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The present work analyzes rice agroecosystems, by sustainability dimensions and it's relation with
influential factors at the technological innovations adoption. For that reason, it was done a participatory rural appraisal
through surveys and observation methods. The population size was 354 farmers who are dedicated to rice production and
belong to the Credit and Service Cooperatives of the Madruga municipality. It was used a questionnaire with 19 open-
closed questions, divided in five sections, which was applied to a sample of 44 farmers. It was obtained information of
26 variables related of institutional factor and concerning to the knowledge management, 13 associated with sociocultural
dimension, four in economic dimensions, six in ecological dimension and 27 in technological aspects. Statistical process
consisted in the ratio statistics determination, for each variable. Afterwards, it was done the multiple ratio comparison by
Wald method, for each indicator. Description analyzes demonstrated the importance given to farmers' skills and
institutional framework, by more than 50 % of these surveyed. It is recommended to future research, to use multivariate
methods to discern the variables with the greatest contribution to the technological innovations adoption, in these
agroecosystems.

participatory rural appraisal, surveys, cooperative farming, information needs, extension-research linkages.

El presente trabajo analiza los agroecosistemas arroceros, por las dimensiones de la sostenibilidad y su
relación con los factores que inciden en la adopción de innovaciones tecnológicas. Por tal motivo, se ejecutó un
diagnóstico rural participativo, mediante los métodos de encuesta y observación. El tamaño de la población fue
354 agricultores que se dedican a la producción de arroz y pertenecen a Cooperativas de Créditos y Servicios, municipio
Madruga. Se usó un cuestionario con 19 preguntas abiertas y cerradas, dividido en cinco secciones, que se aplicó a una
muestra de 44 agricultores. Se obtuvo información de 26 variables afines a los factores institucionales y vinculados a la
gestión del conocimiento, 13 asociadas con la dimensión sociocultural, cuatro en la dimensión económica, seis en la
dimensión ecológica y 27 en los aspectos tecnológicos. El procesamiento estadístico consistió en la determinación de
estadígrafos de razón, para cada variable. Luego, se hizo la comparación de proporciones múltiples por el método de Wald,
para cada indicador. El análisis descriptivo demostró la importancia concedida por más del 50 % de los encuestados a la
capacidad de los agricultores y la institucionalidad. Las dificultades externas identificadas fueron la poca disponibilidad de
combustible y semilla. Las vulnerabilidades internas recayeron en el manejo fitotécnico del cultivo y las necesidades de
información. Se recomienda para investigaciones futuras, utilizar métodos multivariados para discernir las variables de
mayor contribución con la adopción de innovaciones tecnológicas, en estos agroecosistemas.

diagnóstico rural participativo, encuestas, explotación agrícola cooperativa, necesidades de información,
relaciones entre extensión-investigación.
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INTRODUCTION
Rice (Oryza sativa L.) is an important crop because it

ranks second among the cereals with high demand for world
food. Its contribution to daily intake is 551 calories, world per
capita consumption amounts to 81.43 kg and the nutritional
value of this cereal is expected to increase (1). According to
this organization's estimates, although world rice production
in 2022 exceeds 770 million tons, it shows a decrease of
1.6 % with respect to the record reached in 2021. However,
it is possible to meet consumption with the reconstruction of
stocks from reserves, which reach 38 % of world needs (2).

In Cuba, from the production point of view, two forms
of rice production can be distinguished. One is specialized
production, developed in large state enterprises and in
Basic Units of Cooperative Production (UBPC, according
its acronyms in Spanish) with the high use of inputs and
machinery. The other is the so-called non-specialized or
popular production, on a small and medium scale, with the
use of local techniques and reduced use of inputs, chemicals
and machinery (3). In popular production, the Cooperative
and Peasant Sector (CPS) plays a significant role. Of the
133 716 hectares of total area dedicated to cereals, more
than 80 % are located in this sector and its contribution to the
annual balance amounts to 386 955 tons, which represents
83.9 % of national production (4).

On the other hand, different studies in Cuba about the
adoption of agronomic techniques for the increase of rice
productivity in the CPS, lack an integral evaluation, which
conceives the analysis of sustainability at the level of
agroecosystems together with the study of the factors that
affect the adoption of technological innovations. Therefore,
these studies provide punctual solutions focused on the
identification of technological weaknesses as the only critical
problem (5).

In order to contribute to the theoretical knowledge of the
adoption process of technological innovations in an area
of economic importance, this article aims to characterize
rice agroecosystems, according to the main dimensions
of sustainability (sociocultural, economic and ecological) in
relation to the factors that affect the adoption of technological
innovations, appropriate for local rice production.

MATERIALS AND METHODS
The research was carried out during the period

2008-2015 in Madruga municipality. This municipality has a
territorial extension of 465.6 km2. Its center point is located at
22°55' north latitude and 81°52' west longitude (6), northeast
of Mayabeque province (Figure 1) (7).

The climate is tropical savanna (8) with an average annual
temperature of 23.9 °C, with minimum and maximum values
between 18.1 and 29.8 °C, respectively. Relative humidity
reached 79 % and the average annual rainfall was 1954 mm.
The predominant soil type is Yellowish Ferrallitic Leached,
influenced by ferralitization formation processes (9).

Madruga municipality is chosen as a referent on the basis
of its representativeness, within 137 municipalities, which
carry out the popular production of rice in Cuba. Likewise,
there are traditions in this agricultural item and the yield
amounts to 3.17 tons per hectare, which corresponds to the
values of the national average (4).

This research had an exploratory-descriptive scope (10)
where theoretical (induction-deduction, analysis-synthesis,
historical-logical) and empirical (non-experimental design
of transversal cut) methods were used. For this reason, a
participatory rural appraisal was carried out, which assumed
the three main dimensions of sustainability and the factors of
innovation (11,12).

The survey was used as a method for collecting data
from 43 qualitative and quantitative variables. The instrument
consisted of a questionnaire of 19 open and closed questions,
which was composed of five sections that responded to: (i) the
sociocultural dimension, which included general information
on the farmer, (ii) his technological situation, with the analysis
of soil preparation technologies and cultural practices in rice
cultivation, (iii). - the ecological dimension, which addressed
aspects related to natural resources and agroecological
practices,(iv) - the economic dimension, which included
access to external inputs and their impact on production
results, and (v) - institutional and knowledge management
factors (Table 1).

Figure 1. Location of Madruga municipality in
Mayabeque province
 

Table 1. Dimensions and indicators used in the questionnaire

Socio-cultural
dimension Technological situation Ecological dimension Economical

dimension
Institutional and knowledge
management-related factors

School level
Experience in
rice cultivation

Soil and seedbed preparation
Seed

Spatio-temporal
arrangements
Cultural care

Harvest and post-harvest

Agroecological
practices

Water resources

Limiting factors Farmer capacity
and institutional framework

Topics of interest
Training sites

Frequency of training
Other training activities
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In addition, the observation method and a guide were used
as an instrument to verify the farmer's access to the basic
infrastructure of public services provided by the Cuban State,
an aspect of utmost importance in the sociocultural
dimension.

The size of the population was represented by the total
number of farmers engaged in rice production and belonging
to the Credit and Service Cooperatives (CCS, according its
acronyms in Spanish). This figure reached a value of N = 354,
according to the Municipal Registry of Associates of the
National Association of Small Farmers (ANAP, according its
acronyms in Spanish). The formula for calculating the sample
size required for an estimation with a predetermined
maximum error (13) was used by means of expression (1).

n: Desired sample size
σ: Standard deviation
1-α: Confidence interval. It is set by the researcher and

a confidence level of 0.95 (95 %) was assumed in
accordance with what is reported in the literature (14)

Z1-α/2: Value of the Z Table according to the confidence
level 1-α.

d: Margin of error. A margin of error or maximum admissible
error of 30 % (0.30) of the standard deviation was

 n =   σ   z  1−  α2d 2
(1)

considered according to the range established (0.25 > σ <
0.50) by studies on this subject (14,15)
From the total number, a sample of n=44 (12.4 % of the

population) was selected by simple random sampling and
with compliance with eligibility criteria, which was made up of
farmers who declared their intention to collaborate.

The organization of the information collected in the
participatory rural appraisal was based on the operational
definition of the variables, according to the results of related
studies (16), and standardization was carried out by assigning
codes, according to the response options to each question.
Thus, ratio statistics (percentages) were determined for the
data obtained in the questionnaires, which were analyzed
through the comparison of multiple proportions by the Wald
method and the CompaProp version 2.0 program was
used (17).

RESULTADS AND DISCUSSION

The sociocultural dimension and the adoption of
technological innovations

The analysis of the sociocultural dimension is of vital
importance for the adoption of technological innovations
in the agricultural sector. The general information of the
diagnostic, referring to the variables of this dimension,
indicated the following (Figure 2).

 

Proportions with different letters differ significantly with p<0.05 according to the Wald Method
Figure 2. Variables of the socio-cultural dimension
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The educational level of the farmers ranged from
elementary school to university, and it was noted that
more than 60 % of the farmers had levels higher than
seventh grade. The age of the farmers ranged from 22 to
69 years, with an average of 48 years. More than half of the
respondents considered their farming experience as positive
and this may be due to the fact that 54.5 % have been farming
for more than 20 years.

These variables show the continuity of the tradition of
rice cultivation in the agroecosystems studied, given by the
presence of young people under 30 years of age, with
an active participation with their parents in the cultural
attentions. In relation to this aspect, a study carried out
in Cuba (18) suggests that young farmers tend to get
involved in agricultural activities, driven by the satisfaction
of their personal needs. In turn, these authors indicate
that this attitude and the implementation of innovative
proposals involving changes in agroecosystems could
generate generational tensions with their older and more
experienced colleagues, an issue that is not apparent at first
glance in the results of this work.

The information obtained from the observation revealed
that 100 % of the families receive the benefits of the health
and education system, have electrified houses with drinking

water and sewage services, acquire the basic food basket
products at regulated prices in the retail network of the
Internal Commerce and that the access to the farms is
by roads.

Then, it is deduced that the respondents and their families
have access to the main public services provided by the
Cuban State, thus corroborating the criteria of the World
Food Program, regarding the Strategic Plan Project for Cuba
2021-2024 (19). In this regard, public services, housing
quality, access to education and health, together with health
coverage, are identified as social indicators that contribute to
the sustainability of rice production systems (20).

Technological aspects of local popular
rice production

The technological aspects that characterize rice production
by the popular route in the agroecosystems studied are
summarized in 27 variables (Figure 3).

Soil preparation and seedbeds: this indicator assumed
five variables considered to be the most important. The
predominance of the technology of soil preparation in mud,
due to its level of diffusion among farmers, was shown. More
than 70 % stated that they carry out seed selection in water
and more than 80 % use pre-germinated seed for sowing.

 

Proportions with different letters differ significantly with p<0.05 according to Wald Method. DAE: Days after emergence. Dashed lines separate
variables with two or more response options
Figure 3. Relevant variables that characterize the technological situation
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Seed selection by the gravity method in saline solution (21)
could constitute an alternative, with the introduction of novel
elements, in the good practices of popular rice cultivation (3).

Regarding the sowing norm, it was known that these
ranged from 12 kilograms per hectare (in seedbed and
transplant) to 108 kilograms per hectare (in direct sowing), so
it is deduced that the sowing methods are varied. On the other
hand, more than 70 % of the respondents expressed that they
comply with the optimum value (24 kilograms per hectare)
according to what is stipulated in the literature (3). Another
aspect to highlight is that practices for seed disinfection,
phytosanitary control in the seedbed and weed management
with chemical methods were not declared. On the other hand,
the mechanical method of weed management with actions
such as weeding or manual weeding is used by 29.5 % of
the farmers.

Seed. Regarding the ways of acquiring seed, 93.2 % of
the farmers produced their own seed, although one farmer
(2.3 %) stated that he obtains seed through exchanges with
other neighboring farmers. This situation corroborates the
fact that farmers do not use seed from the formal system,
indicating the lack of certified seed at the local level. In these
circumstances, there is a need for a local seed production
system, which guarantees the availability and access of high
quality genetic material for farmers.

Spatial and temporal arrangements. The diagnosis
showed that farmers use different spatial arrangements with
a predominance of distances greater than 0.20 m x 0.20 m;
this may be conducive to the adoption of the System of Rice
Intensification (SRI), as it complies with the required planting
frame principle (3). Significant differences were observed in
the transplanted area (from less than 1 hectare to more than
5 hectares) and in the age of the seedling at the time of
transplanting, since according to farmers' criteria and local
tradition, from 30 days after emergence (DAE) or more, the
seedling is sufficiently “grown” and it is possible to carry out
this activity. As for the rice planting calendar, two well-defined
periods were observed: (i) the seedling stage, which runs
from March to July, and (ii) the transplanting stage, from
April to August, which corresponds to pre-spring and spring
planting and is advisable for popular rice production (3).

Cultural attentions. Water supply is a fundamental
element, since 100 % of the farmers stated that rice
cultivation is carried out under irrigation conditions (Figure 2),
specifically watering, which counteracts the emergence of
weeds and facilitates their management by this cultural
method. Regarding drainage, more than 60 % stated that
they carry out this activity between 85 and 90 DAE, depending
on the biological cycle of the cultivar and the sowing date.
Within this indicator, different variables were identified that
reflect the alternatives in the management of nutrition, both
in the vegetative phase (30 % of respondents) and in soil
preparation (20 %), and 25 % use a mixed combination
(mineral nutrition and organic fertilizer) to achieve adequate
plant nutrition. In relation to this topic, the positive effect of the
mixed combination is considered relevant, since it constitutes
a way to reduce external inputs and one of the relevant
amendments for soil improvement and conservation (3).

The analysis of the questionnaires revealed that more than
50 % of the farmers declare the absence of phytosanitary
problems. This could be due to the application of different
methods in pest management: the chemical method
(herbicides), the mechanical method (manual weeding),
the cultural method (rotation of areas, planting time and
water sheet) and the agroecological method (application of
the biological control agent Metarhiziumanisopliae). Another
option could be the use of cultivars with resistance, tolerance
or lower susceptibility to more than one of the main
pests present, as recommended in the literature (3) for
agroecological pest management, and therefore, under the
conditions of the locality under study, it is necessary to know
those with the best agronomic performance.

Harvest and Post-harvest. It was found that harvesting
by manual methods predominates, once a year, without
regrowth cultivation and with yields that exceed four tons
per hectare. Artisanal drying is also predominant and this
activity is carried out by a self-employed worker who has a
rustic, box-type dryer coupled to a mechanical motor. These
results confirm that the traditional practices in popular rice
are: manual harvesting and threshing, sun drying, and the use
of drying sheds built with salvaged parts and “Creole” mills(3).
It should be noted that the questionnaires did not provide
information on the presence and management of storage
pests, so it can be deduced that this is not a problem for the
farmers, although further studies on the farmers' perception of
this issue are needed.

The ecological dimension in the adoption of
technological innovations

Achieving sustainable production in agroecosystems is
possible with the use of agroecological practices (22), which
constitute the alternative towards these ends. Figure 4 shows
the variables assumed in the analysis of this dimension.

Diagnostic results showed that crop rotation is carried
out during the low rainfall period (September to April) and
is used by the majority of farmers (86.4 %), especially
rice-cattle grazing, rice-fallow, rice-beans and rice-sunflower
rotations are the predominant ones in the agroecosystems
analyzed. Regarding the use of organic fertilizers in nutrition
and amendments, the diagnosis showed that cattle manure
and cachaza are used by more than 40 % of the farmers. The
analysis of the availability of water sources showed that all
farmers have access to water. The presence of private wells
in their agroecosystems stands out with 52 %, while 41 % use
nearby rivers and the rest use water accumulated in ponds
and micro-dams.

Rice rotation with short-cycle crops and the use of organic
fertilizers in nutrition and amendments could be considered
among the bases for sustainable cereal production, due to
the positive effects on the physical and chemical properties of
soils (3). These authors refer that these practices contribute to
the improvement and conservation of soils, which allows the
sustainable management of this resource.

According to those surveyed, access to water requires
the use of external inputs (fuel) to extract it from wells,
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the main source of supply for most farmers. In this situation,
the alternative of using windmills and the hydraulic ram
are useful in agroecosystems with rice-livestock rotations
and could be a variant to consider for irrigation with the
saving of energy resources. However, it is considered that
it is necessary to learn about different techniques such as
water stress and intermittent furrow irrigation (23), since they
offer favorable impacts in saving this resource and have
demonstrated their feasible use in local rice production.

The economic dimension and its role in the
adoption of technological innovations

Financial resources are an aspect of special relevance for
Cuba, which has an impact on the adoption of technological
innovations, within the economic dimension. Figure 5 shows
the limiting factors identified by farmers, through four
basic variables.

From the point of view of the production process,
difficulties in the water supply was the indicator identified
as the most relevant or interesting, given that without this
resource they have not had successful experiences. In

turn, farmers considered that the low availability of external
inputs (fuels, lubricants, pesticides and mineral fertilizers) is
the second limiting factor for popular rice production. The
rest of the variables did not show high relevance from the
mathematical analysis, but should be addressed because of
their impact on the productive performance and sustainability
of the agroecosystem.

The problems related to the acquisition of fuel are due to
its scarcity and high prices of the product in the market (24).
This situation causes great difficulties in the supply of water
to the crop, even if the water resource is available, because
individual small and medium-scale farmers use small oil
engine pumps in irrigation systems.

These results corroborate what is indicated by the literature
(25,26) where the high indexes of dependence on external
inputs are highlighted and that this aspect influences the
efficiency of Cuban family farms. On the other hand, the
availability of land and the affectation by harmful organisms
seem to be less important problems for farmers who have
had governmental support, through different programs and
projects focused on the strengthening of local food systems,
based on agricultural innovation (27).

Proportions with different letters differ significantly with p<0.05 according to the Wald method
Figure 4. Variables of the ecological dimension
 

 

Proportions with different letters differ significantly with p<0.05 according to the Wald Method
Figure 5. Variables of the economic dimensión
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The role of institutional factors and factors linked to
knowledge management

The results of the diagnosis revealed the importance given
to farmers' and institutional capacity as a factor for innovation
in rice agroecosystems, where affirmative answers were
obtained for the three variables of this indicator (Table 2).

The knowledge of cultivars reached 59 %. The most
important thing in terms of farmers' agreement was related
to the mastery of the technology of popular rice cultivation,
where more than 90 % considered themselves skilled.
Similarly, the relevance of institutional support was endorsed
by more than 80 % of the farmers.

From the previous result, it is deduced that there is
sufficient capacity, given by the aptitude of the farmers
to recognize the rice cultivars and the knowledge of the
technologies. In this regard, several Cuban researches
indicate the consideration of farmers' knowledge as an
element favoring the diffusion and adoption of innovations
in the sector (28-30).

Likewise, institutionalism is assumed as a relevant aspect,
due to the linkage of scientific institutions with the productive
scenario. This issue is of vital importance, since according to
the literature (25), innovation processes require interactions
between the technological component and the system of
relationships developed by farmers.

Regarding the analysis of the influence of other institutional
factors and those linked to knowledge management on the
adoption of technological innovations, the research results
revealed the existence of 23 variables (Figure 6).

Farmers' interest in acquiring knowledge about new
cultivars did not exceed 20 % because of the INCA-LP
5 cultivar, with an excellent industrial yield, which exceeds
50 % of Whole White Grain. This perception prevents the
need to take on other cultivars more adapted to adverse
natural events, with a view to increasing agro-biodiversity and
the resilience of agroecosystems (22).

The need for information on the sustainable management
of weeds ranked first in percentage terms, and this
could be due to the lack of mastery of this practice.

 
Table 2. Variables of the farmer capacity and institutionality indicator

Indicator Variable Acceptance (%)
Farmer capacity and institutional framework Knowledge of cultivars 59 a

Mastery of cultivar technology 98 a
Relevance of institutional support 84 a

Proportions with different letters differ significantly with p<0.05 according to Wald Method
 

Proportions with different letters differ significantly with p<0.05 according to the Wald Method
Figure 6. Variables of the institutional and knowledge management factors
 

Sustentabilidad y factores de la innovación tecnológica en agroecosistemas arroceros en el municipo Madruga. Provincia Mayabeque, Cuba

7



This result coincides with studies that point out the invasion of
weeds in rice cultivation (31) and weed control in sugarcane
(32,33), among the limitations identified that cause damage
to the functioning of agroecosystems and therefore, are
among the priorities to be solved from the point of view of
sustainable agriculture.

The analysis of training sites showed that the CCS
meetings were the preferred place for this activity, while the
field occupied the second position in terms of percentage.
In reference to the frequency of training requested, farmers
reported that monthly activities were the most profitable.
With regard to the indicator other training activities, the
respondents defined seven proposals, where the screening of
technical videos on the crop stands out as the most popular.

The analysis of these indicators shows that farmers
have a wealth of traditional knowledge on rice cultivation.
At the same time, respondents are able to identify their
information needs and other training modalities, which would
allow them to update knowledge and propose different
options for learning, since knowledge of the crop lays the
foundation for its agroecological management. According
to several authors (34,35), it is necessary to redesign
the current training programs and introduce agroecological
practices, so these alternatives can contribute to improve
the educational process of knowledge and skills exchange
among CCS farmers.

Meanwhile, other research (36) identifies scientific
journals, audiovisual materials and training activities as
sources of information and knowledge for innovation, which is
consistent with the results of this study.

CONCLUSIONS
1. The percentage representation of the indicators and

variables, based on the answers given by more than
50 % of the respondents, showed the importance given
to the capacity of farmers and the institutional framework
to promote the processes of adoption of technological
innovations, with a view to the sustainable production of
this cereal.

2. Farmers face two external difficulties (the limited
availability of fuel for water supply and the availability and
access to certified seed) and two internal vulnerabilities
(information needs in the sustainable management of
weeds and crop phytotechnology) that could affect
the sustainability of rice agroecosystems and facilitate
innovation processes.

3. It is recommended that future research be carried out
with the application of multivariate methods to identify
the variables that contribute most to the adoption of
technological innovations in this production scenario.
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