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A B S T R A C T

The historical development of capitalism created what Karl Marx called a rift in the social metabolism with
nature, whereby soil nutrients were systematically siphoned into cities where they were discarded as waste and
thus did not return to the land. An alternative mode of food production known as agroecology was developed by
different scientists and activists partly to transcend this contradiction. Drawing on data from the United Nations
and the World Bank, this work analyzes whether agroecology has contributed to mitigate the metabolic rift in
agriculture in Cuba, the country where this approach to food production, adopted after the dissolution of the
Soviet Union in 1991, is more widely developed. By means of a panel model, both an internal comparison
through time within Cuba and a cross-national comparison of Cuba with the rest of Latin America and the
Caribbean (LAC), were developed to determine whether the post-Soviet transition to agroecology in Cuba suc-
cessfully decoupled industrial agricultural practices from productivity in comparison to other countries in LAC.
Decoupling is understood as the removal of the positive correlation between fertilizer use and yield. Synthetic
fertilizer use is utilized as an indicator of industrialized agriculture, and productivity of maize and beans as a
proxy measure of soil improvement. The model shows a reversal of the fertilizer use and productivity positive
correlation in Cuba, where crop productivity has increased while the use of inputs has diminished, which
suggests that agroecology has indeed mitigated the metabolic rift produced by industrialized agriculture.

1. Introduction

As research over the last three decades has shown, an important
component of Karl Marx's critique of political economy was his analysis
of ecological perturbations provoked by the capitalist system (Saitō
2017; Burkett 2014; Foster et al. 2010; Foster 2000; Foster 1999;
Vaillancourt 1992). This aspect of Marx's work was based on the cri-
tique of alienation (i.e.estrangement) of human beings from the rest of
nature. Marx utilized the concept of metabolism (Stoffwechsel) to refer
to the material exchange within and between society and the environ-
ment and explained that, in capitalism, an “irreparable rift” in the
human “metabolic interaction” with nature was produced as a con-
sequence of the division between town and country. This was due to the
systematic loss of soil nutrients that were siphoned into cities in the
form of food or fiber, where they were discarded as waste and thus did
not return to the land (Foster et al. 2010; Marx 2010: 637; Wittman
2009). Hence, although at one pole this logic of production allowed for
an increase in food output by continually revolutionizing the means
available to and organization of agricultural labor, at the opposite pole

it caused a rift in the social metabolism with nature.
Since the 1970s, an alternative mode of food production was in-

dependently developed by different scientists and activists largely as a
response to socioecological effects of the metabolic rift in agriculture.
This approach is known as agroecology and considers the field and farm
as ecosystems to be managed using practices learned from natural
systems. It pays primary attention to restoring soil quality by increasing
soil organic matter, reducing tillage, using polycropping, and im-
proving nutrient cycling through use of cover crops and other techni-
ques while attaining people's nutritional needs (Wezel et al. 2009).
Agroecological farming has similarities to regenerative and organic
farming, but stresses social issues and indigenous knowledge (Sevilla-
Guzmán and Woodgate, 1997: 93–94). Agroecological approaches are
practiced in hundreds of places, mainly within Africa, Asia, and Latin
America, as well as encouraged by a variety of organizations such as
Brazil's Landless Workers Movement (MST) or the international peasant
movement La Vía Campesina. However, agroecology has been devel-
oped to a greater extent in Cuba through a countrywide movement that
is supported by the state (Rosset et al. 2011: 171,186; Funes et al. 2009:
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4). Agroecology was gradually adopted in this country as a consequence
of the dissolution of the Soviet Union in late 1991, from which Cuba
imported most of its agricultural inputs (Rosset and Benjamin 1994: 3).
The aim of this work is to establish whether the transition to agroe-
cology in Cuba has contributed to mitigating the metabolic rift in
agriculture. To do so, I will determine the relationship between in-
dustrial agricultural practices and productivity in Cuba relative to the
rest of Latin America and the Caribbean (LAC) from 1961 to 1991, and
ascertain whether the post-Soviet transition to agroecology in Cuba
successfully decoupled (i.e. dissociated) these practices from pro-
ductivity in comparison to all other countries in the study, which would
point to metabolic restoration (cf. Bai and Dent 2007).
Shedding light on agroecology's potential capability to mend the

metabolic rift is essential in the face of arguably the most serious eco-
logical crisis in the planet's anthropogenic history (Steffen et al. 2011;
Zalasiewicz et al. 2011; Foster et al. 2010; Rockström et al. 2009).
Agriculture, forestry, and other land use together are among the human
activities that most contribute to climate change, generating about 24
percent of the world's greenhouse gas emissions (IPCC 2014: 47).
However, if properly managed the soil can absorb large amounts of
carbon (C). C sequestration has the potential to offset 5 to 15% (∼0.4-
0.7 Gt Ceq yr−1) of the yearly global fossil-fuel emissions (Smith 2016:
1319; Lal 2004: 1626). In addition to climate change, due to in-
dustrialized agriculture's intensive practices, the nitrogen (N) and
phosphorus (P) biogeochemical cycles have been disrupted well beyond
the earth system's stability boundary (Steffen et al. 2015). According to
Steffen et al. (2015), the global value of industrial and intentional
biological fixation of N is ∼150 Tg yr −1, when it should not exceed a
rate of about 62 Tg yr −1 to stay within a “safe operating space” for
humanity. Because of the Haber-Bosch process, through which most of
the world's synthetic fertilizer is produced, in the last 200 years the N
cycle has undergone more alterations than in the last 2.5 billion years
(Macfarlane 2016; Vitousek 1997). This process has been so impactful
and pervasive that is referred to as the “detonator of the population
explosion” (Smil 1999). Moreover, nitrogen fertilizer production is very
energy intensive (usually using natural gas), requiring high tempera-
tures and pressure to convert atmospheric molecular nitrogen (N2) into
forms that plants can use.
Likewise, the global phosphorus flow rate from freshwater ecosys-

tems into the ocean is ∼22 Tg yr −1, twice the amount of the safe value,
and the regional P flow from fertilizers to erodible soils is ∼14 Tg yr
−1, 2.26 times greater than it should be (Steffen et al. 2015). The es-
timated rate of global erosion of soils currently exceeds its production
rate by about 23 billion tons per year. At this rate, the planet soils will
be exhausted in little more than one hundred years (Montgomery
2012).
At the same time, 16 million km2 (a portion equivalent to the size of

all of South America) of the planet's landmass have been deforested for
agricultural use, and 30 million km2 (an extension corresponding to the
total area of Africa) have been turned into land for grazing (IE 2009).
Industrialized agriculture has also contributed, directly or indirectly
and especially through habitat loss, to the global extinction of around
25,000 species in the last 250 years, a rate comparable to that of the
five massive extinctions of life on the planet. The excessive use of
agricultural pesticides and synthetic fertilizers is probably also con-
tributing to the massive loss of insects (Sánchez-Bayo and Wyckhuys
2019). Hence, the ongoing global annihilation event has been accu-
rately and alarmingly called “the sixth extinction” (Ceballos et al. 2017;
Urban 2015; Kolbert 2014; Leakey and Lewin 1995). As researchers
from University of Minnesota's Institute on the Environment (IE 2009)
rightly state, “there is nothing we do that transforms the world more
than agriculture, and there's nothing we do that is more crucial to our
survival.” This work seeks to contribute to the development of holistic
responses to such conundrum by examining an alternative nature-so-
ciety relationship in general, and some of agroecology's socioecological
effects in particular.

The resolution of the ecological crisis does not concern the natural
sciences exclusively, since it is a product of the socioeconomic organi-
zation embedded within the natural environment. Therefore, the eco-
logical crisis requires a socioeconomic solution, firmly based on natural
science's findings (Angus 2016). Marx's theory of metabolic rift, as
developed by John Bellamy Foster (1999), has proved a powerful ap-
proach for analyzing specific environmental and social degradation
instances under capitalism, such as the human alteration of the carbon
cycle and the climate (Clark and York 2005), the nitrogen cycle
(Mancus 2007), ecological imperialism and the guano/nitrates trade in
Peru and Chile (Clark and Foster 2009), livestock agribusiness
(Gunderson 2011), urban agriculture (McClintock 2010), environ-
mental justice (Weston 2014), and the undermining of the oceanic
ecosystems (Longo et al. 2015; Clausen and Clark 2005).
On the other hand, a vast amount of research has studied agroe-

cology's capability to produce healthy and sufficient food through
ecologically sustainable methods that conserve and restore soil quality,
building up and maintaining sufficient nutrients and fertility for crops
(Rosset and Altieri 2017; Perfecto et al. 2009; Gliessman 2007; Altieri
2002). Important work has been done in this regard in relation to Cuba
(Bolliat et al. 2012; Rosset et al. 2011; Wright 2011; Machín Sosa et al.
2010; Simón et al. 2010; Funes et al. 2002; Rosset and Benjamin 1994;
Levins 1990). Moreover, some case studies of specific plots in Cuba
where agroecological techniques are used have demonstrated that soil
fertility has indeed increased relative to pre-agroecological levels
(Funes-Monzote 2009: 134; Treto and García 2002: 185; Treto et al.
2001).
However, so far just a handful of studies have, to a greater or lesser

extent, explicitly linked metabolic rift theory and agroecology either
generally or in relation to Cuba (Clausen and Longo 2015; Weston
2014:173–5; Wittman 2009; Clausen 2007). In this study, Cuban
agroecology is examined under the lens of metabolic rift theory by
analyzing this country's progressive removal of the positive association
between industrial inputs and yield. As will be shown below, this would
point to improved soil quality attained through an alternative approach
to food production, and thus to moving towards the socioecological
restoration of the human metabolism with nature in the realm of
agriculture. Moreover, although succinctly describing some of Cuba's
agroecological developments, Clausen and Longo (2015) and Clausen
(2007) have just highlighted the potential of agroecology for “healing”
the metabolic rift. No study so far has assessed whether agroecology in
Cuba has in fact mitigated this rift. What is more, given that metabolic
rift theory emphasizes the qualitative aspects of environmental impacts
(Foster et al. 2010: 509), no research has undertaken a quantitative
approach to somehow measure the degree to which this rupture extends
or has been restored. Lastly, no work has carried out a longitudinal,
cross-national comparison of Cuban and LAC agriculture using data that
covers more than half a century. By means of a panel model, which
consists of the analysis of repeated observations of the same variables
over time, this study intends to address all of these gaps.

1.1. Agroecology in Cuba

After the disintegration of the Soviet Union in December, 1991,
Cuba's economic condition deteriorated dramatically. Along with sev-
eral other measures, the Cuban government carried out a complete
restructuration of the country's agricultural production. Prior to 1991,
according to Rosset and Benjamin (1994: 3), Cuba depended on the
socialist bloc for trading petroleum, industrial equipment, and agri-
cultural inputs such as pesticides, fertilizers, and foodstuffs (around
57% of the total calories consumed by the population). However, after
the dissolution of the USSR, Cuba's GDP fell by 34.8% and food pro-
duction collapsed. For instance, vegetable production fell by 65% from
1988 to 1994, bean production decreased 77%, and root and tuber crop
production dropped by 42% (Rosset et al. 2011: 181). Moreover, Cuba
lost 85% of its trade relations and 70% of its imports, and thus was
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unable to introduce enough food, petroleum, machinery, and other
agricultural inputs as before 1991 (Ibid.: 166). Overall food consump-
tion dropped 34% (from 2,908 calories in the 1980s to 1,863 calories a
day in 1993) (Kost in Reardon et al. 2010: 914) and the people's diets
deteriorated significantly.
Cuba was surprisingly able to overcome this acute crisis known as

the “Special Period” [in Time of Peace], despite the strengthening of
U.S. economic sanctions exercised through the Cuban Democracy
(1992) and Helms-Burton (1996) Acts. Drastic changes were carried out
by the Cubans in order to rearrange the country's economy, particularly
in the peasant sector (Rosset et al. 2011: 166). As ecologist Richard
Levins (2002: 279) argues, “[t]he ecological transformation of Cuban
agriculture since the early 1990s is overwhelmingly complex, including
changes in agrotechnology, land tenure and use, social organization of
production and research, educational programs, and financial struc-
tures.”
However, this “revolution within a revolution” (Nelson et al. 2009)

was not an improvised emergency reaction to the Special Period, but a
strategy that had its roots in the transformation of the Cuban society
and its scientific institutions since the Revolution of 1959 (Lewontin
and Levins 2007: 343). The Cubans had been turning their attention to
the problems of the agricultural sector and to alternative food pro-
duction methods several years before the dissolution of the USSR
(Bolliat et al. 2012; Deere 1993), and thus some of the conditions to
produce such a swift transition were already present in the country.
Otherwise, this shift would have simply been impossible. Moreover,
despite the promptness of this transformation, it gradually progressed
from an input substitution stage (e.g. relying on biofertilizer, poultry
manure, or worm humus instead of manufactured fertilizer) earlier in
the Special Period, to a more thoroughly agroecological phase (ex-
hibiting intercropping, the integration of crops and livestock, diversi-
fication, recycling of nutrients, etc.) (Rosset et al., 2011).
Concerning land management, state farms that had been created by

the Agrarian Reform Laws of 1959 and 1963 were turned into smaller
Basic Units of Cooperative Production (UBPCs) and handed in rent-free
perpetuity (usufruct) to farmers in 1993, to motivate them to achieve
the greatest production at the lowest possible costs (Pérez and
Echevarría 2002) and to “establish a more direct relationship between
agricultural workers and production” (Castro 1996). In this same year,
Decree 179 was passed to regulate the protection, use, and conservation
of soils (Gardi et al. 2015: 133). Additionally, the cooperatives of the
National Association of Small Farmers (ANAP), a federation formed in
1961 for farmers with less than 67 hectares of land (Puerta and Alvarez
1993), developed a campesino–to–campesino agroecology movement
(Rosset et al. 2011), presently constituted by 331,974 members,
through which more than 65% of the country's food is produced, in only
25% of the land (Funes et al. 2009: 4).
Cuba not only recovered, but showed the best performance in all of

LAC with a 4.2% annual per capita food production growth from 1996
to 2005 (Rosset et al. 2011: 168). In the 1996-7 season, this country
recorded its then highest-ever production levels for 10 of the 13 basic
food articles in the national diet (Rosset 2000: 210). By 2007, the
production of vegetables “rebounded to 145 percent over 1988 levels,
despite using 72 percent fewer agricultural chemicals than in 1988,”
beans production rose 351% over 1988 levels, using 55% less agro-
chemicals, and roots and tubers production increased to 145% of 1988
levels, with 85% fewer chemical inputs (Rosset et al. 2011: 181). At the
same time, undernourishment –which had dropped after 1959 and
abruptly rose to affect 19.9% of the population around 1992-94– de-
creased once again, in just five years, to values lower than 5% –as those
in any high-income country– and in fact has been kept below 2.5%
since 2014 (FAO 2017: 81).
Last but not least, Cuba has also developed an important urban

agriculture (UA) program, managed through agroecological practices
across a variety of city systems such as organoponics, intensive gardens,
and parcel plots (Koont 2011; Wright 2011: 81-92; Altieri et al. 1999).

Nationally, more than 1.5 million tons of vegetables are produced by
383,000 urban farms, supplying at least 70% of all the fresh vegetables
in Havana, Santa Clara, and other cities, and contributing about 5 per
cent of Cuba's total production (Funes et al. 2009: 5; Wright 2011: 83,
91). According to Funes et al. (2009: 5), “[n]o other country in the
world has achieved this level of success with a form of agriculture that
reduces food miles, energy use, and effectively closes local production
and consumption cycles.” Hence, it is likely that UA has also con-
tributed to metabolic restoration by decreasing the siphoning of soil
nutrients into urban centers and softening the antagonism between the
countryside and cities. Thus, an exhaustive study assessing metabolic
rift mitigation in Cuba should integrate rural, peri-urban, and urban
agroecology, along with waste management procedures (cf.
Companioni et al. 2002: 234).

2. Data and Methods

The data for this work was obtained from three public sources
available online: The Food and Agriculture Organization of the United
Nations (FAOSTAT), the World Bank Open Data (WB), and the World
Bank's Climate Change Knowledge Portal (CCKP). Seven datasets were
downloaded from these organizations’ websites as Microsoft Excel files
and were later cleaned, edited, and merged using the open source
software R. Through these procedures a final dataset comprised of ten
variables was obtained (see supplementary material). This dataset in-
cludes information for 22 countries in Latin America and the Caribbean
from 1961 to 2015, excluding Bahamas, French Guiana, Guyana, Puerto
Rico, Suriname, and the Lesser Antilles, given the very high amount of
missing values for these nations. A limitation that arises from utilizing
this data is that, because these organizations collect official statistics
from each country, establishing their overall accuracy is not possible.
As for the Cuban case, some authors have referred to data scarcity
during the 1990s, and questioned their reliability during 1995-97
(Mesa-Lago 1998).
The dependent variable in this study is the natural logarithm of the

yield (in t ha−1) of either maize, beans, or both crops, which, when
taken together with synthetic fertilizer usage, can be considered a proxy
indicator of soil improvement (i.e. of agricultural metabolic restoration)
(Magdoff and Van Es 2009). This variable was logarithmized to at-
tenuate the skewness of the data produced by a handful of outlying
values (e.g. Chile's). Secondly, these crops were chosen because of their
important production levels in LAC, a result of their prevalence in the
region's diets (Nuss and Tanumihardjo 2010; Bermudez and Tucker
2003).1 The ideal variable to measure soil improvement would have
been soil organic carbon (and/or nutrient) content (Gardi et al. 2015:
139). However, such data does not exist at the country and yearly le-
vels. Hence, drawing on research which suggests that soil degradation
and improvement are commonly inferred from long-term trends of
productivity, when other factors (climate, soil, terrain, and land use)
are accounted for (Magdoff and Van Es 2009; Bai and Dent 2007) the
imperfect but reliable yield (of maize, beans, or both crops) variable
was used as the optimal option available.
The independent variables that were used are: agricultural land (i.e.

the country's percentage of share of land in agriculture), tractor use (per
100 km2 of arable land), average rainfall (mm per year), average annual
temperature (°C), and synthetic fertilizer use (nitrogenous, potash, and
phosphate fertilizers, including mineral fertilizers and excluding animal
and plant manures, in kg per hectare of arable land). The latter variable
had to be calculated utilizing data both from FAOSTAT and the World

1 An alternative analysis was carried out utilizing the yield of all aggregated
crops that FAOSTAT collects and reports (cereals, citrus, grain, fiber, fruit,
pulses, roots, tree-nuts, and vegetables), both for each of these categories and
for their sum. The results run in the same direction as when using the yield of
maize and beans (see supplementary material).
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Bank, given that the WB only has fertilizer use data from 2002 to 2015.
On the other hand, the FAO has data on arable land (in hectares) and
synthetic fertilizer use (in metric tons) from 1961 to 2002. Thus, the
FAO fertilizer use data was converted to kilograms, and then divided by
the FAO arable land values. Subsequently, all the missing values in the
WB's fertilizer use column (i.e. 1961-2001) were substituted by the new
obtained values. For the year 2002, there were two possible values: the
already existing ones in the WB dataset, and the ones calculated using
the FAO data. For all countries (with the exception of Belize) both
values were very similar. Given that the WB values had been already
published, these were the ones that were used for fertilizer use (kg
ha−1) for the year 2002. Also, due to the complexity of Cuba's agri-
cultural transformation and intrinsic and practical limitations of the
data, there are other socioeconomic variables concerning land tenure
and use (e.g. the disbanding of state farms into smaller, more efficient
systems) as well as market incentives for overproduction, that may have
influenced crop productivity and were not measured.
To assess the effect of Cuban agroecology on the mitigation of the

metabolic rift, a longitudinal study was carried out by means of a dif-
ference-in-difference-in-difference (DDD) ordinary least squares (OLS)
panel model. The general equation for the model is:

= + + + +
+ + +
+ +

y x t x t x C
t C x t C w

µ z m n

( ) ( 1995) ( )( 1995) ( )( )
( 1995)( ) ( )( 1995)( ) ( )
( ) ( )( )

it i it it it i

i it i it

it it it

where yit is the measure of agricultural productivity (i.e. soil improve-
ment), αi controls for countries’ fixed effects, β gives an overall measure
of the relationship between industrial agricultural practices and pro-
ductivity (which is expected to be positive), xit is a measure of synthetic
fertilizer use, γ gives the average change in yield in the post-transition
period for all countries except Cuba, and (t≥1995) is a dummy vari-
able for the transition year. The year 1995 was used instead of 1991 or
‘92 in order to avoid lagged effects caused by the initial crisis of the first
three years after the demise of the USSR. In addition, 1994 was the most
critical year of the Special Period, when the economy bottomed out,
there was a critical shortage of inputs, and the country operated at one
third of its industrial capacity (Wright 2011: 69; Machín Sosa et al.
2010: 13). Some models (not shown) were developed by adjusting this
year all the way from 1991 to 1999, and the obtained results ran in the
same direction as when using 1995.
There is then a sequence of two-way and three-way interactions

among these variables, where δ indicates how much fertilizer use and
yield were decoupled in the “control group” (i.e. all countries in the
study except Cuba) in the post-Soviet stage, ζ specifies how different
was the relationship between industrial agricultural practices and yield
in Cuba relative to the control group from 1961-1995, and Ci is a
dummy variable for Cuba. η, which is expected to be positive, gives the
average change in yield in the post-transition period for Cuba above
and beyond the general γ effect, and θ, which is expected to be nega-
tive, is the key diff-in-diff-in-diff estimator that indicates how much
fertilizer use and yield were decoupled in the post-Soviet period for
Cuba in comparison to the control group. Additionally, λ is a measure of
the relationship between agricultural land and yield (which is negative
in general), wit controls for countries’ agricultural areas, μ estimates the
association of tractor use and yield (which is positive), zit controls for
countries’ tractor use in agriculture, ν estimates the interaction between
rainfall and temperature (a proxy control for the weather), and mit and
nit control for rainfall and temperature, respectively. Finally, the R
package panelAR was utilized to account for autoregressive AR(1)-type
autocorrelation and panel heteroscedasticity. AR(1) autocorrelation is
addressed through a Paris-Weinstein feasible generalized least squares
(FGLS) regression model with panel-corrected standard errors (PCSE).
The aim of this DDD panel model is twofold: on the one hand it

estimates the relationship between industrial agricultural practices and
yield in Cuba relative to the rest of Latin America and the Caribbean

from 1961 to 1991, and on the other hand it evaluates whether the
post-Soviet transition to agroecology in Cuba decoupled these practices
from yield in comparison to everywhere else. The detachment of in-
dustrial agricultural practices and productivity is the central rationale
underlying this panel model. Synthetic fertilizer use is generally asso-
ciated with an increase in crop productivity (Mózner et al. 2012;
Evenson and Gollin 2003, this study). In Cuba, after 1991, industrial
agricultural practices have been substituted to a great extent by an
agroecological nationwide movement, and food productivity has in-
creased, contrary to what would be expected according to in-
dustrialized agriculture's logic of production. This increase in yield per
hectare, minimizing fertilizer use, occurs because agroecological tech-
niques (e.g. compost, cover crops, intercropping, rotation) are explicitly
aimed at avoiding soil erosion and degradation, and preserve and in-
crease organic matter and nutrients in situ, through more labor-in-
tensive practices than those of industrial agriculture. Contrary to in-
dustrialized agriculture, which focuses on nourishing plants in order to
enhance their growth, agroecology nourishes the soil, which in turn
nurtures the plants.
A DDD model was developed because it can simultaneously address

the positive correlation between industrial agriculture and yield, and
also the hypothesized, smaller or even negative correlation between
these two variables in Cuba after the post-Soviet shift to agroecology.
The exogenous source of variation in this model is the dissolution of the
Soviet Union (1991), and it counterfactually assumes that, had the
USSR not disintegrated, the relationship between industrial agriculture
and yield in Cuba would have run in the same direction both for the
“treatment” (Cuba) and “control group.”

3. Results

Fig. 1 shows the natural logarithm of synthetic fertilizer use (kg
ha−1) in five Latin American countries –Argentina, Brazil, Mexico,
Costa Rica, and Cuba– from 1961 to 2015. The first three countries
were chosen because their agricultural production is mostly guided by
agro-industrial policies and practices, and due to their importance re-
garding LAC food production. Costa Rica was selected given that,
during the last half century, it is the country that has utilized the most
synthetic fertilizer per area in LAC, on average. From 1961 to 1991, the
average synthetic fertilizer consumption in Cuba was 155.47 ± 44.6
kg ha−1. From 1992 to 2015, this value decreased significantly and
averaged 43.81 ± 16.5 kg ha−1 (a 71.82% reduction). Conversely, the
average value of fertilizer use in the rest of LAC from 1961 to 1991 was
56.87 ± 65.03 kg ha−1, which increased to 149.50 ± 173.45 kg ha−1

from 1992 to 2015. This represents a 162.88% increase in fertilizer use
in the control group. The standard deviations of the values in the
control group are so high because fertilizer consumption has varied
enormously across countries (e.g. with Costa Rica and Bolivia averaging
about 697.2 and 5.2 kg ha−1, respectively, from 1992 to 2015).
Nonetheless, these numbers show that fertilizer use has increased
overall in LAC. The only countries in the study where fertilizer use has
decreased relative to pre-1991 levels are Cuba and Jamaica.
When analyzing synthetic fertilizer use through an OLS regression

including every LAC country except Cuba, the model (not shown)
predicts that fertilizer use increased by about 4.5% per year since 1961.
For instance, in Argentina this increment was of 7.24%, on average
(although starting from a very low application rates); in Brazil, the
growth in fertilizer use has been of 4.85% per year, on average; in Costa
Rica, of 4.13%; and, in Mexico, of 2.73%, on average. Conversely, if
analyzing Cuba's fertilizer use through time by means of two OLS
models, one from 1961 to 1991 (the industrial agriculture period), and
one from 1992 to 2015 (the agroecological period), the former shows
that fertilizer use increased by about 1.41%, and the latter that there
has been a 1.22% yearly decrease in fertilizer use, on average.
Fig. 2 shows the ln of the combined yield of maize and beans (t

ha−1) in the same five Latin American countries in the sample from
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1961 to 2015. From 1961 to 1991, the average combined yield of maize
and beans in Cuba was 1.37 ± 0.16 metric tons per hectare. From
1992 to 2015, this value increased to 2.74 ± 1.04 t ha−1 (a 100.31%
increase), on average. Note that the latter value has been pulled down
by the considerably lower 2009 and 2010 yields, which were due to the
back-to-back devastating effects of hurricanes Gustav, Ike, and Paloma
on August 30, September 8, and November 8, of 2008, respectively. For
instance, referring to Hurricane Ike's effect on Cuban agriculture, a
report issued by the National Hurricane Center of the National Oceanic
and Atmospheric Administration of the U.S. reads: “Banana, coffee,
yucca, and corn crops sustained serious damage across the country, and
about 4,000 metric tons of foodstuffs were lost due to damage to sto-
rage facilities” (Berg 2014: 9).
If analyzing these trends by means of OLS regressions (not shown),

it can be seen that the passage of a year in the control group is asso-
ciated with a 1.58% increase in the yield of maize and beans, on
average. For example, in Argentina, this increase is of 2.26%, on
average; in Brazil, it is also 2.26% per year, on average; in Costa Rica,
1.1%, on average; and, in Mexico, 2.06%, on average. In Cuba, the

overall value of increase in productivity is 2.1%, on average. However,
if just analyzing the yield trend from 1961 to 1991, the model shows
that the passage of one year is associated with a 0.23% increase, on
average. On the other hand, when analyzing the period from 1992 to
2015, the passage of a year is associated with a 5.09% average increase
in the yield of maize and beans, i.e. a tenfold increase in productivity
relative to the pre-transition period, brought about by utilizing 71.82%
less synthetic fertilizer, on average (see Fig. 1).
What is more, these results actually underestimate the total pro-

ductivity achieved by means of agroecology in Cuba, given that only the
yields of maize and beans are accounted for. The logic underlying in-
dustrialized agriculture is the intensive, large-scale production of
monocultures. In contrast, agroecology is based on small-scale pro-
duction of polycultures. Thus, as stated by Funes et al. (2009: 4), “small
farms are much more productive than large farms if total output is
considered rather than yield from a single crop.” Instead of measuring
the quantity of a single crop per area, productivity should comprise the
total output of a plot, including intercropping and livestock-crop rota-
tions (Warwick 1999). According to Rosset et al. (2011: 188),

Fig. 1. Natural logarithm of synthetic fertilizer use in selected Latin American countries from 1961 to 2015. The vertical, dotted line represents 1991, the year of the
dissolution of the USSR.

Fig. 2. Natural logarithm of the combined yield of maize and beans in selected Latin American countries from 1961 to 2015. The vertical, dotted line represents
1991, the year of the dissolution of the USSR.
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agroecology is more productive per unit area, and also per unit labor
and investment (as well as more resilient to climate change and eco-
nomic and political shocks) than large-scale monocultures.
Fig. 3 shows the use of synthetic fertilizer (in blue) and the com-

bined yield of maize and beans (in green) in all countries in the study
before and after the dissolution of the USSR. It can be seen that, for the
most part, yield increased to a greater or lesser degree in each country
as fertilizer use augmented. Most countries in the study have kept re-
lying on the agro-industrial approach to food production, seeking to
increase their yields by utilizing ever more synthetic fertilizer. Even
though in some countries (Costa Rica, El Salvador, Jamaica) higher
productivity has been occasionally attained when synthetic fertilizer
consumption has diminished or remained constant, only in Cuba has
productivity unequivocally increased to unprecedented levels (e.g.∼4 t
ha −1 in 2004) while less chemical fertilizer (∼18.5 kg ha−1) has been
applied. This trend suggests that fertilizer use and yield were decoupled
in Cuba as a consequence of the development of agroecology in this
country. No other country in the study exhibits a similar behavior,
where yield has been maximized at the same time that fertilizer use has
been minimized. The mitigation of the metabolic rift in agriculture in
Cuba can be inferred from these trends.
Table 1 shows the difference-in-difference-in-difference (DDD)

panel models predicting the effect of fertilizer use –while controlling for
tractor use, agricultural land, rainfall, and temperature– on the yield of
maize, beans, and both crops combined, both in Cuba and cross-na-
tionally, relative to the expected values had the Cuban post-Soviet
transition to agroecology not occurred. The results thrown by these
models are coherent with what Fig. 3 displays. First, the models predict
that a one kg per hectare increase in synthetic fertilizer consumption (β)
is associated with a statistically significant 0.3%, 0.1%, and 0.2% raise
in the yield of maize, beans, and both crops, respectively. Secondly, η,
the coefficient of the interaction term of the two dummy variables,
(t≥1995) x Cuba, shows a statistically significant increase in average

Fig. 3. Synthetic fertilizer use (in blue) and combined yield of maize and beans (in green) as a function of time in LAC, before and after the dissolution of the USSR
(red, dotted line). The smoothed lines were generated using the LOESS method.

Table 1
OLS diff-in-diff-in-diff regressions estimating the relationship between in-
dustrial agriculture practices and yield in Cuba relative to the rest of LAC from
1961 to 1995, and assessing if the post-Soviet transition to agroecology in Cuba
decoupled these practices from yield in comparison to the control group.

log (maize) log (beans) log (maize+beans)

Fertilizer use (β) 0.003***
(0.000)

0.001**
(0.000)

0.002***
(0.000)

Time (≥1995) (γ) 0.278***
(0.060)

0.071
(0.049)

0.207***
(0.051)

Cuba -1.193***
(0.307)

-0.963***
(0.250)

-1.116***
(0.255)

Agricultural land (λ) 0.004
(0.004)

0.001
(0.003)

0.003
(0.003)

Tractor use (μ) 0.002***
(0.001)

-0.000
(0.000)

0.001**
(0.000)

Rainfall 0.005
(0.004)

0.000
(0.002)

0.003
(0.003)

Temperature 0.010
(0.029)

-0.011
(0.019)

0.003
(0.023)

Fertilizer use x Time (≥1995) (δ) -0.001**
(0.000)

0.000
(0.000)

-0.001*
(0.000)

Fertilizer use x Cuba (ζ) -0.002**
(0.001)

-0.002
(0.001)

-0.002**
(0.001)

Time (≥1995) x Cuba (η) 0.562**
(0.205)

1.513***
(0.275)

0.758***
(0.198)

Rainfall x Temperature (ν) -0.000
(0.000)

0.000
(0.000)

-0.000
(0.000)

Fertilizer use (≥1995) x Time x
Cuba (θ)

-0.007*
(0.003)

-0.018***
(0.004)

-0.009**
(0.003)

Constant 9.702***
(0.515)

9.361***
(0.328)

10.239***
(0.406)

R-squared 0.947 0.952 0.971
n 758.000 758.000 758.000

***p <0.001, **p<0.01, *p<0.05
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yield after 1995 in Cuba for the three models, of 56.2%; 151.3%, and
75.8%, respectively. This outcome is coherent with the results shown in
Fig. 2, and those presented in works like Rosset et al. (2011). This in-
crease goes above and beyond the γ effect for the control group, where
maize yields after 1995 have averaged an increase of 27.8%, beans have
averaged a non-statistically significant 7.1% growth, and both crops
combined have averaged a 20.7% increase. Additionally, the δ (i.e. the
coefficient of the interaction between fertilizer use and the dummy
variable for time) of models one and three shows a small, negative,
statistically significant change in the relationship between fertilizer use
and yield, on average, across all countries except Cuba from 1995 on-
wards. This serves as the counterfactual for what would have been
expected to happen in Cuban agriculture in the absence of their
agroecological transformation.
On the other hand, θ, the coefficient of the three-way interaction,

expresses how different this change was in actuality for Cuba compared
to the counterfactual. In general, the counterfactual suggests a slightly
weaker relationship between fertilizer use and yield of maize and/or
beans for all countries except Cuba after 1995 (-0.1% for maize, 0% for
beans, and -0.1% for both maize and beans), but a much bigger, sta-
tistically significant decline of -0.8% ((-0.001-0.007)x100), -1.8%, and
-1%, respectively and on average, for Cuba. In other words, this shows
that, while controlling for tractor use, agricultural land, rainfall, and
temperature, fertilizer use and yield were decoupled to a greater extent
in Cuba than anywhere else in Latin America and the Caribbean. All
these results may be indicative of metabolic restoration associated with
agroecology in Cuba, as more food is produced with less synthetic
fertilizer, suggesting that the soil nutrient rift is much smaller than it
was during the industrialized agriculture epoch. However, given the
longitudinal, cross-national scale of this study, it is important to note
that neither the actual return of nutrients to the countryside, nor the
reduction in chemical fertilizer consumption due to processes unrelated
to agroecological practices are being measured. This would require a
smaller-scale analysis that lies beyond the scope of the paper.
Finally, the increase in the yield of maize and beans per area that

minimizes the use of synthetic fertilizer in Cuba has been accompanied
by an absolute increase in the total production of these crops, from an
average value of about 0.1 million tons from 1961 to 1991, to 0.36
million t (a 248% increase) from 1992 to 2015. This increase has oc-
curred as the agricultural land area in Cuba decreased. Fig. 4 shows
how land use has changed as a function of time both in LAC and within
Cuba. Using data only from 1990 onwards (given that there is no forest
land data available for earlier years), an OLS regression model (not
shown) predicts that agricultural land, defined by FAOSTAT as the “[l]
and used for cultivation of crops and animal husbandry” in a country,
has increased in LAC (excluding Cuba) at a yearly rate of 0.14%, on

average. On the other hand, from 1990 on, forest land (i.e. primary
forest, other naturally regenerated forest, and planted forest) in LAC
(excluding Cuba) has decreased at a 0.32% yearly rate, on average. Once
again, there is a lot of variation within these averages, with countries
like Paraguay increasing their agricultural land while decreasing their
forest land importantly; Honduras, Guatemala, and Nicaragua reducing
their forest land abruptly; and Costa Rica, Jamaica, and Guatemala
decreasing their agricultural surface. Only Costa Rica, Cuba, and Do-
minican Republic exhibit a diminution of their agricultural land while
increasing their forest areas.
Agricultural land in Cuba has been shrinking since 1991 at a 0.16%

yearly rate, on average (it grew at a 1.19% mean rate from 1961 to
1990), and forest land has been expanding at a 1.89% yearly rate, on
average, since 1991 (cf. FAO 2015: 10). So, as stated by Rosset and
Benjamin (1994: 64) trees “cover more of the island now than in 1959 –
something few countries in the world can boast.” This points to another
intertwined topic that lies outside the scope of this paper, concerned
with how agroecology appears to be not only a more sustainable way of
food production in terms of mitigating the metabolic rift, but also
pertaining deforestation, climate change, and biodiversity loss (cf.
Altieri et al. 2015; Perfecto and Vandermeer 2010; Perfecto et al. 2009).

4. Conclusions

The aim of this work was to establish whether agroecology in Cuba
has contributed to mitigate the metabolic rift in agriculture, by means
of determining the relationship between industrial agricultural prac-
tices and productivity in this country relative to the rest of LAC from
1961 to 1991, and then establishing if the post-Soviet transition to
agroecology in Cuba decoupled fertilizer use from productivity in
comparison to all other countries in the study. The fact that the yield of
maize and beans (although, as shown in the supplementary material
this result also holds when utilizing the total yield of all crops grown)
has been maximized in Cuba while synthetic fertilizer use has con-
siderably diminished, accounting for rainfall, temperature, land use,
and tractor use, points to metabolic restoration, as soil nutrients and
organic matter are not depleted, but are preserved within the land.
Because of the complexity of Cuba's ecological transformation and data
limitations, some socioeconomic variables concerning land use and
overproduction incentives that may have influenced crop productivity
were not included in the model. Additionally, given the cross-national
scale of the analysis, it was not possible to quantify, but only infer, the
flow of nutrients from urban centers back to the soil. An exhaustive
study of metabolic rift mitigation in Cuba should in some way in-
corporate such socioeconomic variables, and integrate them into a
multiscale analysis of rural, peri-urban, and urban agroecology.

Fig. 4. Average agricultural and forest land use change in LAC and Cuba from 1990 to 2015. LAC values do not include Cuba's. The vertical, dotted line represents
1991, the year of the dissolution of the USSR.
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This study suggests that the metabolic rift has been mitigated in
Cuba by means of agroecology (both rural and urban) not only in its
narrower sense of stopping the systematic exhaustion of soil nutrients
to supply cities, but also in its wider nuance concerning the reconcile-
ment of associated producers with the land. As mentioned above, the
UBPCs were explicitly created to, among other things, establish a closer
link between agricultural workers and production. This reconcilement
is coherent with what, according to Rosset et al. (2011: 165), van der
Ploeg has called re-peasantization. During the Cuban transition to
agroecology, the return of people to the countryside and their in-
corporation or reincorporation to agriculture was promoted by state
policies (Machín Sosa et al. 2010: 32). Government programs sought to
create housing and services within rural areas, in order to encourage
urban dwellers to work on farms for periods ranging from two weeks to
two years (Warwick 1999). In fact, the only new housing built by the
Cuban state during the Special Period was in agricultural communities
close to state farms (Rosset and Benjamin 1994: 68). Through Decree-
Law 259 (2008), this “urban exodus,” as described by Boillat et al.
(2012: 604), was further encouraged through land usufruct rights for
about 100,000 new farmers in more than one million hectares. All this
is coherent with Marx and Engels's view that the “…gradual abolition of
the distinction between town and country, by a more equable dis-
tribution of population over the country” (1968: 40) should be sought
in socialism.
The mending of the antagonism between town and country in Cuba

is also partly due to the fact that agroecology is more labor-intensive
than industrialized agriculture (Altieri and Toledo 2011). Although
labor-intensive systems are not necessarily desired, beyond them lies a
knowledge-intensive agriculture that seeks to design self-operating
systems, where horizontal exchanges of knowledge, seeds, and tools
among peasants and farms play a central role (Lewontin and Levins
2007: 359; Altieri and Toledo 2011). Additionally, agroecological,
small-scale farms usually rely on family labor, which is more committed
to the success of the farm, while large farms use relatively “alienated
hired labor” (Warwick 1999). Further research –both quantitative and
qualitative– concerning the nature of non-estranged, agroecological
labor, and its relation to agroecology's role in restoring the lost pro-
ductivity of degraded soils, is needed to thoroughly understand how the
science, practice, and movement of agroecology (Wezel et al., 2009)
contributes to mending the agricultural metabolic rift in particular, and
the general rift in the human metabolism with the rest of nature.
Furthermore, future investigations could extend the scope of this

work by including countries beyond LAC in the metabolic rift com-
parison. A particularly interesting study could compare and contrast
Cuba's agricultural transformations with those that occurred in ex-
Soviet and Eastern Europe countries (e.g. farm restructuring, land re-
forms, general reduction in fertilizer use and yields) and asses their
respective environmental impacts (cf. Lerman 2008; Lerman et al. 2003;
Turnock 1996). On the other hand, studies could be carried out at scales
smaller than the national one so more detailed data (e.g. soil carbon
content) can be analyzed under this lens. Lastly, some alternative ways
to measure if agroecology has mitigated the rift, based on energy use in
agriculture, pesticide use, agricultural greenhouse gas emissions, value
added or energy expended in processing, transporting, and exchanging
of agricultural commodities, national or local food exports-imports-
distribution ratio, in-farm and off-farm agricultural work, and/or farm
input-output ratios could be utilized.
So far, a transition as the Cuban shift to agroecology has not been

observed anywhere else on the planet on a large scale (Bolliat et al.
2012: 606). Following Clausen and Longo et al. (2015: 17) and Weston
(2014: 189), it is essential to note that the success of Cuban agroecology
is not due solely to the application of alternative agricultural tech-
nology, but to a profound countrywide social transformation of pro-
duction, distribution, exchange, and consumption. In the same vein
Orlando Lugo, former president of the ANAP –a pivotal institution in
the development of Cuban agroecology–, stated: “We have the

conviction that for this [progress] there has been a major conditioning
factor: the Revolution, which gave us and guaranteed the possession of
the land, which developed us academically, technically, and socially;
which instilled in us the values of collectivism, cooperation, and soli-
darity” (in Machín Sosa et al. 2010: 6). Similarly, Jorrín and Agustín
(2015), Director of the Cuban Soil Institute and President of the Cuban
Society of Science observed that “the Cuban peasantry is currently in a
very favorable situation, especially because the country has understood
that sovereignty is also food sovereignty.” What is more, the World
Wildlife Fund's (WWF) Sustainability Index Report (2006: 19) cited Cuba
as the only “sustainable country” on Earth. “No region,” –states this
document– “nor the world as a whole, met both criteria for sustainable
development [Human Development Index > 0.8 and ecological foot-
print < 1.8 ha/person]. Cuba alone did, based on the data it reports to
the United Nations.” It should be noted, however, that this condition is
not only a consequence of Cuba's agricultural transformations, but is
also due to external socioeconomic factors such as the USSR's dissolu-
tion and the U.S. trade sanctions, which have importantly reduced
Cuban production and consumption. In this sense, Cuba's sustainability
is also a product of necessity, and not entirely an autonomous choice.
Future research could study the possibility and characteristics of the
development of agroecology in other political and economic settings.
While many peasants shifted to agroecology by necessity, after

having developed it, some have become committed stewards of this
movement, which makes it less likely that Cuba would convert back to
industrialized agriculture should national or international political-
economic circumstances change (Nelson et al. 2009: 240). As Richard
Lewontin and Levins stated (2007: 361), one of the tasks of the
agroecological movement was to convert these “ecologists by necessity”
into “ecologists by conviction.”
As much as has been done in Cuba through agroecology (both rural

and urban) to mitigate the rift in the cycling of soil elements, one of the
largest rifts –human waste (sewage) and its nutrients not being returned
to the land– remains an issue in this country and almost everywhere
else. The large quantity of nutrients that humans excrete, and that
concerned Marx so (1993: 195), are still pumped into local water
sources, either treated first and sludge-handled separately and buried,
or just as is. Handling sewage (or the concentrated sludge) is very
problematic, especially in countries lacking financial resources, since it
contains contaminants (e.g. pharmaceutical, industrial, and household
chemicals) and human pathogens, and due to the high costs involved in
building processing and transport facilities for its management
(Magdoff, personal communication). Further research could study how
the stream of human waste could be cleaned up, and how the mitigation
of this rift could be linked to agroecology through the creation of in-
frastructure to process the waste and to transport at least the solid
materials back to the soils.
Although Cuba still faces many challenges within and without the

realm of agriculture, and has a long way to go to solve many agri-
cultural issues (e.g. soil salinization, certain import's dependency, cli-
mate change adaptation), and in spite of disagreements between some
Cuban policy makers with an industrial agriculture mindset and
agroecologists (Altieri and Funes-Monzote 2012), what this country has
achieved with so little external input resources, and in spite of the
economic, commercial, and financial U.S. embargo, is remarkable. Its
agroecological movement could be emulated in different places, ad-
justed to the specific socioecological circumstances of the site in ques-
tion. As stated by Rosset and Benjamin (1994: 82), “[t]he Cuban ex-
periment is the largest attempt at conversion from conventional
agriculture to organic…farming in human history. We must watch
alertly for the lessons we can learn from Cuban successes as well as
from Cuban errors.” Likewise, as expressed by prominent agroecologists
Funes, Altieri, and Rosset, “surely the USA” –and indeed the rest of the
world– “could learn much from Cuba regarding how to achieve a more
energy efficient, sustainable, socially just and resilient agriculture”
(2009: 6). In today's world, it is hard to imagine a more manifest
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example of an attempt to mend the metabolic rift than that which is
taking place through agroecology in a small island in the Caribbean.
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