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RESUMEN. La mezcla de oligogalacturónidos (Ogal), es un 
bioestimulante que se obtiene en el Instituto Nacional de Ciencias 
Agrícolas (INCA). Este producto presenta una alta proporción 
de grupos funcionales ácidos ionizables, lo cual les permite la 
formación de enlaces con los metales pesados. En este trabajo se 
asperjaron plántulas de tomate con Ogal en concentraciones de 5, 
19, 20, 30 mg L-1, cultivadas en un suelo Ferralítico Rojo Lixiviado 
Agrogénico contaminado artificialmente con 700 mg kg-1 cobre 
(Cu). A los 35 días de la germinación se evaluó el contenido de cobre 
pseudo total en el suelo (mg kg-1), el pH, así como la altura (cm),  
la longitud de la raíz (cm) y el contenido de Cu (mg kg-1)  
en los diferentes órganos de la planta. Los resultados muestran 
que la altura y la longitud de la raíz de las plantas que crecieron 
en un medio contaminado sin la aplicación de producto 
sufrieron un descenso con relación al control; sin embargo, 
en las que se aplicó el producto, esta disminución no 
fue tan marcada como las anteriores, obteniéndose los 
mejores resultados cuando se aplican dosis de 20 mg L-1 

(dosis 3 mL planta-1). Por otro lado, la extracción de iones 
Cu por las plántulas de tomate aumentó con la presencia de 
la mezcla de Ogal, siendo mayor su fitoextracción cuando 
se aplican dosis de 20 mg L-1 (dosis 3 mL planta-1).

ABSTRACT. The oligogalacturonides mixture (Ogal), is a 
biostimulant obtained at National Institute of Agricultural 
Siences (INCA). This product has a high proportion of 
ionizable functional groups, which allows the formation of 
bonds with heavy metals. In this work, tomato seedlings 
with Ogal were sprinkled with 5, 19, 20, 30 mg L-1 
concentrations, cultivated in an artificially contaminated soil,  
red ferralitic leachate type with 700 mg kg-1 copper (Cu).  
At 35 days of germination, were evaluations the total pseudo 
copper content in soil (mg kg-1), pH, as well as height (cm), 
root length (cm) and content of Cu (mg kg-1) in the different 
organs of the plant. The results showed that the height and 
length root of the plants grew in a contaminated environment 
without the application of product suffered a significant 
decrease in relation to the control; however, in which the 
product was applied, this decrease was not as marked as 
the previous ones, obtaining the best results when doses of  
20 mg L-1 (dose 3 mL plant-1) were applied. On the other hand, 
the extraction of Cu ions by tomato plant increased with the 
presence of the Ogal, mixture being more phytoextraction 
when 20 mg L-1 (doses 3 mL plant-1) were applied.
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INTRODUCTION
The contamination by heavy metals is mainly 

due to anthropogenic actions, since the increased 

industrialization in the planet, without the previous 
assessment of sustainability criteria has resulted in the 
dumping towards agricultural soils and waters, of high 
amounts of residuals that exceed the limit tolerable by 
living beings and have become toxic bioaccumulables 
that are already part of the natural trophic chain (1).

In this sense, Cuba has not been exempt from 
this problem, since there are several areas where 
for various reasons the environmental security that 
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is needed is not achieved. Due to its economic 
contribution, the industrial sector has important 
industries that despite being necessary from the 
economic point of view are sources of environmental 
pollution and of possible repercussions on the country’s 
food security (2,3).

Copper (Cu) is an essential metal for the 
normal growth and development of plants. It is 
a micronutrient that participates in numerous 
physiological processes and an essential cofactor for 
many metalloproteins. However, it is also potentially 
toxic and problems arise when it is found in excess 
in the cells (4). The Cu poses serious problems 
due to its wide industrial use (manufacture of many 
products such as amalgams, enamels and pigments, 
reagents for tannery, algaecides, medical-surgical 
prostheses) and agricultural, since some applications 
of Cu as a fungicide, may involve exposures at high 
concentrations (5).

During these years, a wide range of cleaning 
technologies has been developed to eliminate 
toxic metals from water and soil. These included 
bioremediation as a possible future solution to many 
pollution problems, because they are considered an 
innovative technology worldwide for the treatment 
of toxic waste (6,7). Among its variants, is the 
phytoremediation (8,9), which is based on the use 
of plants to clean contaminated environments, 
phytoextraction and phytostabilisation being the most 
applied techniques.

In addition, growth regulators have been used 
in phytoremediation with plants, such as auxins and 
cytokinins to reduce their contamination by heavy 
metals; because these regulators potentially increase 
the growth rate and the biomass in hyperaccumulative 
plants (10). As well as chelating agents such as EDTA 
and humic and fulvic acids.

In this sense, the laboratory of Bioactive Products 
of the National Institute of Agricultural Sciences (INCA) 
obtained the mixture of oligogalacturonides (Ogal), 
biostimulant that has a high proportion of ionizable 
functional groups, which allows the formation of bonds 
with heavy metals (11,12). Therefore, the aim was to 
evaluate the effect of foliar application of a mixture of 
Ogal on the absorption of copper (Cu) from the soil 
by tomato seedlings.

MATERIALS AND METHODS

Soil Pollution

Soil classified as Red Ferralitic Leachate (13) was 
collected in the lands belonging to the National Institute 
of Agricultural Sciences (INCA) and a CuSO4.5H2O 
solution was prepared in an amount equivalent to 
700 mg kg-1 (soil) of Cu, adding it to the soil seven 
days before planting (14,15). The contaminated and 
uncontaminated soil was characterized.

All the experiments were carried out in the 
Department of Plant Physiology and Biochemistry of 
INCA, in a room of lights, maintained under conditions 
of 24±2 °C of temperature, 12 light hours of photoperiod 
and a relative humidity of 40 %, during 35 days.

The mixture of Ogal was obtained in the INCA, 
according to the methodology proposed by CabreraA 
and as a hyperaccumulative plant tomato seeds of the 
Amalia variety were used (16), coming from the Genetic 
Improvement Program of the institute, for its tolerance 
and hyperaccumulation of metals and generation of 
biomass over time which were germinated in pots (9 cm 
of internal diameter x 7 cm of height), with a capacity 
of 0, 2 kg of soil. In Table I the description of each of 
the treatments is shown.

Foliar spraying was carried out 12 days after the 
emergence of the plants, using a micro-sprinkler of 100 
mL capacity. Ten plastic containers were used for each 
treatment, three seeds were planted in pots and seven 
days after germination the seeds were left with a plant 
in each one. Three repetitions of the experiment were 
performed, with a completely randomized design and 
irrigation was performed at a dose of 70 mL of water 
every two days.

Table I. Description of the treatments studied in 
the experiment

Treatments
Description of treatments

Soil Ogal 
(mg L-1 (dose 3 mL plant-1))

1 Normal -
2 contaminated -
3 contaminated 5
4 contaminated 10
5 contaminated 20
6 contaminated 30
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After 35 days of germination, the plants were 
removed and the roots were washed with running water 
and placed in CaCl2 solution for 10 minutes, trying to 
remove the metals adsorbed on the walls and then 
washed with abundant deionized water.

The root length, the height of the plants and the 
content of Cu in the root and aerial part of the plant 
were evaluated.

Measurement of root length and height of 
plants

Height of the plant (cm): the measurements were 
made from the base of the stem to the bud of the 
terminal leaf, with the help of a graduated rule of 1 
mm of precision.

Root length (cm): measurements were made from 
the base of the neck to the main root cap with the help 
of a 1 mm precision ruler.

Methods for the quantification of metallic 
elements

Characterization of the soils used
The pH was determined by the potentiometric 

method with a soil: water ratio of 1: 2,5.
For the determination of the pseudo total Cu 

content, 0,5 g of the samples were digested with 4 
mL of HCl/HNO3 (3: 1) (v/v) in a microwave oven, 
and the Cu concentration was determined by atomic 
absorption.
Cu content in plants

Both the aerial part and the root of each plant 
were dried in a forced air circulation oven at 70 ºC for 
72 hours and weighed on an analytical balance until 
constant weight was obtained. Subsequently, 0,5 g 
of dry and milled sample was taken from the aerial 
part and from the root respectively with a size of 60 
Mesh and 4 mL of concentrated HNO3 were added. 
Digestion was done in a microwave oven. They were 
transferred to glass containers and diluted with 20 mL 
of distilled water, filtered and the amount of Cu in the 
supernatant was determined by means of an atomic 
absorption spectrophotometer in a NovAA 350 device 
with LD (mg kg-1) of 0,01 for Cu (17).

The results were subjected to analysis of variance 
(ANOVA) of simple classification, in case of significant 
differences, the means were compared according to 
the Tukey test (p <0,05) (18). For the processing of 
the data, the statistical package STATGRAPHICS Plus 
version 5.0 for Windows (19) was used.

RESULTS AND DISCUSSION
When analyzing the characteristics of normal 

soil and that which was artificially contaminated 
(Table II), the content of bioavailable Cu in 
contaminated soil was 650 mg kg-1, which represents 
a high level of contamination for Cu according to 
the results obtained in another investigation when 
determining the content of metals in Ferralitic soils 
with low anthropic activity (20).

The change presented in the magnitude of the 
pH is remarkable when comparing the normal and 
contaminated soil, since when contaminating it, the 
pH values change from neutral to acidic values, which 
can significantly influence the fertility of the soil (21).

This aspect is very important, since at pH values 
close to seven the macronutrients have a high mobility 
in the soil and a higher rate of assimilation by the 
plants; while, the adsorption of heavy metals by them 
is limited.

This aspect is very important, since at pH values 
close to seven the macronutrients have a high mobility 
in the soil and a higher rate of assimilation by the 
plants; while, the adsorption of heavy metals by them 
is limited.

In other studies it is stated that the low pH values of 
contaminated soil (22) favor the absorption of extremely 
excessive or toxic levels of metals, a phenomenon 
that has been proven in teak plants (Tectona grandis) 
developed on substrates with acidic pH.

These pH values are of vital importance, because 
at pH values higher than 3.8 the protons of the 
carboxylic groups of the Ogal mixture are completely 
dissociated and facilitates the bond with the metal ions 
present in the soil, as demonstrated when studying 
the influence of pH on the sorption of metal ions (23).

When analyzing the height of tomato plants grown 
in a contaminated natural soil (Figure 1), significant 
differences were observed between the control plants 
(T1) and those that grew in the contaminated medium 
without the foliar application of the Ogal mixture. 
However, when analyzing the behavior of the plants that 
grew in a contaminated medium without the application 
of the Ogal (T2) mixture with those that grew in the 
contaminated medium with the application of this, they 
showed greater growth, which demonstrates the effect 
of the contamination of metallic ions on the growth in 
height of the plants and the attenuation of this effect as 
a consequence of the foliar spray of the mixture of Ogal.

Table II. Chemical-physical properties of soils

Indicators
              Treatments
Natural soil Contaminated soil

Cu (mg Kg-1) 45,54±0,02 650,28±0,05
pH   7,4±0,1     3,6±0,1
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T1 Seeds soaked 4 hours in water, uncontaminated soil (Control) 
T2 Seeds soaked 4 hours in water, contaminated soil 
T3 Seeds soaked 4 hours in water, contaminated soil foliar spray Ogal 
5 mg L-1 
T4 Seeds soaked 4 hours in water, contaminated soil foliar spray Ogal 
10 mg L-1 
T5 Seeds soaked 4 hours in water, contaminated soil foliar spray Ogal 
20 mg L-1 
T6 Seeds soaked 4 hours in water, contaminated soil foliar spray Ogal 
30 mg L-1 
* Different letters indicate significant differences according to Tukey for 
p≤0,05

Figure 1. Height of tomato plants grown in a 
contaminated soil and treated with 
different concentrations of the Ogal 
mixture

T1 Seeds soaked 4 hours in water, uncontaminated soil (Control) 
T2 Seeds soaked 4 hours in water, contaminated soil 
T3 Seeds soaked 4 hours in water, contaminated soil foliar spray Ogal 
5 mg L-1 
T4 Seeds soaked 4 hours in water, contaminated soil foliar spray Ogal 
10 mg L-1 
T5 Seeds soaked 4 hours in water, contaminated soil foliar spray Ogal 
20 mg L-1 
T6 Seeds soaked 4 hours in water, contaminated soil foliar spray Ogal 
30 mg L-1 
* Different letters indicate significant differences according to Tukey for 
p≤0,05

Figure 2. Root length of tomato seedlings grown 
in a contaminated soil and treated with 
different doses of the Ogal mixture
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In addition, when the Ogal mixture is applied, a 
tendency to a higher height is observed in the plants 
where it was applied at a concentration of 20 mg L-1, 
reaching significantly the same as the plants that grew 
in a natural soil without artificial pollution.

Figure 2 shows the effect of Cu on the length 
of the root of tomato seedlings treated with the Ogal 
mixture. In general, differences are observed in the 
root length of the plants that grew in a medium without 
contamination (T1) in relation to those that grew in 
contact with the Cu ion.

However, among them it can be seen that there 
was a tendency to decrease the root length in the 
plants that grew in contact with the Cu without previous 
application of these compounds (T2), presenting 
differences in relation to those that received treatment 
with the product.

The results obtained corroborate the attenuating 
effect of the Ogal mixture, since with all the treatments 
used at least the root length was doubled with respect 
to T2. In the case of the spray with the mixture of Ogal 
at a concentration of Ogal 20 mg L-1 (dose 3 mL plant-1) 
the plants achieved a significantly lower root length 
than those that grew in the soil without contamination.

Figure 3 shows the results of the Cu ions content 
evaluations in the roots and leaves of the tomato plants 
due to the application of the foliar Ogal mixture. The 
application of the mixture of Ogal positively influenced 
the increase of the concentration of Cu in the root 
and in the aerial part, reaching the plants developed 
in the contaminated soil and treated with the product, 
superior contents of metals in their organs to the found 
in the seedlings developed in the normal soil (T1) and 
in the contaminated soil without the application of the 
product (T2).

When analyzing the content of metals in the 
different organs in the seedlings sprinkled with the 
mixture of Ogal, the highest levels were found when 
applied at a concentration of 20 mg L-1 both in the roots 
and in the aerial part.

These results are similar to those obtained by 
other researchers (24), who argue that metals are 
mainly stored in the root system compared to aerial 
parts, since it is first absorbed by the roots and then 
translocated to the aerial part. In another study (25), 
it was shown that the content of metals in various 
organs of a plant decreases in the following order: root> 
leaves> stem> inflorescences> seeds. However, this 
order may vary according to the plant species.
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T1 Seeds soaked 4 hours in water, uncontaminated soil (Control) 
T2 Seeds soaked 4 hours in water, contaminated soil 
T3 Seeds soaked 4 hours in water, contaminated soil foliar spray Ogal 
5 mg L-1 
T4 Seeds soaked 4 hours in water, contaminated soil foliar spray Ogal 
10 mg L-1 
T5 Seeds soaked 4 hours in water, contaminated soil foliar spray Ogal 
20 mg L-1 
T6 Seeds soaked 4 hours in water, contaminated soil foliar spray Ogal 
30 mg L-1 
* Different letters indicate significant differences according to Tukey for 
p≤0,05

Figure 3. Levels of Cu (II) ions in the roots and 
leaves of the tomato plants treated with 
different concentrations of the Ogal 
mixture
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According to the results obtained, the application 
of the mixture of Ogal at a concentration of 20 mg L-1 
(T5) has provided beneficial effects, because it favors 
the foliar and radicular growth of the tomato plants 
grown in a polluted medium due to the promotion 
of plant growth, and among other causes to cell 
lengthening and stimulation of cell division, as one of 
the multiple physiological effects produced in the plants 
by the mixture of Ogal (26). On the other hand, another 
study has explained that this increase in growth is due 
to an increase in carbon skeletons (27) which can be 
used for the synthesis of new compounds, so that 
this greater vegetative development of plants makes 
possible a greater removal of Cu ions, increasing their 
content in leaves and roots.

Obviously, the results indicate that the 
concentrations of heavy metals present in the soil, 
even when they exceed the general permissible limits, 
do not prove to be lethal for the plants, since no visible 
phytotoxic effects were evidenced, reason why it can 
be expressed that they have developed mechanisms of 
internal accumulation and detoxification, which means 
the neutralization of excess metal at the intra-cellular 
level thanks to the induction of antioxidant defenses 
that allow it to survive in these abiotic stress conditions, 
as suggested by other researchers (28).

CONCLUSION
When applying the mixture of Ogal to 20 mg L-1 

(dose 3 mL plant-1) levels of extraction of Cu ions are 
achieved by the complete tomato seedlings of 14,93 
mg kg-1, which favors the process of phytoextraction of 
this metallic ion by hyper accumulating plants.

RECOMMENDATIONS
The foliar application of the Ogal mixture 

modifies the bioavailability of metal ions in the soil, 
in addition tomato plants can participate in the 
process of phytoextraction in contaminated soils due 
to their tolerance and hyperaccumulation of metals 
and biomass formation over time; provided that an 
environmentally appropriate final provision is made 
and consumption is prevented.
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