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Social (Agrarian) Metabolism

* “Exchange of energy and materials between a given society and its (agrarian)
environment [mediated by culture and institutions]” (Guzman et al. 2017) —
Biophysical dimension of agriculture

Agroecosystem

* Ecosystem structured and managed by humans in order to provide agricultural
products.

* Energy flows
* Nutrient cycling

— Changes in the structure, functioning and sustainability of agricultural systems
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Nutrient balances (N-P-K)

= Human outputs: = Natural outputs:
= Crops extraction (harvest) = Gasseous losses of N
= Leaching
= Human inputs: = Natural inputs:
= Seeds = Deposition (rainfall)
= |rrigation = Symbiotic N fixation (legumes)
= Buried biomass (stubble, prunning) = Non-symbiotic N fixation (organisms not
= Manure & humanure associated to roots of other plants)
= Formiguers

Mineral and synthetic fertilizers



Les Oluges



Les Oluges (La Segarra, Lleida) Dry or Poor

Catalonia

Surface: 19kmz2

Dry Continental Mediterranean
climate (cold winters, hot and
dry summers)

Aridity (<500mm average
annual rainfall; 7 months water
stress period)

Main crops: cereal, vines,
olives, almonds.

* Traditional intercropping system



Les Oluges in 1860 — Traditional organic functioning

Land use:
Low = 44% farmland

productivity
of cropland

ﬁ Energy productivity
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UhP
Aridity = 57% TP; 86% FP
S Li k = Fertilization
manre imitation Deforestation
. . = 33% barnyard feed
A (vine expansion)

= 73% formiguers



“Vinyets a la poblacion segarrenca de Les
Oluges” (La vinya i el vi a les terres de Lleida,
Gardenes i Rosell i Vicedo i Rius)

From 1 860 tO * 1894: Phylloxera plague — Agrarian crisis

1959

* Depopulation

e Peasant Unions and Associations: introduction of
new seeds, mineral fertilizers, machinery.



Les Oluges in 1959 — Mixed organic traditional-industrial
farming

* Cropland expansion and greater productivity (91% TP, 90% FP)
* Increased diversity of associated crops

Land uses in 1860

vegetable
gardens; 4

Land uses in 1959

vegetable gardens; 5 /irrigated cereals; 3
ain-fed ce-

eals; 322

olive groves; 6

d and scrub;
almonds; 26

rain-fed cereals; 911

N

olive groves;cereals, vine- cereals &
0.2

49 cereals & vineyards;
cereals, vineyards

olives; 14
yards & olives;olives; 22
0.1

144



* Mix of traditional and industrial management (mechanization and mineral fertilizers)

4 Nutrient balances
¥959
3
= Symbiotic N fixation
2 = Non-symbiotic N
fixation
¢ = Deposition
= Leaching
0 = Gaseous losses
B Mineral fertilizers
> B Manure
¢ M Buried biomass
: M [rrigation
3 M Seeds

Crops extraction

Preparativos de siembra manual con apoyos de traccion manual y mecanica. Manresa
(Barcelona) 1951. Juan Matamala Codina -4



From 1959 to 1999  Depopulation

* Full industrialization of agriculture



Les Oluges in 1999 — Industrialised farm system

Inhabitants

Land uses in 1999

vegetable
gardens; 0.3

pastureland;
0.2

olive groves;

17

fodder; 5

rain-fed ce-

reals; 1,515
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Nutrient balances

Symbiotic N fixation
Non-symbiotic N fixation
Deposition

Leaching

Gaseous losses
M Industrial fertilizers

M Formiguers

B Manure
M Buried biomass
M Trrigation

M Seeds

Crops extraction



Results

FEROI 0,69 115 0,49
IFEROI 19,14 6,57 0,55
EFEROI 0,71 140 4,23
Biodiversity EROI 0,62 0,58 0,19
N/ha 3,48 1,39 85,90

onent — prha -0,05 142 92,05
K/ha 0,91 4,67 98,40

= 1860: The agroecosystem was severely constrained by its ecological conditions (energy efficiency and soil
fertility). Great need of reinvestment of biomass.

= 1959: The introduction of the first industrial external inputs increased the energy efficiency of the agroecosystem
from a human perspective without degrading its capacity to host associated biodiversity (intercropping system)

= 1999: Complete loss of energy efficiency (industrialization (EI>BR), livestock density, homogenization of
cropland); over-fertilization — Unsustainability




Conclusions

“* Industrialization of agriculture is not sustainable (dependence on fossil fuels; loss of
biodiversity and associated ecosystem services; pollution problems; externalization of ‘land
costs’)

%* The use of some industrial inputs can be useful (1959), but it is important to maintain diversity:
e Structural (funds)
* Functional (integrated management)
* Biological (intercropping system)

“* The analysis of traditional farm systems is an important source of knowledge of management
practices based on local knowledge, recycling and ecosystem services, useful for building
sustainable agroecosystems.
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