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ABSTRACT

The article represents a three-year study of the effect of bioactive substances as part of growth
promoting factors on the course of physiological processes in cucumber crops when grown under protected
ground conditions (greenhouse) in the Stavropol Territory. The enhanced metabolism of the plants resulted in
increase of crop yields. The studies revealed that the highest yield of cucumberexceeding the control by 14.7%
was obtained at combined use of growth factors, namelyRadifarm, Benefit, and Megafol.
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INTRODUCTION

Vegetables are an important component of the human nutrition. They are considered as functional
food staff as they not only support the human’s vital forces, but are effective therapeutic agents, recognized
by both folk and standard practice medicine (Gish, &Gikalo, 2012; Pismennaja, et al., 2015). In terms of the
climatic conditions of Russia, a priority in the fresh vegetable supply, especially during the off-season
period,consists in the development of greenhouse vegetable production (Glotova, et al., 2014; Tomilina, et al.,
2013). Cucumber is one of the most popular vegetable worldwide. In greenhouses of Russia, cucumber is a
leading cropinterms of the planting acreage andis grown as winter-spring crop (takes 70-80% of winter
greenhouses), spring-summercrop (90% of spring greenhouses, cultivated after seedling), and summer-fall
crop (10-15 % of the total area of greenhouses) (Vlasova, et al., 2015).

The increase in production of greenhouse vegetables is possible first of allbyincreasingthe areas of
cultivation facilities and enhancing the efficiency of their use to provide persistently high yields of vegetable
crops. Increasing the yield of vegetable crops can be achieved by optimization of all growth and development
conditions (Andreev, 2002; Belogubova, et al., 2007).

The search for new efficient methods of increasing the crops yield is quite promising. One of such
methods consists in the application of bioactive substances with growth promoting action. Bioactive
substances fulfill trophic and ecological functions in the agrocenosis, affect the intensity of the physiological
processes, keep going homeostasis in the plant, and enhance plants resistance against biotic and abiotic
stresses (Voronina, 2008; Prusakova, & Chizhova, 2005).

Plant growth regulators (stimulators),basedonbioactive substances of different nature now are widely
used for all crops (including vegetables and mushrooms) both abroad and in Russia. However, the mode of
growth stimulators actionon plants, especially undergreenhouseconditions inRussia,stillremains poorly
studied. In this regard, the study of the effect of bioactive substances, as part of the growth factors,such as
Radifarm, Benefit, and Megafol, seems relevant.

The aim of this study was to investigate the influence of biologically active substances in the
composition of growth stimulants on productivity of cucumber in protected soil conditions.

MATERIALS AND METHODS

The study was conducted during winter-spring cycle of 2013-2015.The vegetation experiments were
carried out in the winter glazed greenhouse at thegreenhouse laboratory complex of the Stavropol State
Agrarian University. Advancedlow-volume technologies were applied for vegetable crops cultivation in high-
tech greenhouse,wherescreening system, three-flow hot water heating, feeding of plants with carbon dioxide,
climate control, additional air moistening, supplementary lighting during seedlings growing period, drip
irrigation, and mineral nutrition of plants were operating in automatic mode. A mineral wool was used as a
support medium for the plants cultivation. Standard culture solutions, corresponding to particular growing
periods, with an appropriate balanced ratio of major and minor nutrient elements were used throughout the
cucumber’s growing season. These solutionsserved the control and the background for all experimental
options.

Herman F1 cucumber (first generation hybrid) and theRadifarm,Benefit, and Megafolgrowth factors
were subjects of the research.

Experimental design

1 — control; 2 — Radifarm, 0.4% solution; 3 — Benefit, 0.4% solution; 4 — Megafol, 0.4% solution; 5 —
Radifarm+Benefit, 0.4% solutions; 6 — Radifarm+Megafol, 0.4% solutions; 7 — Benefit+Megafol, 0.4% solutions;
8 — Radifarm+Benefit+Megafol, 0.4% solutions.

Experimental design was constructed based on the organized repetitions method withcontinuous

placing of 3-fold replications (Dospekhov, 1985). Plots location was tier-type, number of options:
randomization within repetition. Record plot area was 3.4 mz;theplot width was 1.8 m, and the length —3 m.
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Plants treatment with the growth factors solutions at a concentration of 0.4% was carried out in accordance
with the general recommendations for vegetable crops (State catalog ..., 2013). The Benefit and Megafol were
used as foliar nutrition at four-time processing with an interval of 10 days: the first processing was carried out
in the early fruiting phase. Radifarmwas used as the root application (5 I/ha) duringthephases of the first true
leaf and 3-4 true leaves.

RESULTS AND DISCUSSION
The respiration rate of cucumber plants

Respiration is common to all living organisms. It is an oxidative decomposition of organic substances
synthesized through photosynthesis process with the consumption of oxygen and release of carbon dioxide
(Asaliev,Belovolova, 2006). Oxidative transformations of respiratory substrate are important in biosynthesis
process of not only proteins, fats and carbohydrates, but also regulators of metabolic processes — enzymes and
coenzymes, substances of secondary origin, and hormones (Nobel, 1973). Respiration rate of cucumber plants
increased when treatingthem with growth stimulators. Table 1 presents analysis results along withthe values
of lowest average difference (LADggs).

Table 1: The effect of growth factors on the respiration rate of cucumber plants, mg CO,/h/100g

Option 2013 2014 2015 Average +/-to control

Control 1.18 1.20 1.16 1.18 -
Radifarm 1.31 1.39 1.30 1.33 0.15
Benefit 1.30 1.31 1.29 1.30 0.12
Megafol 1.28 1.35 1.27 1.30 0.12
Radifarm+ Benefit 1.39 1.48 1.38 1.42 0.24
Radifarm+ Megafol 1.38 1.43 1.36 1.39 0.21
Benefit+ Megafol 1.35 1.42 1.33 1.37 0.19
Radifarm+ Benefit+ Megafol 143 1.55 141 1.46 0.28
LADg 05 0.08 0.12 0.09

When comparingthe effect of treatment by different growth factors, we noted that the best results were
recorded when using the Radifarm, having in its composition vitamin complex and zinc chelate, which unlike
the Megafol and Benefit,influenced the plants respiration rate. Our results confirm data from the scientific
literature about the important role of zinc and vitamins in the metabolism of plants (Ageev, 1996).

When treating plants with Radifarm, respiration rateon average over three years of experience
increased by 0.15 mg CO,/h/100g compared to the control, and by 0.03 mg CO,/h/100g with regard to the
treatment by the Benefit and Megafol. When combining the growth factors with each other, the best
combination on average over 2013-2015 was the one consisting of Radifarm and Benefit that resulted in the
highest increase of the respiration rate by 0.24 mg CO,/h/100 g as compared with the control; joint application
of Benefit and Megafolresulted in increase by 0.05 CO,/h/100 g;whileRadifarm and Megafolgave an
increaseby0.03 mg CO,/h/100g. The combined use of Radifarm, Benefit and Megafol contributed to a
significant increase in the respiration rate,whichonaverageover three years exceeded control values by 0.28
mg CO,/h/100 g.

Respiration rate varied by years of research: the highest rates were recorded in 2014: from 1.20 to 1.55 mg
C0O,/h/100g. In this year, the total solar radiation in winter-spring period was the lowest as compared to 2013
and 2015. The lowest respiration rates were noted in 2015: from 1.16 to 1.41 mg CO,/h/100g, when the
photosynthetic active radiation was higher than in other study years.

The photosynthesis rate of cucumber plants

The respiration process is directly linked to the rate of photosynthesis as exactly photo-chemical
reactions create the conditions for the synthesis of carbohydrates and other bioactive substances.

July - August 2016 RJPBCS 7(4) Page No. 1722




ISSN: 0975-8585

Photosynthesis is the essential condition (“sine qua non” - in Latin) of the plants and animals life, being in fact
the most large-scale synthetic process on the Earth (Boardman,1975; Fogg, 1968; Nobel, 1973).

As it follows from Table 2, the use of growth factors increased the photosynthesis rate of cucumber
plants. The composition of the studied growth factors includedmajor nutrient elements (nitrogen and
potassium) and minor nutrient elements, as well as organic substances and other bio- active substances. All
these components of growth factors affected the rate of photosynthesis directly or indirectly.

Table 2: The effect of growth factors on the photosynthesis rate of cucumber plants, mg C02/m2/h

Option 2013 2014 2015 Average +/- to control

Control 0.37 0.35 0.38 0.37 -
Radifarm 0.47 0.47 0.48 0.47 0.10
Benefit 0.44 0.42 0.45 0.44 0.07
Megafol 0.51 0.48 0.53 0.51 0.14
Radifarm + Benefit 0.52 0.51 0.54 0.52 0.15
Radifarm + Megafol 0.57 0.55 0.58 0.57 0.20
Benefit+ Megafol 0.55 0.54 0.56 0.55 0.18
Radifarm + Benefit + Megafol 0.60 0.57 0.60 0.59 0.22
LADg o5 0.08 0.08 0.07

The positive effect of nitrogen-containing compounds can be explained by direct and indirect action.
Direct action consists in the use of nitrogen to form amino acids, i.e. the products of photosynthesis
(Bocharova,et al., 2011). Indirect action can be explained by the fact that the nitrogen is required for the
synthesis of green pigments, as well as proteins, which, on the one hand, are the elements of the chloroplasts
structure, and on the other hand, they are the enzymes, catalyzing different photosynthesis reactions.
Nitrogen absorption by roots and uptake correlate with photosynthesis. All synthetic transformations of
nitrogen, both in the roots and above-ground organs, happen at use of energy and carbon chains, formed in
the course of photosynthesis. Potassium effects on photosynthesis only in an indirect way by changing the
structure of the photosynthetic apparatus and activating some enzymes (Yagodin, et al., 2002).

When using Benefit independently, increase in the photosynthesis rate by years of research was
insignificant in relation to the control being within the same value of LADg gs. In other experimental options the
photosynthesis rate was significantly increased compared to control.

The research conducted has shown that the most significant increase in the rate of photosynthesis of
cucumber plants was observed when applyingtheMegafol. In a special combination with other compounds,
amino acids and betaineas part ofMegafol, stimulated the rate of photosynthesis and, consequently, the
growth of cucumber plants, providing ready energy reserve for biological processes in stressful situations.

Combination of growth factors has shown that the best indicators were obtained applying the
Radifarm and Megafol, where the photosynthesis rate on average over three years of experience was higher
than the control by 0.20 mg COz/mZ/h. The combined use of the Radifarm, Benefit and Megafol contributed to
a significant increase in the rate of photosynthesis on average over the entire observation period by 0.22 mg
COz/mz/h compared with the control, and with regard to the treatment by only one of the
growthstimulatorsthe increment amounted for 0.08-0.15 mg COz/mz/h.

The highest rates of photosynthesis for different experimental options were recorded during the
period with the highest level of photosynthetic active radiation, i.e. in 2012, and increased from 0.38 in the
control to 0.60 mg CO,/m’/h when applying the combination of Radifarm, Benefit, and Megafol.

When comparing the experimental options, we can conclude that the differences between them are
insignificant as they do not reach the lowest average difference (LAD), and when choosing feeding to stimulate
the rate of photosynthesis we can apply any of the growth factors or their combination, as they have relatively
the same effect.
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The yield of cucumber

In practice in the large greenhouse complexes the effect of microclimate, pathogens, agro-technical
errors, lack of lighting, nutrients and water lead to the fact that actual cucumber harvest is less than the
potential yield. To avoid such a reduction in yield, it is necessary to increase the metabolism processes, which
are weakened due to the effect of noted negative factors. This can be achieved by enhancing metabolic
processes in plants through the use of bioactive substances as part of the growth stimulators. Data from our
studies confirm the possibility to increase thecropsproductivity by enhancing the physiological processes in
plants, as shown in Table 3.

Table 3: The effect of growth factors on yield of cucumber, kg/m2

Option 2013 2014 2015 Average +/- to control

Control 25.1 24.9 25.4 25.1 -
Radifarm 26.3 26.0 26.6 26.3 1.2
Benefit 26.5 26.1 26.8 26.5 14
Megafol 25.7 25.5 25.9 25.7 0.6
Radifarm + Benefit 27.6 27.2 28.1 27.6 2.5
Radifarm + Megafol 27.0 26.6 27.4 27.0 1.9
Benefit+ Megafol 28.3 27.5 28.4 28.1 3.0
Radifarm + Benefit + Megafol 28.8 28.6 29.0 28.8 3.7
LADg o5 0.4 0.7 0.7

When applying just one growth factor, the highest yields were observed while treating plants
withtheBenefit, where the yield of cucumber on average over the whole period of studies was significantly
higher than that in the control by 1.4 kg/m”. Benefit, consisting of nucleotides, which stimulate cell division,
vitamins and amino acids (glycine, alanine, aspartic, and glutamic acids) intensified the most important
metabolic reactions. The Benefit helped to increase the yield of cucumber in a natural way, without reducing
taste and technological qualities of the product.

The Radifarm, containing polysaccharides, steroids, glycosides, betaine, vitamins and minor nutrient
elements, contributed to the improved survival of cucumber seedlings during transplantation, stimulated the
formation of well-developed root system and increased the productivity of cucumber. When using just the
Radifarm the yield of cucumber was changed within the range of 26.0- 26.6 kg/mzthat was higher than in the
control by 1.1-1.2 kg/m”’.

To enhance metabolism in plants and increase the yield, we used the Megafol, which is antistress
agent. The use of Megafolenhanced growth and physiological processes in the plant. When applying only
Megafol the yield of cucumber was significantly higher than that for the control by 0.6 kg/m2 (average for
2013-2015).

The yield increase when applying the double combination of growth factors was reliable not only in
relation to the control, but also in relation to their independent use. The yield at combination of the Benefit
and Megafol was by 0.5 kg/m2 higher than that for the combination of the Benefit and Radifarm, and by 1.1
kg/m2 higher than the yield at combined application of the Megafol and Radifarm.

In the experiments, the combined use of the Radifarm, Benefit and Megafolturned out to be the most
productive. The yield in this case was significantly higher by 3.7 kg/mzover 2013-2014, and 3.6 kg/m2 in 2015as
compared to the control. On average over three-yearperiodthe yield was significantly higher by 0.7-1.8
kg/mzthan that for paired combinations of growth factors.

The yield of cucumber was changed by years of research. In 2015 the yield of cucumber was higher
than in 2013 and in 2014. This is directly related to the solar radiation. At the greatest total solar radiation in
winter-spring cycle of 2015 the yield of cucumber was varying from 25.4 to 29.0 kg/m2 and appeared to be
higher by 0.1-0.5 kg/m2 than in 2013. In 2013 the yield of cucumber was varying within the range of 25.1-28.8
kg/mz. The greatest number of cloudy days was in 2014, when the yield of cucumber was 24.9-28.6
kg/m’thatis lower by 0.2-0.8 kg/m” as compared to 2013.
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Experimental data testify that the application into a cell of cucumber plant new exogenous substances
(bioactive substances as part oftheRadifarm, Benefit and Megafol) causes a change in the endogenous
regulatory system and the expression of genetic information,as well as raises the metabolism of plants to a
higher level, especially those aspects that serve the basis for the formation of economically valuable plant
organs. The impact of the biologically active substances,containedinthegrowth factors, on regulatory
mechanisms contributes to an increase in crop yields. At that, growth factors are applied in smaller doses as
compared to mineral fertilizers, whose excess in plant nutrition negatively affects the quality of the final
products.

The results of research carried out to reveal theeffect of bioactive substances on productivity of
cucumber in greenhouses allow us to recommend the growth promoting factorsforapplication under the
protected ground conditions(greenhouses) using themadditionally with the main nutrition pattern: the
Radifarm — for root feeding at the phase of the 1%true leaf and 3-4 true leaves;whileBenefit and Megafol- for
foliar nutrition in four treatmentswith the interval of 10 days,carryingoutthe 1* treatment in the early phase of
fruiting.

CONCLUSION

The studies showed that the use of the Radifarm, MegafolandBenefitgrowthfactorscontribute to the
increase in the respiration and photosynthesis rates against slowing the transpiration process. This resultsin
increased yield of cucumber. Under all experimental options it was significantly higher relative to the control.
In addition, in the options with paired combination of growth factors the increase in yield was higher in
comparison to the options in which they were used independently. The highest yield was observed at the
combination of the Radifarm, Benefit and Megafol.With regard to the control the yield was significantly higher
on average by 3.7 kg/mzover three years of research, while that compared with independent and paired
application of growth factors was higher by 0.7-3.1 kg/mz.

However, the issueconcerning the effect of growth factors on the chemical composition of cucumber
fruits, and in particular,on the accumulation of nitrates, still remains open. Thus, further studieson the
efficiencyofgrowthpromoting factorsin the greenhouse cultivation technology of tomatoes, peppers, eggplant,
and green crops arequitepromising.

The use of agrochemicals in agriculture must be economically and energetically feasible. Therefore
there is a need to conduct later the cost-effectiveness analysis of using the Radifarm, Benefit and Megafol that
would allow us not only to estimate the profit from their application, but also to identifytheways to improve
individual agricultural practices associated with their use.
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