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ABSTRACT. The study aims at characterizing the process
of the scientific research about biofertilizers in scientific
magazines of Cuba during the period 2008-2012, by means of
the analysis of bibliometric indicators, in order to determine
the regularities of the scientific production by authors and
institutions, as well as, the collaboration between provinces,
institutions and other nations, in addition to the microorganisms
and the crops more often investigated in this subject. As
source of information, the author consulted the published in
14 scientific magazines certified by CITMA, as scientific and
technological publications. For the analysis of the data Excel,
ToolInf and Ucinet 6,0 were used. The year 2008 resulted to
be the most productive; thought there was a decrease on the
issue of articles about biofertilizers in this period. The Cuban
provinces of Mayabeque, Havana and Villa Clara, are the
productive centre of these researches. And the most active
institutions were: INCA, INIFAT and the Faculty of Biology
in the University of Havana, establishing strong collaboration
links toward the western region of the country. Concerning
international collaboration, Brazil and Mexico, were the
countries which contributed the most to the scientific results
with Cuban institutions through national publications. Sorghum
(Sorghum bicolor and Sorghum vulgare), rice (Oryza sativa),
cabbage (Brassica oleracea), tomato (Solanum lycopersicum),
sugar-cane (Saccharum officinarum), maize (Zea mays), papaya
(Carica papaya) and canavalia (Canavalia ensiformis) were
the main agricultural farmings in which a greater number of
biofertilizing microorganisms were evaluated; among which,
the genus most frequently studied are: Glomus, Rhizobium,
Bradyrhizobium, Azotobacter, Gluconoacetobacter and
Pseudomonas.

Key words: biofertilizers, journal, scientific production

RESUMEN. El estudio tiene como objetivo caracterizar
el comportamiento de la investigacion cientifica sobre
biofertilizantes en revistas cientificas de Cuba durante el periodo
2008-2012, mediante el analisis de indicadores bibliométricos
para determinar las regularidades de la produccion cientifica
por autores ¢ instituciones, asi como la colaboracion entre
provincias, instituciones y otras naciones, ademas de los
microorganismos y cultivos agricolas mas trabajados en la
tematica. Se tomé como fuente de informacion los articulos
publicados en 14 revistas cientificas certificadas por el CITMA
como publicaciones cientificas y tecnoldgicas. Para el analisis
de los datos, se empleo el Excel, Toollnfy Ucinet 6.0. Resulto
que el afio 2008 fue el mas productivo, aunque se manifesto
un decrecimiento de los articulos sobre biofertilizantes en el
periodo. Las provincias Mayabeque, La Habana y Villa Clara,
constituyen el nicho productivo de estas investigaciones. Las
instituciones de mayor actividad cientifica fueron INCA,
INIFAT y la Facultad de Biologia de la Universidad de la
Habana, estableciéndose fuertes lazos de colaboracion en el
pais hacia la region occidental. Respecto a la colaboracion
internacional, fueron los paises de Brasil y México, los que
mas contribuyeron a resultados de investigacion con entidades
cubanas a través de publicaciones nacionales. El sorgo
(Sorghum bicolor y Sorghum vulgare), arroz (Oryza sativa),
col (Brassica oleracea), tomate (Solanum lycopersicum),
cafia (Saccharum officinarum), maiz (Zea mays), papaya
(Carica papaya) y canavalia (Canavalia ensiformis) fueron
los principales cultivos agricolas en los cuales se evaluaron un
mayor numero de microorganismos biofertilizantes, que entre
los géneros de mayor nivel de estudio se encuentran Glomus,
Rhizobium, Bradyrhizobium, Azotobacter, Gluconoacetobacter
y Pseudomonas.

Palabras clave: Dbiofertilizantes, revistas, productividad
cientifica
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INTRODUCTION

Biofertilizers are preparations that contain
beneficial microorganisms used in agriculture to be
applied to seeds, plants, and soil in order to increase
productive yield (1).

The use of biofertilizers in Cuba dates back to
early XX century with the inoculation of Rhizobium
extracted from US isolates to grow leguminous plants
at the then Central Agronomical Station of Cuba, the
current National Institute of Fundamental Research on
Tropical Agriculture (INIFAT), where the application of
biofertilizers in Cuba has been widely dealt with (2).

In the eighties, research studies on this topic
gained momentum with the creation of the National
Biological Front and the development of other scientific
institutions in Cuba. Since the emergence of these
research line, different paradigms have been assumed,
from simple inoculants (3), mixed inoculants (4, 5),
both marked by the biotechnological industry, and
more recently the artisan production of biofertilizers
(6), where grower can prepare these formulations from
resources provided by the ecosystem.

Different Cuban authors have studied the
potential of biofertilizers (1, 2,7, 8,9, 10, 11, 12, and
13). However, the results from science and innovation
on biofertilizers are not widely applied by Cuban
growers, neither in most of the underdeveloped
countries (14, 15). This situation led to the creation
in Cuba of the Government Program for Biofertilizers,
Biopesticides and Biostimulants, in order to increase
research, production and availability of these products
at the service of an agriculture on sustainable basis
through the accumulated capacities in the country
since the creation and development of production
network of biofertilizers and bioestimulants in the
nineties (13). Hence, the importance of knowing
how scientific production on biofertilizers is going on
in the country so that strategies can be devised to
increase the visibility and distribution of magazines
that promote knowledge on this issue and strengthen
research towards crops of economic interest in some
regions of the country.

Bibliometric indicators of agricultural research in
Cuba have been evaluated by different authors (16,
17,18, 19, and 20).

These studies have made possible the evaluation
of the scientific productivity of Cuban researchers
and the main magazines being published; however,
they do not deal with the behavior of the studies on
biofertilizers.

A bibliometric analysis made by the magazine
Pastos y Forrajes (Pastures and Fodders) from
1978 to 2000, mention biofertilizers, though
research was oriented to the change of paradigm
in cattle raising (21). This study showed that
biofertilizers were one of the knowledge areas with
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the highest annual historical average of articles
in such magazine during the evaluated period
and the first article, published in 1982, dealt with
the inoculation of seven isolates of Rhizobium in
Leucaena.

Nevertheless, these studies did not deepen
on the behaviour of research about fertilizers in
agricultural and livestock science. Hence, a first
approach to current scientific production in Cuba on
biofertilizers is done through a bibliometric studty in
Cuban scientific magazines from 2008 to 2012. The
selected study period allowed determining existing
knowledge from the most recent scientific literature,
greatly used to transfer knowledge to the agricultural
and livestock community and manage projects on
this topic.

MATERIALS AND METHODS

As a unit of analysis a magazine was selected and
the information on biofertilizer articles was processed
from 2008 to 2012 in 14 certified scientific magazines
(Table 1) as scientific and technological publications of
the Ministry of Science, Technology, and Environment
in Cuba (CITMA) (22). Atotal of 112 scientific articles on
biofertilizers were found in each number published in
scientific magazines related to biofertilizers, as those of
agricultural, livestock and biological sciences. Though
it is known that several researches on this topic are
published in magazines far distant from this nature, it
is understood as a limiting factor for this study.

BIBLIOMETRIC ANALYSIS

Data compilation and processing was made
with Microsoft Excel and Toollnf, an analytical tool
developed by BioMundy Consultancy in Cuba that
permits homogeneizing and counting data as well as
matrix preparation (23, 24).

Information was structured in two fields: Title of
the article, authors, institution, province, international
collaboration, magazine, publishing year, beneficial
microorganisms, and agricultural crop.

Finally, the resulting files were taken to Ucinet and
within it, NetDraw (http://www. analytictech.com/ucinet/
trial.htm) was used, to obtain matrix of co-ocurrence
between two variables which allowed mapping, editing
and analyzing social matrix and make them visual.

The indicators used in the study were: productivity
per year, productivity per magazine, authoring
productivity, relationship among authors and
magazine, institutional productity, relationship among
national institutions, productivity per province, main
collaborating countries, main microorganisms, and
main agricultural crops.
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Table I. List of scientific magazines certified by CITMA as scientific and technological magazines consulted and

the institutions in charge of their publication

Scientific magazine

Institution

Cultivos Tropicales
Revista Cubana de Ciencias Agricolas
ICIDCA. Sobre los derivados de la cafia de aziicar

Pastos y Forrajes
Agrotecnia de Cuba

Revista Cubana de Plantas Medicinales
Revista de Proteccion Vegetal
Fitosanidad

Revista Cubana del Arroz
Biotecnologia Aplicada

Centro Agricola

Ciencia y Tecnologia Ganadera

Revista CENIC. Ciencias bioldgicas
Acta Botanica Cubana

Revista Ciencias Técnicas Agropecuarias

National Institute of Agricultural Sciences (INCA)

Institute of Animal Science (ICA)

Cuban Research Institute on Sugarcane Byproducts (ICIDCA)

Experimental Station of Pastures and Fodder “Indio Hatuey” (EEPF)
Fundamental Research Institute on Tropical Agriculture “Alejandro de
Humboldt” (INIFAT)

Higher Institute of Medical Science (Havana) (UCMH)

National Animal Health Center (CENSA)

Plant Protection Research Institute (INISAV)

Rice Research Institute (IIA)

Genetic Engineering and Biotechnology Institute (CIGB)

Agricultural Research Center of the Central University of Villa Clara (UCLV)
Research Center for Animal Breeding in Tropical Livestock Tropical
(CIMAGT)
National Scientific Research Center (CENIC)
Ecology and systematic Institute (IES)
Agrarian University of Havana (UNAH)

RESULTS AND DISCUSSION

PRODUCTIVITY PER YEAR

The distribution of the 112 scientific articles on
biofertilizers analyzed in the 2008-2012 period allowed
evaluating the recent behavior of research on this
topic (Figure 1). There is a decrease of articles on
biofertilizers in the studied magazines; the highest
quantity was attained in 2008 and 2010; "Cultivos
Tropicales" was the magazine that most published
articles on the topic in both years.

A study on the visibility of Cuban agricultural
sciences from 2000 to 2008, showed an ongoing
reduction of the number of national publications in
this sector (25). This trend constrasts with the quantity
of agricultural Cuban magazines now; it reflects the
policy of the Cuban government to foster scientific
publications and the academic dialogue in this field.
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Figure 1. Quantity of articles on biofertilizers published
by year from 2008 to 2012
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PRODUCTIVITY BY MAGAZINE

The main Cuban magazines that published results
on biofertilizer investigations from 2008 to 2012 belong
to the Ministry of Higher Education (MES) and were
“Cultivos Tropicales” with 52 articles, “Centro Agricola”
with 14 articles and “Pastos y Forrajes” with 12. It
matches those of highest frequency in agricultural
sciences since their foundation in the seventies (19).

The fact that major Cuban magazines publishing
articles on biofertilizers belong to the Ministry of
Higher Education, is due to the intensive research
from institutions of this Ministry that has meant to take
into account this topic with the increase of research
in this knowledge area. For example, the magazine
"CultivosTropicales" around 1997, considered
biofertilizers as one of the topic lines and it became the
most productive one within MES from 1989 to 1998,
with an average of 39,7 articles per year (19).

Besides, scientific magazines from MES are
registered like the ones with more articles on
agricultural sciences (25), despite the quantity of
agricultural mags of the Ministry of Agriculture and
MES are similar.

Out of the 14 analyzed magazines, SCOPUS:
Cuban Journal of Agricultural Science, Biotecnologia
Aplicada and Revista Cubana de Plantas Medicinales,
may be found. Their ranking was established with
the support of indexes from SClmago Journal Rank
(SJR) and index H (Table II). The results of Cuban
magazines are not significant as compared to those
of the German magazine Biology and Fertility of Soils
that account for SJR values of 1,108 and 69 of index H
and published 11 scientific articles on biofertilizers
between 2008 and 2012.
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Table Il. Cuban scientific magazines published on biofertilizers and indexed on the Scopus Data Base

Publication Quantity of articles on biofertilizers 2008-2012 SJR Index H
Biotecnologia Aplicada 1 0,118 8
Cuban Journal of Agricultural Science 3 0,110 7
Revista Cubana de Plantas Medicinales 1 0,102 5

Source: SCImago Journal (SJR) & Country Rank from Scopus data

AUTHORS’ PRODUCTIVITY

A total of 268 researchers were involved in trials
on biofertilizers. Among the twelve most productive
authors with more than seven articles (Figure 2), the
first four were deeply studied: Ramén Rivera Espinosa,
from INCA, is the most productive author of the period;
his main line is on mycorrhizal biofertilizers. The
productivity of this author is due to the high level of
co-authorship maintained for collaborating with other
researchers. The main national magazine in which he
published his articles was “Cultivos Tropicales”.

Bernardo Dibut Alvarez, author from INIFAT,
published articles on the soil-plant relationship and
on the endophyte Gluconoacetobacter diazotrophicus,
mainly in the magazines “Agrotecnia de Cuba” and
“Cultivos Tropicales”. He outstands for the number of
authorship, out of the eleven articles published in this
period, six belong to him.

Maria C. Napoles Garcia, works at INCA, she
published articles on biological nitrogen fixation,
particularly with the study of Bradyrhizobium and
nodulation factors, the results of the research were
mainly published in “Cultivos Tropicales” and “Pastos
y Forrajes”.

Yoania Rios Rocafull
Marisel Ortega Garcia
Kalyanne Fernandez Suarez
Narovis Rives

C. J. Béquer

Annia Hernandez Rodriguez
René Cupull Santana
Rafael Martinez Viera
Maria C. Napoles Garcia
Ramon Rivera Espinosa

0 5 10 15 20

Quantity of articles

Figure 2. Distribution of cuban scientific articles on
biofertilizers (2008-2012) by main authors

46

Rafael Martinez-Viera (1), author from INIFAT, co-
studied with Bernardo Dibut the soil-plant relationships
by endophyte bacteria like Gluconoacetobacter
diazotrophicus and published the results in “Agrotecnia
de Cuba” and “Cultivos Tropicales”. This author
was awarded within the XXIV Latin American
Meeting on Rhizobiology (RELAR) and the |
Iberoamerican Conference on beneficial interactions of
microorganisms-plant-environment “IBEMPA”, for his
outstanding participation in the study of biofertilization
in Cuba and the international dissemination of this
topic (26).

On the other hand, on the visibility of Cuban
agricultural sciences seen at the Cubaciencia database
from 2000 to 2008, the most productive authors had
between 16 and 37 scientific articles (25); however,
any of the researchers on biofertilizers was included
among the 22 most productive authors of agricultural
and livestock sciences of Cuba in that period. If such
a study would have been made from 2008 to 2012,
only Ramon Rivera Espinosa, with 19 articles would
be among the most productive ones because of
collaboration and co-authorship links.

RELATIONSHIP BETWEEN AUTHORS AND MAGAZINE

Figure 3 shows the relationship among authors
with more than three articles and the magazines in
which they publish their results; it also shows that most
of them are published in more than one magazine and
the existence of a network as a result of the alliance
level among authors from different institutions.

The magazine in which most authors publish their
articles is “Cultivos Tropicales”, which coincides with
that of more articles per year on biofertilizers due to
the acceptance of the magazine within the scientific
community of the agricultural and livestock sector
(19, 25).

However, magazines with less publications (less
than three articles) on biofertilizers from 2008 to 2012,
were “Ciencia y Tecnologia Ganadera”, “Revista
Ciencias Técnicas Agropecuarias”, “Acta Botanica
Cubana”, “Revista Cubana de Plantas Medicinales”,
“Biotecnologia Aplicada” and “Ciencias bioldgicas”.
It coincides with their topic spectrum, either by their
specialization level within agricultural and livestock
sciences or because they tribute to medical and
biological sciences.



Cultivos Tropicales, 2015, vol. 36, no. 1, pp. 43-52

January-March

Roberto Gonzalez

Fitosanidad

. .
Ciro Sanchez EsmorisB Luis Fey Govin

o

Rafael Martinez-Yiera'

NSk

arisel Ortega Garcia

‘aquelin Rodrigue g

Centra Agrl’cola\ \
g

Fené Cupull Santana

\

Ceferino Gorzélez Fernandez"

&

Grisel Tejeda®

ulkivos Tropicales

Yonaisy Mujica Pérez”

Luis R. Fundara Sanchez”

Revista Proteccion Yegetal

Annia Hernandez RDdrngEZS

Miguel Anguel Hernandez Socorr03

Agrotecnia de Cuba

Maria C, Mapoles Garcia,

PR ¢ 19
Ramodn Rivera Espinosa

. Damién Caballero Bencosme™

.J_uis Ruiz Martinez %

.3
/ Lk Aracely Mena Echevarria

A 2T
.J(alyanne Fernandez Sudrez

e

.’Bannie Wazquez Del LI

3

o

no

” i
‘Jaime Simé Gonzslez Roberto Barios Gordillo

Jorge Corbera Gorotiza4

\\ R. Plana®

edro 1. Gon‘zélez-“'
oan firzola Batista®

Gloria M. Martin Alonso
\\‘. Liarine Atias Pérez

.,.Gretel Gomez

Revista CENIC. Ciencias bialdgicas

Maravis Rives®

—

vanelis Acebo® qrdh
Mayra Heydrich Pérez

Revista Cubana del Arroz

Janet Rodriguez 3

/Segundo Urquiaga Cahallero4
a

¥oania Rios Rocafull
Yeernardo Dibut !

G
Beatriz Salas

Félix Fernandez Martin™ Gertrudis Pentén®

; 4
askos y Forrajes o — . ‘familka R.amos

3
Lisbet Ulloa

yInes M, F&eynaldo3

i 5
] . Lo L. Avila
Guianeya Pérez Hernandez

i

3 evista Cubana de Ciencias Agricalas

]
L. A, Palmero

1A, Né:polesB

Juan F. Ramirez Pedroso®

Ciencia v Tecnologia Ganadera

Figure 3. Relationship between Cuban researchers on biofertilizers, quantity of articles and scientific

magazines from 2008 to 2012

INSTITUTIONAL PRODUCTIVITY

The analysis of the most productive institutions
(Figure 4) showed that 74 % of the publications related
to this topic belong to Research Institutes. INCA runs
first with 47 %, then universities with 20 %, the University
of Havana stands out and the rest 6 % pertains to
Experimental Stations of Pastures and Fodders in
Sancti Spiritus and “Indio Hatuey” in Matanzas.

The main institutions that research on biofertilizers
enjoy a great prestige because of their tradition, the
quality of human resources and the technological
capacity according to the interest of the Government
in the scientific development of the country, especially
in INCA. This institution was founded in March 1970 by
Commander in Chief Fidel Castro Ruz, it has a Nutrition
and Biofertilization Department, a mycorrhizal lab and
a plant to produce ECOMIC. Since 1977, INCA is a
postgraduate center in Cuba and as such, develops
PhD courses, master courses, specialties, diploma
courses and training on this topic for which a highly
qualified staff is an essential support.
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Figure 4. Distribution of articles on biofertilizers
(2008-2012) in the main institutions of
the country

INIFAT as the oldest Agronomical Experiment
Station, was pioneer in the studies of biofertilizers in the
country since 1904; nontheless, after the triumph of the
Revolution in 1959, such studies were taken up back
again by the Soil Institute and University of Havana.
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At present, INIFAT has a Topic Group on Biofertilizers
that has developed manufacturing technologies of
biofertilizers and biostimulants from Azotobacter and
other microorganisms.

The Faculty of Biology of the University of
Havana, founded in 1976, has a Department of
Soil Microbiology with a staff of 29 professors and
researchers, out of whom 11 are PhD and 10 are
Masters in Science. This department coordinates
a master course of Microbiology and also teaches
pre and postgraduate courses closely related to
biofertilization, soil microbiology, microbiology of
fermentation processes and microbial ecology.

AFEP

Sancti Spi

-

Delegacion Provincial Agricultura G;i‘nm

G

Instituto "Jorge Dimitrov"

niversidad Grar

INCA: Instituto Nacional de Ciencias Agricolas

RELATIONSHIP AMONG NATIONAL INSTITUTIONS

Looking at the relationship among Cuban
institutions (Figure 5), a network stands out with
prominent communication centers like INCA, INIFAT,
and the University of Havana. INCA maintains strong
links with IIPF, INIVIT, “Indio Hatuey” Experiment
Station on Pastures and Fodders and the University
of Havana.

INCA's strong position is marked by the training
services on biofertilizers, postgraduate courses,
master and PhD courses, among them. Institutions
from Granma province are not included in this network
and do not collaborate with other institutions out of the
province.

Empresa Agropecuaria "Camilo Cienfuegos"
INIVIT

Universidad de Guantanamo

Unjversidad "Camilo Cienfuegos" ) )
. Ciencias Médicas Villa Clara
EEC lJibacoa

arta Abreu"

EIC
EEPF "Indio Hatuey"

niversidad "}

Centro de Bioproductos Marinos

ICIDCA

ICGC

INIFAT: Instituto Nacional de Investigaciones Fundamentales de Agricultura Tropical

Fbio: Facultad de Biologia de la Universidad de la Habana

IIPF: Instituto de Investigacion de Pastos y Forrajes

EEPF: Estacién Experimental de Pastos y Forrajes

INIVIT: Instituto Nacional de Investigaciones de Viandas Tropicales
EEC: Estacion de Investigaciones del Café

EIC: Estacion de Investigaciones del Café

EPG: Empresa Pecuaria Genética

CENSA: Centro Nacional de Sanidad Agropecuaria

EET: Estacion Experimental del Tabaco

ICA: Instituto de Ciencia Animal

ICIDCA: Instituto Cubano de Investigaciones de los Derivados de la Cafia de Azucar

IES: Instituto de Ecologia y Sistematica

IIA: Instituto de Investigaciones del Arroz

IIG: Instituto de Investigaciones de Granos

SUM: Sede Universitaria Municipal

ICGC: Instituto Cubano de Geodesia y Cartografia

Figure 5. Relationship among Cuban institutions involved in research on biofertilizers from 2008 to 2012
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Among the universities with more participation
in the network of institutions are the University of
Havana, the University of Villa Clara, the University
of Guantanamo, the University of Matanzas and the
University of Granma. However, there are not relations
among them, but it does with other institutions at the
province level.

PRODUCTIVITY BY PROVINCE

Among the most outstanding provinces in research
on biofertilizers from 2008 to 2012 are: Mayabeque,
Havana and Villa Clara (Figura 6), that also collaborate
among them; however, only in the first two a little more
than 50 % was found.

Opposite to the high levels of scientific production
related to this topic in the Western part of the country,
low levels can be found in the Eastern part with only
six articles in provinces like Granma, Santiago de
Cuba and Guantanamo that account for 5 % of all
publications. Provinces like las provincias de Ciego
de Avila, Las Tunas and Holguin did not show activity
in this regard.

MAIN COLLABORATING COUNTRIES

There are several countries in the world that
research or use biofertilizers like North America, Brazil,
South Cone countries, Russia, Asia, Africa, China,
among others (27).

During 2008-2012 countries like Brazil, Mexico,
Spain, Colombia, Canada, Argentina, France, Ecuador,
Belgium, and Angola collaborated with Cuba in the
publication of articles on biofertilizers.

Brazil, applies from 60 000 to 70 000 t of
biofertilizers every year according Dr. Luis Prochnow
and Dr. Valter Casarin representatives of the IPNI
Program in Brazil. This country, through the Centro de
Pesquisa de Agrobiologia (EMBRAPA), held relations
with INCA and with the Coffee Experimental Station of
Jibacoa (Villa Clara) for the inoculation of arbuscular
mycorrhizal fungi in coffee (Coffea arabica).

On the other hand, it interacted with the Soil
Institute and with the Rice Research Institute to study
the nitrogen biological fixation with Azospirillum,
Pseudomonas and Azotobacter in rice (Oryza sativa).
In Mexico, the Research and Advanced Study
Center (CINVESTAV) worked with INCA on the use
of arbuscular mycorrhizal fungi in potato (Solanum
tuberosum) and sorghum (Sorghum vulgare).

The Faculty of Biology of the University of
Havana prepared an inoculant from Burkholderia sp.
For rice (Oryza sativa) and corn (Zea mays) and the
Autonomous University of Mexico (UNAM) and the
Faculty of Biology previously mentioned, conducted
environmental research on this topic focused on
studying the diversity of rhizospheric bacteria
associated to plants of Typha dominguensis in
wetlands of the Almendares river in Havana.

MAIN AGRICULTURAL CROPS

The total number of crops studied in this period was
36, classified in ornamental plants, roots and tubers,
vegetables and pastures. The main agricultural crops
(Figure 7), in which a higher number of microorganisms
were studied were sorghum (Sorghum bicolor and
Sorghum vulgare), rice (Oryza sativa), cabbage
(Brassica oleracea), tomato (Solanum lycopersicum),
sugarcane (Saccharum officinarum), corn (Zea mays),
papaya (Carica papaya) and canavalia (Canavalia
ensiformis). These results coincide with Dibut’s, who
says that in Cuba, over 40 plant species have been
favored with the use of biofertilizers and biostimulants.
These bioproducts, together with the integrated
management, nutrition and the agroecological pest
management, among other cultural factors, have
permitted to produce foods close to people’s demands,
though in many items and productive chains planned
demand is not met by the authorities regulating the
agricultural policy of the country (28).
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Figure 6. Quantity of articles on biofertilizers by province from 2008 to 2012
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Figure 7. Main crops in which microorganisms
biofertilizers were evaluated in Cuba
(2008-2012)

MAIN MICROORGANISMS

It has been stated that the most common
microorganisms used as biofertilizers are Rhizobium,
Azotobacter, Azospirillum and solubilizing microbes of
phosphorus like Pseudomonas and Bacillus (29) and
those more used in leguminous crops in most of the
countries are Rhizobium and Bradyrhizobium (15).

Tabla III shows the genus of microorganisms-
biofertilizers that were investigated in the last five
years in Cuba, among which are Glomus, Rhizobium,
Bradyrhizobium, Azotobacter, Gluconoacetobacter and
Pseudomonas.

As for other microorganisms-biofertilizers very little
research has been done, it explains the scarce use
made by growers in addition to insuficient knowledge,
poor infrastructure and the lack of technologies.
However, the use of land for agriculture will be
increased to meet food demands in the 2008-2017
period, according to the outlook of the Organization
for Economic Cooperation and Development (OECD)
and the FAO. Therefore, due to the high prices of
nitrogen and phosphorus fertilizers, agronomical
actions are to be taken to increase nutrients uptake
by plants, and the use of microbial inoculants is one of
the alternatives that fosters the development of studies
on soil microorganisms (30).

In Cuba, the study of fungi of the Glomus genus
rapidly acquired importance boosted by the wide
spectrum of plants that perform mycorrhizal symbiosis
and the benefits that provide to the plant as well as
the technological advantages its production brings in
(Figure 8).

The first micological studies started around 1970
at the Institute of Ecology and Systematics (IES) and
from 1988, INCA started research focused on the
use and management of mycorrhizal associations.
From 1990 to 1994, The Biofertilizers Group of IES,
embarked upon a national program to introduce
vesicular-arbuscular mycorrhizae in the Cuban
agriculture.

Table lll. Main agricultural crops in which a higher quantity of microorganisms biofertilizers were studied

from 2008 to 2012

Tomato
(Solanum
lycopersicum)

Cabbage  Papaya
(Brassica  (Carica
oleracea)  papaya)

Sugarcane
(Saccharum
officinarum)

Rice
(Oryza
sativa)

Canavalia
(Canavalia
ensiformis)

Coffee
(Coffea
spp.)

Corn
(Zea
mays)

Sorghum
(Sorghum

spp.)

Glomus X
Rhizobium

Sinorhizobium
Bradyrhizobium

Gluconoacetobacter

X

Azospirillum
Herbaspirillum
Azotobacter
Pseudomonas
Sphingomonas
Pantoea
Acaulospora
Gigaspora
Scutellospora
Bacillus
Brevibacillus
Paenibacillus
Burkholderia
Enterobacter
Trichoderma
Aspergillus
Rhizopus
Mucor
Penicillium

XK R R

XK R R R

X

ol

X
X

X X

ol
XK KK

X
X

=

XK XK

e Rale
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Figure 8. Main microorganisms studied as biofertilizers
in Cuba (2008-2012)

Such program involved 22 scientific institutions
and close to 90 researchers in the country. Moreover,
they are producing MICOFERT, a certified mycorrhizal
inoculant that is being introduced now in agroforestry
area. The development of biofertilizers based on
arbuscular mycorrhizae and rhizobacteria started
in 1995, and in 2002 the patent for ECOMIC was
granted. Hence, the development of reserarch in both
institutes, the collaboration links and the experience in
the application of these products, look at the Glomus
genus as the one on which the highest number of
investigations have been done in the studied period.

Despite the results attained in Cuba in research,
production and application of biofertilizers, publication
efforts should be increased both in national and foreign
magazines of high scientific and social impact, so
feedback among scientists, decision makers and
agricultural and livestock growers also increase.
On the other hand, science and innovation policies
should promote research on biofertilizers in the
Eastern region of the country, where the study of
native microorganisms adapted to stressing drought
and salinity allows encouraging results in the quest of
effective inoculants under stressing conditions.

CONCLUSIONS

¢ There is a reduction of articles on biofertilizers in
Cuban scientific magazines from 2008 to 2012 and
most of the research is found in the Western and
Central regions of the country, with low participation
of institutions from the Eastern region.

¢ The collaboration on this topic with other countries

51

is still limited, Brazil and Mexico were the countries
that most collaborated with Cuba in this field in the
last five years.

¢ The agricultural crops where more biofertilizers-
microorganisms were studied in the evaluated period
were Sorghum bicolor and Sorghum vulgare, rice
(Oryza sativa), cabbage (Brassica oleracea), tomato
(Solanum lycopersicum), sugarcane (Saccharum
officinarum), corn (Zea mays), papaya (Carica
papaya) and canavalia (Canavalia ensiformis).

+ The biofertilizers-microorganisms of highest level
in the studied period were Glomus, Rhizobium,
Bradyrhizobium, Azotobacter, Gluconoacetobacter
and Pseudomonas.
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