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Abstract

The experiment was carried out in 2010 and 2011 on experimental fields of the Institute of Agricultural Sciences of the State
School of Higher Education in Chetm, Poland to study the effect of Asahi SL on bean (Phaseolus vulgaris L.) of Aura cultivar
yielding. Bean seeds were sown at the depth of 3 - 4 cm, spacing of drills 45 cm, to achieve the density of 30 plants per 1 m?.
During the vegetation period 0.1% and 0.3% concentration of Asahi SL was applied in two application frequencies: single spraying
of plants (in the 2 — 3 leaves stage) or double spraying of plants (first in the 2 — 3 leaves stage and second at the beginning of the bean’s
blooming). Four different variants of spraying with Asahi SL were compared with the control, where biostimulator was not applied.
The number and weight of seeds, the number of pods and the weight of thousand seeds according to International Seed Testing
Association (ISTA, 2010) method were recorded. It was found that single spraying of plants with Asahi SL advantageously
influenced on bean yield increasing the number and the weight of seeds and the number of pods. Control, where biostimulator
was not applied was characterized with the lowest yield factor parameters. The highest thousand seeds weight was found for the
application of 0.1% Asahi SL solution and in the control.
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1. Introduction

Sustainable agriculture is the management of conditions and means of agricultural production, which takes into
account the needs of present and future generations, both in terms of production efficiency and sustainability of
ecosystems with the involvement of scientific, technological and institutional progress (Neher 1992). Production of
safe, high quality food in a way that protects the environment supports the use of bio-stimulators especially in
condition of stress factors which negatively affects a crop yield. Biostimulators are preparations containing
biologically active substances, which modifying metabolism allows obtaining a higher yield of plants. Asahi SL,
occurring also under the name of Atonik belongs to the group of such preparations. It includes simple phenolic
compounds, which occur naturally in a plant in low amounts (Przybysz et al., 2010). Spraying plants with this
preparation is beneficial for their vegetative and generative growth and biomass production. After the application of
Asahi SL the increase of the amount and quality of yield in many plants was reported, in particular when during the
cultivation, disadvantageous environmental conditions occurred (Basak and Mikos-Bielak, 2008; Kozak et al.,
2008a; 2008b; Przybysz et al., 2010; 2014). The use of this biostimulator advantageously influences the
effectiveness of photosynthesis and the increase of the organic and mineral compounds content influencing the
improvement of yield factor parameters (Przybysz et al., 2010; 2014; Majkowska-Gadomska and Wierzbicka, 2013;
Tomczyk and Elkner, 2015).

The aim of the study is to investigate the effect of Asahi SL bio-stimulator on common bean (Phaseolus vulgaris
L.) of Aura cultivar yielding.

2. Materials and Methods
2.1. Plant materials and growth conditions

The study was carried out in 2010 and 2011 on experimental fields of the Institute of Agricultural Sciences of the
State School of Higher Education in Chetm located in Depultycze Krolewskie, Poland (51°07'N; 23°43'E). Soil type
was characterized as Brown Rendzina belonging to Rendzinas soil group. It is alkaline (pH in 1M KCIl — 7.4-7.5) and
rich in phosphorus, potassium, and magnesium. The experiment was established in a randomized block design in
four replications with an elementary experimental plot area of 4.5 m? (1,35 x 3,33 m). Bean seeds of cultivar Aura
were sown on the 8th of May 2010 and on the 11th of May 2011 at the depth of 3 - 4 cm, spacing of drills 45 cm, to
achieve the density of 30 plants per 1 m?. During the growing season plants treated with Asahi SL which contains:
sodium ortho-nitrophenolate ONP (0.2%), sodium para-nitrophenolate PNP (0.3%) and sodium 5-nitroguaiacolate
5NG (0.1%). 0.1% and 0.3% solution of Asahi SL was applied in two application frequencies: single spraying of plants
(in the 2 — 3 leaves stage) or double spraying of plants (first in the 2 — 3 leaves stage and second at the beginning of the
bean’s blooming). It was applied with a battery sprayer GARLAND FUM 12B field sprayer (Lecher LU 120-03) at a
pressure of 0.30 MPa, using 300 I of liquid per hectare. The four different variants of spraying with Asahi SL. were
compared with the control, where bio-stimulator was not applied. Tillage for bean was done using good agricultural
practices. Mineral fertilization in kg of nutrient per hectare was as follows: 30 kg N-ha!, 60 kg P-ha!, 120 kg K-ha'..
It was not used pesticides (pests do not exceed the thresholds of harmfulness).

2.2. Plant yield determination

Upon harvesting, the number and weight of seeds, the number of pods and the weight of a thousand seeds for
each plot (four replications of each combination) according to International Seed Testing Association (ISTA, 2010)
method were recorded.
2.3. Statistical analysis

The results were statistically analysed by analysis of variance ANOVA by Statistica. To verify the significance of

differences between the treatments means the confidence interval of Tukey's test were used at significance level
P<0.05. Results marked with the same letter do not differ significantly from each other.
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3. Results and Discussions

The study analysed the influence of Asahi SL bio-stimulator on bean yielding. Single plant spraying with 0.3%
Asahi SL solution in 2010 significantly increased the number and the weight of bean seeds (enhanced by 53% and
47%, respectively, in comparison with control) (table 1 and 2). In the subsequent year of study the highest yield of
seeds was reported in the combination, where single spraying of plants with 0.1% solution was applied (increase the
number of seeds by 45% and the weight of seeds by 38% in comparison with control). In 2011 single foliar
applications on plants with a higher concentration of Asahi SL (0.3%) resulted in a 27% and 25% increase in the
average number and weight of seeds, in comparison with control. Double application of Asahi SL caused decrease
in the number and the weight of seeds in comparison to single application of this preparation, except for
combination, where 0.1% of bio-stimulator solution in the first year of research was applied.

Table 1. Number of bean seeds depending on concentration and application number of Asahi SL (No*m).
Concentration of Asahi SL  0.1% 0.3% Control
Year 2010 2011 2010 2011 2010 2011

Application method
Single spraying 6103bc  673.5a 869.3 a 590.0 ab 568.0 ¢ 465.8b
Double spraying 7293 ab  498.5b 692.8 be 561.0 ab

Means in the same column with different letters are significantly different (a=0.05) (relates to the same year).

Table 2. Weight of bean seeds depending on concentration and application number of Asahi SL (g*m2).

Concentration of Asahi SL  0.1% 0.3% Control

Year 2010 2011 2010 2011 2010 2011
Application method

Single spraying 278.0bc  2979a 3823a 269.0 ab 2609c 21520
Double spraying 341.8ab  219.7b 284.2 be 253.1ab

Means in the same column with different letters are significantly different (a=0.05) (relates to the same year).

So far, no results concerning the impact of application of Asahi SL on been yield. Kocira et al. (2013) found, that
Kelpak is one of bio-stimulators positively influencing the yield of beans. Also application of amino acids bio-
stimulator (Terra Sorb Complex) increased the yield of bean (Kocira et al., 2015). Numerous authors proved that
Asahi SL (Atonik) positively influences yielding of different plants (Harasimowicz-Hermann and Borowska, 2006;
Marjanska-Cichon and Sapieha-Waszkiewicz, 2010; Matysiak et al., 2011). Kozak et al's research (2008a) prove
that Asahi SL used in the button phase increased the seeds and soya straw yield. The application of Asahi SL
increased the yield of rapeseeds (Malarz et al., 2008; Matysiak et al., 2011), particularly in case of stress conditions
(Harasimowicz-Hermann and Borowska, 2006). Michalski et al. (2008a) and Matysiak et al. (2011) proved that the
application of this preparation positively influenced grains yielding, increasing seeds of barley, barley mixture with
wheat and wheat. Double application of this preparation in maize cultivation seems to be justified, which is
confirmed by the results obtained by Michalski et al. (2008b). Moreover, Asahi SL (Atonik) positively influenced
on vegetable plants, orchard and agricultural plants yielding increasing the yield of roots in case of chicory and
sugar beet, celery, leek and onion bulbs, potato tubers, strawberry fruit, tomato and pepper fruit (Cerny et al., 2008;
Cwalina-Ambroziak and Amarowicz, 2012; Djanaguiraman et al., 2005; Dobrzanski et al., 2008; Marjanska-Cichon
and Sapieha-Waszkiewicz, 2010; Matysiak et al., 2011).

In study single spraying of plants with 0.3% Asahi SL solution in 2010 and 0.1% solution in 2011 increased the
number of pods developed on a plant (enhanced by 41% and 46%, respectively, in comparison with control)
(table 3). The increase of the frequency of preparation application to double resulted in the decrease of pods number
in the combination with 0.1% of Asahi SL solution in 2011 and in the combination with 0.3% with bio-stimulator
solution in both years of study. In the first year, higher number of pods at the double application of lower
concentration of bio-stimulator in comparison to its single application was reported.
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Table 3. Number of pods depending on concentration and application number of Asahi SL (No*m).

Concentration of Asahi SL  0.1% 0.3% Control

Year 2010 2011 2010 2011 2010 2011

Application method
Single spraying 195.5b 219.0 a 264.0 a 189.3 ab 187.8b 150.0b
Double spraying 221.5ab 1693 b 225.8 ab 180.8 ab

Means in the same column with different letters are significantly different (¢=0.05) (relates to the same year).

Kozak et al. (2008a) proved that application of Asahi SL in soya cultivation increased the number of pods
developed on a plant. Furthermore, plants Arabidopsis thaliana L., winter rapeseed and spring rapeseed treated with
this bio-stimulator were characterised with a higher number of siliques (Harasimowicz-Hermann and Borowska,
2006; Malarz et al., 2008; Przybysz et al., 2010).

Plants, which in 2010 were sprayed with 0.1% Asahi SL solution, independently from the frequency of applying
preparation as well as plants from the control obtained the highest weight of thousand seeds (increase by 14% and
11%, respectively) (table 4). The lowest weight of thousand seeds was reported in the combination with double
spraying of plants 0.3% with bio-stimulator solution. In 2011, a tendency to increase the weight of thousand seeds in
control, where the preparation was not used, was reported.

Table 4. Weight of thousand seeds of bean seeds depending on concentration and application number of
Asahi SL (g).

Concentration of Asahi SL  0.1% 0.3% Control

Year 2010 2011 2010 2011 2010 2011
Application method

Single spraying 4572 a 4424 a 440.4 ab 4456 a 4592a 4619a
Double spraying 469.4 a 4432 a 410.1b 450.8 a

Means in the same column with different letters are significantly different (a=0.05) (relates to the same year).

The application of Asahi SL in soya cultivation positively influenced the weight of thousand seeds (Kozak et al.,
2008b). The study carried out by Malarz et al. (2008) and Matysiak et al. (2011) confirmed that application of this
bio-stimulator in rapeseed cultivation, it concerns both the winter form as well as the spring form, slightly increased
the weight of thousand seeds. Michalski et al. (2008b) found a positive effect of Asahi SL on the increase of the
weight of thousand seeds of maize.

4. Conclusions

Asahi SL bio-stimulator, which is one of the elements of sustainable agriculture, has a positive effect on common
bean yield. Single spraying of plants with Asahi SL is increasing the number and the weight of seeds and the
number of pods. Control, where bio-stimulator was not applied is characterized with the lowest yield factor
parameters. The highest thousand seeds weight is found for the application of 0.1% Asahi SL solution and in the
control combination.
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