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Abstract

A study was conducted in five animal husbandry farms located in the region of the Yumuri Valley —Matanzas
province, Cuba—, in order to evaluate the sustainability and energy efficiency of their productions. As main tool the
agroecological diagnosis of the systems was used; the species and individuals and their productivity, as well as the
agroecological practices developed by the farmers, were identified, and the production biodiversity index and energy
efficiency of the agroecosystem were determined as sustainability indicators. The utilization of the area, agrobiodiversity
and implementation of agroecological practices influenced positively the productivity and sustainability of the farms,
and indicated that they were in transition towards the agroecological production model. The farm Fortuna reached the
best productive results, while in La Primavera and Uso Colectivo the energy efficiency and food production capacity
were low; while in Las Delicias and Riera, all these indicators had a favorable performance.
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Introduction

Conventional agriculture, emerged with the
Green Revolution, concentrated large land ex-
tensions in the hands of few owners, especially
transnational enterprises, which implied the trans-
formation of agriculture into a profitable industry
through the commerce of chemical inputs, ma-
chinery, genetically enhanced varieties and tech-
nological packages. Its initial effects were positive,
but it soon showed fragility, vulnerability and
risks for the environment, human health and agro-
ecosystems.

As viable and sustainable alternative, traditional
agriculture is innovative and has the capacity to
adapt to the varied existing environmental and social
conditions, by propitiating to a large extent the balance
of the agroecosystem. Agroecology, which has its roots
in agricultural sciences, the environment protection
movement, ecology, the analysis of traditional
agroecosystems and rural development, has integrated
these ideas and methods of doing agriculture, giving
it a scientific basis with a common objective: the
sustainability of agroecosystems (Funes-Aguilar,
2015). In this context the agroecological movement
emerges in Latin America, and Cuba becomes one of
its greatest examples.

The agroecological movement throughout the
country, and especially in the Matanzas municipality

since the late 1980’s, has been developed mainly
by non-state farmers at the scale of farms or small
family production units, where biodiversity, inte-
gration and utilization of their components, among
other measures, guarantee the sustainability of pro-
ductions (Benavides, 2011).

At present, when this trend is enhanced and the
transition towards a sustainable production model
becomes evident, the development of the agroecological
diagnosis has facilitated the characterization of many
farming systems. The use of this tool, in recent years,
has allowed to obtain valuable data about the main
components of agroecosystems and their relations,
which permits a better utilization of them in the search
for higher productive results (Funes-Monzote et al.,
2009a; Hernandez and Lopez, 2011; Marquez et al.,
2011; Alvarez et al., 2012).

The challenge of food production with the use
of sustainable practices has motivated the need to
develop integral and diversified productive systems,
which are characterized by the more efficient use
of inputs and energy, based on the principles of
agroecological science (Funes-Monzote et al.,
2012; Saranddén and Flores, 2014). In that sense,
the objective of this study was to evaluate the
sustainability and energy efficiency of productions
in five animal husbandry farms in the region of the
Yumuri Valley.
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Materials and Methods

The zone of study is located in the Yumuri
Valley, belonging to the Matanzas municipality,
Matanzas province, Cuba; where Brown soils pre-
vail, with agroproductive category between II and
II1, characterized by a good natural fertility. In this
zone a mean annual temperature of 23,8 °C, rainfall
values between 900 and 1 600 mm, and mean annual
relative humidity of 79 %, are recorded.

The selected farms are neighboring; and have
food crops as main production, although in most of
them animal rearing takes place in lower scale.

The studied indicators were:

» Species richness: the plant species and their indi-
viduals were identified and counted, to determine
the biodiversity indicators; for such purpose the
following documents were consulted: Dicciona-
rio botdnico (Roig, 1969), Plantas medicinales,
aromadticas o venenosas de Cuba (Roig, 2012),
and Especies de frutales cultivadas en Cuba en la
agricultura urbana y suburbana (Rodriguez and
Sanchez, 2010); in addition, the experiences accu-
mulated by the farmers and researchers linked to
these studies were taken into consideration.

* Determination of the agroecological practices
present in the farms: the evaluation system to
declare farms as agroecological, instrumented
by the National Association of Small Farmers
(ANAP, for its initials in Spanish), was consult-
ed in order to evaluate the sustainability of the
studied systems.

* Diversity of the production: it was determined
through different ecological indexes that
were calculated through the software programs

DIVERS and Programs for Ecological Methodology
version 6.1.1 (Krep, 2003), in order to know the
agrobiodiversity of the systems and their contribution
to sustainability.

* Energy efficiency of the agroecosystem: the co-
rresponding indicators were determined, using
the program Energia 3.01 (Funes-Monzote et
al., 2009b); the plant and animal production ob-
tained and the external inputs used during the
evaluated period were taken into consideration.

Results and Discussion

Table 1 shows the characterization of the studied
farms regarding the available area and its utilization
in crop and animal production.

From the studied systems, 80 % combined
agricultural with animal production, which is
beneficial because higher utilization of the productive
area and better integration is established among the
different species present. This allows a better use of
the available resources and nutrient recycling, which
in turn improves the economic and energy efficiency;
this supports the criterion that the development of
integrated agriculture-animal husbandry systems
allows to balance energetically the benefits from animal
and plant production, by achieving higher efficiency
and productivity, which respond to the nutritional,
existential and functional needs of men (Funes-
Monzote, 2015).

The utilization of the total area constitutes an
indicator to measure sustainability in farms, be-
cause it indicates a better exploitation of them and
higher production is guaranteed. Among the studied
cases, only the farms Fortuna and Riera used 100 %

Table 1. Distribution and use of the total area of the farms.

Land use ; — Farm - ;
La Primavera Las Delicias  Fortuna  Riera  Uso Colectivo
Total area (ha) 26,84 13,42 12,56 10,37 13,42
Cultivated area (ha) 4.5 8,8 9,5 7,7 2,07
Food crops (ha) 2,5 6,5 8,4 6,2 1,64
Fruits (ha) 1,0 2,3 1,1 1,5 0,43
Forestry trees (ha) 1,0 - - - -
Uncultivated area (ha) 22,34 4,61 3,06 2,67 11,35
Grazing (ha) 9,0 - 3,06 2,67 6,0
Unproductive (ha) 13,34 4,61 - - 5,35
Proportion of the crop: animal = 5 5, 100:0 7525 7525 90:10

husbandry area (%)




210

Pastos y Forrajes, Vol. 40, No. 3, July-September, 208-214, 2017 / Lilibeth Rodriguez-Izquierdo

of the available area. Las Delicias and Uso Colec-
tivo had 34 and 40 % of the area unproductive, re-
spectively; while in La Primavera 50 % of the land
was unutilized, mainly affected by the presence of
the invasive weeds Acacia farnesiana L. Willd. and
Dichrostachys cinerea Wight & Arn. This indicator
influences remarkbly the total productivity of the
farms, as can be observed in figure 1.

The productive result is supported by the soil
use in each studied system. In the farms Fortuna and
Riera, where the land was totally exploited, produc-
tive values of 14,5 and 7,48 t ha'!, respectively, were
obtained. Las Delicias showed favorable results (5,11
t ha'), although part of the area was unproductive;
this could be associated to the intensive use of the
arable land, good productive diversity and higher
yields, as will be explained below. La Primavera and
Uso Colectivo showed the worst productive indica-
tors, with 0,85 and 0,96 t ha'!, respectively.

On the other hand, the higher proportion of cul-
tivable area in the farms Fortuna and Riera was not
associated to the higher values in the agrobiodiver-
sity indexes, which differs from the results obtained
by Funes-Monzote et al. (2009a). This situation is
due to the fact that in the farms with lower culti-
vable area (La Primavera and Las Delicias), prac-
tices of crop association and intercropping which
guarantee a higher number of species in space-time
were used. This result coincides with the report by
Leyva and Jiirgen (2003), about the fact that the uti-
lization of the available resources in the farm leads
to the protection of the environment and soil con-
servation. It is proven in general that the farms, af-
ter choosing the agroecological production model,
have higher variety of available genetic resources.

The diversity, in general, can be considered ac-
ceptable. La Primavera showed the highest value of
specific richness; nevertheless, Las Delicias was the
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Figure 1. Productive evaluation of the farms (t ha).
Table 2. Production biodiversity indicators.
Index La Primavera Las Delicias Fortuna Riera Uso Colectivo
Specific richness (S) 24 20 13 19 10
Equitability (E) 0,72 0,82 0,77 0,64 0,84
Shannon-Wiener diversity (H") 2,30 2,46 1,98 1,89 1,93
Maximum diversity (Hmax) 3,19 2,99 2,56 2,94 2,30
Simpson’s diversity (Dsp) 0,18 0,10 0,18 0,21 0,18
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most outstanding farm, because although it showed
lower number of species, they and their individuals
had better distribution in the agroecosystem; and,
in turn, it showed a similar performance to that of
the farm Uso Colectivo in the indicator equitability
(0,82 and 0,84, respectively), but the diversity value
(H”) was higher and closer to the maximum diversi-
ty that can be reached by the system. In addition, it
is valid to state that as the Shannon-Wiener index is
closer to Hmax, the higher diversity will be (Sonia
Jardines, personal communication).

Orihuela et al. (2007) state that the most accu-
rate values for index H’ are between 1,5 and 3,5 and
they almost never exceed 4,5. This performance
supports the productive results obtained, even
when the farm Las Delicias showed 34 % of unpro-
ductive lands. In Uso Colectivo the lowest values
of species richness and biodiversity were obtained;
which was related to the fact that this farm recent-
ly started the transition towards the diversified and
sustainable production model, because it had been
previously dedicated to sugarcane monocrop and
natural pastures for cattle production, during more
than ten years.

The agrobiodiversity in all the farms turned out
to be balanced, for which no species with protago-
nist role was observed in the obtained productions.
This is corroborated, first, because a balance was
appreciated in the list of species and their produc-
tions, and, second, due to the values reached by the
equitability index. As this index approaches one,
the distribution of species abundance will be better.
If this aspect is taken into consideration, it is pos-
sible to infer that the productions were distributed
more or less equitably in the species.

The proportional abundance, according to
Simpson’s index, showed a relatively low value,

Table 3. Agroecological practices developed in the farms

which indicates high diversity, because as such in-
dex decreases, diversity is richer (Sonia Jardines,
personal communication). Hence a well-structured
diversity ensures a more efficient use of the soil and
its better conservation, adequate regulation of weeds
and pests in general, optimum utilization of solar en-
ergy and higher organic matter production. These cri-
teria are in agreement with those expressed by Altieri
(1999), who sustains that higher biodiversity decisive-
ly contributes to reduce risk in these agroecosystems
and increase productivity. In this sense, higher effi-
ciency in the use of the available genetic resources
positively influences productivity, which allows the
sustainable intensification of agroecosystems.

The agroecological practices developed in the
farms, besides favoring the biodiversity of productions,
contribute to achieve the sustainable management
of resources, and stimulate the use of the available
richness in the farm and other organic inputs which
help minimize the environmental impact and reduce
the energy costs of production.

Taking into consideration the practices indicat-
ed by the ANAP (2003), it could be observed that
a large number of them are executed in the farms
under study in this research. As it is appreciated
in table 3, not all the farms did equal number of
agroecological practices, especially those related to
compost elaboration and pest integrated manage-
ment, which in all the farms was done with chemi-
cal products. The farm Uso Colectivo did the lowest
number of practices, which can be associated to the
achievement of limited productive results; however,
an increase in the ones that were done in the farms
guaranteed an increase of productivity, especially
in the farm Fortuna which had the best results.

The energy analysis allowed to notice that those
farms where the productive area was better utilized,

Agroecological practices La Primavera Las Delicias  Fortuna Riera Uso Colectivo
Crop rotation X X X X
Association of crops X X X X

Intercropping X X X X

Organic fertilization X X

Living barriers X X X X X
Diversification of species, varieties and X X X X

plant cultivars

Rearing of small animals X X X X
Animal draught X X X X

Recycling of harvest wastes X X
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the use of agroecological practices was increased
and also had higher productive diversity, achieved
a more efficient use of energy (table 4). This has
remarkable incidence on a higher social welfare for
the farmers and their families, by guaranteeing the
consumption of healthy foodstuffs throughout the
year and higher economic incomes, aspects that al-
low the improvement of their quality of life.

Studies conducted in Cuba during the last years
(Vera, 2011; Monzote et al., 2012; Rodriguez, 2013)
indicate that with higher agrodiversity —regarding
crops, animal husbandry and tree species, as part of
integrated and multifunctional agricultural systems—
in agroecological systems with high animal hus-
bandry-agriculture integration and recycling levels,
higher productivity and efficiency is reached.

The energy balance was positive for all the
studied farms, although in La Primavera and Uso
Colectivo the energy efficiency was low and the ca-
pacity to produce food (persons hectare™) was very
low. These results are related to the low analyzed
values, regarding land utilization and lack of agro-
ecological practices in the management of produc-
tions, for the farm Uso Colectivo.

The farm Fortuna had high productivity, which
has incidence on the capacity to produce food for
a higher quantity of people. The obtained produc-
tions allow to feed approximately 20 persons ha’
year! due to the energy contributions and 15 for the
protein contributions, results that can be higher, as
proven by Casimiro (2016) when obtaining values
of 29,23 and 29,62, respectively, in the farm Del
Medio in Taguasco, Sancti Spiritus province.

It should be considered that the indicator
diversity of productiondidnotinfluence considerably

Table 4. Energy and productive efficiency of the farms

the results shown in table 4, because it turned out
to be very similar in all the agroecosystems; but the
utilization of the area, productivity and external
inputs included in the productions did influence
remarkably (figs. 2A and B). The sustainable
management of the proper resources in the farm,
with the possible minimization of the use of
external inputs —especially those that show high
energy cost—, contributes to a positive energy
balance and favors the increase of the energy
efficiency of the systems.

The study of the indicators in the energy
balance indicates the productive potential of the
systems, because with higher utilization of the
farm’s own resources and with the implementation
of sustainable practices, higher efficiency values
are reached and less productive and energy costs
are incurred; this is shown in the relation that was
established between the values of the indicator
energy cost of the protein and energy efficiency
(fig. 3).

Most of the evaluated farms used considerable
amounts of external inputs (fertilizers, pesticides,
fuels and others) and wasted animal husbandry
and harvest residues, which can be composted
and applied as organic fertilizer, which is more
economical and healthy. In that sense, Abreu (2011)
and Vizcon et al. (2016) refer that a change in the
productive systems focused on the sustainable
management of the farm’s own resources, with
adequate recycling and utilization of the produced
nutrients, can contribute to increase the energy
efficiency, by generating lower environmental
damage and better conservation of the associated
natural ecosystem.

Indicator La Primavera Las Delicias  Fortuna Riera Uso Colectivo
Area of the farm (ha) 26,84 13,42 12,56 10,37 13,42
Total production (t ha) 0,85 5,11 14,50 7,48 0,96
Energy production (Mcal ha) 543,76 4932,17 20819  6764,64 936,98
Protein production (kg ha™) 15,86 82,25 224,27 111,57 19,34
Energy expense (Mcal ha™) 435,21 989,93 435,64 244744 441,46
Energy cost of the protein (Mcal kg™) 2744 12,04 1,94 21,94 22,83
relldn ooty o5 4w w0y e o
el heguen fomtepoien o5 5w own w1
Energy efficiency (outputs/inputs) 1,25 4,98 47,79 2,76 2,12
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Conclusions

With the agroecological diagnosis the main com-
ponents in the agroecosystems and how they contribut-
ed, in an integrated way, to sustainable food and energy
production, could be identified. The utilization of the
area, agrobiodiversity and implementation of agroeco-
logical practices influenced positively the farm pro-
ductivity and sustainability, which in turn allowed to

perceive that they were in a transition process towards
an agroecological production model. In the farm Fortu-
na the highest productive results were reached, while in
La Primavera and Uso Colectivo the energy efficiency
and food production capacity were low; meanwhile in
Las Delicias and Riera all the above-mentioned indi-
cators had a favorable performance.
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It could also be observed that the adequate manage-
ment of the indicators utilization of the area, productivity
and external inputs used allowed to increase the energy
efficiency and reduce the energy cost of production in the
farm La Fortuna. In this case, the diversity of production
did not considerably influence the energy balance.

Bibliographic References

Abreu, L. Andlisis y caracterizacion del balance energéti-
co y financiero de un sistema en conversion agroe-
cologica. Tesis en opcion al titulo académico de
Master en Pastos y Forrajes. Matanzas, Cuba: EEPF
Indio Hatuey, Universidad de Matanzas, 2011.

Altieri, M. A. The ecological role of biodiversity in agroe-

 cosystems. Agr. Ecosyst. Environ. 74 (1-3):19-31, 1999.

Alvarez, E. H.; Castellanos, L. & Soto, R. Relacion del uso
del suelo, las practicas agricolas y la biodiversidad
con la emision de gases de efecto invernadero y la
eficiencia energética en fincas agroecoldgicas. Me-
morias del XVIII Congreso Cientifico Internacio-
nal del Instituto Nacional de Ciencias Agricolas.
San José de las Lajas, Cuba: Instituto Nacional de-
Ciencias Agricolas. [CD-ROM], 2012.

ANAP. Metodologia campesino a campesino. Prdcti-
cas agroecologicas. La Habana: Asociacion Na-
cional de Agricultores Pequefios, 2003.

Benavides, B. Estudio de las potencialidades de la fin-
ca campesina La Primavera para la produccion
sostenible de alimentos y energia. Trabajo de dip-
loma en opcioén al titulo de Ingeniero Agrénomo.
Matanzas, Cuba, Universidad de Matanzas, 2011.

Casimiro, Leidy. Bases metodologicas para la resi-
liencia socioecologica de fincas familiares en
Cuba. Tesis presentada como requisito para optar
al titulo de Doctora en Agroecologia. Medellin,
Colombia: Universidad de Antioquia, 2016.

Funes-Aguilar, F. Bases cientificas de la agroecologia.
Sembrando en tierra viva. Manual de agroecolo-
gia. La Habana: Union Europea, AECID, ANAP.
p. 7-28,2015.

Funes-Monzote, F. R. La importancia de la integracion
ganadera para la conservacion del suelo. Sembrando
en tierra viva. Manual de agroecologia. La Habana:
Unién Europea, AECID, ANAP. p. 165-188, 2015.

Funes-Monzote, F. R.; Castro, J.; Pérez, D.; Rodri-
guez, Y.; Valdés, N. & Gongalvez, A. L. Energia
3.01. Sistema computarizado para el calculo de
los indicadores de eficiencia energética. Manual
del usuario. La Habana: CEDECO, INCA, EEPF
Indio Hatuey, 2009b.

Funes-Monzote, F. R.; Martin, G. J.; Suarez, J.; Blanco,
D.; Reyes, E.; Cepero, L. et al. Evaluacion de siste-
mas integrados para la produccion de alimentos y
energia. En: J. Sudrez y G. J. Martin, eds. La bio-
masa como fuente renovable de enrgia en el medio
rural. La experiencia del Proyecto Internacional
BIOMAS-CUBA. Matanzas, Cuba: BIOMAS,
EEPF Indio Hatuey, COSUDE. p. 173-187, 2012.

Received:

Funes-Monzote, F. R.; Monzote, Marta; Lantinga,
E. A.; Ter Braak, C. J. F.; Sanchez, J. E. & Van
Kaulen, H. Agro-ecological indicators (AEls) for
dairy and mixed farming systems classification:
Identifying alternatives for the Cuban livestock
sector. J. Sustain. Agr. 33 (4):435-460, 2009a.

Hernandez, V. M. & Lopez, Y. Evaluacion de indi-
cadores agroecologicos y mitigacion del cambo
climatico. En: H. Rios, Dania Vargas y F. R. Fu-
nes Monzote, eds. Innovacion agroecologica,
adaptacion y mitigacion del cambio climatico.
San Jos¢ de las Lajas, Cuba: Instituto Nacional
de Ciencias Agricolas. p. 179-188, 2011.

Krep, C. J. Programs for ecological methodology.
Version 6.1.1. Vancouver, Canada: University of
British Columbia, 2003.

Leyva, A. & Jirguen, A. Reflexiones sobre la Agro-
ecologia en Cuba. Andlisis de la biodiversidad.
San José de Las Lajas, Cuba: Instituto Nacional
de Ciencias Agricolas, 2003.

Monzote, Marta; Funes-Monzote, F. R.; Serrano, D,
Suarez, J. J.; Martinez, H. L.; Pereda, J. et al. Dise-
7ios para la integracion ganaderia-agricultura a pe-
queiia y mediana escala. Informe final de proyecto
CITMA 0800058. La Habana: CITMA, 2012.

Orihuela, J. M.; Pefia, L. O.; Gutierre, Wuendys; Burba-
no, M. C. & Jeans, L. D. Diagnostico para el re-
conocimiento ambiental del patio integral escuela
“La Joya*. La Habana: UNAH, CEDAR. 2007.

Rodriguez, A. A. & Sanchez, P. Especies de frutales
cultivadas en Cuba en la agricultura urbana y su-
burbana. 4a ed. La Habana: AGRINFOR, 2010.

Rodriguez, Mirlin. Transformacion de la finca ganade-
ra Dos Palmas del municipio Las Tunas, con bases
agroecoldgicas. Tesis en opcion al titulo académico
de Master en Pastos y Forrajes. Matanzas, Cuba:
EEPF Indio Hatuey, Universidad de Matanzas, 2013.

Roig, J. T. Diccionario Botanico de nombres vulgares
cubanos. Tomo 1. La Habana: Editorial Pueblo y
Educacion, 1969.

Roig, . T. Plantas medicinales, aromaticas o venenosas de
Cuba. La Habana: Editorial Cientifico-Técnica; 2012.

Sarandon, S. J. & Flores, Claudia C., Eds. Agroecolo-
gia: bases teoricas para el disefio y manejo de
agroecosistemas sustentables. Argentina: Edito-
rial de la Universidad Nacional de La Plata, 2014.

Vera, Luz M. Estudio de indicadores de diversidad
vy productividad en un proceso de conversion
agroecoldgica. Tesis en opcion al titulo académico
de Master en Pastos y Forrajes. Matanzas, Cuba:
EEPF Indio Hatuey, Universidad de Matanzas, 2011.

Vizcon-Toledo, R.; Rodriguez-Jiménez, S. L. & Be-
nitez-Ojeda, Zionaura. Diagnostico agroeco-
logico y agroenergético de fincas campesinas.
Memorias del IV Congreso Internacional Agro-
desarrollo 2016. Matanzas. Cuba: EEPF Indio
Hatuey. p. 1058-1061. http:/biblioteca.ihatuey.
cu/link/proyecto/agrodesarrollo/ memoriasagro-
desarrollo2016.pdf. [03/05/2017], 2016.

uly 3, 2016

Accepted: July 1, 2017



