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Summary. The objective of the study was to determine the dynamics of the enzymatic activity in
a substrate containing a microbiological inoculum (Effective Microorganisms — EM) intended to
improve French marigold growth and flowering. The material used in the study was peat substrate
of 5.5-6.0 pH into which plants were planted and then inoculated with different doses of the EM
biofertilizer (1 : 10, 1 : 50, 1 : 100). Samples of the substrate on which experimental plants were
cultivated were collected during the following three phases: the phase of seedling planting, the
phase of vegetative growth and the phase of flowering. The scope of investigations comprised
determination of the activity of dehydrogenases, urease and acid phosphatase activity by the
spectrophotometric method. In addition, the following plant morphological analyses were per-
formed: plant height, shoot number and length, number of buds and inflorescences, and leaf
greenness index (SPAD). It was found that the phase of plant development was proved to be the
main determinant of the activity of the enzymes under study. The EM biofertilizer had positive
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effect on the acid phosphatase activity. However, the preparation did not have stimulating effect
on the activity of urease or dehydrogenases. The EM biofertilizer concentrated at 1 : 100 and
applied into the soil and foliage resulted in a larger number of darker leaves and greater number
of inflorescences on the plants.

Key words: enzymatic activity, peat, biofertilizer EM, French marigold

Introduction

At present the introduction of the system of sustainable agriculture is thought to be
a solution to the problem of excessive use of chemicals in conventional agriculture. On
1 January 2014 the EU member-states, including Poland, introduced obligatory integ-
rated plant protection. In Poland it was introduced as a Regulation issued by the Minister
of Agriculture and Rural Development. According to the principles of integrated plant
protection specified in Annex III to Directive 2009/128/EC, “Sustainable biological,
physical and other non-chemical methods must be preferred to chemical methods if they
provide satisfactory pest control” (Pruszynski et al., 2012).

Microbial preparations are an alternative to chemical plant protection. At present
there is high interest in preparations marked with the EM symbol (Effective Microor-
ganisms), which are available on the market. They are meant to be used for plant grow-
ing both in agriculture and horticulture.

According to Mau (2007), the EM preparation is composed of lactic bacteria (Lacto-
bacillus casei, Streptococcus lactis), photosynthetic bacteria (Rhodopseudomonas palu-
strus, Rhodobacter spae), yeasts (Saccharomyces albus, Candida utilis), actinobacteria
(Streptomyces albus, S. griseus) and molds (4spergillus oryzae, Mucor hiemalis). Accord-
ing to this author, Effective Microorganisms secrete vitamins, organic acids, amino acids
and antioxidant substances and thus, they stimulate plant growth and exhibit phytosan-
itary properties. Janas (2009) and Wielgosz et al. (2010) also express the opinion that in
agricultural and horticultural practice the combined effect of different groups of mi-
croorganisms which the EM is composed of has favourable effect on soil fertility. The
microorganisms improve the conditions of plant development, because they facilitate
the uptake of nutrients, support the plant growth, stimulate the development of seedlings
through the production of hormonal substances, prevent the development of plant patho-
gens and gradually rebuild the substrate.

As results from the studies by Klama et al. (2010) and Wielgosz et al. (2010), the
EM preparation has positive influence on the growth of wheat, rapeseed and barley.
Faltyn and Miszkieto (2008) proved the positive effect of this preparation on the germin-
ation capacity of spring wheat seeds. As results from the research by Janas and Grzesik
(2011), the EM biofertilizer accelerates the ripening of evening primrose seeds. There is
not much information about the application of natural preparations in the cultivation of
ornamental plants. The research by Wolna-Maruwka et al. (2010) proved that the EM
biofertilizer applied in the cultivation of zonal geraniums accelerated the florescence of
these plants and increased the number of buds and flowers on them. The studies on
roses (Rosa xhybrida) and Barberton daisies (Gerbera jamesonii), which were conduc-
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ted by Goérski and Kleiber (2010), indicated that there was a greater number of flowers
in both species and their diameters were larger.

According to Martyniuk (2010), there are some doubts about the effectiveness of
most biopreparations available on the market, including the EM biofertilizer used for
plant protection. The author justifies his doubts with the fact that it is very easy to re-
gister these preparations and there is no procedure requiring numerous and detailed
investigations to confirm the effectiveness of the product. According to this author, the
EM biofertilizer does not meet most requirements. For example, there is no detailed
information about the composition of the inoculum; there are no scientific studies describ-
ing the techniques of identification of microorganisms in the biofertilizer; there are no
findings confirming the usefulness and effectiveness of the product for plant protection.

In view of the fact that scientists express controversial opinions about the wide spec-
trum of use of the EM biofertilizer and due to the fact that the manufacturer declares
a wide range of positive effects resulting from the application of this vaccine for plant
protection, the aim of this study was to assess the influence of the EM biofertilizer on the
enzymatic parameters of a peat substrate and morphological traits of the French marigold.

An investigation of the biochemical activity in the substrate will enable assessment
which of the applied doses of the inoculum will contribute to significant changes in the
enzymatic activity in the substrate. It will also enable assessment of the relationship
between the dynamics of changes and the growth and development of French marigold.

Material and methods

The experiment was established in 2011 in a greenhouse in Marcelin, which belongs
to the Department of Ornamental Plants of Poznan University of Life Sciences.

The material used in the experiment was peat substrate of 5.5-6.0 pH, which was
supplemented with a multicomponent fertilizer Osmocote Standard 5-6 M of slow ac-
tion in the amount of 3 g-dm>. Fertilizer Osmocote Standard 5-6 M contains mac-
roelements such as: 15% N (6.6% NOs, 8.4% NHs), 9% P»0s, 12% K0, 2% MgO,
0.45% Fe and microelements: 0.06% Mn, 0.03% B, 0.050% Cu, 0.020% Mo, 0.015% Zn.

Seedlings of French marigold were planted into pots of 12 cm diameter containing the
above-mentioned substrate. The plants were inoculated with different doses of the Effect-
ive Microorganisms biofertilizer, which was applied either onto leaves or into the soil. The
microbiological inoculum used in the study came from Greenland Technology EM.

The biofertilizer was diluted in tap water to obtain the following concentrations:
1:10, 1:50, and 1 : 100. The above-mentioned experimental inoculum was applied in
two ways: onto leaves and into the soil but always in the amount of 10 ml. The experi-
ment consisted of the combinations (each in ten replications) which are presented
in Table 1.

The methodological assumptions adopted in the research used the current develop-
mental phase of French marigold as the main factor determining the moment of collec-
tion of substrate samples: date I — seedling phase (beginning of the experiment), date 11
— phase of vegetative growth (after 33 days), and date III — phase of plant flowering
(after 50 days).
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Table 1. Experimental combinations
Tabela 1. Kombinacje doswiadczalne

Combination Composition
Kombinacja Sktad
K Peat + plant

Torf + roslina

K1 Peat + plant + watering with the preparation — 1 : 10
Torf + roslina + podlewanie preparatem — 1 : 10

K2 Peat + plant + watering with the preparation — 1 : 50
Torf + roslina + podlewanie preparatem — 1 : 50

K3 Peat + plant + watering with the preparation — 1 : 100
Torf + rolina + podlewanie preparatem — 1 : 100

K4 Peat + plant + spraying with the preparation — 1 : 10
Torf + roslina + opryskiwanie preparatem — 1 : 10

K5 Peat + plant + spraying with the preparation — 1 : 50
Torf + roslina + opryskiwanie preparatem — 1 : 50

K6 Peat + plant + spraying with the preparation — 1 : 100
Torf + rodlina + opryskiwanie preparatem — 1 : 100

K7 Peat + plant + watering and spraying with the preparation —1 : 10
Torf + roslina + podlewanie i opryskiwanie preparatem — 1 : 10

K8 Peat + plant + watering and spraying with the preparation — 1 : 50
Torf + roslina + podlewanie i opryskiwanie preparatem — 1 : 50

K9 Peat + plant + watering and spraying with the preparation — 1 : 100
Torf + roslina + podlewanie i opryskiwanie preparatem — 1 : 100

Biochemical analyses were performed on the basis of the spectrophotometric method.
Dehydrogenases activity was determined according to Thalmann (1968) with some
minor modifications. Soil (1 g) was incubated for 24 h with 2,3,5-triphenyltetrazolium
chloride (TTC) at 30°C, pH 7.4. The produced triphenylformazan (TPF) was extracted
with 96% ethanol and measured spectrophotometrically at 485 nm. Dehydrogenases
activity was expressed as micromoles TPF per 1 g during 24 h.

Soil urease activity was assayed as described by Hoffmann and Teicher (1961).
Briefly, 1 g of moist soil was incubated with 0.15 ml of toluene for 15 min at room
temperature. Next 1 ml of the urea solution was added to the soil samples and they were
incubated for 18 h at a temperature of 37°C. After the incubation 5 ml of 0.03 M acetic
acid was added and shaken for 20 min. Next the samples were drained through paper
filters (90 mm), Munktell Ahlstrom firm. 0.4 ml of 25% sodium potassium tartrate, 18
ml of distilled water and 0.4 ml of Nessler’s reagent were added. The wavelength urease
activity was 410 nm and it was expressed as microgrammes N per 1 g during 18 h.

The activity of acid phosphatase was assayed as described by Tabatabai and Brem-
ner (1969). Briefly, 1 g of moist soil was incubated with 0.25 ml of toluene for 15 min
at room temperature. Next, 5 ml of the buffer solution was added to the soil samples.
The pH of the buffer solution was 6.5 and it contained p-nitrophenylophosphate sodium
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substrate, which was solved in it. After the incubation 1 ml of 0.5 M CaCl; and 4 ml of
0.5 M NaOH were added to all the test tubesin order to stop the reaction. Next, the solu-
tion was drained through paper filters Munktell Ahlstrom firm (90 mm) and the value
was read on a spectrophotometer at a wavelength of 400 nm. The enzyme activity was
expressed as micromoles PNP per 1 g during 1 h.

Measurements of the following traits were taken during the period of plant flower-
ing: the height of the leaf floor, number of leaves, width and length of the leaf blade,
as well as leaf greenness index (SPAD) with the assistance of the means of Yara N-
-Tester apparatus.

In addition, the percentage of dyed inflorescence buds, indicating the earliness of
flowering, and the length of the inflorescence were assessed. Changes in the morpholo-
gical traits of the French marigold and the enzymatic levels in consecutive developmental
phases of scarlet sage were elaborated statistically with two-factorial analysis of vari-
ance. Moreover, Tukey’s test and Least Significant Difference (LSD) test were also
used and their results are presented graphically in order to facilitate interpretation of the
obtained differences in the level of the parameters under study (Ott, 1984).

Results and discussion

According to Brzezinska and Wtodarczyk (2005), the activity of dehydrogenases in
the substrate is regarded as an indicator of the intensity of respiratory metabolism in
microorganisms, mainly bacteria and actinobacteria. The analysis of the activity of these
enzymes in a particular environment gives a possibility to draw conclusions about the
content of organic matter or fertility of the substrate (Mocek-Ptociniak, 2010). Apart
from that, the research by Brzezinska et al. (2001) points to a significant dependence
between the biological activity of dehydrogenases and the substrate aeration parameters.

The phase of plant development was the main factor contributing to statistically
significant changes in the dehydrogenases activity in the peat substrate under French
marigolds (Fig. 1). Apart from the control combination, these enzymes exhibited the
highest activity at the second term of the analyses (the phase of the vegetative growth of
French marigolds). According to Wielgosz and Szember (2006), the plant root secre-
tions during the intensive growth of plants may stimulate the dehydrogenases activity.

The increase in the dehydrogenases activity at the second term of the analyses may
also have been caused by the application of the EM biofertilizer, because at the phase of
the vegetative growth of French marigolds the dehydrogenases activity did not increase
in the control combination only. We can suppose that the main cause of the increase in
the dehydrogenases activity was the microorganisms which were entered into the sub-
strate together with the inoculum.

At the inflorescence phase there was a decrease in the dehydrogenases activity in all
of the experimental samples under analysis. It is most likely that the root secretions
from the French marigolds were one of the main determinants of the level of dehydro-
genases activity at that phase. Wolna-Maruwka et al. (2012) also observed an increase
in the dehydrogenases activity in sage at the phase of vegetative growth, which was
followed by a decrease in the activity at the inflorescence phase.
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Fig. 1. Changes of the dehydrogenases activity; K — control, K1 — watering with the pre-
paration 1 : 10, K2 — watering with the preparation 1 : 50, K3 — watering with
the preparation 1 : 100, K4 — spraying with the preparation 1 : 10, K5 — spraying with the
preparation 1 : 50, K6 — spraying with the preparation 1 : 100, K7 — watering and spraying
with the preparation 1 : 10, K8 — watering and spraying with the preparation 1 : 50, K9 —
watering and spraying with the preparation 1 : 100; means followed by the same letters do
not differ statistically significantly at a = 0.05

Rys. 1. Zmiany aktywnosci dehydrogenaz; K — kontrola, K1 — podlewanie preparatem 1 : 10,
K2 — podlewanie preparatem 1 : 50, K3 — podlewanie preparatem 1 : 100, K4 — opryski-
wanie preparatem 1 : 10, K5 — opryskiwanie preparatem 1 : 50, K6 — opryskiwanie prepa-
ratem 1 : 100, K7 — podlewanie i opryskiwanie preparatem 1 : 10, K8 — podlewanie
i opryskiwanie preparatem 1 : 50, K9 — podlewanie i opryskiwanie preparatem 1 : 100;
$rednie oznaczone tymi samymi literami nie r6znig si¢ istotnie statystycznie przy o = 0,05

According to Kucharski and Niewolak (1997), the decrease in the enzymatic activity
in the substrate also results from the decrease in the content of organic matter in the
substrate. On the other hand, Januszek et al. (2007) report that the pH of the substrate
has significant influence on the dehydrogenases activity. According to these authors, the
dehydrogenases activity decreases as the pH of the substrate decreases. According to
Brzezinska and Witodarczyk (2005), the activity of dehydrogenases is the greatest when
pH is between 7 and 7.8.

In our study the pH value increased at the French marigold inflorescence phase (the
third term) (Fig. 2), so it could not have caused variation in the dehydrogenases activity.
Therefore, we can suppose that apart from changes in the qualitative and quantitative
composition of root secretions, the decrease in the enzymatic activity in the substrate
may have been caused by a decrease in the content of degradable organic matter or the
presence of products of microbiological transformations, which inhibited metabolic
reactions.

The EM inoculum did not prove to have a significant effect on the dehydrogenases
activity, regardless of the dose applied and the treatment type. The research by Kucharski
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Fig. 2. Changes of the pH value; explanations — as in Figure 1
Rys. 2. Zmiany warto$ci pH; objasnienia — jak na rysunku 1

and Jastrzgbska (2005) also confirms the fact that the EM biofertilizer has no effect on
the dehydrogenases activity in the soil. On the other hand, the study by Kaczmarek et al.
(2008) proves that the preparation stimulates the activity of these enzymes.

The analysis of the mean biofertilizer decreased the urease activity regardless of the
experimental combination (except sample K5 — peat substrate + plant + spraying 1 : 50).
Ammonification is also one of the stages in the complex process of mineralisation of
organic matter in the substrate. This chemical reaction is dependent upon deaminases,
including urease. As a result of the urease activity, organic nitrogen compounds are
transformed into mineral nitrogen, which can be easily absorbed by plants (Wyczdtkow-
ski and Dabek-Szreniawska, 2005). The research findings (Fig. 3) prove that the highest
level of the urease activity was observed at the French marigold inflorescence phase
regardless of the experimental combination (the third term of analyses). It was probably
caused by changes in the composition of the French marigold root secretions. This is
proved by the fact that the urease activity also increased in the control sample.

As Vallance et al. (2011) claimed, root secretions contain organic compounds,
which are rich in carbon. These secretions differ qualitatively and quantitatively de-
pending on the plant species and cultivar, the stage of plant development and abiotic
factors, such as light, pH, substrate humidity and the content of nutrients in the sub-
strate.

According to Kucharski (1997), it is not only microorganisms but also plants and
soil fauna that are sources of enzymes. Higher plants directly and indirectly enrich the
soil with enzymes. They directly supply enzymes to the soil from the dead aerial and
underground parts of plants, whose cells undergo autolysis. The indirect influence con-
sists in the stimulation of enzyme synthesis by the microorganisms degrading plant
debris and root secretions.

The results of biochemical analyses shown in Figure 3 revealed that at the third term
of the research the highest statistically significant enzymatic activity was observed in
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Fig. 3. Changes of the urease activity; explanations — as in Figure 1
Rys. 3. Zmiany aktywnoSci ureazy; objasnienia — jak na rysunku 1

the control sample. Guettes et al. (2002) also express the opinion that the inhibition of
the urease activity in the soil is usually caused by the presence of some biotic factors
reducing the population of autochthonous microorganisms in the environment, which
affect the urease production. Apart from that, according to these authors, the urease
activity level depends on the value of dry weight of the substrate.

Phosphatase also play an important role in the mineralisation of organic matter and
supplying nutrients to plants (Gibczynska and Lewandowska, 2005). These enzymes
catalyse the disconnection of phosphate residue from organic compounds (carbo-
hydrates, proteins, fats) and other phosphoric acid esters and thus, they enable plants
and other organisms to use inorganic phosphorus in the form H,POz and HPO3™ of anions
(Tarafdar and Rao, 1990).

It is necessary to note the fact that apart from microorganisms, plants also have sig-
nificant influence on the production and secretion of phosphatase into the environment
(Zebrowska and Ciereszko, 2009). According to Schneider et al. (2001), the high con-
centration of acid phosphatase in the substrate means that there is a deficit of available
phosphorus. Phosphatases are capable of hydrolysing phosphorus organic compounds in
the amounts exceeding plants’ demand for this element (Tarafdar and Rao, 1990).

The phase of plant development was the main factor causing statistically significant
changes in the acid phosphatase activity in the peat substrate under French marigolds
(Fig. 4). The highest level of the enzyme activity in all of the experimental samples was
noted at the second term of the analyses (the phase of the vegetative growth of French
marigolds). The phenomenon was probably caused by the root secretions of French
marigolds. According to Bais et al. (2006), the qualitative and quantitative composition
of the root secretions of French marigolds depends not only on the plant species but also
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Fig. 4. Changes of the acid phosphatase activity; explanations — as in Figure 1
Rys. 4. Zmiany aktywnoSci fosfatazy kwasnej; objasnienia — jak na rysunku 1

on the plant development stage. At the inflorescence phase (the third term of analyses)
there was reduced phosphatase activity in all the combinations except the control sample.
We can suppose that the reduced enzymatic activity at the inflorescence phase was
caused by the influence of the EM inoculum.

The analysis of the influence of the vaccine on the acid phosphatase activity level
revealed that the EM biofertilizer applied both to the soil and foliage caused an increase
in the enzyme activity. However, in comparison with the control combination, this in-
crease was not statistically significant. On the other hand, Bielinska et al. (2013) repor-
ted that the EM biofertilizer had negative influence on the phosphatase activity in the
soil under triticale and on the stimulation of the urease and dehydrogenases activity.
According to Martyniuk and Ksiezak (2011), differences in the results of the application
of microbial preparations may have been caused by their poor quality, which may be
even more reduced during their production.

The preparation applied in the study did not have influence on the plant growth.
There were similar observations in the studies by Wolna-Maruwka et al. (2010) and
Schroeter-Zakrzewska et al. (2013) after the application of the EM biofertilizer to zonal
geraniums. Fraszczak et al. (2012) obtained different results for sweet basil, where the
EM biofertilizer inhibited the plant growth.

It is not only the habit and abundance of inflorescence, but also the number of leaves
and their colour that are decisive to the plant quality (Table 2). There were noticeable
changes in the number of leaves as there were more leaves on the plants which had been
treated with the EM microbial biofertilizer. The plants sprayed with the preparation
dissolved in the proportion 1 : 100 were the only exception to the rule. In this case the
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Table 2. Influence of EM biofertilizer on morphological parameters of French marigold
Tabela 2. Wptyw preparatu EM na parametry morfologiczne aksamitki rozpierzchiej

Combinations
Feature Kombinacje
Cecha

K K1 K2 K3 K4 K5 K6 K7 K8 K9

Height of plant (cm) | 9.5a |10.0a |[10.5a |10.4a |[10.8a |11.0a 9.6a |11.0a 9.2a |10.4a
Wysokos¢ rosliny
(cm)

Number of shoots 10.8a |12.4ab | 12.1ab [ 13.3¢ |12.1ab [14.6d |12.1ab |11.9ab | 11.7ab | 11.2ab
per plant
Liczba pedéw na
roslinie
Number of leaves 38.7a |40.8ab |43.1bc | 43.7bc |41.5bc | 40.0ab | 40.8ab | 38.5a |45.5de | 50.7f
per plant
Liczba lisci na
roslinie
Greening index of [49.4a |53.0a [52.8a |55.1b |[53.4a |53.23a[49.1a |52.7a |[47.6a |55.3b
leaves (SPAD)

Indeks zazielenienia
(SPAD)

Number of inflores- | 1.0a 2.0b 1.8b | 2.0b 1.6b l.4a 2.0b 14a 1.8b 2.3¢
cences per plant
Liczba kwiato-
stanow na roSlinie

Length of inflores- 2.9a 3.2a 34a 3.4a 33a 3.2a 3.3a 3.2a 3.4a 3.2a
cences (cm)
Dlugos¢ kwiato-
stanow (cm)

Means followed by the same letters do not differ statistically significantly at o = 0.05.
Srednie oznaczone tymi samymi literami nie ro6znia si¢ istotnie statystycznie przy o = 0,05.

number of leaves was statistically the same as in the control plants. The plants which
were irrigated and sprayed with the EM biofertilizer dissolved in the proportion 1 : 100
produced particularly great numbers of leaves. The number of leaves was respectively
17.5% and 31% greater than in the control plants. The positive influence of Effective
Microorganisms (EM) on the number of leaves was also reported by Khan et al. (2006).
Wolna-Maruwka et al. (2014) obtained a greater number of leaves in the study on
French marigolds when they applied another microbial inoculum, i.e. BAF;, but the
proportions of the solution were the same as in this study.

This study did not reveal significant changes in the foliage colour. Only when the
EM preparation was applied in a combination of solutions 1 : 10 and 1 : 100, the statist-
ical analysis revealed that in comparison with other plants there were significant differ-
ences in the leaf greenness index, expressed in the SPAD unit. There are different opin-
ions about the leaf colour, defined as the chlorophyll content or leaf greenness index
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SPAD (Table 2). The literature provides information about the positive, neutral or negat-
ive influence of microbial vaccines applied in plant cultivation (Fraszczak et al., 2012;
Khan et al., 2006; Wolna-Maruwka et al., 2010, 2012, 2014).

The French marigold is a basic species used for cultivation in flowerbeds in cities
and in home gardens. The main advantage of these flowerbed plants is their long and
abundant florescence. The positive effect of microbial vaccines on florescence was
reported by Aytekin and Acikgoz (2008), Gorski and Kleiber (2010), Schroeter-
-Zakrzewska et al. (2013), Wolna-Maruwka et al. (2012, 2014). A greater number of
inflorescence buds developed on plants when the EM preparation was applied both into
the foliage and soil in a solution concentrated at 1 : 10 and when it was applied into the
soil in a solution concentrated at 1 : 50. All the plants treated with a solution of the EM
biofertilizer had more abundant inflorescences. The only exception was the plants which
had been irrigated with a solution of the EM preparation concentrated at 1 : 50 and
sprayed with a solution concentrated at 1 : 10. They did not differ significantly from the
control plants in the number of inflorescences.

The applied microbial vaccine had no influence on the diameter of French marigold
inflorescences.

Conclusions

1. The phase of plant development was proved to be the main determinant of the
activity of the enzymes under study.

2. Apart from the acid phosphatase activity the EM did not have stimulating effect
on the enzymatic activity of the peat substrate under the plants in the experiment.

3. The research proved that the EM inoculum had positive effect on the morpholo-
gical features of French marigold when it was simultaneously applied into leaves and
into the soil (diluted 1 : 100).

4. Appropriate application and dose of the EM inoculum gives perspectives for its
use in bedding plants.
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WPLYW PREPARATU MIKROBIOLOGICZNEGO
NA AKTYWNOSC ENZYMATYCZNA TORFU I CECHY MORFOLOGICZNE
AKSAMITKI ROZPIERZCHLE]

Streszczenie. Celem przeprowadzonych badan bylto okreslenie poziomu aktywnosci enzymatycz-
nej podloza w uprawie aksamitki rozpierzchlej po inokulacji preparatem EM. Materialem do
badan byto podloze torfowe o pH 5,5-6,0, w ktorym wysadzono rosliny i zaszczepiono réznymi
dawkami biopreparatu EM (1 : 10, 1 : 50, 1 : 100). Probki podtozy, w ktorych uprawiano rosliny,
pobierano w trzech terminach: sadzenia sadzonek, w fazie wzrostu wegetatywnego oraz w fazie
kwitnienia. Zakres badan obejmowal oznaczanie metoda spektrofotometryczng poziomu aktyw-
nosci dehydrogenaz, ureazy i aktywnosci fosfatazy kwasnej. Ponadto wykonano analizy morfolo-
giczne takich cech, jak: wysokos$c¢ rosliny, liczba i dlugosci pedow, liczba pakoéw i kwiatostanow,
a takze indeks zazielenienia (SPAD). Na podstawie uzyskanych wynikow wykazano, ze gtéwnym


http://www.google.pl/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCMQFjAA&url=http%3A%2F%2Fwww.springer.com%2Flife%2Bsciences%2Fagriculture%2Fjournal%2F374&ei=JHBWVcKyEMmrsQG-moEg&usg=AFQjCNHgpbRHNXzfqbkor44r2QDKQg1eMg
http://www.google.pl/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCMQFjAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1111%2F%2528ISSN%25291365-2389&ei=fnBWVdDKCIO7swHehIH4AQ&usg=AFQjCNEOlbFKrRsZLIqWszt9E3cRpUO8Fg

14

Wolna-Maruwka, A., Mocek-Ptdciniak, A., Schroeter-Zakrzewska, A., Niewiadomska, A., Piechota, T., Swedrzynska,
D., Kosicka, D., Pilarska, A. A. (2015). The influence of a microbial inoculum on the enzymatic activity of peat and
morphological features of the French marigold. Nauka Przyr. Technol., 9, 4, #47. DOI: 10.17306/].NPT.2015.4.47

czynnikiem determinujacym poziom aktywnosci badanych enzymow byta faza rozwojowa roslin.
Preparat EM korzystnie wplywal na poziom aktywnosci fosfatazy kwasnej, nie wykazano nato-
miast jego stymulujacego wptywu na aktywno$¢ ureazy czy dehydrogenaz. Dolistne i doglebowe
zastosowanie preparatu EM o stezeniu 1 : 100 przyczynito si¢ do tworzenia na roslinach wigkszej
liczby lisci o ciemniejszym zabarwieniu, a takze wigkszej liczby kwiatostanow.

Stowa kluczowe: aktywno$¢ enzymatyczna, torf, preparat mikrobiologiczny EM, aksamitka
rozpierzchta
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