total produce
UhP  Unharvested phytomass

Introduction

Agricultural landscapes have been shaped by a long his-
tory of interaction between humans and ecosystems. In 
Mediterranean Europe, this co-evolution process gave rise, 
particularly from the fifteenth century, to what are now con-
sidered traditional agricultural landscapes, characterised by 
a mosaic of diverse land uses in which mixed farm systems 
and polycultures played a fundamental role (Barbera and 
Cullotta 2016; Blondel 2006; Pinto-Correia and Vos 2004). 
These landscapes reached their peak in the second half of 
the nineteenth century but have now largely disappeared due 
to the spread of industrial agricultural systems throughout 
the twentieth century (Vos and Meekes 1999). However, the 
interest to recover and preserve traditional landscapes, and 
the agricultural practices and knowledge linked to them, is 
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growing nowadays as they are deemed a useful reservoir 
of practices to enhance sustainability and resilience in the 
current context of global environmental crisis (Altieri 2004; 
Barthel et al. 2013; Eichhorn et al. 2006; Kremenet al. 2012; 
Zimmerer et al. 2022).

Traditional agricultural polycultures have been largely 
studied in Latin America and other tropical regions (Brooker 
et al. 2014; Himmelstein et al. 2017; Jodha 1980; Koohafkan 
and Altieri 2011; Liebman 2018; Perfecto and Vandermeer 
2010; Winkel et al. 2020), but the study of these crops sys-
tems in Europe has grown in the last decades (Agnoletti and 
Emanueli 2016; Eichhorn et al. 2006; Moreno et al. 2018; 
Nerlich et al. 2013; Rigueiro-Rodríguez et al. 2008). In Med-
iterranean Europe, the coltura promiscua in Italy (which 
combined tree crops with grains usually in terraced lands) 
(Barbera and Cullotta 2012; Paris et al. 2019), and the mon-
tados and dehesas in Portugal and Spain (a savannah-like 
system that integrated usually cork and holm oaks together 
with livestock, and periodically cultivated cereals) (Blondel 
2006; Joffre et al. 1999; Olea and San Miguel-Ayanz 2006) 
are well-known examples of traditional agroecosystems that 
have persisted until today. However, beyond these living res-
ervoirs, historical records can be used to gain access to other 
traditional crop systems that have now vanished. The study 
of these disappeared agricultural practices can bring back 
some of the knowledge embedded in these agroecosystems, 
and provide relevant insights on the advantages of traditional 
agricultural practices (Krčmářová and Arnold 2016; Pleasant 
and Burt 2010).

Generally, traditional Mediterranean polycultures 
included diverse combinations of woody crops (typically 
olives, vines, and other fruit trees, as well as more vigor-
ous trees such as oaks), grown together with grains and 
combined with livestock pasturing and browsing. One of 
these traditional agricultural systems is the intercropping of 
vines and cereals, which could be found in diverse Mediter-
ranean agroecosystems in Spain, France, and Italy -where 
it had a long history connected with the coltura promiscua 
(Federico and Martinelli 2018; Sereni 1997). In Spain, his-
torical records provide evidence of diverse variations of this 
intercropping system (including olives, almond trees as well 
as different annual crops) being found throughout the nine-
teenth century and well into the second half of the twentieth 
century, when it co-existed with the initial introduction of 
industrial agricultural inputs and machinery (Federico and 
Martinelli 2018; Infante-Amate et al. 2016; Junta Consultiva 
Autonómica 1889; Pastor 2016). Although this crop sys-
tem vanished from agricultural landscapes by the end of 
the twentieth century, historical studies have indicated the 
importance of this crop system for maintaining the com-
plexity, multifunctionality and long-term sustainability of 
traditional agroecosystems in Catalonia (Díez et al. 2018; 
Gardeñes i Rosell and Vicedo i Rius 1993; Tello 1995). 

However, little is known about the advantages of the inter-
cropping pattern that could explain why this particular crop 
distribution was implemented and maintained throughout 
time (Federico and Martinelli Lasheras 2020).

Understanding the rationale of traditional 
intercropping systems

Traditional polycultures and intercropping systems are 
deemed beneficial for multiple reasons (Brooker et  al. 
2014; Gliessman 1985; Innis 1997). From a socioeconomic 
perspective, polycultures were a fundamental element for 
multifunctionality in traditional agricultural management. 
Diversified cropland produce contributed to meet the vari-
ous needs of the farm and the farming community: products 
and by-products could be commercialised, used to satisfy 
the food, fuel and other material needs of the household, 
as well as provide animal feed and resources for cropland 
fertilisation. Furthermore, polycultures allowed farmers to 
reduce risks and make better use of limited resources, such 
as land and labour. The combination of crops with varying 
resilience to adverse climate events and diseases could pro-
vide some relief against the failure of one crop, and mixing 
different crops in the same plot was also a useful strategy 
for a more intensive use of cropland that could increase the 
production obtained per unit of land cultivated (Martin-Guay 
et al. 2018). Additionally, labour seasonality was reduced by 
combining crops with different growing calendars, enabling 
a better adjustment of the yearly agricultural tasks to the 
labour force available in the farming household or commu-
nity (Krčmářová and Arnold 2016; Plieninger et al. 2006).

From an agroecological perspective focused on ecological 
processes, polycultures favoured a better use of nutrients and 
water cycles when the crops grown together had different 
root systems and growing calendars, as each crop would 
make use of nutrients and water resources in different soil 
niches and at different times of the year. Moreover, thanks 
to facilitation processes between the crops, their mixed cul-
tivation could create better environmental conditions for 
their growing (Vandermeer 1992, 2009); for instance, this 
could occur when the combination of crops increased asso-
ciated biodiversity, favouring pollination and pest control 
by attracting or repelling some insects. Additionally, and 
especially in Mediterranean agroecosystems, facilitation 
processes occurred when the cultivation of woody crops 
contributed to stabilize terraced lands and favoured the 
growth of the associated crop providing climatic protection 
against wind or frost (Altieri and Nicholls 2002; Malézieux 
et al. 2009; Tamburini et al. 2020; Zuazo et al. 2009).

Ultimately, the socioeconomic and agroecological advan-
tages of diversified crop systems are closely connected, mainly 
because agroecological advantages enabled socioeconomic 
benefits in terms of increased production, risks protection, 
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and optimised use of resources. However, there is a significant 
difference among these types of advantages: while the agro-
ecological advantages of intercropping and polycultures stem 
from ecological processes facilitated by the interaction of dif-
ferent crops in the same field, most socioeconomic advantages 
do not require that the different crops are grown following an 
intercropped or mixed cultivation pattern and similar benefits 
could result from the cultivation of the same crops in differ-
ent separated plots. In this respect, the only specific socio-
economic advantage of polycultures and intercropping would 
be an increased cropland productivity ensued from facilita-
tion and reduced competition processes among the crops. 
While analyses of the productivity of traditional polycultures 
show that intercropping and mixed crop systems tend to have 
greater biomass productivity than the respective monocultures 
(Brooker et al. 2014; Martin-Guay et al. 2018; Vandermeer 
1992), detailed analyses that further explore possible socioeco-
nomic advantages of these crop systems are scarce (Infante-
Amate et al. 2016; Krčmářová and Arnold 2016; Pleasant and 
Burt 2010).

Thus, our study seeks to explore the advantages and ration-
ale of the traditional intercropping of vines and cereals with a 
double purpose. On the one hand, by analysing a long-lasting 
but now lost crop system, we aim to recover the agricultural 
knowledge embedded in this crop system and contribute to 
enlarge the repertoire of Mediterranean traditional agricultural 
practices beyond those still-living and well-known examples. 
On the other hand, we want to examine specific advantages of 
the intercropping pattern that help explain why this crop sys-
tem was used, with diverse crop variations, throughout differ-
ent times and places. To further explore potential advantages 
and understand the intercropping system beyond conventional 
indicators and approaches, we use an agroecological analytical 
framework built on agrarian metabolism and peasant economy 
approaches, as explained below. Then, the rest of the paper is 
structured as follows: after introducing the historical context 
of our case study, and explaining the use of sources and the 
methodology applied in our analysis, we present the results 
obtained for the socioeconomic and biophysical indicators 
that compare the intercropping system with the respective 
monocultures. We then discuss the advantages of intercrop-
ping corresponding to these results and in accordance with 
a peasant economy rationale. Finally, after providing some 
insights about the relevance beyond our specific case study, we 
conclude by highlighting the contribution of our analysis for 
understanding the advantages and rationale of Mediterranean 
traditional crop systems.

Traditional agricultural systems, peasant 
economy, and agrarian metabolism

The use of polycultures and intercropping systems in 
the management of traditional agricultural systems was 
linked to the pursuit of a sustained production and long-
term welfare of the farming community, diminishing risks 
and losses, and optimising the use of the available local 
resources (Krčmářová and Arnold 2016; Pinto-Correia 
and Vos 2004; Plieninger et al. 2006). This management 
strategy differs from that of industrialised farm systems 
mainly based on profit maximization, market incentives, 
use of external inputs, and productive specialisation, for 
which monocultures are more advantageous. Thus, as 
peasant studies have long argued, conventional notions 
of efficiency and productive rationality based on capital-
ist industrial criteria are not adequate to understand these 
forms of agricultural production (Chayanov 1986a; Shanin 
1972). Peasant economy approaches advance an alterna-
tive economic framework better adapted to understand the 
rationale of peasant agricultural systems, and well suited 
for our analysis of a traditional polyculture in a context in 
which agriculture was not yet industrialised, and market 
integration was limited (although expanding).

Given the heterogeneous and dynamic character of peas-
antries and peasant societies, there has been a long debate 
among social scientists to define what is peasant (Edelman 
2013). Some authors have suggested to understand peas-
antry as a “process” (Shanin 1973, p. 64) or a gradient, 
in which the definition of a peasant mode of production 
works as an analytical category that integrates some fun-
damental characteristics used to distinguish diverse middle 
points between peasant and capitalist modes of agricultural 
production (Toledo 1995; Van der Ploeg 2009). Accord-
ing to the peasant economy framework, peasant agricul-
ture is aimed primarily at the autonomy, self-subsistence 
and reproduction of the family farm, with limited market 
integration, and diversity and multifunctionality as key 
elements of their productive strategy (Wolf 1966; Shanin 
1973; Chayanov 1986b; Van der Ploeg 2009, 2013). The 
centre of the peasant economy is the household, which 
constitutes a unit of both production and consumption and 
is mainly managed with family labour (Chayanov 1986b; 
Wolf 1966, pp. 12–15). This core characteristic entails 
that, although peasant farms exist within larger capitalist 
economies and contexts to which they are connected, the 
organisation of their productive process is not subject to 
the same economic principles (Chayanov 1986b; Fried-
mann 2019; Shanin 1973). Peasant production is deter-
mined by an artful adjustment of diverse interconnected 
balances (Chayanov 1986b; Van der Ploeg 2013). As origi-
nally advanced by Chayanov, the consumption needs and 
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the labour availability of the household must be balanced 
considering that there is a minimum volume of production 
required to meet the fundamental needs of the family, and 
a maximum level of production achievable considering 
the labour force of the family (Chayanov 1986b, p. 53). 
In connection with this labour-consumption balance, the 
peasant farm decides its labour investment levelling the 
utility and drudgery involved in the work processes, so 
that once the farming household has achieved a satisfac-
tory volume of production, the incentive to increase its 
labour investment decreases (Chayanov 1986b, p. 87; Van 
der Ploeg 2013, p. 2). In addition to these fundamental 
chayanovian balances, Van der Ploeg (2013) introduced 
more recently an expanded array of balances that further 
connect peasant economy with agroecology approaches 
(McCune et  al. 2019). Understanding agriculture as a 
process of co-production in which both people and living 
nature are continuously being produced and transformed, 
one of the expanded balances integrates the need to sat-
isfy human needs and the need to produce and reproduce 
the natural resources and services from which agriculture 
depends. This human-living nature balance entails a rela-
tion of reciprocity and continued mutual transformation 
that highlights the dynamic character of agricultural pro-
duction (Van der Ploeg 2013, pp. 48–54). Additionally, the 
production-reproduction balance focuses on the levelling 
of the extraction of resources and the need to sustain the 
productive capacity of all the elements involved in agricul-
tural production (Van der Ploeg 2013, pp. 54–56); mean-
while, the balance between internal and external resources 
contrasts the recycling of internal resources and the resort 
to external inputs and outputs in the functioning of the 
farm, also in connection with the production and reproduc-
tion processes (Van der Ploeg 2013, pp. 56–60).

Peasant studies and agroecology have been closely con-
nected since its origins, linked to agrarian movements that 
opposed and resisted the processes of agricultural indus-
trialisation and capitalist modernisation (Giraldo and Ros-
set 2018; González de Molina and Guzmán 2017; Sevilla 
Guzmán and Woodgate 2013). Their connection has grown 
recently as traditional agricultural systems and peasant agri-
culture gained attention in the search for more sustainable 
ways of food production (Bernstein et al. 2018; Friedmann 
2019; Van der Ploeg 2009). Furthermore, the balancing 
rationale of peasant agriculture can be connected with recent 
agroecological approaches that focus on the biophysical 
analysis of agricultural systems from a historical perspec-
tive, studying the flows of energy and materials that shape 
the functioning of agroecosystems, i.e. the social metabo-
lism of agriculture or agrarian metabolism.

Agrarian metabolism analyses are built on an under-
standing of agroecosystems which considers, firstly, that 
agricultural management involves flows of energy and 

materials that are introduced and extracted, as well as 
recycled and maintained within the agroecosystem. Sec-
ondly, it considers agriculture as a process of production 
and re-production in which the productive capacity of 
agricultural resources such as soils, livestock, as well we 
the farming community, needs to be maintained. Thirdly, 
agrarian metabolism acknowledges that the functioning of 
agroecosystems depends not only on those flows of energy 
and materials managed by humans, but also on ecological 
processes and services that are not directly managed by 
farmers (Guzmán and González de Molina 2015; Tello 
et al. 2016; Tello and González de Molina 2023). Conse-
quently, agrarian metabolism analyses distinguish diverse 
flows of energy and materials that shape the functioning 
of agroecosystems, and use a set of interrelated Energy 
Return on Investment ratios (EROIs) to analyse the energy 
efficiency of agroecosystems considering their capacity 
to satisfy human needs, the use of internal and external 
resources, and their capacity to maintain associated biodi-
versity. The application of this methodology to the histori-
cal analysis of diverse agroecosystems in Spain has shown 
the importance of an integrated land and livestock man-
agement (Marco et al. 2018), multifunctionality (Infante-
Amate et al. 2016), as well as crop and landscape diversity 
(Marull et al. 2015, 2016; Fullana Llinas et al. 2021) for 
the sustainability of traditional agricultural systems. Fur-
thermore, agrarian metabolism analyses of Spanish agro-
ecosystems from a historical perspective have shown sharp 
differences in the biophysical functioning of traditional 
and industrialised agricultural systems, mainly derived 
from the dependence on local resources, and the agricul-
tural diversity and internal loops of the former in contrast 
with the high specialisation and reliance on external inputs 
of the latter -which ultimately led to important social and 
environmental problems (Díez et al. 2018; González de 
Molina et al. 2020; Marco et al. 2018).

The analytical frameworks of agrarian metabolism and 
peasant economy share a common understanding of the 
functioning and management of agroecosystems that is use-
ful for the analysis of traditional agricultural practices, such 
as the intercropping of vines and cereals. Both approaches 
acknowledge that agriculture involves co-production pro-
cesses in which both humans and nature play a fundamental 
role, and require reproduction processes to maintain the pro-
ductive capacity of the agroecosystem. Furthermore, peasant 
economy and agrarian metabolism share an understanding of 
agroecological management as a complex and dynamic pro-
cess, in which different dimensions, sometimes opposed, are 
intertwined and need to be balanced. Finally, as integrated 
in agroecology, agrarian metabolism and peasant economy 
offer an alternative perspective on the functioning of agri-
cultural systems that highlights the relevance of dimensions 
beyond conventional economic and monetary categories, 
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providing space for a new understanding of the potential 
advantages and rationale of traditional agricultural practices.

The agroecosystem of Les Oluges 
in the nineteenth century

Les Oluges is located in La Segarra County (Lleida prov-
ince), in the inner part of Catalonia (Spain) (Fig. 1). The 
climate of this area is Dry Mediterranean Continental, with 
low average annual rainfall (below 500 mm), a period of 
water stress that runs from April to October (Garrabou and 
Naredo 1999), cold and foggy winters, hot and dry summers, 
and frequent adverse climate events that jeopardize harvests. 
Thus, traditional agricultural practices in Les Oluges were 
adapted to low cropland productivity and high climate vari-
ability and risks.

Traditionally, agriculture in Les Oluges has focused on 
cereals production. Vine and olive cultivation expanded 
in some regions of Catalonia throughout the seventeenth 
and eighteenth centuries driven by the favourable prices 
over cereals and the increase of exports over the Atlantic 
(Badia-Miró and Tello 2014). However, the cultivation of 
cereals prevailed in La Segarra until the nineteenth cen-
tury, when the progressive expansion of vineyards started 
mainly making use of sloped and deforested lands, as well 
as poor soils that were less suitable for cereals cultivation 
(Gardeñes i Rosell and Vicedo i Rius 1993). The spread 
of vine cultivation peaked in the second half of the nine-
teenth century, driven by the vineyard boom caused by 
the phylloxera plague that began in France in 1863, but 
also favoured by the development of railway connections 
between Lleida and Barcelona from 1856 (Badia‐Miró 
et  al. 2010). The phylloxera plague destroyed French 
vineyards, leading to a shortfall of French production and 
exports that increased wine prices. Catalan farmers, mostly 
in the coastal territories but also in the inner Catalonia, 
took advantage of these favourable market conditions by 
expanding their own wine production. In La Segarra, the 

largest agricultural and vineyard surfaces were achieved 
in the last third of the nineteenth century by means of 
a remarkable transformation of woodland into cropland. 
However, the vineyard expansion halted by the end of the 
century. In 1894, the phylloxera plague that had contin-
ued spreading over Europe reached La Segarra, destroy-
ing most of the vines and bringing an end to the vineyard 
boom (Gardeñes i Rosell and Vicedo i Rius 1993).

The spread of vine cultivation in La Segarra occurred in a 
context of relatively high population density that facilitated 
the fulfilment of the higher labour demands of viticulture 
compared with cereals. In 1870, Les Oluges had 42 inhabit-
ants/km2 (795 inhabitants in total), a quite optimal popu-
lation density for viticulture (Badia-Miró and Tello 2014; 
Díez et al. 2018). Rural population peaked in the mid-nine-
teenth century and started to decrease afterwards due to the 
increased urbanisation and industrialisation (Vilá and Vernet 
1971). The turn-of-the-century agricultural crisis caused by 
the phylloxera intensified the process of rural depopulation, 
which continued throughout the twentieth century (Díez 
et al. 2018).

Vine expansion throughout the nineteenth century did 
not entail a decrease in cereals cultivation in La Segarra, 
on the contrary, cereal farming also increased in response 
to the higher need of grains that a growing population and 
urban demand entailed. Cereal monocultures were cultivated 
in soils of better quality, but grains were also intercropped 
with vines in those soils of lesser quality. The intercrop-
ping of vines with cereals and olive trees could be found in 
La Segarra before the nineteenth century, but the spread of 
vineyards increased the prevalence of this cultivation pattern 
(Gardeñes i Rosell and Vicedo i Rius 1993). The intercrop-
ping system exemplifies the motto with which traditional 
agricultural practices in this area have been characterised: 
a little bit of everything, and as much grain as possible 
(Badia‐Miró et al. 2010; Vilar 1987). Low cropland pro-
ductivity constrained agricultural possibilities; the limited 
agricultural production obtained was mostly aimed to self-
consumption, and the small surplus was sold in local and 
regional markets of the inner part of Catalonia (Gardeñes i 
Rosell and Vicedo i Rius 1993). Cereals were essential for 
the sustenance of the family and the draft force; wine was 
also aimed to self-consumption, but the spread of vineyards 
in La Segarra was driven by an increased market orienta-
tion (Garrabou and Pujol 1987). Although vine cultivation 
shrunk in Les Oluges after the phylloxera crisis, the inter-
cropping system was not abandoned. Intercropping was 
maintained until the mid-twentieth century introducing a 
greater variety of crop combinations that included vines, 
olives and almond trees together with cereals (Fig. 2), and 
only after the spread of agricultural mechanization from the 
1960s onwards, intercropping started to vanish. By the end 
of the twentieth century, the agricultural landscape of Les 

Fig. 1  Map showing the location of Les Oluges, Catalonia, Spain
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Oluges was dominated by cereals monocultures (Díez et al. 
2018).

From the twelfth and thirteenth centuries, the settlement 
pattern in this region was characterized by the prevalence 
of small villages, and medium and small peasant proper-
ties (Vilá and Vernet 1971). In the nineteenth century, land 
property in La Segarra was mainly owned by small and 
medium landowners, with inequalities revolving mostly 
around access to best quality soils rather than the amount 
of land owned. Most farmers cultivated their own land, but 
smaller landowners usually combined the work in their own 
properties with work as tenant farmers and sharecroppers 
(Garrabou et al. 2014). Generally, agricultural work was car-
ried out with family labour, including women and children. 
Women’s agricultural work was fundamental for the repro-
duction of the farming household. In addition to household 
chores, and care of vegetable gardens and domestic live-
stock, some agricultural tasks were traditionally considered 
female work, such as weeding, and grape and olive harvest. 
Female agricultural tasks were considered less arduous and 
were paid at half the salary of a man; however, women col-
laborated also with other more demanding activities when 
needed, such as cereals harvest and fertilizing tasks (Vicedo 
i Rius 2002). Additionally, low cropland productivity and the 

small size of peasant properties hindered the economic and 
social reproduction of farming households in Les Oluges; 
thus, collaboration among farmers was widespread, either by 
the exchange of animal force for human-working days, join-
ing the draft force owned by different farmers for specific 
tasks, or exchanging working days among farmers (Vicedo 
i Rius 1993, 2002). Sharecropping and casual wage work in 
agriculture and other economic activities were also relevant 
sources of additional income (Garrabou et al. 2014).

Traditional agricultural management in Les Oluges was 
adapted to the socioeconomic context and environmental 
constraints that limited agricultural productivity. Multifunc-
tionality and integrated management of farmland sustained 
the productive capacity of the agroecosystem. Woodland was 
a key resource in the nineteenth century used for multiple 
purposes (Díez et al. 2018). Firstly, deforested soils enabled 
agricultural expansion and the spread of vine cultivation. 
Secondly, scrubland and woodland were used for livestock 
grazing, providing important supplementary feed given 
the low cropland productivity. Furthermore, biomass from 
woodland was used for formiguers, a traditional fertilization 
technique that consisted on heaps of shrubs and small tree 
branches under a soil cover which were built and burned 
in cropland and then buried for fertilization (Olarieta et al. 

Fig. 2  Aerial pictures of Les 
Oluges in 1956 showing a gen-
eral overview of the urban area 
of the village and its surround-
ing cropland (top image) and a 
detailed view of the intercrop-
ping system (bottom image). 
Orthophotos of Catalonia in 
1956–1957 from the Institut 
Cartogràfic i Geològic de Cata-
lunya (ICGC), under licence CC 
BY-NC-SA 4.0
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2011). Last but not least, woodland provided fuel for domes-
tic use and food from hunting and gathering. Livestock was 
also an important element in the integrated management of 
farmland; by pasturing and grazing in the different land uses, 
nutrients from woodland, pastureland, and cereal monocul-
tures were recycled and reintroduced in cropland as manure 
(Díez et al. 2019). Barnyard animals consisted mainly on 
sheep and swine, together with small domestic livestock. 
In addition, the most abundant draft animals in Les Oluges 
were donkeys, followed by mules, and few oxen and horses 
(Díez et al. 2018). The relatively limited number of strongest 
draft animals and the abundance of donkeys (less power-
ful, but also less-demanding animals) indicates the adapta-
tion to the limited productivity of farmland, and explains 
the need for collaboration between farmers for carrying out 
those more demanding tasks in terms of draft force (Vicedo 
i Rius 1993).

Traditional agricultural practices persisted by the mid-
twentieth century in Les Oluges, when agricultural manage-
ment combined traditional and industrial practices. While 
intercropping and animal draft force were still widely used, 
fossil-fuelled machinery as well as industrial fertilisers 
and biocides started to be introduced, reducing the use of 
woodland and biomass recycling for maintaining the produc-
tive capacity of the agroecosystem. However, by the end of 
the last century, agricultural management was completely 
industrialised, with an intensive use of industrial inputs and 
abandoning the integrated management of farmland (Díez 
et al. 2018).

Sources and methodology

The main historical record used for this research is the Car-
tilla Evaluatoria of Les Oluges of 1883 (Junta Municipal 
de Amillaramientos 1883), a local agricultural survey that 
accounts for the produce and costs of each crop system. 
Additionally, we estimated the distribution of land uses in 
Les Oluges using the Amillaramiento (the municipal land-
use register) of 1860, and obtained the information about 
the draft force composition from the cattle census of 1865. 
Despite the different years of the historical records, their 
combination provides a reasonable approximation to the 
functioning of the agroecosystem in the second half of the 
nineteenth century. Our analysis is largely based on the 
description of the crop management practices provided in 
the Cartilla, made during the vineyard boom driven by the 
phylloxera crisis. Given the context of vineyard boom, a 
larger surface cultivated with vines at the expense of wood-
land could be expected in the 1880s compared to 1860, but 
the management practices registered in 1883 can be consid-
ered relatively stable throughout these decades. Addition-
ally, the spread of vines cultivation and agricultural surface 

in the last decades of the nineteenth century would have 
increased draft force requirements; however, given the small 
changes in population density and the large prevalence of 
donkeys (the cattle census includes 146 donkeys, 56 mules, 
18 oxen and 2 horses), a similar draft force composition can 
be assumed throughout those decades.

The Cartilla and the Amillaramiento were created by the 
municipal authorities to gather information for levying taxes. 
For the Amillaramiento, each landowner had to declare their 
owned land; thus, some concealment of information can be 
expected. In the Amillaramiento of Les Oluges, the total sur-
face registered was lower than the real area of the municipal-
ity (with 345 hectares missing, 18% of the total farmland). 
Previous studies indicate that, in Catalonia, the concealed 
area was usually woodland, although concealment of crop-
land area was not rare (Pro Ruiz 1995). Another form of con-
cealment expected in the Amillaramiento is an over-abun-
dance of lower quality soils, since landowners would tend 
to declare having lands of lower quality to reduce their tax 
burden (Segura i Mas 1990). Thus, an under-representation 
of soils of best quality and woodland can be expected in our 
analysis, affecting particularly large landowners who tended 
to grab best quality soils and woodland. However, consider-
ing the widespread use of intercropping in Les Oluges, these 
concealments do not affect significantly our analysis.

These caveats do not affect the Cartilla, which was elabo-
rated by a group of experts (usually long-experienced farm-
ers from the municipality) who classified the farmland of the 
municipality according to different land uses (crop systems, 
woodland, and pastures) and soil qualities. These experts 
estimated the produce (i.e., main products and by-products) 
and requirements (i.e., days of human and animal work per 
task, fertilization, seeds, transport…) of the crop systems 
according to the production obtained in the last 8–10 years, 
the type of crop, and the quality of the soil (Junta Municipal 
de Amillaramientos 1883; Segura i Mas 1990). Thus, the 
Cartilla provides a detailed description of the general man-
agement and performance of each crop system at that time.

The methodology applied in our study compares the culti-
vation of vines and cereals in intercropping and monoculture 
systems, combining conventional measures and approaches 
used to assess intercropping systems (Vandermeer 1992; 
Weigelt and Jolliffe 2003), with more recently developed 
methodologies linked to agroecology (Migliorini et al. 2018) 
and agrarian metabolism (Guzmán et al. 2018). According to 
the historical sources, the following assumptions are applied 
in our analysis: (i) cereals and vines in intercropping took up 
half of the cultivated surface respectively; (ii) the practice 
of biennial fallow entailed that half of the cereals’ surface 
was left uncultivated every year, both in monoculture and 
intercropping; (iii) given that donkeys were the most abun-
dant draft force, animal needs in our estimations consider 
the feed and bed needs of a donkey throughout a year; (iv) 
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formiguers used in cereals monoculture were built using bio-
mass obtained from woodland, while in vines monoculture 
and intercropping systems, formiguers were built using rests 
of vine pruning.

The socioeconomic indicators used in our analysis are 
described in Table 1. The most widespread measure for 
evaluating the productive advantage of intercropping sys-
tems is the Land Equivalent Ratio (LER), which is the sum 
of relative yields  (RYi) for each crop.  RYi compares the yield 
per hectare of a crop in polyculture  (Pi) and monoculture 
 (Mi). Thus, the LER compares the relative land require-
ments of intercropping and the respective monocultures, 
measuring how much land would be needed to obtain the 
same yield in monocultures as in intercropping (Vandermeer 
1992; Weigelt and Jolliffe 2003; Martin-Guay et al. 2018). 
A LER above 1 indicates that the intercropping system is 
more productive or has advantage over the monoculture 
system. In our case,  RYi and LER were calculated consid-
ering the energy content (MJ ×  ha−1) of the main produce 
and the by-products of each crop under monoculture and 
polyculture systems according to the information provided 
by Les Oluges’ Cartilla (Díez et al. 2018; Paffarini et al. 
2012). Additionally, we estimated the Income Equivalent 
Ratio (IER) (Vandermeer 1992), which compares the eco-
nomic performance of polyculture (IP) and monoculture sys-
tems  (IMi). A value higher than 1 indicates that intercrop is 
advantageous over monoculture. From the information regis-
tered in the Cartilla for each crop system, we computed this 
indicator in two ways: first, according to the income (I-IER) 
(the value of the products and by-products obtained, without 
considering the expenses, in pesetas ×  ha−1) and secondly, 
considering the profit of each crop system (P-IER) (i.e., the 
taxable income indicated in the Cartilla which refers to the 
income minus the expenses, in pesetas ×  ha−1). Additionally, 
in both cases these indicators compare the monetary return 
of one hectare of intercropping and one hectare of each of 
monocultures  (IERi), as well as one hectare of intercropping 
compared to the sum of half hectare of cereals monoculture 
and half hectare of vines monoculture  (IERij).

For the agrarian metabolism analysis, we carried out a 
biophysical characterisation of the yearly functioning of 

intercropping and monocultures according to the traditional 
management practices applied in each crop system. Fol-
lowing the methodology developed in previous studies of 
historical agrarian metabolism (Galán et al. 2016; Guzmán 
et al. 2018; Guzmán and González de Molina 2015; Tello 
et al. 2015, 2016), we determined the energy flows involved 
in each crop system considering their source and purpose, 
and assessed each crop system’s energy efficiency accord-
ing to a set of Energy Return On Investment ratios (EROIs). 
Table 2 shows the definition of the energy flows and EROIs 
employed in our analysis. Furthermore, we estimated the 
nutrient balances of each crop system to assess the suste-
nance of their productive capacity considering the traditional 
soil fertility practices used in each case. Following previ-
ous works (Díez et al. 2019; Galán 2017; García-Ruiz et al. 
2012), and according to the general assumptions mentioned 
above, the nutrient balances were estimated considering 
human outputs (crops extraction from main produce and by-
products) and inputs (seeds, buried biomass, manure and 
formiguers), as well as natural outputs (Nitrogen gaseous 
losses) and inputs (atmospheric deposition, symbiotic and 
non-symbiotic fixation).

The set of EROIs gives an account of the energy effi-
ciency of crop systems acknowledging the interconnection of 
ecological and social dimensions, as well as productive and 
reproductive processes (Burandt and Mölders 2017). The 
NPPact EROI (NPPEROI), Biodiversity EROI and Agro-
ecological EROI (AFEROI) assess the energy return of crop 
systems considering that their productive capacity depends 
not only on the flows of energy managed by humans, but 
also on the maintenance of ecosystem services and associ-
ated biodiversity that can be sustained by the Unharvested 
Phytomass (UhP). Thus, these three agroecological EROIs 
assess the overall productive capacity of the crop system 
(NPPEROI), the potential to host farm-associated biodiver-
sity and provide ecosystem services (Biodiversity EROI), 
and the agroecological capacity of the crop system to satisfy 
human needs (AFEROI). A second sub-set of EROIs with 
greater focus on the human perspective is integrated by the 
Final EROI (FEROI), Internal and External Final EROIs 
(IFEROI and EFEROI respectively), and the Final EROI on 

Table 1  Socioeconomic indicators used for the comparative analysis of intercropping and monoculture systems

Pi is the yield per hectare of the crop i in polyculture; Mi is the yield per hectare of the crop i in monoculture; IPi and IMi are the economic per-
formance (income or profit) per hectare of crop i in polyculture and monoculture respectively

Socioeconomic indicators

Relative yield RYi RYi =
Pi

Mi

(Vandermeer 1992, 2009; Weigelt and Jolliffe 2003; Martin-Guay et al. 2018)

Land equivalent ratio LER LER = RYi + RYj =
Pi

Mi

+
Pj

Mj

Income equivalent ratio IERi IERi =
IP

IMi

(Vandermeer 1992; Weigelt and Jolliffe 2003; Himmelstein et al. 2017)

IERij IERij =
IP

(IMi∗0.5)+(IMj∗0.5)
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Labour (L-FEROI). These EROIs assess the energy return of 
the agroecosystem considering the different flows of energy 
managed by humans in the form of external inputs (EI), bio-
mass reused (BR), and labour1 (L) in relation to the energy 
appropriated by humans for their own consumption (FP).

Results

Land uses and crop systems’ distribution

The distribution of land uses in Les Oluges (Table 3) differ-
entiates three soil qualities for cropland and woodland, from 
best (Q1) to lowest quality (Q3). Most cropland was classi-
fied as second (Q2) and third (Q3) qualities (32% and 60% 
respectively). These soil qualities did not indicate only soil 
properties and were also linked to the type of crop grown in 
each piece of land. According to the Cartilla, soils of first 
quality (Q1) were those cultivated with wheat, soils of sec-
ond quality (Q2) were grown with barley, and third quality 
soils (Q3) were grown with rye. This crop distinction was 
applied both in monocultures and intercropping systems.

Intercropping of vines and cereals, and cereals monocul-
ture were the most widespread crop systems (61% and 36% 
of cropland, respectively). Additional intercropping systems 
were found in Les Oluges, such as the intercropping of olive 
trees and cereals, as well as the intercropping of vines, olives 
and cereals. These followed the same pattern as the inter-
cropping of vines and cereals, but were found in a very lim-
ited share of cropland (2%). Although the Cartilla provides a 
produce and costs estimation of vines and olive trees mono-
cultures, there was no monoculture of vines in Les Oluges 

according to the Amillaramiento, and olive orchards were 
very scarce. Finally, woodland and pastureland comprised 
42% of the total farmland.

The distribution of farmland and crop systems among 
the 213 landowners listed in Les Oluges’ Amillaramiento 
(Figs. 3 and 4) shows the abundance of small and medium 
landowners (with 66% of the landowners having less than 
5 ha of farmland). The weak correlation between the amount 
of farmland owned and its composition, both in terms of 
cropland and woodland shares in farmland  (R2 = 0.1114 
and  R2 = 0.0973 respectively) (Fig. 3), as well as consider-
ing the shares of cereals monoculture and intercropping in 
the cropland owned  (R2 = 0.0834 and  R2 = 0.0365 respec-
tively) (Fig. 4), indicates that the use of intercropping was 
not significantly linked with the amount of land owned by 
the farmer. Since large landowners tended to grab best qual-
ity soils and woodland, their farmland resources were more 
adequate for cereals monoculture, holding those soils more 
suitable for cereals and having access to woodland biomass 
for building formiguers. Those 73 landowners with more 
than 5 ha of cropland had 87% (281 ha) of cereals monocul-
ture and 72% (387 ha) of intercropping. However, both large 
and small landowners in Les Oluges had significant shares 
of intercropping: 71% of the landowners had at least half of 
their cropland with intercropping, and only 10 landowners 
had no intercropping in their cropland.

Comparing intercropping and monoculture systems: 
socioeconomic indicators

LER and IER indicators compare the efficiency of intercrop-
ping and the respective monocultures for each soil quality. 
In terms of land requirements, the LER for all soil qualities 
are equal or close to 1 (Table 4), indicating that vines and 
cereals had a similar yield performance in monoculture and 
intercropping. There was only a reduced disadvantage in Q1 
and Q3 for intercropping.

Table 3  Land uses in Les 
Oluges in the second half of the 
nineteenth century, in hectares 
(ha)

*No qualities were assigned to pastureland in Les Oluges’ Cartilla Evaluatoria and Amillaramiento

Land uses (ha) Land qualities Total (ha)

Q1/Wheat Q2/Barley Q3/Rye

Farmland Cropland Vegetable gardens 3.03 1.25 0.00 4.28
Cereals 47.29 114.02 160.20 321.52
Vines and cereals 27.42 156.96 355.87 540.25
Olive orchards 0.00 0.00 0.18 0.18
Olive trees and cereals 0.65 7.84 13.62 22.12
Cereals, vines and olive trees 0.00 0.00 0.15 0.15
Total cropland 77.44 280.07 530.02 888.50

Permanent pastureland* 155.80
Woodland 16.42 128.16 341.27 485.84
Total farmland 1530.14

1 Labour requirements are estimated considering the different time 
requirements and energy intensity of the agricultural tasks (FAO et al. 
2004).
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However, there were sharper differences between mon-
ocultures and intercropping systems in monetary terms 
(Table 4). Comparing the profit provided by one hectare 
of intercropping and one hectare of each of the monocul-
tures, intercropping had a clear advantage over cereals 
monoculture (P-IERCereals) but was not in advantage com-
pared with vines (P-IERVines). The P-IERCerealsVines shows 
that one hectare of intercropping provided higher profit than 
the cultivation of the same land with separated crops (half 
hectare of cereals monoculture and half hectare of vines 
monoculture). This profit advantage was larger in soils of 
lower qualities (Q2 and Q3). When the IER is calculated 
considering only the income (without expenses) from each 
crop system, the results obtained are the opposite. The I-IER 
shows some advantage for intercropping only compared with 

the monoculture of vines (I-IERVines) in Q1 and Q3. How-
ever, the I-IERCerealsVines indicates that the cultivation of one 
hectare of intercropping did not provide greater income than 
the cultivation of one hectare equally divided in cereals and 
vines monoculture. According to the Cartilla, cereals mono-
culture provided greater income per hectare, but also had 
higher costs than vines monoculture, resulting in a lower 
profit (taxable income) in cereals monoculture. Overall, the 
fact that the P-IER was favourable for intercropping over 
cereals monoculture, and the I-IER tended to be favourable 
for intercropping over vines monoculture suggests that, 
when cereals and vines were intercropped, cereals increased 
the income over vines single cultivation, while vines allowed 
to reduce costs over cereals single cultivation. The profit 
advantage of intercropping over cereals monoculture was 

Fig. 3  Correlation among the 
total farmland owned by each 
landowner (in hectares) and the 
respective shares of cropland 
and woodland

Fig. 4  Correlation among the 
total farmland owned by each 
landowner (in hectares) and the 
respective shares of cropland 
aimed to intercropping of vines 
and cereals, and to monoculture 
of cereals
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larger than its income advantage over vines monoculture, 
signalling the relevance of costs reduction in the practice 
of intercropping.

The greatest share of the expenses in all crop systems 
were labour costs2 (corresponding to 75%–82% of total costs 
in monetary terms) (Table 5).

Overall, total labour requirements (days ×  ha−1) of inter-
cropping were similar to those of vines monoculture (a more 
labour-intensive crop system than cereals monoculture). The 
mean labour costs (pesetas ×  day−1) of intercropping and 
vines monoculture were also similar, but lower than the costs 
of cereals monoculture. Two components of the labour costs 
are of special relevance in this respect: (i) ploughing, which 

was the most expensive task (10 pesetas ×  day−1) given that 
it required a pair of powerful draft animals and a labourer 
to handle them, and (ii) female work, which was the cheap-
est work (hired for 1 peseta ×  day−1, half of a man’s wage) 
as it was usually hired for tasks considered less demanding 
(weeding out in cereals, and grape harvest). Intercropping 
required relatively less ploughing and used relatively more 
female work than both monocultures, counterbalancing the 
higher requirements in days of work.

Comparing intercropping and monoculture systems: 
agrarian metabolism

The comparative analysis of intercropping and monoculture 
systems from an agrarian metabolism perspective shows, 
firstly, that the results for the intercropping system were gen-
erally in between those of the monocultures of vines and 
cereals (Table 6). The differences among cereals and vines 
monocultures do not stem only from the energy content and 
biological differences between these crops, but reflect also 
the different management practices traditionally used in each 
crop system.

Intercropping had an overall energy productivity (NPPact) 

in between that of monocultures, with vines monoculture 
having the highest NPPact, and cereals monoculture the low-
est NPPact. Barley, grown in Q2, was the most productive 
grain both in monoculture and intercropping. However, large 
part of the energy produced in every crop system remained 
in cropland as UhP (38%–56% of NPPact), and from the 
energy managed by humans (TP), cereals monoculture had 
the lowest share of energy aimed to satisfy human needs 
(FP), while monoculture of vines had the highest FP. Most 
of the TP was reinvested as BR in all crop systems (between 
67% and 84% of TP); in cereals monoculture, BR was aimed 
mainly to sustain animal needs (95%–96% of BR), while 
in vines monoculture and intercropping systems, BR was 
mainly aimed to replenish soil fertility (by means of buried 
biomass and formiguers). By-products from cereals mon-
oculture (such as straw, husk and stubble, as well as the 

Table 4  Comparative analysis of the yield and economic advantage 
of intercropping and monocultures of vines and cereals for each soil 
quality

LER land equivalent ratio; IER income equivalent ratio, calcu-
lated with profit -i.e., income minus expenses- (P-IER), and income 
(I-IER). LER compares, the relative yields of each crop in intercrop-
ping and monoculture.  IERVines compares one hectare of intercrop-
ping with one hectare of vines monoculture,  IERCereals compares one 
hectare of intercropping with one hectare of cereals monoculture, 
 IERCerealsVines compares one hectare of intercropping with the sum of 
half hectare of cereals monoculture and half hectare of vines mono-
culture

Comparative analysis—Yield 
and monetary advantage

Land qualities for intercropping 
and monocultures of vines and 
cereals

Q1/Wheat Q2/Barley Q3/Rye

LER 0.97 1.00 0.97
IER Profit P-IERVines 0.85 0.89 0.99

P-IERCereals 1.47 1.60 1.98
P-IERCerealsVines 1.07 1.14 1.32

Income I-IERVines 1.04 0.94 1.13
I-IERCereals 0.88 0.97 0.86
I-IERCerealsVines 0.95 0.96 0.97

Table 5  Labour requirements of the intercropping of vines and cereals and the corresponding monocultures

Labour Intercropping vines and cereals Cereals monoculture Vines monoculture

Q1/Wheat Q2/Barley Q3/Rye Wheat Barley Rye Q1 Q2 Q3

Total days of work Days ×  ha−1 52 35 27 42 27 27 51 39 24
Mean labour cost Pesetas ×  day−1 2.6 2.8 2.9 3.7 4.0 4.0 2.6 2.8 3.2
Ploughing Days ×  ha−1 3 3 2 6 3 3 5 5 4

% of total days 7% 8% 9% 14% 13% 13% 10% 12% 17%
Female Days ×  ha−1 14 8 5 5 2 2 12 7 2

% of total days 27% 21% 17% 12% 6% 7% 23% 18% 10%

2 Non-labour costs include seeds, deterioration of tools, and the wine 
press rental.
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pastured fallow) could satisfy 41%–50% of the yearly needs 
of a donkey, while by-products from intercropping and vines 
monoculture could only meet 7%–15% and 10%–20% of the 
animal needs respectively.

Looking at the energy invested as EI, cereals monoculture 
had the lowest energy flow from EI. This EI investment was 
on average 10-times larger than the FP obtained in cereals 
monoculture, while this relation was 3- and 6-times larger in 
vines monoculture and intercropping systems respectively. 
The management of cereals monoculture depended on access 
to biomass from woodland for fertilisation, in contrast with 
the greater use of BR in the other crop systems. However, 
the dependence on EI was lessened by the greater capacity 
of cereals produce and by-products to satisfy animal needs. 
Intercropping required the largest investment of EI to main-
tain draft force. Finally, cereals monoculture had the highest 
labour energy input considering the working days and the 
energy intensity of the tasks, leading to the lowest energy 
return on labour (L-FEROI). The greater energy productiv-
ity and the lower energy requirements from labour made 
the energy efficiency of labour in vines monoculture five 
times higher than in cereals monoculture, while intercrop-
ping had by mean L-FEROIs three times higher than cereals 
monoculture.

The results of the EROIs analysis show that all crop 
systems had a relatively low energy return from a human 
perspective (FEROI) compared to their overall performance 
(NPPEROI). The lower energy efficiency of cereals mono-
culture in all the indicators focused on the availability of 
energy for human purposes (FEROI, IFEROI and EFEROI) 
reflects the large investment of energy needed to sustain a 
crop system that provided a relatively low amount of energy 
(FP). The highest FEROIs were those of vines monoculture, 
indicating the lower energy investment needed per unit of 
energy available for human use. Additionally, all crop sys-
tems had higher IFEROI than EFEROI, due to the consider-
able need of EI for maintaining the resources and function-
ing of each crop system. Considering the flows of energy 
that were not directly managed by humans, the larger UhP 
in cereals monoculture provided a greater capacity to sus-
tain the reproduction processes linked with farm-associated 
biodiversity and ecosystem services (Biodiversity EROI and 
AFEROI).

Finally, the different management practices of each crop 
system are reflected in the nutrient balances. Only cereals 
monoculture had positive nutrient balances. The fertiliza-
tion practices applied in this crop system included fallow, 
formiguers and, according to the Cartilla, this was the 
only crop system in which manure was used. Fertilization 
of vines monoculture included formiguers and buried bio-
mass from vines pruning, but these practices were not suf-
ficient to replenish the nutrients extracted. Intercropping had 
lower nutrient deficits than vines monoculture because the 

management of soil fertility in this crop system combined 
practices from both monocultures: rests of vines pruning 
were used for formiguers and as buried biomass, stubble 
(which was not grazed in this crop system to avoid damage 
of the vines) was buried back into the soil, and fallow was 
alternated every other year in the strips of cereals.

Discussion

What were, then, the advantages and rationale of the inter-
cropping of vines and cereals? Looking at who used the 
intercropping system, the distribution of crop systems 
among landowners shows that, although cereals monocul-
tures were mainly owned by large landowners, intercrop-
ping was widespread between large and small landowners. 
The historical sources do not allow to distinguish to what 
extent intercropping in large landowners’ holdings could be 
connected to sharecropping agreements, but the monetary 
analysis indicates that market incentives did not prevail in 
the crop system decision of farmers since the most prof-
itable crop system in monetary terms, vines monoculture 
(P-IERVines), was not found in Les Oluges. Thus, although 
the spread of vine cultivation was linked to the vineyard 
boom experienced in the second half of the nineteenth cen-
tury, the preference for intercropping over vines monoculture 
indicates that other criteria beyond market incentives were 
influencing crop system decisions.

Another reason for the widespread use of intercropping 
can be related with the productive limitations and edapho-
climatic conditions of Les Oluges, which affected both large 
and small landowners. Overall, cropland productivity in Les 
Oluges was low, not only because of the scarce yields, but 
also due to the need of biennial fallow in cereals cultiva-
tion (Díez et al. 2018). Additionally, best quality soils better 
suited for growing cereals were scarce, while the cultiva-
tion of vines was better adapted for the sloped, terraced, 
and recently deforested soils in which vineyard expansion 
took place. As Olarieta et al. (2008) show, intercropping 
was usually implemented in soils that were more suitable 
for vines than for cereals, which supports the idea that inter-
cropping was a means to obtain some further grain in soils 
where cereals monoculture was not advantageous, following 
the motto: a little bit of everything, and as much grain as 
possible.

The LER results showing a similar productivity among 
crops both in monocultures and intercropping despite the 
harsh edaphoclimatic conditions, indicate that there was 
weak competition between vines and cereals; although this 
crop combination did not provide an increase in biomass 
productivity, as most studies on intercropping systems sug-
gest (Himmelstein et al. 2017; Martin-Guay et al. 2018; 
Trenbath 1974). Despite the lack of studies analysing the 
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intercropping of vines and cereals beyond the use of the lat-
ter as temporary cover crops, some possible mechanisms of 
weak competition could be related to the different cycles of 
water and nutrients absorption of these two crops (García-
Serrano Jiménez et al. 2009; Ripoche et al. 2011), as well as 
to the adaptation of rooting and water and nutrient uptake 
when vines and cereals are intercropped (Celette et al. 2008, 
2009; Cardinael et al. 2015). Other beneficial mechanisms, 
such as the enhancement of ecosystem services and soil 
biota, could be favoured by the greater crop diversity in 
intercropping, and further strengthened by the management 
practices applied in this crop system (Alcon et al. 2020; Alt-
ieri and Nicholls 2002; Nicholls and Altieri 2004; Torralba 
et al. 2016). On the one hand, the reduced ploughing found 
in intercropping management could favour the preservation 
of soil biota and the sustenance of soil fertility, as suggested 
in studies on low-till practices (Almagro et al. 2017; López-
Garrido et al. 2014; Roger-Estrade et al. 2010; Tilman et al. 
2011). On the other hand, while having a perennial crop 
could favour soil structure in terraced lands, cereals could 
also be helpful for avoiding the relatively high soil erosion in 
vineyard cultivation (Garcia et al. 2018; García-Ruiz 2010; 
Loumou and Giourga 2003; Ruiz-Colmenero et al. 2011).

In addition to the edaphoclimatic suitability of vines and 
cereals intercropping, the peasant economy perspective 
enables a further understanding of the possible rationale in 
the management and multifunctionality of this crop system. 
Starting with the classical balances suggested by Chayanov 
(1986b) and using the biophysical analysis of the crop sys-
tems as a way to approach peasant balances, the L-FEROI 
can be linked to the labour-consumer balance by which 
peasant agriculture harmonizes the productive capacity and 
the consumption needs of the farming unit. Although the 
energy efficiency of intercropping considering the labour 
invested and the FP obtained (L-FEROI) was lower than 
that of vines monoculture, intercropping had a considerably 
higher L-FEROI than cereals monoculture because it simul-
taneously reduced the energy invested in L and increased the 
energy obtained as FP. Additionally, intercropping provided 
both a cash crop (grapes) and a subsistence crop (grains), 
and could meet diverse consumption requirements of the 
farming household.

Furthermore, the detailed analysis of labour requirements 
unveils a specific advantage of intercropping linked to the 
utility-drudgery balance. The relatively lesser ploughing and 
higher share of female work that reduced the monetary costs 
of intercropping can be interpreted as a lower drudgery of 
intercropping compared with the corresponding monocul-
tures. In a context of low cropland productivity, high popula-
tion density, and agricultural expansion, the lower ploughing 
requirements found in the intercropping system are of great 
importance. Given the limited feed resources available in 
the agroecosystem and the relative scarcity of powerful draft 

animals, a lower requirement of more demanding tasks in 
terms of draft force in intercropping was a significant advan-
tage. Additionally, according to the idea that women were 
traditionally employed in those agricultural tasks deemed 
less demanding, the relatively higher female work could 
indicate a reduced load of more exhausting tasks. Increased 
participation of women in intercropping could also enable 
a more efficient employment of the labour force available 
in the family, by means of a greater involvement of all the 
individuals in agricultural tasks, and a reduced need to rely 
on external workers.

The relevance of gender relations and inequalities in agri-
culture has been signalled from peasant economy (Valdivia 
2001) and agrarian metabolism perspectives (Marco et al. 
2020), as well as for understanding agricultural transforma-
tion processes (Addison and Schnurr 2016; Boserup 2007; 
Smetschka et al. 2014). However, these studies warn about 
considering female labour as a “reserve labour pool” (Zhang 
2020). The participation of women in intercropping cultiva-
tion could entail an increased exploitation for women, whose 
work as part of the farming unit traditionally involved care 
and household tasks on top of their work in cropland. More-
over, the difference among female and male wages highlights 
the prevailing gender inequalities, with higher male wages 
although not all the agricultural tasks done by men were 
strenuous, and women also collaborated in burdensome agri-
cultural tasks.

Considering the wider array of balances suggested by 
Van der Ploeg (2013), the FEROI, IFEROI and EFEROI can 
be linked with the balance between the use of external and 
internal resources. Intercropping required a relatively greater 
investment of BR than vines monoculture, and more energy 
from EI than both monocultures; however, this productive 
investment provided an energy efficiency in terms of FEROI, 
IFEROI and EFEROI closer to that of vines monoculture and 
much higher than cereals monoculture. The gain of energy 
efficiency on intercropping compared to cereals monocul-
ture was higher than the loss of energy efficiency compared 
to vines monoculture. Furthermore, as vines monoculture, 
intercropping did not depend on woodland for fertilisation 
resources and, although it required a greater investment of 
EI to fulfil feed requirements, the reduced need of draft force 
in the management of intercropping could offset partially 
this burden.

In terms of the balance between productive and repro-
ductive processes, the large reproductive effort invested in 
cereals monoculture, with the highest shares of UhP and 
BR, resulted in positive nutrient balances but also entailed 
the lowest energy availability and efficiency for satisfying 
productive purposes (AFEROI). In contrast, the low repro-
ductive effort in vines monoculture resulted in the highest 
AFEROI and largest negative nutrient balances that ulti-
mately could jeopardise the productive capacity of this 
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crop system in the long term. The combination of produc-
tive and reproductive management of both monocultures in 
the intercropping system provided a better balance between 
the energy efficiency for human production (AFEROI) and 
the sustenance of the productive capacity of the crop sys-
tem; although nutrient balances were still negative, nutri-
ents deficits were lower than in vines monoculture and the 
satisfaction of human purposes was greater than in cereals 
monoculture.

Lastly, considering agriculture as a human-nature co-pro-
duction process the peasant balance between human needs 
and living nature can be connected with the NPPEROI, 
AFEROI and Biodiversity EROI. Cereals monoculture 
had the lowest total energy efficiency (NPPEROI) and the 
extensive management in this crop system involved a high 
share of UhP that was favourable in terms of sustaining co-
production processes linked with biodiversity (Biodiversity 
EROI), but this high co-productive effort limited the energy 
efficiency for human purposes (AFEROI). Contrarily, the 
highest NPPEROI and lower co-productive effort in terms 
of UhP as well as Biodiverstiy EROI of vines monoculture, 
enabled a higher AFEROI, entailing that co-production pro-
cesses in vines monoculture were more favourable from a 
human perspective. Meanwhile, the intercropping system 
provided a better co-production balance between nature and 
human requirements, having a similar Biodiversity EROI to 
that of vines monoculture despite its lower NPPEROI, and 
with higher AFEROI than cereals monoculture.

Overall, understanding the biophysical analysis of the 
intercropping system from a peasant economy perspec-
tive provides some insights into the potential balancing 
rationale of combining vines and cereals. Considering the 
historical context of agricultural expansion and vineyard 
boom in which intercropping spread in Les Oluges, this 
crop system provided also a balance between two differ-
ent productive strategies. On the one hand, cereals were a 
subsistence crop that required relatively high-quality soils, 
access to woodland biomass and powerful draft force, as 
well as a high reproductive effort for maintaining soil fertil-
ity. On the other hand, vines were a market-oriented crop 
that could be grown in lesser quality soils and whose cul-
tural management entailed a reduced reproductive effort. 
In a context of low cropland productivity and limited pro-
ductive resources (especially related to cropland and draft 
force) that affected, to a greater or lesser extent, to all the 
landowners in Les Oluges, intercropping allowed to take 
advantage of market conditions without overlooking subsist-
ence provision. However, this multifunctionality advantage 
could have been found also in the productive diversifica-
tion with separated monocultures of vines and cereals. In 
this respect, our analysis identified a specific socioeco-
nomic advantage of intercropping: the relative reduction of 
ploughing and increased share of female work compared 

with monocultures, which potentially resulted in a reduced 
drudgery and monetary costs when vines and cereals were 
intercropped. In addition to the possibility to take advantage 
of less suitable soils for the production of cereals, the rela-
tively lower drudgery entailed a wise adaptation to the pro-
ductive limitations of the agroecosystem that could be useful 
to understand the widespread use and diversification of this 
traditional intercropping system. While the identified advan-
tages of the intercropping of vines and cereals are linked 
to the historical context and characteristics of Les Oluges 
in the mid-nineteenth century, the use of this crop system 
in other Mediterranean agroecosystems, and the fact that it 
persisted until the second half of the twentieth century also 
with diverse crop combinations (Díez et al. 2018), suggests 
that the benefits of this cultivation pattern were not limited 
to the specific crops and context examined in this study. In 
addition to the contribution of traditional agriculture systems 
to agricultural sustainability and resilience at the landscape 
level (Cervera et al. 2019; Zimmerer et al. 2022), there can 
be further productive advantages of traditional polycultures 
and their management practices that need to be explored 
and that could be relevant to enhance the sustainability of 
current agricultural systems. The intercropping of vines 
and cereals is an example of how polycultures can be used 
to take advantage of soils that are less suitable for certain 
crops cultivation while, at the same time, they can be used 
to enhance the productive potential of agroecosystems offer-
ing a better balance between human needs and biodiversity 
protection. Additionally, crop patterns that reduce ploughing 
requirements can be beneficial in terms of reduced use of 
fossil-fuelled machinery and enhanced soil biodiversity, as 
well as the lower requirement of strenuous agricultural tasks 
can improve agricultural working conditions (Dumont and 
Baret 2017).

Conclusions

Our examination of the traditional intercropping of vines and 
cereals in the mid-nineteenth century and the management 
practices linked to this crop system, has identified some of 
the advantages of intercropping compared to the respective 
monocultures of vines and cereals. The intercropping sys-
tem was a form of adapting to the productive limitations in 
terms of low soil quality and cropland productivity, allowing 
to obtain as much grain as possible and combining mar-
ket and subsistence productive strategies. While market 
incentives drove the expansion of vine cultivation in this 
period, our analysis shows that this was not the main crite-
rion determining the choice of crop system. The biophysical 
analysis of the functioning of the intercropping system from 
a peasant economy perspective showed that, beyond pro-
ductivity and maximisation rationalities, intercropping was 
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advantageous from a multifunctional balancing rationale, 
allowing to reduce the high reproductive effort and depend-
ence on woodland resources of cereals monoculture, while 
benefitting from the productive advantages of vines mono-
culture with less negative nutrient balances. Furthermore, 
our analysis revealed a specific socioeconomic advantage 
of intercropping that is directly connected with the inter-
cropped pattern: the reduced drudgery in terms of draft force 
and female work. This way, this paper contributes to a new 
acknowledgment of the agricultural rationale and advantages 
of an intercropping system that, even if now lost, enlarges 
the varied repertoire of Mediterranean traditional agricul-
tural practices.
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