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Abstract

The aim of our study was to determine the dynamics of development of select groups of microorgan-
isms and the activity of dehydrogenases in a substrate containing a microbiological inoculum (BAF)) intend-
ed to improve scarlet sage growth and flowering. The material used in the investigations was peat substrate of
5.5-6.0 pH into which plants were planted and then inoculated with different doses of the BAF, bioprepara-
tion (1:10, 1:50, 1:100). Samples of the substrate were collected during the following three phases: seedling
planting, vegetative growth, and flowering. The following parameters were determined: developmental
dynamics of total bacteria number, actinomycetes, molds (Koch plate method), and dehydrogenases activity
(spectrophotometric method). Moreover, plant morphological parameters such as plant height, shoot number
and length, number of buds and inflorescences, as well as content of chlorophyll a+b, a, and b, and leaf green-
ness index (SPAD) were also measured. The application of the BAF, inoculant into the peat substrate con-
tributed to increased number of heterotrophic bacteria, actinomycetes, molds, and dehydrogenases activity.
The number of the studied microorganisms were stimulated most significantly by the applied foliar applica-
tion of the biopreparation at 1:10 concentration, while their metabolic activity also was stimulated by the foliar
application of the experimental inoculum applied at a concentration of 1:50.

The applied BAF inoculum failed to exert a significant effect on the number and greenness index of
leaves or on leaf blade width and length. However, irrespective of the dose and method of application of the
inoculum, it improved the degree of coloring of inflorescence buds and affected the length of inflorescences
(in particular, the foliar and soil application of 1:50 concentration) and increased the chlorophyll content in
plants (especially the soil application with the biopreparation at 1:50 concentration, as well as foliar applica-
tion at 1:100 concentration).
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Introduction

Discoveries in the field of chemistry made at the end of
the 19" and beginning of the 20" centuries caused chemical
compounds used in plant protection as well as mineral fer-
tilizers to be commonly applied in agriculture and horticul-
ture. The desire to increase profits and multiply yields led
to huge abuses in the application of chemical preparations.
Many of these compounds do not undergo biodegradation
easily and thus accumulate in the substrate [1]. Obviously,
this cannot remain without influence on the environment,
primarily on the health of both contemporary and future
generations. Bearing in mind the consequences associated
with the utilization of chemical preparations in plant pro-
tection and cultivation and, hence, out of concern for the
natural environment, attempts are being made to use micro-
biological inocula in the cultivation of ornamental plants
[2]. It appears that the application of microbiological inoc-
ula may have a wide environmental aspect. By metaboliz-
ing organic matter contained in the substrate, microorgan-
isms recycle chemical elements essential for agricultural
production [3].

Microorganisms in the natural environment frequently
enter into various interrelationships not only with other
microorganisms but also with plants. The main role of
microorganisms found in the substrate is continuous trans-
formation of organic and mineral compounds and provid-
ing nutrients to plants [4]. Microorganisms are closely asso-
ciated with plants and their root systems as well as with root
secretions. Moreover, they also participate in the degrada-
tion of toxic substances and are responsible for the synthe-
sis of secondary metabolites, exerting a stimulatory effect
on plant growth (plant growth hormones, phytochelatins,
organic acids, vitamins from B group). Microorganisms can
also secrete substances that are toxic in relation to plant
pathogens or animal organisms (antibiotics, H,S) and, in
this way, improve the condition and health of plants [5].

It is evident that the application of microbiological inoc-
ula consisting of selected strains of bacteria, actinomycetes,
and fungi can influence plant protection, chlorophyll con-
tent, time of plant flowering, etc. [6].

Higher nutrient absorption by plants is associated with
higher activity of selected assimilation enzymes [7]. This,
in turn, can have an impact on increased levels of photo-
synthesis intensity with the aim of maintaining physiologi-
cal equilibrium, leading to increased biomass production of
both above- and underground parts of plants [8, 9].
Investigations carried out earlier revealed improved photo-
synthesis intensity in many species of inoculated plants,
like strawberry [10, 11], Bromus inermis [12, 13], and soy-
bean [13].

Table 1. Chemical properties of peat.

According to Barea et al. [14], plant inoculation with
inocula selected from microorganisms contributes to bio-
logical root control against pathogen infestation, partici-
pates in making nutrients available for plants, facilitates
better rooting of seedlings and affects the quality of the sub-
strate in which plants are cultivated. The above-mentioned
inocula can be made up of microorganisms isolated from
the plant rhizosphere zone [15] or can be derived from com-
posts prepared from plant residues and other substances
[16].

Little is known about the application of effective
microorganisms in the cultivation of ornamental plants.
Investigations have been carried out only on their impact on
the cultivation of geranium, saffron, rose, and gerbera [2,
17, 18]. Therefore, the objective of the present experiments
was to assess the microbiological condition of peat sub-
strate as well as the growth and flowering of scarlet sage
‘Saluti Red’ following soil and foliar application of the
BAF, inoculum at different concentrations. The results can
contribute to the development of technologies of microbio-
logical preparations and, consequently, to a more rational
and environmentally friendly cultivation of bed flowers.

Material and Methods
Experimental Setup

The experiment was established in 2011 in a green-
house in Marcelin that belongs to the Department of
Ornamental Plants of Poznan University of Life Sciences.

Peat substrate of 5.5-6.0 pH (Table 1) supplemented
with a slowly released multicomponent fertilizer Osmocote
5-6 M (3 grdm™) was used in this experiment. Seedlings of
scarlet sage cv. Saluti Red were planted in 12 cm diameter
pots. The plants were inoculated with different doses of the
BAF, biopreparation, which was applied either onto leaves
or into the soil.

Inoculum

The microbiological inoculum (BAF, — bacteria-actino-
mycetes-fungi) used in the study was designed by the
Department of General and Environmental Microbiology.
The biopreparation consisted of 15 strains of bacteria, 5 of
actinomycetes isolated from mature compost prepared from
plant residues and sewage sludge, and 4 strains of
Trichoderma harzianum fungus derived from the collection
of the Institute of Plant Genetics in Poznan.

The above-mentioned strains were examined from the
point of view of their proteolytic and cellulolytic activities.

Type Volumetric mg-dm’ peat gNaCl-dm’
of substrate (g-dn?’) N-NO, P K Ca Mg Cl
peat 300 644 227 611 1644 197 77 6.12
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One milliliter of the employed biopreparation contained
1.55-10° cfu of bacteria, 1.99-10° cfu of actinomycetes, and
0.98-10% of fungi.

The preparation was diluted in tap water with the aim of
obtaining the following concentrations: 1:10, 1:50, and
1:100.

The above-mentioned experimental preparation was
applied in two ways: onto leaves and into the substrate
(always 10 ml). The experiments consisted of the following
combinations (each in ten replications):

K — control (peat substrate)+plant
K1 — peat substrate+plant+watering with the preparation —

1:10
K2 — peat substrate+plant+watering with the preparation —

1:50
K3 — peat substrate+plant+watering with the preparation —

1:100
K4 — peat substrate+plant-+spraying of scarlet sage with the

preparation — 1:10
K5 — peat substrate+plant-+spraying of scarlet sage with the

preparation — 1:50
K6 — peat substrate+plant-+spraying of scarlet sage with the

preparation — 1:100
K7 — peat substrate+plant+watering and spraying of plants

with the preparation — 1:10
K8 — peat substrate+plant+watering and spraying of plants

with the preparation — 1:50
K9 — peat substrate+plant+watering and spraying of plants

with the preparation — 1:100

The adopted research methodological assumptions used
the current developmental phase of scarlet sage as the main
factor determining the moment of collection of substrate
samples:
date I — seedling phase (beginning of experiment)
date II — phase of vegetative growth (after 33 days)
date III — phase of plant flowering (after 50 days)

Microbial Analyses

Microbiological analyses were performed on the basis
of Koch’s plate method and consisted in the determination
with the assistance of selective media of colony forming
units (cfu) of heterotrophic bacteria, molds, and actino-
mycetes. The assessment of cfu numbers of the above-men-
tioned microorganisms using culturing methods is a mea-
sure of intensification of microorganisms characterized by
current high metabolic activity.

Counts of heterotrophic bacteria were determined on
the Merck standard agar medium following 5- to 6-day
incubation at 28°C [19]. Molds were determined on the
Martin medium over 5 days at 24°C [20]. Numbers of actin-
omycetes were determined on the Pochon selective medi-
um [21] incubating plates for 7 days at 26°C.

In addition, using the spectrophotometric method,
dehydrogenases activity was determined in the collected
samples of the composted material using 1% TTC (triph-
enyltetrazolium chloride) following 24-hour incubation at
30°C at 485 nm wavelength. The activity of the enzyme
was expressed in umol TPF-g' substrate DM-24h' [22].

Enzymatic activity investigations are believed to reflect
substrate microbiological activity set against the back-
ground of the traditional method of determination of total
counts of microorganisms using Koch’s plate method.

Plant Analysis Parameters

Measurements of the following traits were taken during
the plant flowering period: leaf floor height, number of
leaves, width and length of the leaf blade, and leaf green-
ness index (SPAD) with the assistance of the N-Tester
apparatus. In addition, the percentage of dyed inflorescence
buds, indicating the earliness of flowering, and the length of
the inflorescence were assessed. Leaf samples for the deter-
mination of chlorophyll content also were taken.
Investigations of the content of chlorophyll a+b as well as
a and b in fresh matter were carried out using the method
developed by Shoaf and Lium [23] and Hiscox and
Israelstam [24].

Statistical Analyses

Changes in numbers of microorganisms and levels of
their metabolic activity in consecutive developmental phas-
es of scarlet sage were elaborated upon statistically by
employing two-factorial analysis of variance. In the case of
plant morphological parameters as well as a+b, a, and b
chlorophyll content, a single factor analysis of variance was
employed. Moreover, Tukey’s test was also used and its
results are presented graphically in order to facilitate the
interpretation of the obtained differences in the level of the
examined parameters [25].

Results and Discussion
Microbial Analyses

The numbers of the analyzed groups of microorganisms
(bacteria, actinomycetes, and molds) depended on the
applied dose of the BAF, inoculum, the method of its appli-
cation (foliar or into the substrate), and the developmental
phase of scarlet sage (Figs. 1, 3, 4).

It was further concluded that on the day of establish-
ment of the trial, the highest total number of bacteria
occurred in treatment K1, in which the microbiological
BAF, inoculum at a concentration of 1:10 was added only
to the substrate (Fig. 1). In comparison with the control
treatment, the difference was statistically significant at o) s.
On the other hand, the smallest number of bacteria was
recorded for treatment K8, in which plants were both
watered and sprayed with the biopreparation at a concen-
tration of 1:50.

Moreover, in the case of the first date of investigations,
the greatest numbers of bacteria were observed, primarily,
in combinations in which the BAF, preparation was applied
at the highest concentration, i.e. 1:10 (Fig. 1).

During vegetative growth phase (date II), bacteria prolif-
eration declined rapidly in all combinations (opposite to the
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Table 2. Pearson correlation coefficients between the number of chosen groups of microorganisms and enzymatic activity in composts.

Pearson Correlation Coefficient
Combination
bacteria x dehydrogenases | molds x dehydrogenases | actinomycetes % dehydrogenases
K (control) peat substrate+plant -0.98 -1 0.88
K1 — peat substrate +plant+watering with the
preparation — 1:10 -1 099 -0.98
K2 — peat substrate+plant+watering with the 097 097 0.98
preparation — 1:50 ' ' ’
K3 — peat substrate+plant+watering with the 0.89 0.99 0.96
preparation — 1:100 ' ' ’
K4 — peat substrate+plant-+spraying of scarlet
sage with the preparation — 1:10 093 089 -0.89
K5- p.eat substrate+p1ant+spray1ng of scarlet 0.99 097 0.99
sage with the preparation — 1:50
K6 — peat substrate+plant+spraying of scarlet
sage with the preparation — 1:100 -0.96 0-94 095
K7 — peat substrate+plant+watering and spray-
ing of plants with the preparation — 1:10 0.9 0.98 0.92
K8 — peat substratet+plant+watering and spray-
ing of plants with the preparation — 1:50 -0.98 0.92 -0.93
K9 — peat substrate+plant+watering and spray-
ing of plants with the preparation — 1:100 0.9 088 0.97

flowering plant phase, date I1I). The recorded increase in bac-
terial number during the flowering phase was associated
mostly with the presence of root secretions whose quantities
and composition during the flowering phase can change.
According to Rézycki and Strzelczyk [26], root secretions
stimulate the activity of microorganisms and, hence, may
affect their growth and development. Also, Wielgosz and
Szember [27] reported that the greatest total number of bac-
teria occurred during the period of plant generative growth.
The greatest mean bacterial number during the per-
formed investigations were recorded in combination K1

—— K (control) peat substrate+plant

(watering of plants with the biopreparation at the concen-
tration of 1:10), while the lowest were observed for K8
(watering+spraying of plants with the inoculum at the con-
centration of 1:50) (Fig. 1).

Lower substrate pH could have been among the causes
of lower bacteria proliferation in the case of treatment K8.
The mean pH value from the three dates for K8 was 6.5,
while for combination K1 it was in the order of 7.18, i.e.
optimal for bacterial development (Fig. 2).

It was further found that irrespective of the date of
analyses, the application of the BAF, inoculum, in the

------ K1 - peat substrate +plant+watering with the preparation - 1:10

elr==K2 - peat sub plant+watering with the prep:

ion - 1:50

~=&—K3 - peat substrate+plant+watering with the preparation - 1:100
=== (4 — peat substrate+plant+spraying of scarlet sage with the preparation - 1:10
—@— K5 — peat substrate+plant+spraying of scarlet sage with the preparation - 1:50

K6 — peat substrate+plant+spraying of scarlet sage with the preparation - 1:100
=—0O= K7 - peat substrate+plant+watering and spraying of plants with the preparation - 1:10,
== K8 - peat substrate+plant+watering and spraying of plants with the preparation - 1:50
=== K9 - peat substrate+plant+watering and spraying of plants with the preparation - 1:100
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Fig. 1. Changes in the total bacteria number.
LSD — least significant difference

date Il — phase of vegetative growth

date IIl - phase of plant flowering
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majority of experimental combinations, contributed to the
increase in total bacterial number in relation to the control
treatment. Different research results were obtained by
Wolna-Maruwka et al. [2], who reported that the applica-
tion of a microbiological preparation, in general, exerted an
inhibitory impact on the development of bacteria in the peat
substrate under geranium cultivation. Also, Kucharski and
Jastrzebska [28] found that soil inoculation with an effec-
tive microorganisms microbiological inoculum inhibited
growth of most groups of heterotrophic bacteria as well as
of actinomycetes and molds.

Changes in the dynamics in numbers of actinomycetes
in the analyzed peat substrates were identical to those
observed in the case of true bacteria. Due to their ability to
decompose many complex compounds, including proteins,
pectins, cellulose, hemicellulose, lignins, and chitin, as well

as their ability to produce bioactive metabolites, mainly
antibiotic compounds [29-31], an attempt was made in this
study to determine their numbers. In addition, the per-
formed two-factorial analysis of variance revealed that the
application of the BAF, inoculum also differentiated signif-
icantly numbers of actinomycetes (Fig. 3). Identically to the
case of bacteria, the highest, statistically significant (at o)
differences in numbers of these microorganisms, in com-
parison with the control, were recorded for treatment K1
(peat substratetplant+watering with the preparation —
1:10), while their proliferation in this case was the poorest
in the K3 substrate (peat substrate+plant+watering with the
preparation — 1:100). The numbers of actinomycetes
declined on date II (phase of vegetative growth), whereas
during the generative stage of scarlet sage, their numbers
increased again. This was valid for the majority of combi-

—— K (control) peat substrate+plant

— peat substrate +plant+watering with the preparation - 1:10
===fr==K2 — peat substrate+plant+watering with the preparation - 1:50
==é=K3 — peat substrate+plant+watering with the preparation - 1:100
=== (4 — peat substrate+plant+spraying of scarlet sage with the preparation - 1:10
—@— K5 — peat substrate+plant+spraying of scarlet sage with the preparation - 1:50

K6 — peat substrate+plant+spraying of scarlet sage with the preparation - 1:100
=—O= K7 - peat substrate+plant+watering and spraying of plants with the preparation - 1:10,
== K8 - peat substrate+plant+watering and spraying of plants with the preparation - 1:50
== K9 - peat substrate+plant+watering and spraying of plants with the preparation - 1:100
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Fig. 2. Changes in substrate pH levels.

date Il - phase of vegetative growth

date Il — phase of plant flowering terms
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------ K1 — peat substrate +plant+watering with the preparation - 1:10
===fr==K2 — peat substrate+plant+watering with the preparation - 1:50
==>&==K3 — peat substrate+plant+watering with the preparation - 1:100
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=—O= K7 — peat substrate+plant+watering and spraying of plants with the preparation - 1:10,
==l K8 - peat substrate+plant+watering and spraying of plants with the preparation - 1:50
=== K9 - peat substrate+plant+watering and spraying of plants with the preparation - 1:100
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Fig. 3. Changes in total actinomycetes number.
LSD — least significant difference
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nations. Probably, root secretions were again the main factor
responsible for changes in numbers of actinomycetes in soil.

The composition and number of soil microflora and the
production of enzymes connected with it depends not only on
the plant species, but also on their developmental phase [32].
Moreover, on the basis of the performed statistical analysis
(Table. 2), it was concluded that the growth of pH values in
substrates only in the case of some combinations correlated
positively with changes in numbers of actinomycetes.

It was further found that statistically significant differ-
ences (at oy, or 0,,s) in numbers of actinomycetes in rela-
tion to control combinations occurred in object samples
watered or sprayed with the BAF, inoculum at 1:10 and
1:50 concentrations (K1, K2, K4, K8) (Fig. 3).

Besides bacteria and actinomycetes, molds also play a
key role in the process of mineralization of organic matter
in the substrate [33]. It was further determined that some
species of molds produce several secondary metabolites
with a broad spectrum of antimicrobial activity:
siderophores, chitinases, glucanases, and antibiotics [34,
35].

The BAF, preparation, irrespective of the method of its
inoculation and dosage, in most experimental combinations
caused a stimulatory effect on the development of mold
fungi in peat substrate. The highest, statistically significant
differences (at 0y, or oy,s) in numbers of the discussed
microorganisms in relation to the control were recorded in
combinations K1 (peat substrate+plant+watering with the

——K (control) peat substrate+plant

~~~~~~ K1 - peat substrate +plant+watering with the preparation - 1:10
===fr==K2 — peat substrate+plant+watering with the preparation - 1:50
—=»—K3 - peat substrate+plant+watering with the preparation - 1:100
==K 4 — peat substrate+plant+spraying of scarlet sage with the preparation - 1:10
—— K5 — peat substrate+plant+spraying of scarlet sage with the preparation - 1:50
K6 — peat substrate+plant+spraying of scarlet sage with the preparation - 1:100
=O= K7 - peat substrate+plant+watering and spraying of plants with the preparation - 1:10,
=% K8 - peat substrate+plant+watering and spraying of plants with the preparation - 1:50
K9 — peat substrate+plant+watering and spraying of plants with the preparation - 1:100
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Fig. 4. Changes in total mold numbers.
LSD — least significant difference

date Il - phase of vegetative growth

date Il - phase of plant flowering

——K (control) peat substrate+plant

------ K1 - peat substrate +plant+watering with the preparation - 1:10
===lr==K2 - peat substrate+plant+watering with the preparation - 1:50
==>¢==K3 — peat substrate+plant+watering with the preparation - 1:100
e=ié==|(4 — peat substrate+plant+spraying of scarlet sage with the preparation - 1:10
—@—K5 - peat substrate+plant+spraying of scarlet sage with the preparation - 1:50

K6 — peat substrate+plant+spraying of scarlet sage with the preparation - 1:100
=—O= K7 - peat substrate+plant+watering and spraying of plants with the preparation - 1:10,
== K8 - peat substrate+plant+watering and spraying of plants with the preparation - 1:50
=== K9 - peat substrate+plant+watering and spraying of plants with the preparation - 1:100
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date | - seedling phase
Fig. 5. Changes in dehydrogenase activity.
LSD — least significant difference

date Il — phase of vegetative growth
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preparation — 1:10), K4 (peat substrate+plant+spraying of
scarlet sage with the preparation — 1:10), and K5 (peat sub-
stratetplant+spraying of scarlet sage with the preparation —
1:50) (Fig. 4).

The highest number of molds occurred during the plant
vegetative growth phase, and the lowest — during the flow-
ering phase (date III) in most treatment combinations
(except K1). These results are in agreement with those
obtained by Wolna-Maruwka et al. [2]. They reported a
reduction in numbers of these microorganisms during the
flowering phase of geranium cultivated on peat substrate
following inoculation by a microbiological preparation.
Changes in the number of molds in successive plant devel-
opmental phases in our experiment could have been asso-
ciated with changes in the qualitative and quantitative
composition of plant root secretions, also reported by
Garcia et al. [36]. Wielgosz et al. [37], for example, also
observed the greatest number of fungi during the vegeta-
tive phase of growth of Sida hermaphrodita, Salix wimi-
nalis, and Lathyrus. Moreover, it is evident from experi-
ments carried out by Wolna-Maruwka et al. [38, 39] that
the plant developmental phase is one of the main factors
affecting the population size of microorganisms in the sub-
strate.

The observed reduction in the proliferation of molds in
the majority of analyzed peat samples during the phase of
plant flowering could also have been caused by pH, which
in the last analyses date reached the highest values (Fig. 2).

Enzymatic Analyses

The activity of dehydrogenases in the substrate is wide-
ly accepted as an indicator of the intensity of the respirato-
ry metabolism of microorganisms. According to Brzezinska
and Wiodarczyk [40], it is possible to estimate the physio-
logical condition of microorganisms on the basis of the
activity of these enzymes.

The highest dehydrogenase activity occurred in combi-
nation K5, where the BAF, inoculum was sprayed onto
leaves and into soil at 1:50 concentration (Fig. 5). The
above-mentioned activity was statistically significantly
higher (at a,,,) in comparison with the control treatment.
The lowest activity of the discussed enzymes was observed
in combination K2 (peat substrate+watering with the prepa-
ration at the concentration of 1:50).

Analyzing the mean activity value of dehydrogenases in
the course of the performed experiments, it was found that
it was highest in combination K5 and lowest in combina-
tion K2. Analyzing changes in the level of dehydrogenase
activity in consecutive developmental phases of scarlet
sage (Fig. 5), it was observed that, irrespective of the kind
of treatment, enzyme activity reached maximum values in
the course of vegetative plant growth (phase II).

According to Wielgosz and Szember [27], as well as
Wolna-Maruwka et al. [41], plant root secretions can cause
stimulation of dehydrogenase activity. On the other hand,
Kucharski [42] maintains that, apart from microorganisms,
underground plant parts as well as soil fauna can also be
sources of enzymes.

Moreover, the metabolic activity of microorganisms,
similarly to their numbers, depends on the substrate pH
value as well as on the organic matter content in the sub-
strate [43, 44].

The number of molds was positively correlated with
levels of dehydrogenase activity (Table 2) because, accord-
ing to the assumptions of Wysocki and Lira [45], a strong
Pearson linear correlation between given factors takes place
when 0.75 <| r| < 0.95.

In the case of true bacteria and actinomycetes (Table 2),
in the majority of peat samples, a negative correlation was
noted between changes of their numbers and levels of dehy-
drogenase activity. Previous investigations revealed that the
number of microorganisms does not always correlate posi-
tively with the level of metabolic activity of microorganisms
[46]. According to them, a large population of microorgan-
isms can exhibit either low or high enzymatic activity.

Plant Analyses

The single-factorial analysis of variance revealed a sig-
nificant impact of the method of application of BAF, on the
level of chlorophyll a+b (p<0.05) as well as b (p<0.01), but
it failed to show a significant influence on the level of
chlorophyll a.

4.9

7 48
47 b
46
45
4.4
43

4.2

chlorophyll a+b content [mg g™ f.

4.1

4.0

K KI K2 K3 K4 K5 K6 K7 K8 K9
Combinations

Fig. 6. Chlorophyll a+b content in fresh weight of Scarlet Sage
leaves. Significant differences to control (at level 0=0.05) are
shown as b.
K (control) peat substrate+plant
K1 — peat substrate +plant+watering with the preparation — 1:10
K2 — peat substrate+plant+watering with the preparation — 1:50
K3 — peat substrate+plant+watering with the preparation — 1:100
K4 — peat substrate+plant+spraying of scarlet sage with the
preparation — 1:10
K5 — peat substrate+plant+spraying of scarlet sage with the
preparation — 1:50
K6 — peat substrate+plant+spraying of scarlet sage with the
preparation — 1:100
K7 — peat substrate+plant+watering and spraying of plants with
the preparation — 1:10
K8 — peat substrate+plant+watering and spraying of plants with
the preparation — 1:50
K9 — peat substrate+plant+watering and spraying of plants with
the preparation — 1:100
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Table 3. The influence of BAF1 on morphological parameters of Scarlet Sage.

Trait
Combination Height of Length of Number of | Width of leaf | Length of leaf | Greening index
leaves layer | inflorescences leaves blade blade of leaves SPAD
K (control) peat substrate+plant 134a 95a 28.6a 9.4 be 8.9 ab 62.7 ab
K1 — peat substrate
+plantt+watering with the prepara- 150c¢ 10.3 ab 285a 95¢ 8.9 ab 64.6 ab
tion — 1:10
— +plant+ i
K2 = peat substrate tplant twatering | ¢ 5 4 10.6 ab 2992 9.2 abe 9.2 b 62.9 ab
with the preparation — 1:50
K3 - peat substrate tplanttwatering | 55 10.7 ab 302a 9.4 be 93 ab 63.5 ab
with the preparation — 1:100
K4 — peat substrate+plant-+spraying
of scarlet sage with the preparation 14.4 ab 122¢ 29.0a 9.6¢ 94b 619a
—1:10
K5 — peat substratet+plant+spraying
of scarlet sage with the preparation 14.4 ab 12.1¢ 284 a 9.3 be 8.7 ab 64.2 ab
- 1:50
K6 — peat substrate+plant-+spraying
of scarlet sage with the preparation 13.8 ab 123 ¢ 284 a 9.7c 8.9 ab 65.0 ab
—1:100
K7 — peat substrate+plant+watering
and spraying of plants with the 14.2 ab 124¢ 28.6a 9.6¢ 9.1 ab 65.8 ab
preparation — 1:10,
K8 — peat substrate+plant+watering
and spraying of plants with the 132a 151e 302 a 87a 8.7 ab 64.4 ab
preparation — 1:50
K9 — peat substrate+plant+watering
and spraying of plants with the 13.7 ab 13.7d 28.6a 8.9 ab 8.6a 66.5b
preparation — 1:100

Means followed by the same letters do not differ significantly at 0=0.05

The level of chlorophyll a+5 in plants inoculated with
BAF, was higher than in the control plants, although only
in the case of K2 (peat substrate+plant+watering with the
preparation — 1:50) and K6 (peat substrate+plant+spraying
of scarlet sage with the preparation — 1:100) combinations
were significant differences found in the level of the exam-
ined parameter in comparison with the control plants (Fig.
6). For the content of chlorophyll @ (Fig. 7), again higher
levels of the examined parameter (mostly statistically non-
significant) were observed in plants treated with the BAF,
preparation than in control plants. Significantly higher lev-
els of chlorophyll a were observed only in the case of com-
bination K6. The content of chlorophyll b is the most var-
ied (Fig. 8) although, as in the case of chlorophyll a+b, sta-
tistically significant differences in comparison with the
control plants were recorded only in the case of leaves in
K2 and K6 combinations. Higher levels of chlorophyll 5
were observed in plants of K7-K9 treatments in comparison
with the control plants, although the differences were not
statistically significant.

Chlorophyll concentration is associated with the level
of photosynthesis intensity. Despite the absence of statisti-
cal significance in all methods of BAF, application in com-

parison with the control plants, the content of all three
forms of chlorophyll was found higher in plants inoculated
with BAF,, and this corroborates the results of earlier inves-
tigations that indicate a positive impact of inoculation on
the level of photosynthetic activity [7], chlorophyll content
[6] and, associated with it, growth and development of the
aboveground and underground plant parts [8, 9].

Furthermore, it was also possible to conclude on the
basis of the performed experiments that the application of
the BAF, biopreparation affected the height of the leaf
floor, length of inflorescences, and earliness of flowering,
etc. (Fig. 9, Table 3).

The height of the leaf floor depended significantly on
the method of application as well as concentration of the
BAF, inoculum. The best results were obtained when the
experimental inoculum was applied into the peat at 1:50
concentration (K2). On the other hand, in the case of the
length of the inflorescence, good results were recorded
when the inoculum was applied jointly in the form of water-
ing and spraying at 1:50 and 1:100 concentrations (K8 and
K9).

The application of the experimental inoculum primarily
influenced the flowering of plants, i.e. length of inflores-
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cences as well as earliness of flowering. Earlier flowering
of plants was achieved following foliar and soil application
of the BAF, inoculum, especially at 1:50 concentration. It
is evident from that that the percentage of dyed buds in
these combinations was higher in relation to the control and
the r other combinations (Fig. 9).

Earlier flowering of plants following the application of
microbiological inocula was also reported by Wolna-
Maruwka et al. [2] in investigations on bed geranium.

The longest and also the most impressive inflorescences
were formed by plants that were both watered and sprayed
with BAF, at 1:50 concentration. Longer inflorescences in
relation to the control were also observed in the case of
plants sprayed with different inoculum concentrations.
Significant differences in the length of inflorescences in
comparison with the control were not recorded only in the
case of plants watered with inoculum solutions, irrespective
of their concentrations.

A favorable impact of a microbiological inoculum (EM)
applied in the form of foliar or soil application on the diam-
eter of rose flowers and number of gerbera inflorescences
was reported by Gorski and Kleiber [18]. Analyzing the
obtained results regarding the height of the leaf floor, it was

3.4

chlorophyll a content [mg g'1 fow.]

K KI K2 K3 K4 K5 K6 K7 K8 K9

Combinations

Fig. 7. Chlorophyll a content in fresh weight of Scarlet Sage
leaves. Significant differences to control (at level 0=0.05) are
shown as b.

K (control) peat substrate+plant

K1 — peat substrate +plant+watering with the preparation —
1:10

K2 — peat substrate+plant+watering with the preparation — 1:50
K3 — peat substrate+plant+watering with the preparation —
1:100

K4 — peat substrate+plant+spraying of scarlet sage with the
preparation — 1:10

K5 — peat substrate+plant+spraying of scarlet sage with the
preparation — 1:50

K6 — peat substrate+plant+spraying of scarlet sage with the
preparation — 1:100

K7 — peat substrate+plant+watering and spraying of plants with
the preparation — 1:10

K8 — peat substrate+plant+watering and spraying of plants with
the preparation — 1:50

K9 — peat substrate+plant+watering and spraying of plants with
the preparation — 1:100
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Fig. 8. Chlorophyll 5 content in fresh weight of Scarlet Sage
leaves. Significant differences to control (at level 0=0.05) are
shown as b.
K (control) peat substrate+plant
K1 — peat substrate +plant+watering with the preparation — 1:10
K2 — peat substrate+plant+watering with the preparation — 1:50
K3 — peat substratetplant+watering with the preparation — 1:100
K4 — peat substrate+plant+spraying of scarlet sage with the
preparation — 1:10
K5 — peat substrate+plant+spraying of scarlet sage with the
preparation — 1:50
K6 — peat substrate+plant+spraying of scarlet sage with the
preparation — 1:100
K7 — peat substrate+plant+watering and spraying of plants with
the preparation — 1:10
K8 — peat substrate+plant+watering and spraying of plants with
the preparation — 1:50
K9 — peat substrate+plant+watering and spraying of plants with
the preparation — 1:100

found that the longest segments of shoots covered with
leaves were obtained following watering of plants with the
BAF, solution, especially when its concentration was 1:50.
In the other cases, following foliar or joint foliar and soil
application of the experimental inoculum, the statistical
analyses did not revealed any significant differences in rela-
tion to the control plants.

The employed experimental BAF, inoculum did not
exhibit any significant influence on such plant vegetative
traits as number of leaves, length and width of leaf blades,
or leaf greenness index. Our results are in agreement with
those obtained by Wolna-Maruwka et al. [2] and
Chowdhury et al. [47], who also reported lack of significant
influence of EM inoculum on leaf numbers of bed gerani-
um and spinach.

Conclusions

1. Independent of the dosage of the applied inoculum as
well as the method of its application, numbers of the
discussed microorganisms and the activity of the ana-
lyzed dehydrogenases in the examined peat substrates
were found to increase.
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% of colouring inflorescences buds

K K1 K2 K3 K4 K5 K6 K7 K8 K9
combination

Fig. 9. The influence of BAF on percentage of colouring inflo-
rescences buds of Scarlet Sage.

K (control) peat substrate+plant

K1 — peat substrate +plant+watering with the preparation — 1:10

K2 — peat substrate+plant+watering with the preparation — 1:50
K3 — peat substrate+plant+watering with the preparation — 1:100
K4 — peat substratetplant+spraying of scarlet sage with the
preparation — 1:10

K5 — peat substratetplant+spraying of scarlet sage with the
preparation — 1:50

K6 — peat substratetplant+spraying of scarlet sage with the
preparation — 1:100

K7 — peat substrate+plant+watering and spraying of plants with
the preparation — 1:10

K8 — peat substrate+plant+watering and spraying of plants with
the preparation — 1:50

K9 — peat substrate+plant+watering and spraying of plants with
the preparation — 1:100

2. In the performed experiment, the highest, statistically
significant development of microorganisms was record-
ed following foliar application of the experimental
BAF, inoculum at the concentration of 1:10 (K1); the
activity of dehydrogenases was the highest in the treat-
ment with foliar application of the inoculum at 1:50
concentration (K5).

3. The developmental phase of scarlet sage was one of the
major factors affecting the dynamics of quantitative
changes of the analyzed microorganisms as well as lev-
els of their metabolic activities.

4. The greatest proliferation of bacteria and actinomycetes
was observed during the flowering phase, and molds
during the phase plant vegetative growth.

5. The highest level of dehydrogenase activity took place
during the flowering phase of scarlet sage.

6. Application of the BAF, inoculum increased levels of
chlorophyll content; this was particularly evident in
treatments K2 (watering with the preparation at 1:50
concentration) and K6 (spraying with the experimental
preparation at the concentration of 1:100).

7. The examined BAF, inoculum did not significantly
affect leaf number and greenness index or the width and
length of the leaf blade. Irrespective of the dose and
method of inoculum application, it did not increase the
coloring of inflorescence buds.

8. The longest inflorescences were developed by plants
watered and sprayed by BAF, inoculum at 1:50 con-
centration (K8).
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