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INTRODUCTION
In our country, tobacco (Nicotiana tabacum 

Linneaus) has historically been one of the most 
prestigious marketable agricultural products 
worldwide. In order to conserve this genetic 
material in any of its reproductive formulas (seeds, 
cuttings, tubers, etc.), “germplasm banks” have 
been created. Its mission is to locate, collect, 
preserve and characterize the germplasm of plants 
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RESUMEN. En Cuba, la conservación de Nicotiana 
tabacum es de vital importancia debido a que constituye uno 
de los principales rubros en la exportación y sustentabilidad 
de la economía del país. La estación experimental de 
Cabaiguán en Sancti Spíritus, tiene entre sus funciones la 
conservación del material genético de Nicotiana tabacum.  
Debido al reducido tamaño de estas semillas (0,1-0,5 mm), 
su cuantificación es uno de los principales problemas, 
observándose inconsistencia en el resultado del conteo, 
alta tasa de error de un especialista a otro, labor intensiva 
y pérdida de tiempo. Por tal motivo, se propone desarrollar 
un sistema informático para la cuantificación de semillas de 
Nicotiana tabacum, basado en técnicas de procesamiento 
digital de imágenes. Las imágenes de las semillas se 
capturan en niveles de grises en un scanner convencional. 
La segmentación de la imagen se realiza por umbralización 
a partir del histograma de frecuencia de los niveles de grises. 
Las impurezas y ruidos en la imagen son eliminados a partir 
del tamaño. Se calcula el tamaño medio de las semillas y 
el número de semillas presente en cada clúster. Finalmente 
el número de semillas en la imagen es determinado. Para 
evaluar la calidad y efectividad del sistema propuesto 
se realizó una validación experimental en 15 imágenes 
conteniendo 1492 semillas, para diferentes resoluciones  
(150 dpi, 300 dpi, 600 dpi y 1200 dpi). Los resultados 
estadísticos demuestran la capacidad del sistema de contar 
las semillas con una precisión superior al 99 % para las 
resoluciones iguales o superiores a 300 dpi. 

ABSTRACT. In Cuba, conservation of Nicotiana tabacum 
is vital because it is one of the main items on the export 
and sustainability of the economy. The experimental 
station of Cabaiguán in Sancti Spiritus, whose functions 
include the conservation of genetic material from Nicotiana 
tabacum. Due to the small size of these seeds (0,1-0,5 mm), 
quantification has become one of the main problems, 
showing inconsistency in results of the count (high error 
rate) of a specialist to another, labor intensive and time 
lost. Therefore, it is propose to develop a computer system 
for quantification of Nicotiana tabacum seeds, based on 
techniques of digital image processing. Seedsimagesare 
captured ingray levelsina conventionalscanner. Image 
segmentation is performed by thresholding the histogram 
from the frequency of gray levels. Impurities and image 
noise are eliminated from size. The average seed size 
and number of seeds present in each cluster is calculated. 
Finally, the number of seeds in the image is determined. To 
assess the quality and effectiveness of the proposed system 
an experimental validation was performed on 15 images 
containing 1492 seeds for different resolutions (150 dpi, 
300 dpi, 600 dpi and 1200 dpi). Statistical results prove the 
ability of the system to count seeds with an accuracy above 
99 % for the same or higher than 300 dpi resolutions.
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construction of tools capable of inspection and 
classification in an objective, fast, reliable and non-
invasive way, avoiding affecting the quality.

The DIP allows to make measurements as 
exact as possible of the objects and to extract 
the maximum information contained in the image, 
depending on the problem itself. These measures 
can be as simple as the number of objects, size 
or color of the object or more complicated as 
the shape, connectivity or appearance (texture) 
of objects. There are numerous examples in 
the literature of DIP technique application in the 
analysis and quantification of seeds (3, 4, 5, 6, 
7, 8, 9, 10, 11, 12, 13, 14, 15). However, none 
of these applications allows the counting of 
seeds as small as those of Nicotiana tabacum. 
For this reason, the present work proposes a 
computer system based on DIP techniques for the 
quantification of tobacco seeds contained in an 
image, which allows reducing the risk of error that 
is introduced in the counting process of the same.

MATERIALS AND METHODS
The research was carried out in the laboratory 

of Applied Informatics of the Center of Bioplants, 
University of Ciego de Ávila, in collaboration with 
the Tobacco Experimental Station of Cabaiguán in 
Sancti Spíritus. The development, implementation 
and tuning of the algorithms as well as the treatment 
of the images, was done with the image processing 
plat form AForge.NET and the development 
environment SharpDeveloment ver. 4.4. The variety 
Nicotiana tabacum Linneaus cv Sancti Spíritus 96 
was used and the images were captured with a 
conventional scanner CANNON, Image CLASS, 
MF4570dw.

For the set-up of the algorithms and the system 
in general, 15 images of tobacco seeds containing 
1492 seeds were used, each image was captured 
with different resolutions (150 dpi, 300 dpi, 600 
dpi and 1200 dpi). One of these images and two 
enlarged sections are shown in Figure 1. Statistical 
analysis was performed using the SPSS statistical 
package (16).

Accesion Dry mass of 1000 seeds (g)
Nicotiana tabacum Linneaus cv Sancti Spíritus 96 0,0790
Nicotiana sylvestris Espegazzini and Comes 0,0321
Nicotiana plumbaginifolia Viviani 0,0157
Nicotiana megalosiphon Heurck and Mueller 0,1101
Nicotiana rustica Linneaus 0,2895

Table I. Dry mass of 1000 seeds of five accessions stored in the germplasm bank of the Institute of 
Tobacco Research of Cuba
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that, because of their attributes, are considered 
of priority interest, as well as providing scientific 
knowledge aimed at optimizing the conservation 
and use of plant genetic resources. This makes 
it possible to conserve the plant genetic heritage 
and, therefore, the genetic variability of this genus, 
which is the essential basis of genetic improvement 
and genotype selection programs.

At the same time, cryopreservation techniques 
are developed and used to achieve conditions 
of low molecular kinetic energy and extremely 
slow diffusion, so that the chemical reactions are 
practically paralyzed; under these conditions, 
extremely long longevities are postulated. However, 
studies show that after a period of storage, where 
there are no symptoms of decreased seed quality, 
a rapid decline in the viability of the cryopreserved 
material occurs (1).

The conditions of cultivation, harvesting and 
postharvest, as well as humidity and storage 
temperature are fundamental factors that the 
operator must take into account in the management 
of seeds in a germplasm bank (2). Therefore, the 
influence of these factors should be evaluated 
before using cryopreservation as a safe strategy 
for storing seeds of the genus Nicotiana (1, 2, 3). 
To determine the optimal harvest day, the degree 
of seed maturity plays a key role. This parameter 
is closely related to the dry or fresh mass of the 
seeds. However, considering the small size of these 
seeds, between 0,1 and 0,5 mm (Table I), their 
manual quantification is one of the main obstacles 
in processing them, factor that introduces a high 
level of error in the process.

In the last years the incorporation of the 
techniques of Digital Image Processing (DIP) 
constitutes an alternative for the solution to this 
problem. These techniques allow the implementation 
of a wide range of applications with different 
objectives, such as inspection, classification, object 
recognition, measurements, quality control and 
process control, which makes them very attractive 
to the food and agricultural sector. Systems for 
a wide range of products, because it allows the 
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Figure 1. Image of tobacco seeds and two enlarged sections
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RESULTS AND DISCUSSION
To carry out the counting of seeds, it is first 

necessary to be able to separate in the image what 
is seed and what is background. This process is 
known as segmentation and it is a fundamental step 
in the DIP, where each case has its particularities 
depending on the type of image to analyze. Later 
it is necessary to detect the objects of interest 
(seeds) and eliminate the noises present in the 
image, either by the process of capturing the image 
or by the very nature of it. In order to perform the 
segmentation and improvement of the image, a 
series of steps were followed that were shown in 
the algorithm (Algorithm 1) and allowed to extract 
each seed or group of seeds present in the image.

Algorithm 1. Process of improvement, segmentation 
and detection
1) Normalize the image, using as a rank the lowest 

and highest values of grayscales of the histogram.
2) Threshold with a cutoff point that is automatically 

calculated depending on the histogram.
3) Perform a morphological transformation “Opening” 

with the aim of el iminating possible broken 
fragments of seeds or other noises present in the 
image.

4) Detect the seeds or seed groups through the 
detection of their edges.

The overlap between seeds is very common 
in the count ing process. This considerably 
affects the precision of the count performed 
since each group is considered a single seed. 
For this reason, a counting algorithm is applied  
(Algorithm 2) that includes the timely application 
of statisticians for the identification of the quantity 
of seeds.

Algorithm 2. Process of counting the seeds
1) Calculate the average area of each seed or seed group.
a) Calculate the area of each seed or seed group.
b) Calculate the average temporary area.
c) Calculate the average area of the areas smaller than 

the average temporary area.
2) Compare the average area with the areas of the 

elements detected, in this way it is possible to 
determine the amount of seeds present in the 
groups.

3) Determine the total number of seeds.

Evaluation of thE proposEd tool

T h e  e f f e c t i v e n e s s  o f  t h e  p r o p o s e d 
method is directly dependent on the quality 
of the image-taking process. The appearance 
of undesirable elements as impurities in the 
samples direct ly inf luences the f inal result. 
For the evaluat ion of  the proposed tool ,  a 
simplification of the problem was carried out, 
reducing it to two classes: seeds (positive) and 
impurities (negative). Where correct classifications 
would be correct ly detected seeds that are 
quantified as true positives (VP) and undetected 
impurities as seeds that are quantified as true 
negative (NPV). While the incorrect classifications 
would be impurities detected as seeds and seeds 
classified further into groups, which are quantified 
as false positives (PF) and seeds identified as 
impurities and unidentified in the groups, which 
are quantif ied as false negatives (FN). The 
effectiveness (Acc) of the tool is calculated through 
Equation 1 (8, 14).

Acc = (VP + VN)/ (VP + FP + VN + FN)      (1) 
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A) Original image. B) Gray scale and normalization. C) Thresholding. (D) Opening and counting of seeds
Figure 2. Seed counting process

Table II. Results of the evaluation made to the proposed tool

Image
150 dpi 

Acc
300 dpi 

Acc
600 dpi 

Acc
1200 dpi 

Acc
Mean

1 0,94 0,97 1,00 0,97 0,97
2 0,94 1,00 1,00 1,00 0,99
3 0,95 0,98 1,00 0,98 0,98
4 0,94 1,00 1,00 1,00 0,98
5 0,97 1,00 0,99 0,99 0,99
6 0,98 1,00 1,00 1,00 0,99
7 0,65 1,00 0,98 0,99 0,91
8 0,91 1,00 1,00 1,00 0,98
9 0,95 0,98 0,98 0,99 0,98
10 0,76 0,99 0,98 0,99 0,93
11 0,83 0,98 1,00 0,99 0,95
12 0,90 0,99 1,00 0,99 0,97
13 0,91 1,00 0,99 1,00 0,98
14 0,97 0,99 1,00 0,99 0,99
15 0,98 1,00 1,00 0,99 0,99

Mean 0,89 0,99 0,99 0,99 0,97

a) b)

c) d)
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The method developed is explained through 
Figure 2, where the image of a small amount of 
tobacco seeds is shown, in order to show more 
detail (a); The result of transforming the original 
gray scale image and its normalization, a necessary 
process for subsequent segmentation (b); A binary 
image is obtained (c); the noises present in the 
image are eliminated as a result of the “opening” 
morphological operation, and the amount of seeds 
in the image is calculated (d). 

For the evaluation of the proposed tool, a total 
of 1492 seeds were processed in 15 groups. In 
turn, four images of each group were taken with 
resolutions (150 dpi, 300 dpi, 600 dpi and 1200 dpi) 

for a total of 60 images. In all cases, the counting 
was done with the tool ,  applying the same 
configurations. The results are shown in Table II.

The resolution results of 150 dpi are poor, with an 
effectiveness of 89 %. This is because in this resolution 
the contours of the seeds are not well defined, 
which increases in the presence of seed groups. 
For resolutions of 300, 600 and 1200 dpi, and the 
results are similar with an effectiveness higher than 
99 %, so it is recommended to use a resolution of 
300 dpi for obvious reasons to save memory and 
decrease the execution time.
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CONCLUSIONS
 ♦ In the present investigation a computer system 

was proposed for the quantification of Nicotiana 
tabacum seeds contained in an image, applying 
DIP techniques.

 ♦ Experimental validation was performed on  
15 images with 1492 seeds and for resolutions 
of: 150 dpi, 300 dpi, 600 dpi and 1200 dpi, 
demonstrating that the system is able to count seeds 
of small size (between 0,1 and 0,5 mm), with an 
accuracy greater than 99 % for resolutions equal 
to or greater than 300 dpi, without there being any 
statistically significant differences among them.

 ♦ The system is being applied at the Experimental 
Station of Tabaco de Cabaiguán, in Sancti Spíritus, 
with satisfactory results.
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