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ABSTRACT

To look for ecological alternatives, obtained from residuals of the own agroecosystems, has become a challenge in the current investigations to revert the problematic low productivity of the cultivations, like black bean production, that do not satisfy the population's high demands. The present work had as objective to evaluate the effects of the application of a vermicompost extract (LIPLANT) on the agricultural productivity in cultivations of economic interest, when being applied in combination with other bioproducts, as well as in the preservation of the properties of a soil Leached Red Ferrallitic (FRL) conserved under production conditions of a small farm in town. The results obtained demonstrated that with this product applied to plants of bean, alone or added with the technology of conservation developed by the producer according to the existent conditions in the property, the productivity of the cultivation can be increased and a more rational use of the vermicompost material can also be done. It determines that its application is viable, with economic and ecological impact. With the application of LIPLANT a better positive productive answer to the improvement of the soil preserved FRL was achieved.
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RESUMEN

Buscar alternativas ecológicas obtenidas a partir de residuos de los propios agroecosistemas se ha convertido en un reto en las investigaciones actuales para revertir las problemática de la baja productividad de los cultivos, como es el caso del frijol negro, que no llegan a satisfacer las altas demandas de la población. El presente trabajo tuvo como objetivo: Evaluar los efectos de la aplicación de un extracto de vermicompost (LIPLANT) sobre la productividad agrícola en un cultivos de interés económico, al aplicarse combinado con otros bioproductos, así como en la preservación de las propiedades de un suelo Ferralítico Rojo Lixiviados (FRL) conservado en las condiciones de producción de una pequeña finca de la localidad. Los resultados obtenidos demostraron que con este producto aplicado a las plantas de frijol, por si sólo o adicionado con la tecnología de conservación desarrollada por el productor de acuerdo a las condiciones existentes en la finca, se puede incrementar la productividad del cultivo y hacer un uso más racional del material vermicompostado, lo que determina que su aplicación sea más viable, con un impacto no sólo económico sino también ecológico. Con la aplicación del LIPLANT se logró una mejor repuesta productiva positiva al mejoramiento del suelo FRL conservado.
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INTRODUCTION

Meeting the high food demand of the population is one of the main challenges of Cuba's economic policy, which has among its bases the sustainable development of agriculture. To this end, the global economic crisis that leads to the scarcity of inputs (Lehmann y Kleber, 2015), the impact on the productive capacity of soils such the Red Ferrallitic leached in more than 50% (Hernández et al., 2015), among other factors that have a limited effect on crop production (ONEI, 2015) have to be faced. Under these conditions, the different forms of production in Cuba have now increased, mainly small farms, plots and organoponics in urban localities. In general, under these conditions, they cannot be self-sufficient with the agroecosystems' own resources for the preparation of composted or vermicomposting organic matter. They are dependent on the external obtaining of large volumes of these materials (4 t ha- 1), which cannot be supplied externally, by objective and subjective factors, to maintain the annual productivity of crops in a sustainable manner. The application of vermicompost biostimulant has demonstrated its great benefits in increasing the biological and agricultural production of crops with favorable ecological effects (du Jardin, 2015; Piccolo, 2016).

Obtaining vermicompost extracts such as LIPLANT, whose production process is low cost and from natural products, concentrates substances with high biological activity proving to be a solution to these problems. They are biostimulant of plant growth when they are applied in low dilutions on the plants, consequently reducing the amount of vermicompost material used to obtain a positive response in them and during their systematic application, they can contribute to the conservation of the soil where they are used (Arteaga et al., 2007; Arteaga, 2014). The beneficial effect of humic acids extracted from vermicomposting has been verified by different authors(Calderín et al., 2012, 2014a,b; Berbara y García, 2014). In the literature there are no studies over time that involve the application of Liplant extract combined with other biofertilizers natural products (Ecomic and Biofert) with plant growth stimulating effects. It is not yet known the contribution of this combination of products to the improvement of conserved soils, with which a positive response to their improvement has not been achieved (Hernández et al., 2011). In turn, integrate the application of the product to the conditions existing on the farm at the time of the study. The objective of the present work was to evaluate the effects of the application of a vermicomposting extract (LIPLANT) combined with other biofertilizers on the increase of black bean production, as well as, the conservation of the properties of Red Ferrallitic soils in the production conditions of a small farm in San José de las Lajas town.

 

METHODS

The experiment was carried out in three crop cycles (CC) of black bean, variety ICA Pijao, line 32 improved, from the end of October to the beginning of March, under conditions of production of a farm belonging to CCS "Manuel Fajardo¨, located in San Jose de las Lajas Municipality, Mayabeque Province. It consists of a Ferrallitic Red Leached soil (Hernández et al., 2011).

For their study, soil samples were randomly collected (40 subsamples) on the diagonal of the study area (54 m2) after being prepared and homogenized to obtain standard samples. They were analyzed before the first sowing of the first crop cycle (CC1) and after completion of the last crop (CC3). The indicators evaluated were soil organic matter (MO%, Tyurin Colorimetry Method λ = 559 nm, ISO 10390: (1999), pH (Potentiometric, ISO 10390: 1999), cation exchange capacity (CIC, Shatcshabel method NC 65: 2000), relation Ca2+/Mg2+ (Complexity, phosphorus content (P, Oniani method NC 52: 1999) and potassium (K, Flame photometry), apparent bulk density (Rings method), electrical conductivity (EC, Conductimetry NC 112: 2001).

Soil evaluations showed characteristics of a conserved red Ferrallitic soil (Table 1), according to the degradation indicators reported for this type of soil (Hernández et al., 2011).



[image: TABLE 1. Results analysis of the physical and physical-chemical properties of the soil before sowing the first crop cycle.]

It is a soil with an appropriate fertility to ensure the good development of the crop in it (Agüero et al., 2013) and with a conservation state that will allow the fulfillment of the objectives proposed in the experiment.

These results correspond to the conservation management carried out by the farmer for more than five years: (I) application of residues of the previous crop or of the natural vegetation developed in the stage of non-soil cultivation (fallow) through the minimum tillage of the soil; (II) addition of composted or vermicomposting organic matter at the bottom of the furrow 2-4 T.ha-1; (III) use of natural products in different variants combined or not, according to the existence in the market when sowing.

For the development of the experiment, at the time of direct seeding, Ecomic ® from National Institute of Agricultural Sciences and Biofer RF® from Institute of Soil were combined to cover bean seeds and 2 T.ha- 1 of vermicompost were added, as control variant (TP). As a second treatment to be evaluated, the combination of this technology was used with the application of Liplant diluted 1:30 v: v. Foliar Liplant spraying was applied with 16 L knapsack sprayer as drip irrigation, in two moments in the early stages of the crop development (1st application in a total volume of 50 L.ha-1 with the third trifoliate leaf and 2nd of 150 L.ha-1 15 days after the first application). It will be designated as TP + L1 / 30 treatment.

Growth index of plant height and leaves and number of flowers were among the morphophysiological indicators evaluated 15 days after each leaf application (15, 30, 45 days after sowing) to 15 plants randomly selected for each replicate for a total of 60 plants per treatment. Other indicators were the biochemical-physiological indicators (leaf area duration DAF, growth rate TRC: (ln msf-ln msi) / (tf- ti), net assimilation rate, TAN: [(msf-msi) / (AFf-AFi )] [(lnAFf-lnAFi) / (Tf-Ti)] up to 30 days after application of the products (Azcón & Talón, 2013).

The productive indicators were number of pods per plant, seed per pod and mass of 100 seeds. The yield R (T.ha-1) was obtained from the total production by treatment area which was estimated extrapolating to one hectare. For economic analysis of production, the economic indicators were evaluated in national currency, according to FAO methodology (2015) for each treatment: value of production ($ / ha) obtained from the price of 100kg of black bean up to 9 460 pesos, referred at that time by the Collection Center of San Jose de las Lajas (MINAG, 2008), and expenses incurred as reported by the producers considering: soil preparation, seed price, cultural attention (irrigation, earthing up, weeding), application of products according to the variants developed in the farm. The benefits ($.ha-1) and the cost / invested peso ratio, reported for each treatment in the three crop cycles evaluated, were calculated.

The climatic variables measured during the development of the experiment: rainfall (mm), temperature (0C) and relative humidity (%), were taken from the Territorial Weather Station of Tapaste, San José de las Lajas, Mayabeque. They are reflected in Figure 1.
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These climatic variables remained within the characteristic range for this area during the last 35 years, except the precipitations that were kept scarce, reason why it was necessary to irrigate.

According to the crop requirements, temperatures and humidity were presented as tolerant to the crop, according to the technical instructions (Agüero et al., 2013).

The cultivation work carried out for all treatments was recommended by the technical standards of the crop: manual earthing up, clearing, with irrigation of 7-10 days if it does not rain, especially in the stage of flowering and beginning of fruiting.

For the statistical processing of the information, the statistical program Statgraphics Plus version 5.1 (Statistical Graphics Crop, 2000) was used. A randomized block experimental design with four replicates per treatment, was used and the parametric analysis of variance analysis of double classification was applied for the study of the biological, productive and soil properties indicators to the treatments, with stages of evaluation and with cultivation cycle. Tukey's multiple comparison test (Tukey, 1949) was also used to detect differences with a significance of 5%. In the analysis of the variables counting number of leaves, flowers, pods and seeds per plant the transformation √n was applied.

 

RESULTS AND DISCUSSION

Among the three crop cycles, the results of the indicators evaluated, in general, were reproducible with respect to the previous one. The growth rates of the plants treated with Liplant showed a stimulation with respect to those of the control.

Figure 2 and 3 show the mean values of the growth rates of plant height and leaf development, respectively. In the first one, in the dynamics evaluated, a stimulation with the application of Liplant superior to the control between 17-25% at 15 dds, 36,5-51,9% at 30dds and at 45dds is doubled.



[image: FIGURE 2. Mean values of plant height growth indexes (cm) at three times of crop development.]



[image: FIGURE 3. Mean values of leaf growth indexes at three times of crop development.]

In foliar development at 15dds, an increasing of 11-26% is obtained reaching up to 46% at 45 dds. Similarly, in the number of flowers, the increasing is 21% higher until the values are doubled to 45 dds with respect to the control in the three cycles evaluated, (Figure 4). This can be justified with the calculation of the duration of the leaf area significantly favored (p≤0.05) for the treatments that added Liplant (Table 2). It suggests a greater persistence of photosynthetically active leaf surface during crop growth with respect to control.
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This effect was reported in the cultivation of black beans with the application of mulch and foliate Biostan (Hernández et al., 2008). It corresponds in another culture of type C3, like tomato with the application of vermicompost extracts (Arteaga et al., 2006; Terry et al., 2010). As well as the effect of humic substances obtained from vermicompost (Calderín et al., 2012, 2014b; Canellas et al., 2015).

These results correspond to the relative growth and net assimilation (TAN) rates calculated (Table 2). Increases achieved for the treatments that added Liplant in each crop cycle corroborate how efficient becomes the process of biomass production (Azcón & Talón, 2013).

With the TAN, the increase in dry mass per unit of leaf surface, per unit of time is defined, which indicates the balance between the photosynthetic process and respiration (Haghighi et al., 2012). This effect is of great importance in this C3 crop that is not very efficient when presenting losses by photorespiration (Calderín et al., 2016).

In relation to this, these plants should be favored in the production of photoassimilates, as a result of a more efficient photosynthetic process, because these are the organs in charge directly of that process in the plants, which can have repercussion in the greater formation of biomass, part of which would be directed towards the formation of leaves and structures (Nardi et al., 2016; Susic, 2016).

The comparison of these results against an absolute control that did not receive any added alternative fertilization suggests and ratifies the aforementioned, because with the application of these bioproducts, the physiological and biochemical state of the plants is improved, which guarantees a greater benefit with the application of Liplant in concentration L1 / 30.

These effects may have an impact on the increased photosynthetic capacity of the plant, which corresponds to the results obtained and the application of the extract of vermicompost Liplant in tomato (Arteaga, 2014).

The results are related to those obtained in the productive indicators of the crop (Figure 5), which in the variant that received Liplant was significantly different (p≤0.05) than the TP control for the three crop cycles evaluated . For the number of pods per plant and the mass of 100 seeds in the variant of Liplant insertion to the production technology (L1 / 30 + TP) for the three cycles, increases are obtained with respect to the control between a 9,2- 15.2% and 14.3-25.8%, respectively.



[image: FIGURE 5. Mean values of the number of pods per plant (pods / pl), seed per pods (w / v), mass of 100 seeds (mass 100 seeds) in the crop cycles evaluated.]

These effects, coupled with the growth rates analyzed, suggest a more efficient mobilization of the nutrients in the treatments with Liplant towards the grain, which can affect the greater mass of the seeds and therefore to increase the productive yield in a 26 , 2-51.8% with respect to the culture that did not received Liplant (Table 3). They correspond to the application of Liplant dilutions to these concentrations in this crop and in tomato under conditions of production in Padron Farms, Mayabeque Province with compacted Red Ferrallitic soils (Arteaga, 2014) and the references obtained with the application of humic acids from vermicompost where their effects on the metabolic efficiency of the treated plants and hormonal like effects assigned to these substances were manifested (Berbara y García, 2014; Savy et al., 2016).
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The economic evaluation of the results obtained from the productive indicators evaluated for each treatment and cultivation cycle are reflected in Table 3. The efficiency of the application of Liplant with the variant used is shown, given by the cost / price relation obtained, which, in spite of Liplant introduction, does not vary from the control due to the increase in the production value with the higher yields, which brings higher profits in 51.9% (CC1), 28.94% (CC2) and 24.3% (CC3). In the last two cycles smaller than the first, costs increased with the greater application of irrigation due to the scarcity of rains that occurred in those stages.

In general, the economic result obtained justifies the economic feasibility of the introduction of Liplant like a bioactive product as a viable alternative to incorporate the technology of sustainable black bean production practices under the conditions of production of a small farm, either alone or combined with other bioproducts such as Ecomic and Rhizobium.

This behavior suggests the positive Liplant interaction and compatibility with mycorrhiza, rhizobium and applied composite organic matter can be positive in the proper development of the plants with the combination of these ecological products. It was possible to appreciate the biostimulating effect of Liplant in this culture being advantageous its application in the moments studied. These reports lead to the need of finding in future research more adequate and efficient relationship in the applied amounts of these bioproducts, which individually have demonstrated their benefits and possibilities to achieve a possible potentiation of their effects according to the results.

After the three crop cycles evaluated (Table 4), the introduction of Liplant to the production technology of the farm had a positive response in the improvement of soil properties such as organic matter, cation content of the soil and of phosphorus, as well as the capacity of cationic exchange, being conserved the rest of the evaluated properties.
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There is a tendency to increase soil carbon sequestration by approximately 3% in the three years of study. The results suggest that with the stimulation achieved in the metabolic activity observed in plants with the introduction of Liplant to the production technology in their individual action (Arteaga et al., 2007), or in conjunction with the products used, according to previous analyses could make an efficient and more rational use of the nutrients of the soil and contribute in some measure to the conservation of the soil during its use.

The results coincide with the reports by Arteaga (2014), when introducing the systematic application of vermicompost Liplant extract to the dilutions used, in long-term studies with the cultivation of Amalia tomato in conservation technologies, corresponding in the literature established when applying liquid humus to leaves of vegetables and grains (Quaik et al., 2012; Zandonadi et al., 2014).

All the above allows to evaluate under the conditions of production studied, the possibility of Liplant use, as a biostimulant of black bean plant growth (ICA Pijao) and in its interaction with other bioproducts in their indirect effects on the soil-plant system which allows it, in its use over time, to contribute to the conservation of these soils. It has not been mentioned in the literature with a positive response to the improvement of their properties with the use of bioproducts as those used in the experiment. A more efficient agroproductive response to the improvement of Red Ferrallitic soils was observed in the properties related to their fertility (Garcés et al., 2009; Hernández et al., 2011).

 

CONCLUSIONS

The insertion of leaf applications of vermicompost extract Liplant to black bean plants in the initial stages of their growth, into the productive system of a farm with conservation management caused significant and reproducible increases in the biological and agricultural productivity of the crop, achieving economic gains, ecological factors that justify it as a viable and efficient perspective within the framework of sustainable agriculture when inserted into conservation technologies applied in the long term.
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TABLE 2. Mean values of the relative growth rate TRC, net assimilation rate TAN
and duration of leaf area DAF, 30 days after the products were applied to the crop.

Crop. TRC (mg.dm_ TAN (g.dm=. DAF (dm. d-
Treatments
cycles 2) dt) o]
ca Ahsoute 148 0.21¢ 32
Control TP 3.100 0.42 7.7
L1/30 P 4.23° 0.562 54.6°
Es 0.010 0.010 0.70
cc2 Absalute 137 0.24 20
Control TP 297 0.48° 40.8°
L1/30 P 3.89° 0.70° 66.5°
Es 0.02 0.16 0.62
Absolute . .
fi 1.5 0.30° ES
cc3 Control TP 3.65° 0.61° 5120
L1/30 P 4.82 0792 76.4¢
Es 0.018 0.015 0.67

(Means with non-comm on letters differ significantly, Tukey, p=0.05)
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FIGURE 5. Mean values of the number of pods per plant (pods / pl), seed per pods (w
/ v), mass of 100 seeds (mass 100 seeds) in the crop cycles evaluated.
(Means with nen-common letters differ significantly, Tukey, p<0.05)
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FIGURE 3. Mean values of leaf growth indexes at three times of crop development.
(Means with non-common letters differ significantly, Tukey, p<0.05)
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FIGURA 4. Mean values for the number of flowers in the cycles of cultivations.
evaluated for each treatment starting from the 39dds.
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FIGURE 1. Mean and historical values of the dimatic indicators in the area during
the experiment.
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FIGURE 2. Mean values of plant height growth i
development.
(Means with non-common letters differ significantly, Tukey, p<0.05)

lexes (cm) at three times of crop
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TABLE 1. Results analysis of the physical and physical-chemical properties of the
sail before sowing the first op cydle.

Depth  weoM  ph cic =3 3 «

020 cm (:0) (cmolig?) /M (ps.cm) (ppm) (ppm)

37 72 wes 3.5 12 e ost
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TABLE 3. Economic analysis for each treatment in crop cycles.

crop Yilds production Production  Profits  Cost/Cuban

Cycle TreAMENS  (that)  value ($hat)  Cost ($hat)  ($hat) peso

o Coe P ITh 1090060 B o3
W30+ L4 13717.00 0615 107524 021
Es 610

2 ComrolTP 139 13149.40 157880 1157060 012
W30 +TP 2118 19%0.60 28200 1757860 012
3 12

CC3 Cotrol TP 1226 1154120 23927 91485 021
W30 +TP 156 14568.40 31959 s o
& 612

Means with non-common letters differ significantly, Tukey, F<0.05
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TABLE 4. Results of the analysis o° physical and physical-chemical properties of the
soil at the end of the experiment (CC3).

Depth  %O0M  pH CIC g CE P K o
020 em (B:0) (Cmolkgl) @s.em) (ppm) (ppm) _(gem)
BegiingCSI 3,700 721 17.68 3490 182 660 0olb  LI0
Es 010 col 012 L1 01l 013 001 004
FimlCS3  38la 760 2102 43a 191 7la 07 L1l
Es 012 001 o011 110 010 011 001 006

Means with non—common letters differ siomificantlv. Takev £<0.05





