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ABSTRACT

In this study we investigated the mechanisms of action and effect of plant growth promoting
rhizobacteria (PGPR) Bacillus subtilis No.2 when utilized alone and in conjunction with a humic
fertilizer (HF). Different mechanisms of action of B. subtilis No.2 and HF Stimulife on tomato plants

*Corresponding author: E-mail: veronika-bio@rambler.ru;
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PGPR.

were identified in pot experiments under controlled conditions. PGPR B. subtilis No.2 was identified
by using the16s rRNA gene sequence method. We applied factor analyses to evaluate differences
in the responses of plants to the individual effects of B. subtilis No.2 and HF when they were used
together. Auxin-producing B. subtilis No.2 enhanced tomato yield by increased average number of
fruits per plant. Humic fertilizer Stimulife, which also contains auxins, improved tomato yield by
increasing average fruit weight. As shown by factor analysis, the impact of weight coefficients for
plant responses (across tomato varieties) to B. subtilis No.2 and Stimulife were 0.54 and 0.28,
respectively, indicating a greater response to B. subtilis No.2 than to HF Stimulife. Combined use of
Stimulife and B. subtilis No.2 had a positive impact on tomato yield, increasing fruit yield by 25-
29%. Tomato fruit quality was improved by increasing the amounts of dry matter, carbohydrates,
sugar-index acid, and ascorbic acid. Results suggest that HF Stimulife and B. subtilis No.2 could be
successfully used to enhance tomato plant growth and yield under controlled conditions. We
hypothesize that, along with direct impact, HF may also indirectly affect plants by stimulating

Keywords: PGPR Bacillus subtilis No.2; humic fertilizer; tomato physiological and biochemical

characteristics.
1. INTRODUCTION

Application of optimal agricultural technologies
results in improved efficiency of vegetable crop
production. Various growth regulators, including
humic and bacterial preparations, are used to
increase crop production [1-3]. The active
components of bacterial preparations are PGPR,
which stimulate the plant growth through various
mechanisms, such as synthesis of siderophores,
plant hormones, organic acids, and nitrogen (N)
fixation [4-8].

Humic substances (HS) are heterogeneous
polydispersed N-containing compounds of
phenolic nature. Their molecular composition
includes an aromatic ring with substituents
(generally, carboxyl and phenolic groups), N- and
sulfur (S)-containing heterocycles, and aliphatic
chains [9,10]. Previously, HS have been
considered macromolecules [9]. More recently,
HS have been described as supramolecular
structures consisting of molecules linked together
by covalent bonds [11].

The use of HS has been linked to improved soil
structure [12] and increased water-holding
capacity, creating beneficial conditions for the
rhizosphere microorganisms’ growth [13]. Humic
substances have been also associated with
stimulation of plant root growth [14,15]. The fact
that plants can uptake HS has been known for
quite some time [16]. Recently, a tritium-labeling
technique has been used to demonstrate that
humic acids are transferred among plant tissues
[17]. The stimulatory effect of HS is associated
with an increase in the uptake of iron (Fe) ions by
plants [13]. Humic substances help to increase

cell membrane permeability and, thus, enhance
nutrient supply to plants [18,19]. Humic
substances affect the ATPase activity of cell
membranes [20,21], stimulate respiration in
higher plants [14], and have a hormone-like
effect on physiological activity [22,23].

Humic substances are transformed by
indigenous microbial communities [24, 25], and
may serve as a food source for soil
microorganisms [26,27]. It has been shown that
soil bacteria can absorb humic acids with Gram-
positive bacteria having the highest sorption
potential [28]. Application of HS was shown to
increase the total number of rhizosphere
microorganisms, particularly the  N-fixers,
amylolytic, and cellulolytic microorganisms [29].
At the same time, HS reduced the development
of pathogenic fungi such as Fusarium oxysporum
[29].

The PGPR are free-living bacteria found within
the rhizosphere; these bacteria and beneficial for
plant root growth. The PGPR include a wide
variety of genera
(Azospirillium, Bacillus, Burkholderia, Klebsiella,

Pseudomonas, and others). The PGPR have
been found to have a direct effect on plant
growth by 1) inducing the production of
phytohormones, 2) making biologically fixed
nitrogen available to plants, and 3) increasing
uptake of phosphorus from the soil by solubilizing
the inorganic phosphates. Additionally, the
PGPR have many indirect positive effects on
plant growth associated with minimizing the
bacterial, fungal, viral, and nematode pathogens
harmful to plants [30]. Although some equate
PGPR with biological fertilizers (biofertilizers), it



is not accurate. Biofertilizers defined as a
substance containing living microorganisms
which, when applied to soil-plant system,
colonizes the rhizosphere and enhances plant
growth by increasing the supply and/or
availability of primary nutrients. Based on this
definition, not all PGPR can be considered as
biofertilizers. For example, PGPR that improve
plant growth by control of toxic organism are
biopesticides, but not biofertilizers [31]. The
major applications of PGPR for promoting plant
growth include agriculture, horticulture, forestry
and environmental restoration. In agriculture,
benefits due to the application of PGPR include
increased germination rate, root growth,
increased shoot and root weights, increased leaf
area, higher chlorophyll content, greater nitrogen
content, higher protein content, enhanced
tolerance to drought, delayed leaf senescence,
and improved crop yield [32].

Despite the long-term interest by researchers in
HS, their specific mechanisms of action on plants
and on the rhizosphere microbial community
have not been elucidated [33,34]. As evidenced
by recent scientific reviews, the scientific
community continues to be intrigued by the HS
and their potential for improving plant yield
[35,36]. Complex bacterial-humic fertilizers are
used to improve the vyield of crops [36,37].
However, the individual effects of components in
these preparations have not been sufficiently
studied.

We investigated the role of B. subtilis No.2 and
HF Stimulife (Agrophysproduct, Saint
Petersburg, Russia) [38] in increasing tomato
yield and improving tomato fruit quality in pot
experiments under controlled conditions.

2. MATERIALS AND METHODS

Two determinate tomato varieties Licurich and
Moldova Cup (Vavilov Plant Industry Institute,
Saint Petersburg, Russia,) were used in this
study. Tomato cv. Licurich was released in
Russian Federation and Ukraine and is
characterized by early maturity (85-100 days)
and medium-sized red, round fruit. Tomato cv.
Moldova Cup was released in Ukraine and
Moldova and has an average ripening period of
115-120 days and red, cylindrical medium-sized
fruit.

The tomato plants were germinated under
controlled illumination  (DNaT-400 Ilamps,
Photosynthetically Active Radiation (PAR)
irradiance of 30 W/m?and 16-hour photoperiod).
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The greenhouse air temperature was maintained
at 26(x2)°C, and relative humidity was
maintained at 65%. Tomato plants were grown in
5l pots filled with a growing medium composed of
peat (97%) and Cambrian clay (3%). The peat
was H1-H3 degree of decomposition, 95-99%
organic matter content, 45-60% moisture
content, 45-60% ash content, and pH of 7.0. The
peat was spread out on racks to achieve a
thickness layer of 25 cm and fertilized with basal
solution at the rate of 10 | m? The fertilizer
solution contained 20 g of urea (CO (NH.),), 60 g
of triple superphosphate Ca (H,PO,),, 50 g of
potassium nitrate (KNO;), and 30 g of
magnesium sulfate (MgSQO,). Tomato plants
were fertigated daily with Knop solution (CaNO;-
1 g 1", KNOs3-0.25 g I', KCI-0.12 g I'', KH,PO,-
0.25g1", MgS0,-0.25g ™).

Humic fertilizer: Commercially available liquid
humic fertilizer Stimulife was used in this study.
Stimulife is produced from natural peat; it
contains (on average) 12% total N, 47% carbon
(C), 3.5% hydrogen (H), 25-27% oxygen (O),
0.3%, P,05 0.25% K,O. The working
concentration of Stimulife was 0.01% and it
contained 0.04 pg mi™ 1AA.

Bacterial ribosomal RNA sequences by direct
sequencing: Extraction of bacterial DNA was
carried out in triplicate from three independently
grown cultures. Extraction of DNA was carried
out by the chloroform-saline standard method
based on the lysis of cells and denaturation of
cellular proteins with a solution that contained
guanidine thiocyanate, followed by ethanol
precipitation of nucleic acids [39]. Random
combinations and ratios of DNA concentrations
of the pure cultures - Leptospira interrogans,
Stenotrophomonas maltophilia, Escherichia coli,
Bordetella pertussis - were mixed and used as a
control. The "blind" method was used.

For Polymerase Chain Reaction (PCR), two pairs
of universal primers flanking fragment about
1500 bp were used (F1 5'-
AGAGTTTGATCMTGGCTCAG - 3' and R1 5'-
GGGGTATCTAATCCCGTTCG-3’, F2 5'-
AACTTCGTGCCAGCAGC -3' and R2 5'-
GTCATCCCCACCTTCCTC -3 or R2 5-
TACGGYTACCTTGTTACGACTT -3'). These
were designed for the nucleotide sequencing of
16S rRNA. The PCR amplification was run in 25
mcl amplification mixture with the primers 15 pM
each, plus 67 mM Tris HCI (pH 8.8), 16.6 mM
ammonium sulphate, 6.7 mM MgCl,, 6.7 mM
EDTA, 10 mM mercaptoethanol, 170 mg BSA,
1.0 mM of each NTP, 1 U of Taq DNA-



polymerase (Fermentas). Denaturation (94°C for
5 min) was followed by 40 cycles of amplification:
94°C — for 30 sec, 55°C - for 30 sec, 72°C - for 1
min 20 sec, and the final elongation: 72°C - for 7
min.

An additional method for the separation of the
amplification products was used for accurate
identification. A mixture of the amplification
products was separated on denaturing
polyacrylamide gels according to standard
procedures with modifications [40].
Electrophoresis was carried out in 8%
polyacrylamide gel with a gradient of 45 to 80%
(100% gel contains 7 M urea solution and 40%
deionized formamide solution). The gel was
stained for 30 min in Tris-acetate - EDTA buffer
containing ethidium bromide, washed with
deionized water, and visualized under ultraviolet
light. Fragments were excised from the gel with
amplification products and homogenized in 1.5
ml tubes. Then, 25 mcl buffer was added to the
DNA elute and incubated for 15 min at 37°C. The
mixture was then frozen and thawed several
times. Incubation was carried out overnight at 37
°C and the mixture was centrifuged at 13 k rpm
for 10 min.

Purified fragments were used for sequencing
reactions formulated using a set Genome Lab
DTCS-Quick Start Kit (Beckman Coulter Inc.,
USA). To analyze the reaction product, the
purified precipitate was sequenced and dissolved
in SLS-buffer containing formamide and then
placed in a genetic analyzer (GenomeLabGeXP).

The primary analysis of the obtained sequences
was performed using the NCBI Blast program to
compare to the sequences shown in the
international GenBank database. In each case,
the comparison was carried out on the identical
sample of nucleotide sequences.

Comparative analysis of the complete sequence
of the 16S rRNA allowed identification of the
precise composition of the bacterial culture. In all
three variants, independently grown bacterial
cultures were identified as a Gram-positive,
spore-forming aerobic bacteria Bacillus subtilis.

B. subtilis No.2 were cultured on Omelyanskiy
agar medium and incubated for 48 h at
27°C. The cells were rinsed with sterilized
water, suspended in  steriized water,
and adjusted to 10° cells ml". The bacterial
titer was 4-6x10° cells mI'1, total auxin-like
hormones 7 png'T Fifty ml of inoculum or
fity ml of humic fertilizer in working
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concentrations, or 50 ml of bacterial inoculum
combined with 50 ml humic fertilizer were applied
to each plant, according to treatment structure.
The preparations were applied twice to each
plant — at the beginning of budding and at
flowering.

Biochemical analysis: At flowering, chlorophyll
was extracted from three tomato leaves per plant
via ethanol extraction. The total chlorophyll (a+b)
content of the tomato leaves was determined by
spectrophotometric analysis at wavelengths of
649 nm and 664 nm [41] with SF-46
spectrometer (LOMO, St. Petersburg, Russia). At
full ripening, biochemical analysis of tomato fruit
was carried out. Determination of ascorbic acid
was carried out utilizing the titration with Tillmans
dye method [42]; the total amount of sugars was
determined by the Bertrand method [43]; the total
content of malic acid and citric acid was
quantified using organic Trilon B, as described by
Ermakov [44].

Tomato yield: Tomato varieties Licurich and
Moldova Cup were harvested 75 and 85 days
after planting, respectively; tomato fruit yield was
determined. All fruits per plant were harvested
and weighed. The experiment was repeated
twice, and the same trends were observed.

Multidimensional statistical analysis: Factor
analysis, cluster analysis and correlation analysis
[45], in combination with the Microsoft Office
2007-based Visual Basic for Applications (VBA),
were carried out to clarify the effect of HF and
PGPR B. subtilis No.2 on tomato growth, fruit
yield, and quality.

3. RESULTS AND DISCUSSION

All treatments resulted in a significant increase in
vegetative green biomass of the tomato plants.
Tomato green biomass weight increased by up to
9% as a result of Stimulife applied alone.
A combination of Stimulife and B. subtilis
No.2 resulted in up to a 22% increase in
vegetative biomass production. Comparable
biomass was achieved with B. subtilis No.2
alone, and with combined application of B.
subtilis No.2 with Stimulife. Similar to vegetative

green biomass, total chlorophyll (a + b)
concentration in the tomato leaves was
significantly increased by the combined

application of B. subtilis No.2 with Stimulife,
indicating an increase in the photosynthetic
activity of tomato plants. Chlorophyll content of
Licurich and Moldova Cup tomato plants was
increased by 0.62 mg plant'1 and 0.56 mg plant'1,
respectively. An additive effect was observed



when both HS Stimulife and B. subtilis No.2 were
applied.

Table 1 details results of the Duncan’s Multiple
Range test (p<0.001) for all measured
parameters.

All treatments increased tomato yield (Table 1).
Application of HS Stimulife increased yield of
tomato cv. Licurich by 16% and cv. Moldova Cup
— by 14%. The inoculation with B. subtilis No.2
increased tomato yield by 24 and 21% for
Licurich  and Moldova Cup, respectively.
Combined application of HS Stimulife and B.
subtilis No.2 resulted in substantially greater
increase in tomato yield, with yields increased by
29 and 25% for Licurich and Moldova Cup,
respectively.

Application of B. subtilis No.2 significantly
increased the number of fruits per plant (Table
1). The biochemical analysis shows that B.
subtilis No.2 also significantly increased the
levels of total carbohydrates, ascorbic acid, and
organic acids in tomato fruit of both cultivars
(Table 1).

Factor analysis demonstrates the trends in the
changes of the plant characteristics of interest,
under different treatments (Table 2). As shown,
the combined treatment resulted in higher
amounts of total organic acids (B4, = 0.28; 0.22 >
0), but had a negative synergistic effect on
ascorbic acid content (B, = -0.02; -0.18 < 0),
indicating the acceleration of fruit ripening. This
result was supported by the observation of
shorter ripening periods for tomato plants that
had received the combined treatment; ripening
periods for Moldova Cup and Licurich were
shorter by 5 and 7 days, respectively. Factor
analysis confirmed that the plant response to
applied treatments was not straightforward. The
average value of weight coefficients for plant
responses to B. subtilis No.2 impact was 0.54,
while for HF Stimulife impact, the value of this
index was lower — 0.26-0.28 (Table 2). The
average value of weight coefficients for some
plant characteristics (No. 1 through 5, 8; No. 10
for Likurich; Table 2) had negative values,
while other plant characteristics (No.6, 7, 9; No.
10 for Moldova Cup; Table 2) had positive
values.

The combined treatment of HF Stimulife and
B. subtilis No.2 showed a clear additive effect
on ascorbic acid of tomato plant cv.
Likurich. ~ (B4,=0). Despite the individual
treatments of B. subtilis No.2 and Stimulife
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alone resulting in increased values for
biochemical characteristics of plants, the
combine treatment had a negative synergistic
effect on most biochemical characteristics of
plants. This indicates that the ratio of
preparations should be changed when they are
used together.

Application of both Stimulife and B. subtilis No. 2
resulted in an increase in tomato fruit yield
increase of 29% and 25% for Likurich and
Moldova Cup, respectively. These increases
were less than those obtained with the individual
application of these treatments. Specifically,
when applied alone, Stimulife resulted in a 40%
yield increase, while B. subtilis No.2 resulted in a
35% yield increase.

In cluster analysis, the data were grouped into
two clusters for plants of both tomato varieties
(Figs 1a and 1b). The first cluster included an
untreated variant and a variant with addition of
Stimulife alone, and the second cluster included
all variants with inoculation with B. subtilis No.2.
Cluster analysis confirmed that B. subtilis No.2
had a greater impact on tomato plant yield than
Stimulife.

The correlation analysis (Figs 2 and 3)
demonstrated that B. subtilis No.2 had a positive
impact on most of the tomato plant
characteristics of interest (values of correlation
coefficients were between 0.71 and 0.96), with
the exception of the average weight of the fruit.

The correlation coefficients values were lower
when Stimulife was applied alone. The highest
correlation coefficients were noted for Stimulife
application and the average weight of tomato fruit
(r =0.89-0.90) for both cultivars. For Moldova
Cup, the treatment with HS Stimulife correlated
with the concentrations of ascorbic acid (r = 0.6)
and organic acids (r = 0.5) in fruits.

The increases in tomato green biomass and
chlorophyll content are consistent with results
obtained by other researchers [46,47]. As an
example, the number of leaves of indeterminate
Dutch tomato hybrids Gayana F1 and Raisa F1
increased by 12-32% when HS and biological
preparation Agate 25-K (based on Pseudomonas
sp. bacteria) were applied in a greenhouse
experiment [47]. Previous work has
demonstrated that the key growth parameters of
tomato plants, such as plant height and number
of branches per plant, significantly increased with
a combined inoculation of PGPR and humic acid,
compared to individual humic acid effect [46].



The increase in green biomass shows that auxin-
producing bacteria B. subtilis No.2 has potential
to improve tomato yield. Our results for tomato
yield agree with results previously obtained by
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other authors [48]. For example, the yield of the
Likurich  tomato grown under controlled
conditions reached 15-20 kg m? in 75-80 days of
vegetation [48]. Our study demonstrated that

Distances Level
0,0 0,1 0,2 0,3 0,4 0,5 0,6

Experimental variants

Control

Stimulife

B. subtilis Ne2

Stimulife + B. subtilis Ne2
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0,0 0,1 0,2 0,3 0,4 0,5 0,6
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Control b
Stimulife

B. subtilis Ne2

Stimulife + B. subtilis Ne2

Fig. 1. Dendrogram of similarity level between experimental variants. A-for tomato cv. Licurich,
b-for tomato cv. Moldova Cup Dendrogram is constructed by average-linkage method
Experimental variants: 1 — Control (without treatment); 2 — Treatment with Stimulife; 3 — Treatment with Bacillus
subtilis No.2; 4 — Combined treatment with Stimulife and Bacillus subtilis No.2.
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Fig. 2. Coefficients of multiple correlations between different treatments and «growth and
yield» plant characters of tomato cv. Likurich. The numbers of characters are the same as in
tables 1 and 2
1-Fruit mass, g/plant, 2-Fruit numbers per plant, 3- Plant height, cm, 4- Green mass, g/plant, 5-Ascorbic acid,
mg/100 g fresh fruit mass, 6- Sum of carbohydrates, % 7 - Fruit dry matter, %, 8-Chlorophyll, FW, mg chl/g, 9 -
Sum of organic acids, %, 10- Average fruit mass, g
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Fig. 3. Coefficients of multiple correlations between different treatments and «growth and
yield» plant characters of tomato cv. Moldova Cup. The numbers of characters are the same as
in tables 1 and 2
1-Fruit mass, g/plant, 2-Fruit numbers per plant, 3- Plant height, cm, 4- Green mass, g/plant, 5-Ascorbic acid,
mg/100 g fresh fruit mass, 6- Sum of carbohydrates, % 7 - Fruit dry matter, %, 8-Chlorophyll, FW, mg chl/g, 9 -
Sum of organic acids, %, 10- Average fruit mass, g

PGPR bacteria B. subtilis No.2 increased the
number of fruit per branch and fruit per plant.
Similar results were obtained by others [49]. The
individual effect of bacterial inoculation resulted
in overall increased tomato yield due to greater
number of fruit per plant.

On the other hand, HS Stimulife increased
tomato vyield by increasing the average fruit
weight, while the number of fruit per plant did not
increase. This finding supports the theory of
increase in ATP activity, leading to an increase in
the electrochemical proton (H") gradient, which -
in turn - increases ion transport through cell
membranes under the action of HS [50].
Permeability of plasma membranes and supply
of nutrients to the plant cells resulting from
application of HS has been previously reported
[18, 47].

Stimulife and B. subtilis No.2 both resulted in
greater tomato yield, but via different
mechanisms of action. Combined application of
Stimulife and B. subtilis No.2 positively affected
several plant characteristics, which were also
affected in a similar way by B. subtilis No.2
alone. When used together, B. subtilis No.2 and
HS Stimulife had a positive additive effect on the
amounts of organic acids and carbohydrates in
tomato fruit. At the same time, combined
application of B. subtilis No.2 and Stimulife
resulted in a decrease in several plant
characteristics (plant height, green biomass, and
numbers of fruit per plant) that were increased

with application of B. subtilis No.2 alone. This
antagonistic effect could be explained by the
initial competition for nutrient uptake by plant root
cells and by the activation of H-pumps; this, in
turn, enhanced the nutrient transport into the
roots and then - into the tomato plant shoots [37].

The average value of weight coefficients for plant
responses to B. subtilis No.2 impact was 0.54
and for HF Stimulife was 0.28, indicating that B.
subtilis No.2 was the primary influence on the
characteristics of interest, regardless of tomato
variety. Suppressive effects were observed when
HF Stimulife and bacteria B. subtilis No.2 were
used together (Table 2). These results agree with
previous findings and suggest that the working
concentration of HF Stimulife should be reduced
in combined application with B. subtilis No.2 [51].

Previous studies indicate that the auxin-
producing bacteria B. subtilis No.2 were able to
not only stimulate plant growth, but also change
the composition of the rhizosphere microbial
community. The number and the activity of N-
fixing bacteria of the wheat rhizosphere
increased and affected N accumulation by wheat
plants inoculated with B. subtilis No.2 [52]. The
same effect was observed in the application of
biological preparation based on a combination of
microorganisms (non-N fixers), where application
of preparation increased N uptake in rice by 52%
[53].
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Table 1. Effect of different preparations on tomato yield, biometric plant characteristics and biochemical fruit characteristics

Number Measured parameters Control Stimulife B. subtilis Ne2 Stimulife +
B. subtilis Ne 2

Tomato cv. Likurich

1 Fruit mass, gram/plant 711d 825 ¢ 884 b 918 a
2 Fruit numbers per plant 17c 18 ¢ 22 a 21b

3 Plant height, cm 45¢ 45 ¢ 52 a 48 b
4 Green mass/plant 460 d 503 c 550 a 520 b
5 Ascorbic acid, mg/100 g fresh fruit mass 20d 28,6 ¢ 38,2b 46,2 a
6 Sum of carbohydrates, % 36¢ 3.8c 44b 46 a
7 Fruit dry matter 5.7c 58¢c 6.4b 6.8 a
8 Chlorophyll, FW, mg chl/g 1.42d 1.80c 1.92b 2.04 a
9 Sum of organic acids, % 0.60 a 0.60 a 0.64 a 0.66 a
10 Average fruit mass, gram 41.8b 44.8a 40.2b 43.7 a

Tomato cv. Moldova cup

1 Fruit mass, gram/plant 824 d 939 ¢ 995 b 1030 a
2 Fruit numbers per plant 14 c 14 c 19a 16 b
3 Plant height, cm 490c 49.7 ¢ 68.3 a 573 b
4 Green mass/plant 475d 520 c 578 a 534 b
5 Ascorbic acid, mg/100 g fresh fruit mass 24.0d 27.2¢c 296b 48.2 a
6 Sum of carbohydrates, % 3.7b 3.8b 4.4 a 40b
7 Fruit dry matter 58b 6.0b 6.2b 6.4 a
8 Chlorophyll, FW, mg chl/g 1.50d 186 c 1.98b 2.06 a
9 Sum of organic acids, % 0.58 b 0.60b 0.62b 0.66 a
10 Average fruit mass, gram 58.9c 67.0 a 52.3d 64.4 b

Note: Means within each lines followed by the same letter are not significantly different at p<0.001 as determined by Duncan’s multiple range test.
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Table 2. Factor loadings under effect of Stimulife and bacteria B. subtilis Ne 2 on the plants characters for tomato cv. Likurich and Moldova Cup

Number Factor

Preparations

Stimulife, A,

B. subtilis Ne 2, A,

Stimulife +B. subtilis N2 2 B4,

Likurich Moldova Cup  Likurich Moldova Cup  Likurich Moldova Cup

1 Fruit mass, gram/plant 0.35+0.04 0.40£0.03 0.58+0.03 0.59+0.03 -0.20+0.07 -0.28+0.06
2 Fruit numbers 0.15+0.04 0.00+0.04 0.77%0.02 0.93+0.01 -0.31+0.06 -0.56+0.05
3 Plant height, cm 0.00+0.04 0.03+0.03 0.7910.04 0.92+0.04 -0.45+0.06 -0.56+0.06
4 Green mass g/plant 0.37+0.04 0.35+0.04 0.77+0.03 0.81+0.03 -0.63+0.08 -0.70+£0.06
5 Ascorbic acid, mg/100 g fresh fruit 0.26+0.01 0.27+0.01 0.55+0.01 0.64+0.01 -0.02+0.02 -0.1810.02

mass
6 Sum of carbohydrates, % 0.09+0.06 0.13+0.04 0.61+0.03 0.52+0.02 0.09+0.09 0.20+0.06
7 Fruit dry matter % 0.27+0.09 0.08+0.06 0.54+0.07 0.54+0.04 0.00£0.16 0.23+0.10
8 Chlorophyll, FW, mg chli/g 0.43+0.02 0.44+0.02 0.57%0.02 0.59+0.02 -0.30+0.09 -0.3410.04
9 Sum of organic acids% 0.00+0.12 0.22+0.08 0.56+0.07 0.44+0.06 0.28+0.19 0.22+0.14
10 Average fruit mass, gram 0.85+0.05 0.69+0.05 -0.34+0.13 -0.56+0.08 -0.111£0.17 0.33+0.11

Average data 0.28 0.26 0.54 0.54 -0.17 -0.16

Note: when B12>0 — is a positive additive effect



Plants, in turn, may control the composition and
abundance of the rhizosphere microbial
community. In the presence of the water-
insoluble fraction of HS, maize plants increased
the quantity of carbon production in root
secretions, thereby increasing the number of HS-
destructors in the microbial community of plant
rhizosphere. When biologically available HS
fractions were added, this effect was not
observed. The authors suggested that the plants
had stimulated rhizosphere microorganisms
capable of degrading HS [31].

Humic substances can be utilized by
microorganisms as effective electron acceptors
for the oxidative degradation of organic carbon in
an anaerobic environment. Alternatively, HS in its
reduced forms can be utilized by microorganisms
as effective electron donors for the assimilation
of organic carbon.

The results of our experiments suggest that the
HS may have an indirect hormonal effect on
plants. We believe that HS primarily affects
rhizosphere microorganisms, which, in turn,
stimulate the plant, exhibiting a hormone-like
activity of HS, as described by other authors [22,
23]

4. CONCLUSION

Our results showed a positive impact of Stimulife
and bacteria B. subtilis No. 2 on tomato,
increasing fruit production by 11-25%. Tomato
fruit quality was improved by increasing the
amounts of dry matter, carbohydrates, sugar-
index acid, and ascorbic acid. Therefore,
Stimulife and B. subtilis No.2 could be
successfully used to enhance fruit production
and fruit quality of tomato plants grown under
controlled conditions.

When Stimulife and B. subtilis No.2 were applied
together, results indicate that B. subtilis No.2 had
the predominant influence on the biochemical
characteristics of tomato plants. This allows us to
suggest a newly proposed mechanism of HS
action on the plants. It is likely, that the indirect
physiological effect of HS on plants is due to
increased PGPR activity. Further research is
required to make definite conclusions about HS
mechanisms of action.
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