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ABSTRACT. In the Local Agricultural Innovation Project RESUMEN. En el Proyecto de Innovacion Agropecuaria
(PTIAL according its acronym in Spanish), the study of the Local (PTIAL) el estudio de la diversidad genética de los

genetic diversity of germplasm banks of agricultural crops bancos de germoplasma de cultivos agricolas tiene gran
is of great importance for the use and conservation of plant importancia para el uso y conservacion de los recursos
genetic resources in Cuba. The provision of farmers in Cuba fitogenéticos en el pais. La puesta a disposicion de los
of the widest diversity of species and varieties of crops has agricultores en Cuba de la mas amplia diversidad de especies
been without doubt one of its basic purposes. The PIAL y variedades de cultivos ha constituido sin dudas uno de
does not have an automated system for the control of the sus propositos basicos. El PIAL no cuenta con un sistema
processes linked to the thematic axis of genetic diversity automatizado para el control de los procesos vinculados
and technology. That is to say, the information of the al eje tematico de Diversidad Genética y Tecnologica, la
composition of the diversity is stored manually, as well as informacion de la composicion de la diversidad se almacena
the process of assessing the behavior agro-morphology from de forma manual, asi como el proceso de la evaluacion
the characterization of the variability in lines of common del comportamiento agro-morfoldgico, a partir de la
bean (Phaseolus vulgaris L) sown in late season. Due to caracterizacion de la variabilidad en lineas de frijol comun
the foregoing raised proposes to carry out a system that (Phaseolus vulgaris L) sembradas en época tardia. Debido
will automate the control of information in the agricultural a lo anterior planteado se propone realizar un sistema que
biodiversity. The design of the system is based on the RUP automatice el control de informacion de la biodiversidad
methodology and their implementation was carried out agricola. El disefio del sistema estd basado en la metodologia
using tools of the Java platform. The use of the system RUP y suimplementacion se realizé mediante herramientas
facilitates the control agricultural biodeversity information. de la plataforma Java. La utilizacion del sistema facilita el
In addition of saving resources and streamline the work of control de informacion de la biodiversidad agricola, ademas
the researchers in the search for bean varieties that have de ahorrar recursos y agilizar el trabajo de los investigadores
better performance out of the whole year. en la busqueda de variedades de frijol que tengan un mayor

rendimiento en todo el afio.

Key words: crops, disemination, germplasm, seeds, Palabras clave: cultivos, diseminacion, germoplasma,
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INTRODUCTION Knowing and understanding the diversity structure

of local varieties is vital in the identification of

The study of the genetic diversity of germplasm  {hose populations that should be conserved in the

banks of agricultural crops is of great importance for best places for the collection of germplasm, and

the use and conservation of plant genetic resources. for tracking changes in diversity patterns over the

course of in situ conservation practices. This requires
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as well as biochemical and molecular markers. In
addition, knowing the available diversity allows a
more efficient use of these phytogenetic resources,
since it recognizes ample and diverse sources of
improvement, materials and populations that carry
genes for characters of interest in the improvement of
plants, which makes it possible to incorporate genetic
diversity and achieve a greater gain in the characters
of agronomic value (1).

The provision of the widest diversity of species and
varieties of crops to farmers in Cuba has undoubtedly
been one of the basic purposes of PIAL, as well as
the diversification of agricultural systems focused on
FP (Participatory Plant Breeding) in its beginnings and
later the PIAL. This practice showed in Cuba evidences
of the importance of the active participation of the
farmers in the decision making about the selection,
multiplication, maintenance and conservation of the
phytogenetic resources at local level, in very close
collaboration with researchers of the National Institute
of Agricultural Sciences (INCA) and other scientific
research institutions and the education sector of the
country (2).

The large volume of information used to execute
the aforementioned processes is done manually,
causing a decrease in the speed and efficiency in the
handling of the information, since the existing CDBAs
(Agricultural Biodiversity Dissemination Center) are
located in 28 different municipalities and 10 provinces
of the country, which hinders access to information.

Currently PIAL does not have an automated
system for the control of processes linked to the
thematic axis of Genetic and Technological Diversity;
the composition of the diversity is stored manually as
the operation of the CDBA.

Due to the above, it is proposed to develop a
system that automates the operation of the CDBAs in
Cuba with the objective of controlling the information on
the biodiversity of the crop varieties and characterizing
the varieties of the bean crop.

In order to solve the problem described, the
objective is to develop the “SCIDBA” system to promote
an adequate control of the biodiversity information of
varieties and the characterization of the bean crop.

MATERIALS AND METHODS

The tools, technologies and methodologies used
for the development of the module were selected by
the project’s architecture group, taking into account
that they are the most appropriate for the work to be
done following the country’s policy of migrating to free
software.
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GROOVY AS A LANGUAGE FOR WEB DEVELOPMENT

Groovy is an object-oriented programming
language implemented on the Java platform. It has
characteristics similar to Python, Ruby, Perl and
Smalltalk. The JSR 241 specification is responsible
for standardizing it for future inclusion as an official
component of the Java platform (3).

GRAILS FRAMEWORK

Grails is a dynamic framework for the development
of web applications on the Java platform, which follows
the principles Do not repeat yourselfand Convention
over configuration. Grails is more than just a Model
View Controller (MVC) framework, it also offers
persistence layer, service layer, servlet container and
database manager. It is based on several well-known
and tested Java frameworks and libraries such as
Spring Framework, Hibernate, Sitemesh, Log4j, Jetty,
Hsqldb (4).

INTEGRATED DEVELOPMENT ENVIRONMENT
(INTELuJ IDEA CE)

IntelliJ IDEA is one of the best IDEs (Integrated
Development Environment) for Java, by the hand of
JetBrains that always had features that we do not
find in others (Eclipse, NetBeans, among others)
such as automatic saving and compilation, control
of suggestions and highlighting of code within even
strings, the most intelligent self-completed code (5).

VISUAL DESIGNER OF DYNAMIC REPORTS

iReport is a visual open source designer for
JasperReports written in Java. It is a program that helps
users and developers who use the JasperReports
library to design reports visually. Through a rich and
simple interface to use iReport, it provides the most
important functions to create reports in a short time.
iReport can help people who do not know the XML
syntax to generate JasperReports reports (6).

PosTGRESQL DATABASE MANAGEMENT SYSTEMS

It is an object-relational database management
system, distributed under BSD license and with
its source code freely available. It uses a client/
server model and it uses multi-processes instead of
multithreading to guarantee the stability of the system.
Afailure in one of the processes will not affect the rest
and the system will continue to work. The last series
of production is 9.3.

Its technical characteristics make it one of the
most powerful and robust databases in the market.
Its development began more than 16 years ago, and
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during this time, stability, power, robustness, ease of
administration and implementation of standards have
been the characteristics that have been most taken
into account during its development. PostgreSQL
works very well with large amounts of data and a high
concurrency of users accessing the system at the
same time (7).

ENVIRONMENT FOR KNOWLEDGE ANALYSIS OF THE
UNIVERSITY oF WAIKATO

Weka is a collection of machine learning
algorithms for data mining tasks. The algorithms
can be applied directly to a data set or called from
their own Java code. Weka contains tools for data
pre-processing, classification, regression, grouping
algorithm, association rules, and visualization. It is
also very suitable for the development of new machine
learning schemes, it is software published under the
GNU General Public License (8).

JAVASCRIPT LIBRARY FOR INTERACTIVE MAPS

Leafletis open source a modern JavaScript library
for friendly mobile interactive maps. It is developed
by Vladimir Agafonkin with a team of dedicated
collaborators.

The library is designed with simplicity, performance
and ease of use in mind. It works efficiently through
all the main desktop and mobile platforms of the box,
taking advantage of HTML5 and CSS3 in modern
browsers while still being accessible (9).

JAVASCRIPT LIBRARY

JQuery is a JavaScript library that allows you to
simplify the way you interact with HTML documents,
manipulate the DOM tree, manage events, develop
animations and add interaction with the AJAX
technique to web pages, much simpler with an easy
to use API that works through a multitude of browsers.
With a combination of versatility and expandability,
jQuery has changed the way millions of people write
JavaScript (10).

DESCRIPTION OF THE ALGORITHM TO BE USED

The main components analysis is to build a set of
new variables or components, with the characteristic
that in this set most of the information or initial variability
will be concentrated in the first axes or components.
This result allows in turn reducing the dimensionality
of the problem, facilitating the characterization of the
elements of the sample and the search for correlation
structures between variables.
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These new variables or components are no more
than linear combinations of the original variables.
They are constructed in such a way that there is no
correlation between them; In addition, they have the
characteristic that each one has maximum variance,
that is, it explains as much initial information as
possible.

NOTIONS OF THE MATHEMATICAL FOUNDATION

As in any multivariate method, we start from the
initial data matrix X:

X= 1

I ]

Thus, the element ij of the matrix represents the
observed value of the variable j in the individual i.
In this case, it is appropriate to point out that the p
variables must be of a continuous nature, since the
method works with the Pearson correlation coefficient,
designed to measure the existing linear relationship
between continuous variables.

From this matrix, we estimate the vector of means
upx1 =(ut, u2, ..., up) and the matrix of variances and
co-variances Epxp by means of X means px1 and
Spxp respectively.

The objective is to find p functions (Y1, Y2, ...,
Yp), which are expressed as a linear combination
of the original variables, which are called principal
components.

Being: » »
Y]:Zj:]AIij""’Yp: szIAijj

nxp

Thus, to find Y1, that is, the first component, it is
necessary to find the coefficients A1j j = 1..p, so that
the variance of Y1 is maximum, subject to the condition:

Zﬁ'}:] Alj =1

Which ensures the uniqueness of the solution.

To find Y2 (second component), it is necessary to
find the coefficients A2j j = 1..p, so that the covariance
of Y2 with Y1 is equal to zero; In addition, it must be
fulfilled that the variance of Y2 is maximum and that:

Z§:] Agj =]

Note that in the case of the calculation of Y2,
one more condition is required; it is for this reason
that it must be obtained that the variance of Y2 is
going to be less than or equal to the variance of Y1.
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To find Y3 (third component), it is necessary to find
the coefficients A3j j = 1..p, so that the covariance of
Y3 with Y2 and the covariance of Y3 with Y1 are both
equal to zero. In addition, Y3 must have maximum
variance and the coefficients must meet the condition:

Z?:] Az =1

For the same reason, the variance of Y3 must be
less than or equal to the variance of Y2 and Y1. The
rest of the components are calculated by the same
algorithm, until arriving at the component p.

The solution to this problem is to find the values
and eigenvectors of the S matrix of variances and
covariances. Thus, for example, the largest of the
eigenvalues of S will be the value corresponding to
the variance of Y1, and its associated eigenvector
is identified with the coefficients A1j, j = 1..p. The
second eigenvalue (establishing a decreasing order)
will be the value corresponding to the variance of Y2
and its associated eigenvector is represented by the
coefficients A2j, j = 1..p; and so on until you get to Yp.
Some authors offer in detail the demonstration of this
result (11,12).

Note that finally the components fulfill the property
of being incorrect and the variance of the first will be
greater than that of the second and so on.

The sum of the variances of all the components
will be equal to the trace of the S matrix of variances
and covariances, because these variances are not
more than the eigenvalues. Now, this is not more than
the sum of the variances of the original variables Xi, i
=1..p, since these are the elements of the diagonal S.

Var(Y1)+Var(Y2)+...+
Var(Yp)=Traza(S)=Var(X1)+Var(X2)+...+Var(Xp)

It is for this result that the Analysis of Principal
Components can be used in the reduction of
dimensionality, that is, tries to explain with fewer
components the initial information that is collected in
the initial matrix of data X.

Once the components are constructed, the
correlation of each component with the initial variables
is calculated; this is a very important step, since from
these correlations, it is that you will have a criterion to
characterize the axes or components.

It is appropriate to point out that some authors
suggest that, on occasion, it is more effective instead of
calculating values and eigenvectors from the S matrix
of variances and covariances, calculating them from the
correlation matrix. It is suggested that the latter should
be used when the original variables are measured on a
different scale, since the data are standardized through
the calculation of the correlation matrix (13,14).

RESULTS AND DISCUSSION

The system is directly linked to the thematic
axis of Genetic and Technological Diversity of the
PIAL in order to improve and facilitate the control of
information on the biodiversity of varieties and the
characterization of the bean crop in Cuba for this is
based on the use of analysis statistics such as the
mean, standard deviation, coefficient of variation and
the performance of principal components analysis.
The process of the evaluation of the agro-morphological
behavior from the characterization of the variability
in lines of common bean (Phaseolus vulgaris L)
planted in late season begins with the planting of all
varieties of the same in a “Random Blocks” design.
“The evaluation is done using 14 agro-morphological
characters that include phenological, morphological
parameters, performance and its components,
and resistance to rust (Uromyces appendiculatus).
To evaluate the genotypes, 14 morphoagronomic
variables were taken into account, according to the
descriptors recommended for the characterization of
bean genotypes (Table 1) (15).

To carry out the process of evaluation of the
agro-morphological behavior of the bean crop, the
Characterization option should be selected where the
variety to be processed is chosen. Once selected,
the list of varieties is shown, as well as the option to
add a new variety, modify, eliminate and the analysis
option (Figure 1).

Table 1. Variables evaluated for the evaluation of the agro-morphological behavior of common bean lines

No. Code Variables No. Code Variables
1 AP Height of the plant (cm) NGV Number of grains per pod
2 NR Number of branches PG Weight of 100 grains
3 LV Pod length (cm) 10 Rend. Yield (t ha')
4 IF Days at the beginning of flowering 11 LG Pod length
5 DF Days to flowering 12 AG Grain width
6 DMC Days to harvest maturity 13 ALG Grain height
7 NVP Number of grains per pod 14 R Incidence of rust (Uromyces apendiculatus)*

*Scale that classifies the reaction of germplasm to the pathogen of rust in three discrete categories: resistant, intermediate or susceptible (14)
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Once the above data is inserted, the results Figure 3 shows the main components in which the
obtained after applying the Principal Component values that are taken are greater than 1 and the rest
Analysis algorithm (Figure 2) are shown, where the are discarded. With these results the researcher or
data that are independent of the root and its value is  the specialist can appreciate which of the varieties of

greater than or equal to 0.5 are those that they have  pean crop is the correct one for planting in later times.
a greater correlation between them.

Caracterizacion~

Frijol !
i ij | Adicionar | B
Listado de Frijol
Variedad AG ALG AP DF  DMC IF LG LV NGV NR  NVP PG  Rend Roya
Zea mays 5.21 6.37 50 42 79 39 1095 10 6 3 9 22 1,357.71 1 171 -)
Zea mays 537 637 55 43 19 39 128 9 5 2 14 24 1,920 1 21-)
Zea mays 504 637 60 43 79 40 1057 9 6 4 15 22 2,262.86 1 I1-)
Zea mays 481 6.37 62 43 79 40 1051 9 6 1 7 24 1,162 1 Go
Zea mays 493 637 59 42 19 40 103 9 6 2 15 22 2,262.86 1 ze
Zea mays 428 637 50 42 79 39 1065 8 5 1 5 2 685.71 1 ze
Zea mays 507 637 50 41 79 39 10.67 9 5 1 6 22 754.29 1 o
Zea mays 479 637 65 41 79 40 1075 8 5 3 10 24 1,371.43 1 0 -)
Zea mays 5.31 6.37 56 41 79 40 1049 9 5 1 1 22 1,382.86 1 Go
Zea mays 47 6.37 75 4179 40 942 10 4 2 10 24 1,097.14 1 o1 -)
Figure 1. Characterization of the bean crop
Matriz de Correlaciones
AG AP NR IF DF DMC NVP NGV v PG REND LG ALG
AG 10 0.08 -0.03 -0.14 0.06 0.15 012 -0.04 0.24 0.32 0.49 05
AP 0.08 (10 0.17 -0.43 -0.41 -0.1 -0.07 0.07 0.08 0.07 0.34 0.15
NR -0.03 0.17 (10 0.12 01 0.15 0.37 0.08 0.12 0.02 0.25 -0.05 02
IF -0.14 -0.43 0.12 (10 0.27 0.04 0.02 -049 -0.24 -0.14 -0.41 0.34
DF 0.06 -0.41 0.1 &= 40 ] 0.25 0.09 043 -0.02 0.16 041 017
DMC 0.15 -0.1 0.15 0.27 (10 0.42 0.08 -0.19 0.1 0.41 -0.32 -0.02
NVP 0.12 -0.07 0.37 0.04 0.25 0.42 0] 0.08 0.06 0.32 073 ] -0.03 0.03
NGV -0.04 0.07 0.08 0.02 0.09 0.08 0.08 (10 ] 0.09 -0.22 0.23 -0.27 0.1
v 0.24 0.12 049 -0.43 -0.19 0.06 0.09 (10] 0.35 0.26 0.43 0.1
PG = 0.08 0.02 -0.24 -0.02 0.1 0.32 -0.22 0.35 = 0.33
REND 0.32 0.07 0.25 -0.14 0.16 0.41 (073 ] 0.23 0.26 =3 [10] 0.15 0.11
LG 0.49 0.34 -0.05 -0.41 -0.41 -0.32 -0.03 -0.27 0.43 057 | 0.15 1.0 ]
ALG 0.5 0.15 -0.2 -0.34 -0.17 -0.02 0.03 0.1 0.1 0.33 0.1 [0.53 ] 0]
Figure 2. Correlation Matrix
Componentes
Valor especifico Proporcién Acumulado
3.68582 0.28352 0.28352
2.85963 0.21997 0.5035
1.76886 0.13607 0.63956
1.03466 0.07959 0.71915
0.9202 0.07078 0.78994
0.7311 0.05624 0.84617
0.69471 0.05344 0.89961
0.4556 0.03505 0.93466
0.28105 0.02162 0.95628

Figure 3. Main Components
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CONCLUSIONS

¢

The different existing computer systems do not meet
current needs, so it was demonstrated the need to
develop a control system for biodiversity of varieties
and characterization of bean cultivation in Cuba to
support decision making.

The Control System of the biodiversity information
of varieties and characterization of bean cultivation
in Cuba was analyzed, designed and implemented,
which allows to efficiently managing all the
processes that are carried out in the Agricultural
Diversity group, favoring to the decision making of
researchers and specialists.

The algorithm selected is the correct one because
it has advantages such as speed, which can be
considerable when dealing with large volumes of
data.

Through the use of the control system of biodiversity
information on varieties and characterization of bean
cultivation in Cuba, it was shown that the PIAL had a
significant economic savings as well as a reduction
in processing times and increased quality of work
demonstrating that the system is feasible.
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