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Abstract

The humate of vermicompost is a stimulant that improves the quality and productivity of crops and
allows the total or partial elimination of chemical fertilizers, contributing to organic, ecological
and sustainable agriculture. The objective of this study was to evaluate the effect of different
concentrations of vermicompost humates (1/10, 1/20, 1/30 v/v and a control-distilled water-) on
the growth of Solanum lycopersicum seedlings grown on affected soils by salinity. The experiment
was carried out using a completely randomized design with four repetitions per treatment of 40
seedlings each. At 24 days after transplantation, height of seedlings, stem diameter, number of
leaves, fresh and dry weight of aerial part and root were measured. The results showed significant
differences between treatments and all the variables showed higher values in the dilution of 1/30
(v/v), followed by the dilutions 1/20 and 1/10, showing lower values in the control. The percentage
value of increase in the dilution of 1/30 with respect to the control was 61, 68, 63, 50, 19, 30, 56
and 27 for height, stem diameter, root length, number of leaves, fresh weight of root, dry weight of
root, fresh weight of aerial part and dry weight of aerial part, respectively.
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Introduction

The tomato (Solanum lycopersicum L.) is considered one of the most important vegetables in the
world because of its great demand for fresh consumption and as an industrial product (Infoagro,
2017). In Mexico, during 2015 the national area established was 49 703 ha, with a production of
3098 329 t and a value of $20 640 million nationwide (SIAP, 2016). In Latin America, Mexico,
Cuba and the Dominican Republic stand out for the high per capita tomato consumption (Gomez
et al., 2000). On the other hand, the salinity of soils is an adverse condition that affects the
agricultural production systems of our planet and influences the settlement of human beings. It is
estimated that 43% of the croplands on the planet are affected by salinity in the soil or in the water
for irrigation, with referenced values of electrical conductivity that exceed the tolerance to salinity
of the main cultivated species (Royo and Aragues, 2003).

Salinity increases at an average rate of 0.5% per year, mainly due to low rainfall, large area
exposed to high evaporation, irrigation with saline waters and traditional farming practices that
favor the increase in the concentration of salts in the soil (Royo and Abio, 2003). Soil salinization
grows at a rate of 3 ha min (Gonzélez et al., 2005) and there are about 953 million hectares of
land affected by this stress factor in different regions of the world (Nabhan et al., 1999) and
mathematical models show that soil salinization increases year by year (FAO, 2017).

Of the 7.09 million hectares of soils that are exploited for the agricultural system of the Republic
of Cuba, 46% have low fertility, 69% have low organic content; 31% are eroded by water or by
wind, 24% are acidic soils, 14% are soils affected by salinity, and according to scientific data,
7.5% increases in salinated soils are estimated over the next ten years. To this are added the
variations that occur in climate factors, where temperatures are higher and droughts more
prolonged and intense, with a direct impact on crops (Gonzéalez, 2002; Gonzélez et al., 2005). In
the easternmost region of Cuba, where this research was carried out, there are salinized soils that,
in total, occupy 55% of the soils of the region.

Among the most affected regions are the area of San German and Alto Cedro. Saline soils are also
found around the Bay of Nipe. In the Cauto Valley there are extensive salinized areas; In addition,
in the Guantanamo Valley, saline soils range from typical Solonchak, with a concentration of salts
that in many cases exceed 2.5%, to slightly saline, with the eastern region where the salinization
process developed most notably and exist around of 30 000 ha affected (Mesa, 2003).

The stress caused by salinity affects the yield of the cultivated species, prevents their development
and in some cases the death of the plant. When tomato plants are subjected to stress due to salinity,
they deposit solutes such as proline, fructose, glucose and sucrose (Pérez-Alfocea et al., 1996,
Balibrea et al., 1997) and the alteration of the synthesis of these osmoregulators is carried out in
the plant with a high-energy cost (Heuer, 1994, Heuer and Nadler, 1998) negatively affecting the
development of plants and yield (Mizrahi et al., 1988). More recent studies indicate that the main
effects of salinity on plants is the decrease in water absorption, absorption of ions that cause
toxicity, nutritional imbalance, physiological changes, among others (Tarchoune et al., 2013;
Ghulam-Abbas et al., 2015; Postnikova and Nemchinov, 2015).
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To counteract the effect of salinity on plants, different alternatives have been sought that allow
organic, ecologically sustainable nutrition that has as a main condition, in addition to production
to meet human needs, to improve and conserve the environment. According to Wencomo and Lugo
(2013), one of the alternatives is to use natural stimulants that contribute to the increase of the
productivity and quality of the products derived from the species of cultivated plants, eliminating
partially or totally the use of fertilizers of origin chemical. One of the most used biological
stimulants to mitigate the effect of salinity is the humate of vermicompost, a product that has its
origin in the Agrarian University of Havana, Cuba and is registered under the commercial name
of Liplant® (Garcés, 2000).

This biostimulant presents a high biological activity at low concentrations of the product,
facilitates the root development of the plants, the growth of the stem and the leaves, higher
flowering index with an increase in the fructification effects that produce more healthy and
vigorous plants, which achieve production and greater yield per crop area (Garcés, 2000).
Biostimulants also represent a viable and potential alternative for the sustainable production of
food, especially nowadays, where the development of organic agriculture is a reality that allows
achieving stability in the biological cycle “climate-soil-plant” to obtain benefits greater resources
available and protect and conserve the environment (Arteaga et al., 2007).

That is why they are developed and used organic compounds, such as organic fertilizers, green
fertilizers, the combination of fertilizers with crop rotation, crop residues, stubble, animal waste
as well as more elaborate forms such as compost, the vermicompost, the earthworm humus, which
are increasingly used because they contribute to the establishment and development of a
sustainable agriculture (Vilches and Nufiez, 2000; Fonseca de la Cruz et al., 2011; Marifia de la
Huerta et al., 2012).

As mentioned above, the eastern region of Cuba, specifically the Granma province, presents
problems in soils, since in some cases they are affected by salts and cause that some cultivated
species, such as tomatoes, do not reach their maximum growth potential in conditions of seedbed
or nursery, due to the stress caused mainly by NaCl, so it is necessary to use alternatives to increase
the tolerance of the seedlings that will later be transplanted to the field for fruit production. In this
context, the objective of this study was to evaluate the effect of different concentrations of
vermicompost humate on the growth and development of tomato seedlings grown in soils affected
by salinity.

Materials and methods

Edapho-climatic study and characterization site

The research was carried out in nursery or nursery conditions, in the Jiguani municipality, located
at coordinates 176 100 N and 506 000 E (Academy of Sciences of Cuba, 1989) specifically with
a group of producers of the UBPC # 1 “Ernesto Che Guevara”. The seeds were sown in the month
of October and were deposited at a distance of 1 cm between them and 5 cm between rows, in soil
type Fluvisol (Hernandez et al., 1999), maintaining the right conditions for germination and
development of the seedlings, according to Gomez et al. (2000). The characteristics of the soil at
the depth of development of the seedlings (0-20 cm) showed an electrical conductivity of 3.50 dS
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m?, a pH of 7.5, an organic matter content of 3.25%. During the development stage of the
seedlings, the average humidity was 83%, an average temperature of 26.3 °C and a total
precipitation of 45.2 mm.

Treatments with vermicompost humate

Four treatments consisting of three dilutions of vermicompost humate of the product known as
Liplant® and a control without application of this product were used. Prior to the transplant, the
Amalia variety tomato seedlings were imbibed in the different dilutions of the vermicompost
humate. Four equal volume portions were prepared, consisting of the three (v/v) dilutions of
humate (1/10, 1/20 and 1/30 and the fourth portion was used as the control, using distilled water).
The seedlings were placed for 6 hours in immersion in each dilution and the control (distilled
water) were subsequently dried for 24 h at room temperature and in the shade. Later they were
transplanted in the field.

Experimental design

The experiment was developed in a completely randomized design with four repetitions per
treatment. The treatments consisted of applying to the seedlings, the three dilutions of
vermicompost humate (1/10, 1/20, 1/30 and a control-distilled water-). The 640 seedlings were
used per treatment.

Composition of the vermicompost humate

The humate of vermicompost was obtained by donation from the Agrarian University of Havana,
Havana, Cuba. This product is a plant stimulator and carrier of minerals such as calcium (20.2 mg
L), copper (0.164 mg L), magnesium (6.52 mg L), manganese (0.492 mg L), potassium
(18.30 mg L1, iron (11.4 mg L), sodium (5.70 mg L™Y), zinc (1.11 mg L), phosphorus (1-28%),
nickel (0.032 mg L) and chromium (0.225 mg L™). It also contains free amino acids (9-10 mg L
1, polysaccharides, carbohydrates, inorganic elements, humic substances (25-30% p/v), beneficial
microorganisms, plant hormones such as auxins (AIA, AIP, from 0.5 to 2 mg L1), gibberellins
(GA3, from 0.5 to 2 mg L* and cytokinins (adenine, from 0.01 to 0.5 mg L) and soluble humus,
whose composition by chemical fractions correspond to a pH of 7.0 to 7.5, 53.4 % C, 4.85% H,
35.6% O, 3.05% N, 0.72% S, an H/C ratio of 0.08, an O/C ratio of 0.62, a C/N ratio of 18.4, 4.82
humic acids and 7.17 fulvic acids in an E4/EG ratio of their optical coefficient.

Growth variables
For the evaluation of the tomato seedling growth variables, 40 seedlings were selected at random
for treatment and repetition, for a total of 160 seedlings per treatment. At 24 days after the

transplant (DDT), the following variables were measured:

Height of seedling (cm). It was measured with a flexometer from the base of the stem below the
first internode to the top of the branches or crown of the seedling.

Stem diameter (cm). It was measured with a vernier or vernier caliper.
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Number of leaves per seedling. The number of true leaves of each seedling was counted directly.

Fresh weight of aerial part and root (g). Each seedling was taken and divided into aerial part (stem
and leaves) and root and weighed separately, using a precision balance (Mettler Toledo® PR2002).

Dry weight of aerial part and root (g). The leaves and stems (aerial part) and root, after registering
the fresh weight, were placed in paper bags and placed in a drying oven (Shel-Lab®, model FX-5,
serie-1000203) at 65 °C, until constant weight. The weight was determined by precision balance
(Mettler Toledo® PR2002).

Statistical analysis

Analysis of variance was performed and when significant differences between treatments were
found, a multiple means comparison test (Tukey HSD, p< 0.05) was used. The number of leaves

was transformed by square root of each data by means of the equation X =-/n , in order to comply
with the assumptions of variance homogeneity (Sokal and Rohlf, 1988). All statistical analyzes
were performed with Statistica® v. 10.0 for Windows (StatSoft®, Inc. 2011).

Results and discussion

All the tomato seedling growth variables showed significant differences between the dilutions of
the vermicompost humate used (Table 1). Likewise, all the variables showed higher values in the
dilution of 1/30 (v/v), followed by the dilutions 1/20 and 1/10, showing lower values in the control
treatment. The percentage value of increase in the dilution of 1/30 with respect to the control
treatment was 61, 68, 63, 50, 19, 30, 56 and 27 for height, stem diameter, root length, number of
leaves, fresh weight of root, dry weight of root, fresh weight of aerial part and dry weight of aerial
part, respectively.

Table 1. Growth variables of tomato seedlings grown in saline soil and subjected to different
dilutions of vermicompost humate.

%'L%';tgso?f hPl_ant _Stem NUm. Fresh _vveight Aerial Root fresh Roo_t dry Root
vermicompost eight  diameter of leaf of aerial part part dry weight (q) weight  length
W) (cm)  (cm) (@  weight (o) @  (cm)
1/10 13.67c 0.2c 2.67c¢C lc 0.1b 0.08c 0.05c 6.44c
1/20 1492 b 0.22b 345b 1.2b 0.11b 0.12b 0.08b 7.47b
1/30 18.12 a 0.25a 4.62a l4a 0.15a 0.16 a 0.l1a 873a
Control 10.98d 0.17d 2.3d 0.79d 0.04c 0.03d 0.03d 5.54d
Sig. level 0.05 0.001 0.05 0.001 0.001 0.001 0.001  0.013

Mean with different letters in a column differ statistically (Tukey HSD p< 0.05).

According to Casanova et al. (2003), for the production of seedlings of tomato in nursery or
nursery, it should be taken into account the length and diameter of the stem and the number of
leaves, because these variables intervene in the management of the seedlings at the time of the
transplant, increasing or decreasing the resistance to stress that constitutes this work for the
seedlings, in addition to the establishment of them in the production area. In this context, Casanova
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et al. (2003) established desirable characteristics of tomato seedlings for transplantation, values
between 12 to 14 cm in height, 3 to 4 leaves per plantlets and a stem diameter greater than 3 mm,
in addition, care must be taken with the health and the nutritional status of the seedlings.

The results of this study in relation to all the measured variables indicate that the applied
vermicompost humate was effective in the soil type conditions in the seedling or nursery stage,
when significant increases were achieved with respect to the control, which allowed the seedlings,
present desirable characteristics and in accordance with the values established by Casanova et al.
(2003). Also, Wencomo and Lugo (2013) reported positive effects of this biostimulant
demonstrating that it favors the growth of the stem, among other variables related to the growth of
seedlings. On the other hand, Ortega and Fernandez (2007) point out that the humic substances of
the vermicompost humate have a biostimulant effect and they are also deposited in small amounts
in the leaves, achieving a nutritional effect, but a greater availability is guaranteed when applied
through of the soil, because it is absorbed by the roots.

Results similar to those found in this study were reported by Arteaga et al. (2006) in a field
experiment and using tomato plants to which he applied different dilutions of vermicompost
humate via foliar. Also in tomato, Fonseca de la Cruz et al. (2011) used different dilutions of
vermicompost humate, including 1/30, and found increases in vegetative growth variables. In corn,
Calderin-Garcia et al. (2009) reported that the 1/30 v:v dilution of earthworm humus stimulated
the growth, the biomass in the root and the stem, while the 1/20 v:v dilution exerted a greater effect
on the length and the area of the root.

In a study with tomato variety Vyta and using three dilutions of vermicompost humate (1/10, 1/20
and 1/30), Reyes-Pérez (2009) reported larger increases in the growth variables in the dilution of
1/30. Other dilutions such as 1/60 of the humate of vermicompost, have been shown to mitigate
the negative effects caused by NaCl in plant species such as basil (Ocimum basilicum L.) in the
emergency stage, reporting that the percentage and rate of emergence, length of radicle, seedling
height, fresh and dry radicle and aerial biomass increased both in the tolerant NaCl (Napoletano)
and sensitive (Sweet Genovese) variety when using the biostimulant, even in conditions of stress
due to salinity (Reyes -Pérez et al., 2014).

In the same species, but in the initial vegetative growth stage, Reyes-Pérez et al. (2016) showed
that at this stage, the vermicompost humate at a dilution of 1/60, also mitigates the harmful effect
caused by NaCl, increasing tolerance to salt stress of both the tolerant and the NaCl sensitive
varieties.

Most studies that use vermicompost humate as a plant growth biostimulant and as an abiotic stress
reliever, agree that the positive effect exerted by humate is due to the humic and fulvic acids
contained in this stimulant (Arteaga et al., 2006) of which its hormonal action is known, generally
auxin type, which implies the increase of the activity of the H"-ATPase and consequently the
increase in the extrusion of protons, which would correspond with the growth theory (Canellas et
al., 2002; Quaggiotti et al., 2004; Canellas and Facanha, 2004) that brings about a greater
absorption capacity of the nutrients by the root system of the seedlings, which allows a greater
fixation on the soil when these are transplanted in countryside.
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The humic and fulvic acids of the vermicompost humate have a positive effect on the root and on
the aerial part of the plants (Vaughan and Malcolm, 1985; Van de Venter et al., 1991; Facanha et
al., 2002; Canellas et al., 2002; Canellas and Facanha, 2004), an effect that is achieved through
the physiological-biochemical processes in plants, with positive intervention in respiration, speed
of the enzymatic reactions of the Krebs cycle, which favors a production of Higher ATP, as well
as in selective effects on protein synthesis and increase or inhibition of the activity of various
enzymes (Nardi et al., 2002). The application of humic substances in species that develop under
stress conditions, including saline, reduces the negative effects of this abiotic stress (Varanini and
Pinton, 1995; Dubbini, 1995; Chukov et al., 1996).

Apparently the humic substances reduce the Na* absorption because they act on the plasma
membrane H*-ATPases (Canellas et al., 2002, Canellas and Facanha, 2004) and H* -
pyrophosphatases stimulating the natural process of exclusion of Na* by the plant. The main and
specific toxicity mechanism caused by NaCl in plants is the high generation of free radicals that
cause oxidative stress in mitochondria (Hernandez et al., 1993). In this sense, humic substances
affect enzymatic activity, protein expression, proton extrusion (Canellas et al., 2002, Faganha et
al., 2002) and messenger RNA levels (Quaggiotti et al., 2004; Elena et al., 2009) of the proton
of the plasmatic membrane of ATPase (PM H+-ATPase) in a similar way to the effects exerted
by auxins on PM H+-ATPase reported in corn (Frias et al., 1996). This enzyme plays a crucial
role in nutrient uptake and root growth, which is confirmed by its abundance in root tissues
(Palmgren, 2001).

The liquid humus of vermicompost also contains amino acids, minerals and chemical fractions,
which activate the production of metabolic energy, which is used in the formation of new structures
in plants (Mayhew, 2004). According to Pierik (1990), the high ratio of auxin/cytokinin induces
the formation and elongation of roots and in the case of the humate of vermicompost, the auxin
content is higher than that of cytokinin, which favors the response of the plant when applying this
biostimulant.

Although in general terms the response of plants with and without stress is favorable,
according to Zandonadi et al. (2013) it is important to have a standard method that is used to
achieve an efficient comparison of results in a variety of sources of humic substances and plant
species, especially direct efforts towards the development of a biochemically standardized
method, technically accessible and economically viable to qualify the bioactivity of organic
matter.

Conclusions

The variables of tomato seedling growth, height, stem diameter, root length, number of leaves,
fresh weight of root, dry weight of root, fresh weight of aerial part and dry weight of aerial part,
reached maximum values in the 1/30 dilution (v/v) of the vermicompost humate, with percentage
values with respect to the control treatment of 61, 68, 63, 50, 19, 30, 56 and 27 for height, stem
diameter, root length, number of leaves, fresh weight of root, dry weight of root, fresh weight of
aerial part and dry weight of aerial part, respectively.
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In general, the obtained results confirm the positive effect of the vermicompost humate on the
growth and development of tomato seedlings, by significantly increasing the growth variables with
respect to the untreated seedlings; In addition, this biostimulant is an ecological option to obtain
quality seedlings, grown in fragile and degraded agroecosystems such as saline soils, whose use
does not pollute the environment, also conserves soil fertility and biodiversity.

Gratefulness

The authors are grateful for the technical support of Pedro Luna-Garcia and Lidia Hirales-
Lucero. The dissemination of this research was carried out with funds from the Faculty of
Agricultural Sciences of the Universidad Veracruzana and the Center for Biological Research
of the Northwest, SC.

Cited literature

Academia de Ciencias de Cuba. 1989. Nuevo atlas nacional de Cuba. Instituto Cubano de Geodesia
y Cartografia. La Habana. 41 p.

Arteaga, M.; Garcés, N.; Guridi, F.; Pino, J. A.; Caro, |.; Bernardo, O.; Calzadilla, J.; Mesa,
S.; Lopez, A.; Ruisanchez, Y.; Menendez, J. y Cartaza, O. 2006. Evaluacion de las
aplicaciones foliares de humus liquido en el cultivo del tomate (Lycopersicon
esculentum Mill.) var. amalia en condiciones de produccion. Cultivos Tropicales.
27(3):95-101.

Arteaga, M.; Garcés, N.; Novo, R.; Guridi, F.; Pino, J. A.; Acosta, M.; Pasos, M. y Besu, D. 2007.
Influencia de la aplicacion foliar del bioestimulante Liplant sobre algunos indicadores
bioldgicos del suelo. Rev. Proteccion Vegetal. 22:110-117.

Balibrea, M. E.; Cayuela, E.; Artés, F. y Pérez, A. F. 1997. Salinity effects on some postharvest
quality factors in a commercial tomato hybrid. J. Hortic. Sci. 72(6):885-892.

Calderin, G. A.; Guridi, I. F.; Mollineda, T. A.; Garcia, N. E.; Pimentel, J.; Huelva, L. R.; Valdés,
C. R. y Hernandez, G. O. L. 2009. Efectos bioldgicos de derivados del humus de lombriz
sobre el crecimiento de plantas de maiz cv. Canilla. Centro Agricola. 36(1):27-31.

Canellas, L. P. and Facanha, A. R. 2004. Chemical nature of soil humified fractions and their
activity. Pesquisa Agropecudria Brasileira. 39(3):233-240.

Canellas, L. P.; Olivares, F. L.; Okorokova, F. A. L. and Facanha, A. R. 2002. Humic acids
isolated from earthworm compost enhance root elongation, lateral root emergence, and
plasma membrane H+-ATPase activity in maize roots. Plant Physiology.
130:1951-1957.

Casanova, A. S.; Gomez, O.; Laterrol, H. y Anais, G. 2003. Manual para la produccion protegida
de hortalizas. Editorial Agroinfor, Minag. La Habana, Cuba. 250 p.

Chukov, S. N.; Talishkina, V. D. and Nadporozhzkaya, M. A. 1996. Physiological activity of
growth stimulators and of soil humic acids. Eur. Soil Sci. 28(4):30-39.

Dubbini, G. 1995. Interés de los bioestimulantes. Hortoinformacion. 9:50-51.

Elena, A.; Diane, L.; Eva, B.; Marta, F.; Roberto, B.; Zamarrefio, M. and Garcia-Mina, J. M. 2009.
The root application of a purified leonardite humic acid modifies the transcriptional
regulation of the main physiological root responses to Fe deficiency in Fe-sufficient
cucumber plants. Plant Physiol. Biochem. 47:215-223.

4194



Rev. Mex. Cienc. Agric. esp. vol. num. 20 April 01 - May 15, 2018

Facanha A. R.; Facanha, A. L. O.; Olivares, F. L.; Guridi, F.; Santos, G. A.; Velloso, A. C. X,;
Rumianek, V. M.; Brasil, F.; Schripsema, J.; Braz, F. R.; Oliveira, M. A. and Canellas,
L. P. 2002. Bioatividade de acidos humicos: efeito sobre o desenvolvimento radicular e
sobre a bomba de prétons da membrana plasmatica. Pesquisa Agropecudria Brasileira,
37:1301-1310.

FAO. 2017. Food and Agriculture Organization of the United Nations. La sal de la tierra: peligro
para la produccion de alimentos. Cumbre Mundial sobre la Alimentacion, 5 afios después.
http://www.fao.org/worldfoodsummit/spanish/newsroom/focus/focusl.htm.

Fonseca de la Cruz, A.; Salgado, B. Y. y Sotto. T. A. 2011. Empleo de micorriza y humus de
lombriz liquido (Liplant) para la produccion de posturas en el cultivo del tomate bajo los
principios de la agricultura sostenible. Rev. Granma Ciencia. 15(3):1-9.

Frias, I.; Caldeira, M.T.; Pérez, C. J. R.; Navarro, A. J. P.; Culiafiez, M. F. A.; Kuppinger, O.;
Stransky, H.; Pages, M.; Hager, A. and Serrano, R. 1996. A major isoform of the maize
plasma membrane H(+)-ATPase: characterization and induction by auxin in coleoptiles.
The Plant Cell. 8:1533-1544.

Garcés, N. 2000. Evaluacion y obtencion de extractos con actividad bioestimulante a partir del
vermicompost. Anuario. Universidad Agraria de La Habana (UNAH), La Habana, Cuba.
38-43 pp.

Gbmez, O.; Casanova, A.; Laterrol, H. y Anais, G. 2000. Manual técnico. Mejora genética y
manejo del cultivo del tomate para la produccion en el Caribe. Instituto de Investigaciones
Horticola “Liliana Dimitrova”. La Habana, Cuba. 159 p.

Gonzélez, L. M. 2002. Reflexiones sobre los mecanismos generales de adaptacién de las plantas
a la salinidad y a otros tipos de estrés. Alimentaria. 339:99-102.

Gonzalez, L. M.; Argentel, L.; Zaldivar, N. y Ramirez, R. 2005. Efecto de la sequia simulada con
PEG-6000 sobre la germinacién y el crecimiento de las plantulas de dos variedades de
trigo. Cultivos Tropicales. 26(4):45-49.

Ghulam, A.; Muhammad, S.; Javaid, A. and Muhammad A. H. 2015. Interactive effects of salinity
and iron deficiency on different rice genotypes. J. Plant Nutr. Soil Sci. 178:306-311.

Hernandez, A.; Pérez, J.; Bosch, J. y Rivero, L.D. 1999. Nueva version de clasificacidon genética
de los suelos de Cuba. Agrinfor, Minagri. Instituto de Suelos. La Habana, Cuba. 64 p.

Hernandez, J. A.; Corpas, F. J.; Gomez, M.; Del Rio, L. A. and Sevilla, F. 1993. Salt induced
oxidative stress mediated by activated oxygen species in pea leaf mitochondria. Physiologia
Plantarum. 89:103-110.

Heuer, B. 1994. Osmoregulatory role of proline in water and salt-stressed plants. In: Pessarakli,
M. (Ed.). Handbook of plantand crop stress. Marcel Dekker, Inc., USA. 363-381 pp.

Heuer, B. and Nadler, A. 1998. Physiological response of potato plants to soil salinity and water deficit.
Plant Sci. 137:43-51.

Infoagro. 2017. El cultivo del tomate. http://www.infoagro.com/hortalizas/tomate.htm.

Marifia de la H, C.; Nieto, M. M.; Almaguer, S. M.; Castillo, F. P. y Bruqueta, Y. D. 2012. Efecto
del humus liquido Liplant sobre el crecimiento, rendimiento y calidad en tabaco negro
cultivado sobre bases agroecologicas. Rev. Granma Ciencia. 16(1):1-10.

Mayhew, L. 2004. Humic substances in biological agriculture. ACRES USA. 34(1-2):1-8.

Mesa, D. 2003. Obtencidon de plantas resistentes a la salinidad para los suelos salinos cubanos.
Rev. Cubana Cienc. Agric. 37(3):217-226.

Mizrahi, Y.; Taleisnik, E.; Kagan-Zur, V.; Zohar, Y.; Offenbach, R.; Matan, E. and Golan. R.
1988. A saline irrigation regime for improving tomato fruit quality without reducing yield.
J. Am. Soc. Hortic. Sci. 113(2):202-205.

4195


http://www.fao.org/worldfoodsummit/spanish/newsroom/focus/focus1.htm
http://www.monografias.com/trabajos11/wind/wind2.shtml

Rev. Mex. Cienc. Agric. esp. vol. num. 20 April 01 - May 15, 2018

Nabhan, H. A.; Mashali, M. and Mermut, A. R. 1999. Integrated soil management for sustainable
agriculture and food security in Southern and East Africa. Proceedings of the expert
consultation. Harare, Zimbabwe. Food and Agriculture Organization of the United Nations.
Rome, Italy. 8-12 December. 406 p.

Nardi, S.; Pizzeghello, C.; Ferrarese, L.; Trainotti, L. and Casadoro, G. 2002. A low molecular
weight humic fraction on nitrate uptake and protein synthesis in maize seedlings. Soil Biol.
Biochem. 32(3):415-419.

Ortega, R. and Fernandez, M. 2007. Agronomic evaluation of liquid humus derived from
earthworm humic substances. J. Plant Nutr. 30:2091-2104.

Palmgren, M. G. 2001. Plant plasma membrane H+-ATPase: powerhouses for nutrient uptake.
Annual Rev. Plant Physiol. Plant Mol. Biol. 52:817-845.

Pérez, A. F.; Balibrea, M. E.; Santacruz, A. and Estan, M.T. 1996. Agronomical and
physiological characterization of salinity tolerance in a commercial tomato hybrid. Plant
and Soil 180:251-257.

Pierik, R. L. M. 1990. Cultivo in vitro de las plantas superiores. Ed. Mundi-Prensa. Madrid,
Espafia. 151 p.

Postnikova, O. A. and Nemchinov, L. G. 2015. Natural antisense transcripts associated with
salinity response in alfalfa. The Plant Genome. 8(2):33-39.

Quaggiotti, S.; Ruperti, B.; Pizzaghello, D.; Francioso, O.; Tugnoli, V and Nardi, S. 2004. Effect
of low molecular size humic substances on nitrate uptake and expression of genes involved
in nitrate transport in maize (Zea mays L.). J. Exp. Bot. 55:803-813.

Reyes, P. J. J.; Guridi, I. F.; Reynaldo, E. I. M. y Larrinaga, M. J. A. 2009. Efectos del humus
liquido sobre los rendimientos del tomate en suelos salinos en la regién oriental de Cuba.
Centro Agricola. 36(3):57-61.

Reyes, P. J. J.; Murillo, A. B.; Nieto, G. A.; Troyo, D. E.; Reynaldo, E. I. M.; Rueda, P. E. O. and
Guridi, I. F. 2014. Humatos de vermicompost como mitigador de la salinidad en albahaca
(Ocimum basilicum L.) Rev. Facultad Cienc. Agr. Universidad Nacional de Cuyo.
46(2):149-162.

Reyes, P. J. J., Murillo, A. B.; Nieto, G. A.; Troyo, D. E.; Rueda, P. E. O.; Hernandez, M. L. G;
Preciado, R. P.; Beltran, M. A.; Rodriguez, F. F. y Lépez, B. R. J. 2016. Uso de humatos
de vermicompost para disminuir el efecto de la salinidad en el crecimiento y desarrollo de
albahaca (Ocimum basilicum L.). Rev. Mex. Cienc. Agric. 7(6):1375-1387.

Royo, A. y Abid, D. 2003. Salt tolerance in Triticum durum wheat cultivars. Japanese J. Crop Sci.
63(2):158-163.

Royo, A. y Aragués, R. 2003. Establecimiento de nuevos indices de tolerancia de los cultivos a la
salinidad: la cebada como caso de estudio. Investigacion Agraria. Produccion y Protecccion
Vegetal. 17(3):410-421.

SIAP. 2016. Servicio de Informacion Agroalimentaria y Pesquera. Anuario estadistico de la
produccion agricola. http://www.siap.sagarpa.gob.mx.

Sokal, R. R. and Rohlf, F. J. 1988. Biometry: the principles and practice of statistics in biological
research. Third edition. Freeman & Co, San Francisco, CA, USA.

StatSoft. 2011. Statistica. System reference. StatSoft, Inc., Tulsa, Oklahoma, USA. 1098 p.

Tarchoune, I.; Sgherri, C.; Baatour, B.; 1zzo, R., Lachaal, M.; Navari-1zzo, F. and Ouerghi,
Z. 2013. Effects of oxidative stress caused by NaCl or Na>SOs excess on lipoic acid
and tocopherols in Genovese and Fine basil (Ocimum basilicum L.). Ann. App. Biol.
163:23-32.

4196



Rev. Mex. Cienc. Agric. esp. vol. num. 20 April 01 - May 15, 2018

Van de Venter, H. A.; Furter, M.; Dekker, J. and Cronje, I. J. 1991. Simulation of seedling root
growth by coal-derived sodium humate. Plant and Soil. 138:17-21.

Varanini, Z. and Pinton, R. 1995. Humic substances and plant nutrition. Progress Bot. 56:97-116.

Vaughan, D. and Malcolm, R.E. 1985. Influences of humic subtances growth and physiological
processes. In: soil matter and biological activity. Vaughan, D. and Malcolm, R. E. (Eds.).
Martinus Nijhoff Pub. Dordrecht. 37-76 pp.

Vilches, E. y Nufiez, E. 2000. Efectos de los residuos de leguminosas sobre estadios de una
poblacion de lombrices (Eisenia foetida) y caracterizacion bioldgica del humus obtenido.
Cultivos Tropicales. 21 (3):25-28.

Wencomo, H. B. y Lugo, J. 2013. Rendimiento de materia seca y otros componentes en Leucaena
leucocephala cv. Cunningham con el uso del Liplant. Pastos y Forrajes. 36(1):43-49.

Zandonadi, D. B.; Santos, M. P.; Busato, J. G.; Pereira Peres, L. E. and Faganha, A. R. 2013. Plant
physiology as affected by humified organic matter. Theoretical and Experimental Plant
Physiology. 25(1):12-25.

4197



