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Los ácidos húmicos de vermicompost protegen a plantas de arroz 
(Oryza sativa L.) contra un estrés hídrico posterior

THE HUMIC ACIDS FROM VERMICOMPOST  
PROTECT RICE (Oryza sativa L.) PLANTS AGAINST  
A POSTERIOR HIDRIC STRESS
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Ricardo L. Louro Berbara2, Dariellys Martínez Balmori1  
and Mayelín Rosquete Bassó1

RESUMEN. Los ácidos húmicos (AH) de dos diferentes 
vermicompost fueron extraídos, aislados, purificados y 
parcialmente caracterizados, para evaluar su posible efecto 
protector en plantas de arroz (Oryza sativa L.) ante un 
estrés hídrico. En los AH se encontraron diferencias en 
la composición elemental, en el valor del umbral 
de coagulación y en la relación E4/E6 de sus espectros  
UV-Vis. Dos concentraciones (40 y 60 mg L-1) de ambos AH se 
incluyeron en disoluciones nutritivas para el cultivo de plantas de 
arroz en condiciones controladas. Se verificó que el tratamiento 
previo con los AH durante seis días, estimuló la producción 
de biomasa radical. Después se excluyeron los AH y tanto en 
las plántulas inicialmente tratadas, como en un grupo de las 
utilizadas como control, se indujo un déficit hídrico adicionando 
polietilenglicol (PEG-6000) en la disolución nutritiva. Luego 
de 96 horas de establecida esa condición final se evaluaron la 
producción neta de biomasa radical, el contenido de pigmentos 
fotosintéticos foliares y la permeabilidad de la membrana 
de las raíces. En las plantas previamente tratadas con AH  
(a la concentración de 60 mg AH L-1), la permeabilidad de la 
membrana de las raíces, la producción neta de biomasa en este 
órgano, así como el contenido de clorofila “a” no manifestaron 
diferencias al compararlas con aquellas sin estrés. Se concluye 
que el tratamiento previo con los AH consiguió proteger a las 
plantas de arroz ante el estrés hídrico posterior que se indujo.

ABSTRACT. The humic acids (HA) from two different 
vermicompost were extracted, isolated, purified and 
partially characterized, to evaluate their possible protection 
in rice (Oryza sativa L.) plants against an hydric stress. 
Differences in elemental composition, as the coagulation 
threshold value and E4/E6 relation in their UV-Vis spectra 
were found. Two concentrations (40 and 60 mg L-1) of both 
HA were included in the nutritive solutions for rice plants 
in controlled conditions. It was verified that the previous 
treatment with the HA during six days stimulated the root 
biomass production. Later the HA were excluded and 
was an hydric deficit induced by adding polietilenglicol  
(PEG-6000) in the initially treated plants and in a group of 
those used as control. After 96 hours of this final condition 
the net radical biomass, the photosynthetic pigments content 
and the root membrane permeability were evaluated.  
In the plants previously treated with HA (at the  
concentration 60 mg HA L-1), the root membrane 
permeability, the net radical biomass production and the 
“a” chlorophyll content had no differences when compared 
with those without stress. It was concluded that the previous 
treatment with the HA protected the rice plants against a 
posterior hydric stress that was induced.
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INTRODUCTION
Humic substances are the fraction where the organic 

matter carbon of the soil is retained, and they intervene 
in multiple properties of the soil-plant system (1). 
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At present there is no comprehensive explanation 
that can justify the possible relationship between 
the structure of these substances and the direct 
effects they cause in plants (2).

Composting and vermicomposting are widely 
used procedures for the production of renewable 
organic matter, to be applied as an improver of 
the soil degraded by agricultural activity and also 
represent very useful sources for the extraction 
of soluble humic substances. In addition, it has 
been found (3) that the insoluble residual solid 
obtained, after extraction of the soluble humic 
substances containing vermicompost, has a 
considerable capacity to retain heavy metal 
cations in aqueous medium.

T h e  s t r u c t u r a l  c h a r a c t e r i s t i c s  a n d 
propert ies of the soluble humic substances 
obtained from composting or vermicomposting 
mate r ia l s  depend  on  the  o r ig ina l  o rgan ic 
source, the conditions used for its processing  
(ma in l y  tempera tu re ,  t ime  and  b io log i ca l 
transforming agent), as well as of the procedure 
used in the extraction (4-7).

Some recent research is directed to the 
s tudy  o f  the  in f luence tha t  so lub le  humic 
substances (espec ia l ly  humic  ac ids)  have 
on the stimulus for the adaptation of plants 
to abiot ic stresses such as sal in i ty (8-11), 
the presence of heavy metals in Toxic levels 
(12) and water deficiencies (13-15), always 
using them simultaneously or after the stress 
implementation, as well as in the stimulation of 
growth and development in different crops, for 
which different implementation alternatives have 
been used (16-18).

The  r i ce  cu l t i va t i on  (Oryza  sa t i va  L . ) 
requires an optimal water management given 
the considerable volumes consumed of this 
resource, which may not always be available 
in the necessary quantities. For this reason, 
it is important to carry out studies that allow 
us having alternatives to mitigate the adverse 
effects of water limitations.

There are not enough reports in the literature, 
referring to the durability of the protective effect 
that humic acids could exert in the face of water 
stress when they are no longer present in the 
culture medium.

Based on the above, the main objective 
of this research was to evaluate the effects of 
the previous application of humic acids (AH) 
obtained from two different vermicompost, on the 
biological productivity of rice plants, as well as 
their protective action in inducing water stress.

MATERIALS AND METHODS
The activities described below were carried out 

in the Department of Soils of the Agronomy Institute 
of the Federal Rural University of Rio de Janeiro, 
Brazil, between September and November. 2014. 

Extraction, isolation, purification and partial 
charactErization of ha

The procedures for the extraction, isolation, 
purification and partial characterization of HA were 
carried out in the laboratory of organic matter of the 
Agronomy Institute of the Federal Rural University 
of Rio de Janeiro.
As  sources  o f  humic  ac ids  the  fo l low ing 
vermicomposting were used:
 ♦ Vermicomposting of bovine manure processed 

by African red worms (Eudrilus eugeniae spp.),  
in  p i les above ground,  accord ing to  the 
procedures established by the Technical Manual 
for Organoponics 2007, with a maturation time of 
70 days. The manure was supplied by the cattle 
ranches of the farma “El Guayabal” (San Jose 
de las Lajas municipality, province Mayabeque, 
Cuba) with coordinates 22o 59’55,95’’ Latitude 
North and 82o 10’ 10,27’’ West Longitude 

 ♦ Vermicomposting of bovine manure, processed 
by California redworms (Eisenia andrei Bouché) 
in gutters with a ripening time between 45 and  
50 days. The vermicomposting was produced 
at the “Fazendinha” Farm of the EMBRAPA 
(Seropédica municipality, State of Rio de Janeiro, 
Brazil) with coordinates 22o 45’ 42,51’’ Latitude 
South and 43o 40’ 31,85’’ Longitude West.

In  both vermicompost ing,  the HA were 
extracted, isolated and purified according to 
established by the International Society of Humic 
SubstancesA. Basically the procedure consists 
in the use of a extraction solution of sodium 
hydroxide (NaOH) 0,1 mol L -1 in dini t rogen 
a tmosphere;  fo l lowed by cent r i fugat ion to 
separate the insoluble fraction and isolation of HA 
from the aqueous alkaline medium by coagulation 
by ac id i f icat ion to  pH <2 wi th  a  6  mol  L -1  
hydrochloric acid (HCl) solution. The recovery of 
the clotted was achieved by centrifugation and 
subsequently washed with distilled water until 
no chloride ions were present. Purification was 
effected by redissolving the HA obtained and the 
coagulation, centrifugation and washing were 
performed as described. Finally the HAs were 
lyophilized.
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Table I. Description of treatments

HAB = HA of vermicomposting from Brazil HAC = HA from 
vermicomposting from Cuba

Treatment Symbology  AHB mg L-1 AHC mg L-1

1 T - -
2 AHB 40 40 -
3 AHB 60 60 -
4 AHC 40 - 40
5 AHC 60 - 60

Table II. Treatments (symbology and description) 
used in the stage of induction of water 
stress

Symbology Description
T E Plants not treated with AH with hydric stress
T S E Plants not treated with AH with hydric stress

AHC40 E Plants previously treated with AHC 40 mg L-1 
with stress hydric

AHC60 E Plants previously treated with AHC 60 mg L-1 
with hydric stress 

AHB40 E Plants previously treated with AHB 40 mg L-1 
with hydric stress

AHB60 E Plants previously treated with AHB 60 mg L-1 
with hydric stress
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Hence, HA obtained from vermicompost 
from Cuba was identi f ied by HAC and from 
vermicompost from Brazil as HAB.

For the partial characterization of the HAs, 
the elemental composition was determined using 
the CHN Analyzer 2400 Perkin Elmer (England) 
apparatus. The ratio E4/E6 (ratio of absorbances 
at  wavelengths of  465 and 665 nm) in the  
UV-Vis spectrum of a solution of 3 mg of HA in 
10 mL of sodium hydrogen carbonate (NaHCO 3) 
0,05 mol L-1 of pH =8 using a Shimadsu UV-1800 
Spectrophotometer (Japan) and the coagulation 
threshold was determined by mixing the same 
volume of 150 mg L-1 solutions of HA at pH = 6 
with Equal volume of 15 different concentrations 
(from 1,25 mmol L-1 to 18,75 mmol L-1) of calcium 
chloride (CaCl2) of PA quality, followed by 24 hours 
of rest to visually detect the lowest concentration 
of CaCl2 caused coagulation.

obtaining ricE sEEdlings and trEatmEnts with 
hac and hab

Certified seeds of the “Piauí” cultivar, previously 
disinfected with 2 % sodium hypochlorite for  
10 minutes and then washed with suff icient 
distilled water, were used to germinate in contact 
with a CaCl2 (pH) concentration of 0, 5 mmol L-1, 
being maintained in the conditions of the growth 
chamber of the Department of Soils of the Federal 
Rural University of Rio de Janeiro, which were: 
light cycle 12 hours of light and 12 of darkness; 
photonic flux of 250 μmol m-2 s-1; relative humidity 
of 70 %; Daytime temperature of 28 0C and night 
of 24 0C.

After germination a homogeneous set of 
germinated seeds with the same radicle length 
(2 cm) was selected. In 200 mL plastic pots, 
Hoagland’s solution (19) was added with ¼ 
of the ionic strength and covered with sterile 
gauze, on which six of the seeds selected were 
placed in each. After three days of adaptation to 
the experimental conditions of hydroponics and 
the growth chamber, the nutritive solution was 
changed to a ½ of the ionic strength, maintaining 
them for another 72 hours, at the end of which the 
application of the Treatments with HA (six pots per 
treatment) when renewing the culture medium, 
which was maintained with the same composition. 
In a further six pots, HA was not included for 
reference (control).

These last conditions remained the same for 
six days, with a replacement of the treatments in 
the third.

The treatments applied in this stage of the 
study are summarized in Table I.

At the conclusion of the previous stage 
(pretreatment with the HA), two seedlings were 
removed from each pot, forming three groups 
(replicates) of four seedlings per treatment, to 
determine the dry mass of both shoots and roots 
by desiccation (Venticell-707, China) at 60 0C to 
constant mass (Sartorius scale, precision ± 0,0001 g,  
Germany), in order to calculate the relationship 
between the two.

application of watEr strEss

After the described period, water stress was 
induced for 96 hours, including 15 % polyethylene 
glycol (PEG-6000) in the nutrient solutions, except 
in half of the pots of the seedlings where the  
HA (control) were not applied.

For this new stage of the study the treatments 
used (three pots for each treatment) are summarized 
in Table II.

At the end of the induced water stress period, 
two plants of each pot were used to evaluate the 
permeability of the root membrane, by measuring 
the electrical conductivity every five minutes, after 
being washed with distilled water and placed in 
100 mL of water Ultrapure (mili-Q) with permanent 
agitation. The readings were made with a pH 
meter-conductivity OrionStar A329 (England).
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Table III. Percentages of Carbon (C), Hydrogen 
(H), Nitrogen (N) and Oxygen (O) in HA 
obtained from vermicomposting and the 
relationships between carbon and other 
elements (means of three replicates)

Humic 
acid C % H % N %  O % C/H C/N C/O

AHB 44,42 5,48 4,22 55,98 8,11 10,53 0,79
AHC 48,58 5,65 4,38 51,39 8,60 11,09 0,94

Table IV. E4/E6 ratio and coagulation threshold 
(mmol Ca2+ g-1 of HA) of humic acids 
(means of three replicates)

Humic acid Ratio E4/E6 Threshold of coagulation
AHC 5,52 120
AHB 5,93 133

Figure 1. Relation between the dry masses of the 
aerial part and the roots (Rel PA/R) in 
the seedlings at the end of the previous 
treatment with the humic acids

Means of three replicates. Standard error of ANOVA = 0,032 *.  
Different letters represent statistically significant differences 
according to Tukey for p <0,05. The interval bars in the columns 
represent the standard deviation of the means
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In the remaining four plants of each pot the 
dry and root dry masses were determined and 
the content of foliar photosynthetic pigments was 
quantified by extraction with 80 % acetone (20).

 All the results obtained in the evaluations 
performed in the plants in the two stages of 
the experiment with a completely randomized 
design were subjected to simple classification 
v a r i a n c e  a n a l y s i s  a n d  t h e  m e a n s  w e r e 
compared wi th  the Tukey test  for  p  <0,05  
(21), using the statistical program Statgraphic 
version 5.1 (22).

RESULTS AND DISCUSSION 
As for the partial characterization of HAC 

and HAB the results obtained with respect to 
their respective elemental compositions appear 
in Table III.

According to the above, both HA have a 
composition that is within the ranges found for 
that type of humic substance extracted from 
composted or vermicomposting materials (23) 
and those present in soils (24).

It was noticed that the main differences 
between HAC and HAB were in the contents 
of C and O, probably due to the condit ions 
of obtaining the respective vermicomposting 
(6). From the above it was inferred that the 
second is slightly more hydrophilic, taking into 
account that in these substances oxygen is 
mostly hydroxyl (-OH) of carboxylic and phenolic 
groups, which have a high affinity for water, 
by the establishment of hydrogen bridges (4). 
According to the latter, the HAB coagulation 
threshold should be expected to be higher than 
HAC, since a higher concentration of electrolytes 
would be consumed to overcome the interaction 
with the water molecules.

The calculation of the ratio E4/E6 as well as 
the determination of the coagulation threshold 
of the HA obtained is shown in Table IV.

The results for this relationship, for both 
HAC and HAB, are within the general range  
(between 4 and 6) of HA extracted from different 
natural sources and whose value depends on 
the molar mass, molecular size, and grade 
condensation and structure aromaticity (4). These 
values indicate that in HAC there is a greater 
structural condensation when compared with 
HAB (23) and confirm the superior hydrophilicity 
of the latter, due to the oxygen content forming 
part of ionizable groups, in correspondence with 
the elemental composition found.

It is also valid to consider what was reported 
by other authors working with the Cu2+ cation 
as a coagulant of different HA at pH = 5 (25),  
who stated that the lower the aromaticity degree 
(equivalent to a higher E4/E6 value) higher 
coagulation threshold values were obtained.

In the scientific literature it is recognized 
that the biological activity of HA depends on both 
the structure and the elemental composition of 
these substances (5, 23, 26), so the differences 
found so far between HAC and HAB can induce 
different effects in their direct interaction with 
plants.

The evaluation of the relation between the 
dry mass of the aerial part and the radical in the 
seedlings at the end of the previous treatment 
with the humic acids, is represented in Figure 1.
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Table V. Contents of foliar photosynthetic pigments 
(g kg -1 of leaf dry mass)

Chlorophyll “a” (Chlo a), chlorophyll “b” (Chlo b), total chlorophylls  
(Chlo T),  total  carotenoids (Carot),  after 96 hours of 
induced water stress.  (Averages of  three repl icates) 
S.E. = standard error of ANOVA. The level of significance is indicated 
with asterisks. Different letters indicate statistically significant 
differences according to Tukey (p <0.05)

Treatments Chlo a Chlo b Carot Chlo T
T E 3,01 (d) 1,71 (ab) 0,65 (b) 4,71 (c)
T SE 3,61 (c) 1,64 (b) 0,74 (a) 5,25 (b)
AHC40 E 3,45 (c) 1,78 (ab) 0,51 (c) 5,22 (b)
AHC60 E 3,75 (b) 1,65 (ab) 0,76 (a) 5,40 (b)
AHB40 E 3,56 (c) 1,25 (c) 0,60 (b) 4,81 (c)
AHB60 E 3,90 (a) 1,90 (a) 0,78 (a) 5,80 (a)
E.E. 0,042* 0,085* 0,030* 0,11*

Figure 2. Net production of root dry mass during 
the period of water stress induction  
(96 hours) in mg/plant

Means of three replicates. Standard error = 0,147*. Different letters 
represent statistically significant differences according to Tukey for 
p <0,05. The bars in the columns represent the standard deviation 
of the means
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The results showed that all previous treatments, 
including humic acids, in any of the concentrations 
used, led to a decrease in Rel PA/R compared 
to control (T treatment). This agrees with the 
recognized stimulation that these humic substances 
directly exert on the development of the radical 
system in different cultures in the first stages of 
growth (27, 28).

A better development of the root system 
contributes to a more efficient use of the surrounding 
edaphic environment, giving the plant adaptability 
potential to adverse conditions, such as limitations 
in the availability of water or essential nutritional 
elements, and in situations of metallic or oxidative 
stress (29).

No signif icant stat ist ical  di fference was 
detected between the two HA nor between their 
concentrations, from which it is derived that what 
was found in the elemental composition did not 
cause variations in the effect of the HA.

The determination of the photosynthetic 
pigments after the period of induced water stress 
is shown in Table V.

As  fo r  the  i nd i v idua l  con ten ts  o f  t he 
photosynthetic pigments evaluated, the stress 
reduct ion in  the “Clo a”  was emphasized,  
which was attenuated by the previous treatments 
with both humic acids in the two concentrations, 
reaching values equivalent to and exceeding those 
of the seedlings (T SE) that were not subjected 
to the induced water deficit. It was also observed 
that seedlings previously treated with the highest 
concentrations (60 mg L-1) of both HAC and HAB 
maintained or even exceeded those of T SE in the 
contents of all pigments.

The effect of water stress on photosynthetic 
pigments has been indicated as one of the most 
widespread in several crops, as indicated by 
studies on photosynthesis in different plants 
under stress conditions (27).

The results confirm what the literature shows 
in that humic substances have the possibility 
of directly influencing the metabolism of plants  
(2 ,  7 ,  26,  29) ,  due to  the ver i f ied act iv i ty 
equivalent to the phytohormones they possess, 
as well as well as to the stimulatory effect of 
enzymes related to the fixation of carbon dioxide. 
In addition, it has been shown that they can also 
induce anatomical and morphological changes 
(increases in leaf and root area) that have a 
greater effect on photosynthetic efficiency.

The fact that the HA application has attenuated 
the effect of water stress on the endowment of 
photosynthetic pigments, must have an impact on 
the photosynthetic efficiency in these plants and 
consequently on the biomass production.

The net dry mass (net of dry mass before 
and after stress) in the stress induction period is 
shown in Figure 2.

It was evidenced that the plants that had the 
previous treatments with the highest concentrations 
of HAC and HAB, managed to at least equal the 
dry mass production that was registered in those 
that were not subjected to water stress. In plants 
previously in contact with the concentration of 
40 mg L-1 HAB there was a favorable response 
compared to the stressed seedlings, but did not 
achieve the production generated in those that were 
not exposed to stress.
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Figure 3. Electrical conductivity in the medium 
(mS g-1 of dry mass) at different time 
intervals after 96 hours of established 
water stress

Means of three replicates. Different letters indicate statistically 
significant differences according to Tukey test for p <0,05 for each 
interval. (The S.E.s were 6,81 *, 5,92 * and 6,65 * for the ANOVA 
performed at 5, 10 and 15 minutes respectively. The bars in the 
columns represent the standard deviation of the means)
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If the results on the pigment content at the 
end of the induced water stress are associated 
with the net dry mass production in that period, 
it is noteworthy that the plants previously treated 
with HA (with which it was possible to maintain a 
suitable composition of pigments), were in better 
conditions so that the photosynthesis happened 
without significant affectations, that prevented to 
generate the necessary metabolites to guarantee 
the production of biomass.

T h e  m e a s u r e m e n t s  o f  t h e  e l e c t r i c a l 
conductivity in the pure water in contact with 
the intact roots at different time intervals, for 
the evaluation of membrane permeability are 
presented in Figure 3.

In general, the protective effect durability of 
the HA previous application on the permeability 
of the root membranes was demonstrated. In the 
case of plants from the two concentrations of HAC,  
the values had no differences with those of the 
non-stressed (T SE) and much lower than those of 
ET, in all evaluations over time. This means that 
with this treatment the membrane permeability was 
persisted even after 96 hours of stress.

In the case of plants treated with HAB, a value 
similar to the T SE treatment was obtained for the 
concentration of 60 mg L-1 in the last evaluation, 
although they were always lower than those 
registered in the stressed seedlings that had no 
previous contact with HA (TE treatment).

At  the HAB 40 E t reatment p lants,  the 
conductivity at T SE was not equaled at any time 
and only lower than TE at the initial and final times.

What we found in this determination confirms 
what other authors have pointed out that the direct 
effects of HA on the physiological response of plants 
depend both on the concentration and its structural 
characteristics (26, 28) and that they do so by 
interfering in various physiological mechanisms (29, 30).

In relation to the structural characteristics of the 
HA, it was revealed that the elemental composition 
is insufficient information to explain the differences 
in their biological activity, which requires a greater 
depth in this aspect, such as the distribution of 
molecular sizes and functional carbon groups.

 CONCLUSIONS

According to the above results it is possible to make 
the following general conclusion:

Humic acids isolated from two vermicomposting 
obtained under different conditions showed differences 
in the structural characteristics and properties 
evaluated, but in both cases, especially the 60 mg 
L-1 concentration, they exerted a previous protective 
effect on rice plants. Later they were exposed to a 
water deficit for 96 hours, being no longer present in 
the medium. This protection was verified in the net 
production of radical biomass, the photosynthetic 
pigments and the membrane permeability of the roots.

RECOMMENDATIONS
Evaluate the possibility of using an extract 

o f  so lub le  humic substances conta ined in 
vermicompost (without isolating humic acids) as a 
practical procedure in rice cultivation to achieve a 
more efficient use of water resources.

Evaluar la posibilidad de emplear un extracto 
de las sustancias húmicas solubles contenidas en el 
vermicompost (sin aislar los ácidos húmicos) como 
un procedimiento práctico en el cultivo del arroz 
para lograr un uso más eficiente del recurso agua.

AKCNOWLEDGEMENT
The authors are grateful to CAPES for the 

approval of project CAPES-MES 215/13, of EDITAL 
Nº 46/2013.

BIBLIOGRAPHY 
1. Santos, G. de A. Fundamentos da matéria orgâni-

ca do solo. Ecossistemas tropicais & subtropicais. 
2.a ed., Ed. Metrópole, 2008, Porto Alegre, 636 p.,  
ISBN 978-89-85401-73-9.



59

Cultivos Tropicales, 2017, vol. 38, no. 2, pp. 53-60                                                                                                                     april-june

2. Canellas, L. P. y Olivares, F. L. “Physiological responses 
to humic substances as plant growth promoter”. Chemical 
and Biological Technologies in Agriculture, vol. 1, no. 1, 
2014, p. 3, ISSN 2196-5641, DOI 10.1186/2196-5641-1-3.

3. García, A. C.; Izquierdo, F. G.; Sobrinho, N. M. B. de A.; 
Castro, R. N.; Santos, L. A.; Souza, L. G. A. de y Berbara, 
R. L. L. “Humified insoluble solid for efficient decontami-
nation of nickel and lead in industrial effluents”. Journal of 
Environmental Chemical Engineering, vol. 1, no. 4, 2013,  
pp. 916-924, ISSN 2213-3437, DOI 10.1016/j.
jece.2013.08.001.

4. Canellas, L. P.; Zandonadi, D. B.; Busato, J. G.; Baldotto, 
M. A.; Simões, M. L.; Martin-Neto, L.; Façanha, A. R.; 
Spaccini, R. y Piccolo, A. “Bioactivity and chemical 
characteristics of humic acids from tropical soils sequen-
ce”. Soil Science, vol. 173, no. 9, 2008, pp. 624-637,  
ISSN 0038-075X, DOI 10.1097/SS.0b013e3181847ebf.

5. Dobbss, L. B.; Pasqualoto, L.; Lopes, F.; Oliveira, N.; 
Peres, L. E. P.; Azevedo, M.; Spaccini, R.; Piccolo, A. y 
Façanha, A. R. “Bioactivity of Chemically Transformed 
Humic Matter from Vermicompost on Plant Root Growth”. 
Journal of Agricultural and Food Chemistry, vol. 58,  
no. 6, 2010, pp. 3681-3688, ISSN 0021-8561,  
DOI 10.1021/jf904385c.

6. Palanivell, P.; Susilawati, K.; Ahmed, O. H. y Muhamad, 
A. M. N. “Effects of extraction period on yield of rice straw 
compost humic acids”. African Journal of Biotechnology, 
vol. 11, no. 20, 2012, pp. 4530-4536, ISSN 1684-5315.

7. Huelva, R.; Martínez, D.; Calderín, A.; Hernández, O. L. 
y Guridi, F. “Propiedades químicas y química-físicas de 
derivados estructurales de ácidos húmicos obtenidos 
de vermicompost. Actividad biológica”. Revista Ciencias 
Técnicas Agropecuarias, vol. 22, no. 2, 2013, pp. 56-60, 
ISSN 2071-0054.

8. Aydin, A.; Kant, C. y Turan, M. “Humic acid application 
alleviate salinity stress of bean (Phaseolus vulgaris L.) 
plants decreasing membrane leakage”. African Journal of 
Agricultural Research, vol. 7, no. 7, 2012, pp. 1073-1086, 
ISSN 1991-637X, DOI 10.5897/AJAR10.274.

9. Martínez, D.; Huelva, R.; Portuondo, L. y Guridis, F. 
“Evaluación del efecto protector de las Sustancias 
Húmicas Líquidas en plantas de maíz cultivar P-2928 
en condiciones de salinidad”. Centro Agrícola, vol. 39, 
no. 1, 2012, pp. 29–32, ISSN 0253-5785.

10. Mohamed, W. H. “Effects of Humic Acid and Calcium 
Forms on Dry Weight and Nutrient Uptake of Maize Plant 
under Saline Condition”. Australian Journal of Basic 
and Applied Sciences, vol. 6, no. 8, 2012, pp. 597–604,  
ISSN 1991-8178.

11. Ouni, Y.; Ghnaya, T.; Montemurro, F.; Abdelly, C. y 
Lakhdar, A. “The role of humic substances in mitigating 
the harmful effects of soil salinity and improve plant 
productivity”. International Journal of Plant Production, 
vol. 8, no. 3, 2014, pp. 353-374, ISSN 1735-6814,  
DOI 10.22069/ijpp.2014.1614.

12. Farouk, S.; Mosa, A. A.; Taha, A. A.; Ibrahim, H. M. y 
El-gahmery, A. M. “Protective Effect of humic acid and 
chitosan on radish (Raphanus sativus, L. var. Sativus) 
plants subjected to cadmium stress”. Journal of Stress 
Physiology & Biochemistry, vol. 7, no. 2, 2011, pp. 99-116, 
ISSN 1997-0838.

13. Hernández, R.; García, A.; Portuondo, L.; Muñiz, S.; 
Berbara, R. y Izquierdo, F. “Protección antioxidativa 
de los ácidos húmicos extraídos de vermicompost 
en arroz (Oryza sativa L.) var. IACuba30”. Revista de 
Protección Vegetal, vol. 27, no. 2, 2012, pp. 102-110, 
ISSN 1010-2752.

14. Imanparast, F.; Tobeh, A. y Gholipouri, A. “Potassium hu-
mate effect on the drought stress in wheat”. International 
Journal of Agronomy and Plant Production, vol. 4, no. 1, 
2013, pp. 98-103, ISSN 2051-1914.

15. Calderín, A.; Santos, L. A.; Guridi, F.; Rumjanek, V. 
M.; Castro, R. N.; dos Santos, F. S.; de Souza, L. G. 
A. y Berbara, R. L. L. “Potentialities of vermicompost 
humic acids to alleviate water stress in rice plants 
(Oryza sativa L.)”. Journal of Geochemical Exploration,  
vol .  136, 2014, pp. 48-54, ISSN 0375-6742,  
DOI 10.1016/j.gexplo.2013.10.005.

16. Denre, M.; Ghanti, S. y Sarkar, K. “Effect of humic acid 
application on accumulation of mineral nutrition and pun-
gency in garlic (Allium sativum L.)”. International Journal 
of Biotechnology and Molecular Biology Research,  
vol. 5, no. 2, 2014, pp. 7-12, ISSN 2141-2154,  
DOI 10.5897/IJBMBR2014.0186.

17. Fahramand, M.; Moradi, H.; Noori, M.; Sobhkhizi, A.; 
Adibian, M.; Abdollahi, S. y Rigi, K. “Influence of humic 
acid on increase yield of plants and soil properties”. 
International Journal of Farming and Allied Sciences,  
vol. 3, no. 3, 2014, pp. 339-341, ISSN 2322-4134.

18. Olivares, F. L.; Aguiar, N. O.; Rosa, R. C. C. y Canellas, 
L. P. “Substrate biofortification in combination with foliar 
sprays of plant growth promoting bacteria and humic 
substances boosts production of organic tomatoes”. 
Scientia Horticulturae, vol. 183, 2015, pp. 100-108,  
ISSN 0304-4238, DOI 10.1016/j.scienta.2014.11.012.

19. Hoagland, D. R. y Arnon, D. I. “The water-culture me-
thod for growing plants without soil.”. Circular. California 
Agricultural Experiment Station, vol. 347, no. 2, 1950, 
pp. 23-32.

20. Lichtenthaler, H. K. “Chlorophylls and carotenoids: 
Pigments of photosynthetic biomembranes” [en línea]. 
En: Methods in Enzymology, Ed. Elsevier, 1987, pp. 
350-382, ISBN 978-0-12-182048-0, DOI 10.1016/0076-
6879(87)48036-1, [Consultado: 6 de marzo de 2017], 
Disponible en: <http://linkinghub.elsevier.com/retrieve/
pii/0076687987480361>.

21. Tukey, J. W. “Bias and confidence in not quite large 
samples”. The Annals of Mathematical Statistics, vol. 
29, no. 2, junio de 1958, pp. 614-623, ISSN 0003-4851, 
DOI 10.1214/aoms/1177706647.

22.  Statistical Graphics Crop. STATGRAPHICS® Plus [en 
línea]. (ser. Profesional), versión 5.1, [Windows], 2000, 
Disponible en: <http://www.statgraphics.com/statgraphi-
cs/statgraphics.nsf/pd/pdpricing>.

23. Canellas, L. P.; Piccolo, A.; Dobbss, L. B.; Spaccini, R.; 
Olivares, F. L.; Zandonadi, D. B. y Façanha, A. R. “Chemical 
composition and bioactivity properties of size-fractions se-
parated from a vermicompost humic acid”. Chemosphere, 
vol. 78, no. 4, 2010, pp. 457-466, ISSN 0045-6535,  
DOI 10.1016/j.chemosphere.2009.10.018.



60

Fernando Guridi Izquierdo, Andrés Calderín García, Ricardo L. Louro Berbara, Dariellys Martínez Balmori and Mayelín Rosquete Bassó

24. Ahamadou, B.; Huang, Q.; Yaping, L. y Iqbal, J. 
“Composition and structure of humic substances in lon-
g-term fertilization experimental soils of southern China”. 
Journal of Soil Science and Environmental Management, 
vol. 4, no. 4, 2013, pp. 77-86, ISSN 2141-2391,  
DOI 10.5897/JSSEM2013.0407.

25. Boguta, P. y Sokolowska, Z. “Influence of copper (II) ions 
on stability of dissolved humic acids - coagulation studies”. 
Acta Agrophysica, vol. 20, no. 2, 2013, pp. 253-267, 
ISSN 1234-4125.

26. Zandonadi, D. B.; Santos, M. P.; Busato, J. G.; Peres, L. 
E. P. y Façanha, A. R. “Plant physiology as affected by hu-
mified organic matter”. Theoretical and Experimental Plant 
Physiology, vol. 25, no. 1, 2013, pp. 13-25, ISSN 2197-0025, 
DOI 10.1590/S2197-00252013000100003.

27. Ashraf, M. y Harris, P. J. C. “Photosynthesis under stress-
ful environments: An overview”. Photosynthetica, vol. 51, 
no. 2, 2013, pp. 163-190, ISSN 0300-3604, 1573-9058, 
DOI 10.1007/s11099-013-0021-6.

28. Manda, M.; Dumitru, M. G. y Nicu, C. “Effects of humic 
acid and grape seed extract on growth and development 
of Spathiphyllum wallisii Regel”. South Western Journal 
of Horticulture, Biology and Environment, vol. 5, no. 2, 
2014, pp. 125-136, ISSN 2067-9874, 2068-7958.

29. Berbara, R. L. L. y García, A. C. “Humic Substances 
and Plant Defense Metabolism” [en línea]. En: eds. 
Ahmad P. y Wani M. R., Physiological Mechanisms 
and Adaptation Strategies in Plants Under Changing 
Environment, Ed. Springer New York, 2014, pp. 297-
319, ISBN 978-1-4614-8590-2, DOI 10.1007/978-
1-4614-8591-9_11, [Consultado: 6 de marzo de 
2017], Disponible en: <http://l ink.springer.com/
chapter/10.1007/978-1-4614-8591-9_11>.

30. Calderín, G. A.; Santos, L. A.; Guridi, I. F.; Sperandio, M. 
V. L.; Castro, R. N. y Berbara, R. L. L. “Vermicompost 
humic acids as an ecological pathway to protect rice 
plant against oxidative stress”. Ecological Engineering,  
vol. 47, 2012, pp. 203-208, ISSN 0925-8574,  
DOI 10.1016/j.ecoleng.2012.06.011.

Received: May 11th, 2016 
Accepted: November 7th, 2016


