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Abstract

In this work the influence of experimental forms of biological product from Streptomyces albus UN44 on the growth pro-
cesses of agricultural plants (wheat, peas, corn) was studied. The advantages of the preparation are demonstrated, which contains not
only antibiotic and enzymatic complexes, synthesized by the producer, but also its biomass for the stimulation of seed germination
processes, growth and development of the said plants seedlings.

The proposed process description of biological product Streptofungin-Phyto production in two forms is the basis for engi-
neering development and operating regulations. The preparation can be developed as a suspension with a cell titer of 10° CFU/cm?in
PET-containers (2—5 1) or as a dried mass in plastic bags (1-2 kg).

The biological product can be recommended for use on the stage of pre-planting treatment of seeds by soaking, as well as
deep root watering and irrigation. The remedy is safe for humans, animals and plants and can be used together with other microbial
mass-based biofertilizers.
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1. Introduction

The biological activity of the Streptomyces albus culture (initially identified as recifensis)
is primarily due to the production of hydrolytic enzymes complex, with which its ability to affect
the growth processes of plants was also connected [1-3]. However, the recently discovered ability
of selective strain of S. albus UN44 culture to exert antagonistic effect on fungi became the basis
for considering the opportunities for production of different finished dosage forms of biological
products for plant growing with combined effects — growth stimulation and protection against
pathogens [4—6].
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The analysis of similar developments has shown that the finished dosage form of biological
products, connected with their directions for use and storage life is especially important [7, 8]. Mod-
ern biological products (e. g. “Gaupsin”, Trichodermin BT — “Agrarian Biotechnology”, Ukraine)
take into account the need to optimize the finished dosage form and determine the advantages of
such forms as cell suspension, extracellular metabolite or dried cell biomass [9—11]. The most com-
mon form of biological products for plant growing is cell suspension, which sustainably simplifies
the production technology due to the absence of biomass separation and purification stages, and
thus minimization of material maintenance of production output [12, 13].

2. Aim

To study the influence of biological product samples based on S. albus UN44 on the growth
processes of agricultural plants and develop the production flow chart for the chosen finished dos-
age form of the product.

3. Materials and methods for determining the biological effect of experimental biological
products on the basis of S. albus UN44 on the growth processes of agricultural plants

3. 1. Microbial, plant cultures and equipment used for the study

The culture of the producer of a bioactive substances complex Streptomyces albus UN44 and
samples of biological products, based on it ,from the collection of Department of Industrial Biotechnology
of National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute” (Kyiv, Ukraine)
were used in this study [5, 14]. Gauze’s medium was used for the maintenance of the culture, and nutri-
ent medium, based on soy-bean flour and starch — for the product biosynthesis [5, 15].

For determining the growth stimulating activity of the biological products the next plants
were used: spring wheat Triticum L., garden pea Pisum sativum L., tyfon Brassica rapa L., maize
Zea mays Bonduelle F1. from the collection of Department of New Cultures of M. M. Gryshko Na-
tional Botanical Garden, NAS of Ukraine.

The experimental procedures and obtaining the experimental samples were carried out us-
ing next tools and equipment: rotary shaker (IKA HS/KS 260 basic, Germany), laboratory balance
(OHAUS AR2140, China), pH meter (pH-150 MA, China), photocolorimeter (KFK-3-01, Russia),
sterilizer (I'K-100-3M, Russia), fluorescent lamp (4000 Ix).

3. 2. Methods of obtaining the biological products and determining their influence on
the growth processes of plants

Method of obtaining experimental samples of biological products. S. albus UN44 inoculum
was grown in 250 cm?® flasks on the rotary shakers with a rotation speed of 200 rpm and tempera-
ture 28+1 °C during 48 hrs. The flasks contained 50 cm? of soy-bean flour and glucose based me-
dium, in which 10 % of cell suspension were added. Accumulation of the preparations was carried
out in 750 cm? flasks with 150 cm? of soy-bean flour and starch based medium and 7 % of inoculum
during 50-55 hrs at a rotation speed of 240 rpm and temperature 28+1 °C [15].

The concentration of viable cells in the culture (colony forming units, CFU) throughout the
process of biosynthesis and in the final product was detected with microbiological method, which
means planting the samples with corresponding dilution on Gauze’s agar medium.

The experimental preparation of culture broth for plant growing was termed Strepto-
fungin-Phyto-1 after a name of antifungal antibiotics complex synthesized by the producer — strep-
tofungin [14]. The second rare form of the experimental preparation (Streptofungin-Phyto-2) was
obtained after separating biomass from the culture broth with centrifugation and corresponded to
the centrate, which contained metabolites of the culture. Experimental preparations were stored at
+4 °C and used for determination of stability during storage and studying the impact on the growth
processes of plants.

Method of examination of growth stimulating effect of culture broth preparation. The study
was carried out by the procedure of plant growing with the water-culture technique [16]. The right
quantity of homogeneous seeds was soaked in weak potassium permanganate solution for 0,5 hrs.
The seeds were germinated in Petri dishes on filter paper were moistened with distilled water
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at 24 °C until chitting. The most viable seedlings were replanted into glass jars on filter paper,
which was moistened, if necessary, with the solutions of experimental culture broth preparations
with dilution of 1:20, 1:10 and with undiluted solution. Seedlings grown on the distilled water were
taken as a reference sample. Cultivation was carried out at 25-26 °C in conditions of artificial light-
ing, provided by 4000 Ix fluorescent lamps [16]. Phenological observations of plants were carried
out, and their external appearance was noted. The life conditions of seedling were evaluated on 3,
4,7, 10, 14 days by the morphometric parameters (height of the sprouts, root length, wet and dry
weight of their elevated and underground parts). The experiments were repeated three times. The
results of the study were processed statistically using Microsoft Office Excel 2007 programs.

4. Results

At the first stage of the study in above-mentioned conditions the accumulation of exper-
imental biological products using the producer of complex of enzymes and antibiotics S. albus
UN44 was conducted. Given that the products of biosynthesis are secreted by the culture into the
environment, the next experimental samples were obtained: experimental sample of culture broth
preparation (Streptofungin-Phyto-1) with the biomass of the producer, and the complex of all syn-
thesized metabolites — centrate preparation (Streptofungin-Phyto-2) without biomass of the produc-
er. During the study the impact of the experimental preparations on seed germination, growth and
development on the virginal stage of ontogenesis of the selected plants was measured, and possible
associated effects were tested.

The influence of Streptofungin-Phyto-2 preparation on germs of spring wheat Triticum L.
revealed itself in significant inhibitory effect on the growth of wheat roots throughout the growing
period (Table 1). At the end of the day 14 the length of the root in reference plants (not treated with
the preparation) was 145,0+7,1 mm, which is 1.5 times more than in treated plants (101,0£5,0).
The preparation had approximately the same effect on the development of the elevated parts of
wheat —up to day 7 the length of stems of the treated sprouts also conceded to the reference plants
and only later began to exceed it by 10—15 % (223,7+10,8 mm).

Table 1
The effects of treatment of spring wheat seedlings with Streptofungin-Phyto-2 preparation on the morphometric
parameters of plants during their growing

Growing duration, days
Treatment options 3 4 7 10 14

Root length, mm

preparation dilution

(1:20) 23,0+1,1 35,9+1,7 89,3+2,2 93,3+4,6 101,0+5,0

no treatment

44,3421 64,4432 117,00+5,7 131,746,5 145,047,1
(reference sample)

Stem length, mm

preparation dilution

(1:20) 14,7+0,7 33,715 138,8+6,6 191,7+8,5 2237+10.8

no treatment

22,241,0 40,242,0 138,7+6,4 176,7+7,9 201,749,1
(reference sample)

The effect of another preparation — Streptofungin-Phyto-1 was first estimated by the ef-
fect on the germination of seeds in samples of spring wheat and peas. Six-day seedlings of these
plants, treated with 1:20 dilution of the preparation, exceeded the reference plants sufficiently by
the intensity of germination (Fig. 1). Thus, the intensity of wheat germination after the preparation
treatment of seeds increased almost in two times, and the germination of peas — in 3—4 times.
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Reference sample Test sample

PR

Reference sample Test sample

a

Fig. 1. The effects of treatment with Streptofungin-Phyto-1 preparation (dilution 1:20) on
seed germination of: a — peas; b — spring wheat

During a series of these experiments the effect of the Streptofungin-Phyto-1 preparation
on the mass of plants was also determined. The difference in preparation effects on increasing the
mass of peas and wheat — both elevated and underground parts — was noted (Table 2).

Table 2
The mass of seedlings of peas and wheat, treated with the Streptofungin-Phyto-1 preparation

Seedlings mass, g
Treatment options Wet weight Dry weight
Root Stem Root Stem

Peas Pisum sativum L.

preparation dilution (1:10) 2,00+0,05 2,07+0,06 0,14+0,01 0,16+0,01

no treatment

1,02+0,01 0,98+0,02 0,08+0,02 0,10+0,01
(reference sample)

Spring wheat Triticum L.

preparation dilution (1:10) 0,66+0,05 0,90+0,03 0,14+0,01 0,11+0,01

no treatment

0,81+0,07 1,10+0,08 0,12+0,01 0,11+0,01
(reference sample)

At the final stage of this series of experiments the effects of the preparation on growth pro-
cesses of peas in soil were determined. The determined concentration and schemes of treatment
(preplant, periodic irrigation) were used in this experiment to determine the effect of preparation
on growth of tyfon Brassica rapa L. and corn Zea mays Bonduelle F1 in soil (Table 3).

In accordance with the previously described results, seeds were soaked in water to swell
before seeding and thereafter every 2 days irrigated with the preparation in a dilution 1:20.

Taking these facts into account, culture broth suspension and dry preparation of the
culture broth were proposed as the final forms of the product. The identified concentration of
cells at the end of cultivation process of the producer was 103-10° CFU/cm?, corresponding to
the average concentration of cells in the similar developments, mentioned above. Therefore,
it is inappropriate to additionally concentrate the culture broth during the production of the
preparation. The other reason for this is the shown growth stimulating activity of the prepara-
tion with a dilution of 10-20 times.

The developed variations of the process description of obtaining the preparations for plant
growing show the sequence of stages and production conditions for liquid and dry formulations of
Streptofungin-Phyto preparation (Fig. 2).
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Table 3
Morphometric parameters of plants influenced by the Streptofungin-Phyto-1 preparation during germination
in soil
Stem length, mm Root length, mm
Days of growth
Reference sample Test sample Reference sample Test sample
Peas Pisum sativum L.
6 70,0+3,3 81,7+3,5 95,0+4,1 73,3+1,9
8 76,7£1,9 96,7+4,5 100,0+3,3 100,0+5,0
Tyfon Brassica rapa L.
6 86,7+1,9 83,3+4,3 26,67+1,0 30,3+1,4
8 93,34£2,5 108,3£5,1 16,67+0,8 20,00£1,0
Corn Zea mays Bonduelle F1
6 133,3+1,9 140,0+5,8 80,0+3,3 113,3£10,2
8 203,3+10,4 186,7+7,9 86,7+4,1 76,67+3,1
Sterile air " Cultivation Exhaust air
Inoculum 4 to decontamination

Nutrient medium

of the producer S. albus UN44

t=28+1°C, pH=6,8-7,2, 1=50-55 hrs

Cooling agent - Cooling of the culture broth
Titer > 10° CFU%m’, t=4—10°C

Bottling the preparation Addition of the stabilizing

in PET-containers filling agent

V=2or5dm’ C=1%, n =30-40 min"
I |
Packing of Streptofungin-Phyto Spray drying
preparation (suspension) of the preparation

10 or 4 items in box w = 5%, t;;=150°C, to,= 70°C

Plastic bags
and cardboard boxes

Pre-packing and packing of
Streptofungin-Phyto
preparation (dry)

m =1 kg, 1 bln spores/g

Fig. 2. Process description of obtaining the biological product Streptofungin-Phyto in
the form of suspension and in dried formulation

The studies of stability of S. albus UN 44 culture broth during 3 months storage showed
that the concentration of vegetative cells of the producer decreased by 5-10 % at the temperature of
4-10 °C, and the concentration of spores — within the margin of error. Therefore, when obtaining
the liquid preparation, it is possible not to add the stabilizer and store the product at the temperature
of 4-10 °C for 2-3 months.

However, given the results on the positive impact of SiO, on the stability of enzymes of the
culture (while developing the immobilized enzyme form) and also literature data [15, 17], it was
proposed to use it at a concentration of 1 % as a stabilizer for a dry formulation. The concentration
of spores of the culture in the finished dried preparation was about 1 bln spores/g. Packaged in
plastic bags of 1-2 kg, the preparation can be stored up to 2 years at temperatures up to 20 °C and
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diluted with water or nutritional composition before using for a fast recovery of culture’s activity,
as the similar microbial preparation [5, 7, 10].

5. Discussion of the results

It is clearly inappropriate to use the preparation centrate Streptofungin-Phyto-2 (Table 1)
to stimulate the growth of wheat at the beginning of its cultivation. A slight stimulation of stem
growth after 10—14 days in soil conditions may be ineffective, but could be the basis for developing
individual schemes of use for such product at the later stages of growth.

The difference in effects of Streptofungin-Phyto-1 preparation treatment on germinat-
ing capacity of plants was also noted (Fig. 1). The germinating capacity of wheat in the ref-
erence sample was 100 %, and did not differ statistically in the test sample, reaching 97 %.
However, only 77 % of seeds germinated in the reference batch of peas, and in the test samples
the germinating capacity increased to 87 %. The determined stimulating effect of the prepa-
ration on the germinating capacity of plants, apparently, has species-specific dependence and
requires more detailed spectrum of such cultures and patterns of use. Expanding research field
in this direction is reasonable in case of using the built-up experimental batch of the prepara-
tion following the proposed technology.

The treatment of wheat seedlings with the experimental preparation Streptofungin-Phyto-1
(dilution 1:10) during cultivation does not lead to any significant effects on the accumulation of
mass by the plants, decreasing the most by 20 % in the values of wet weight in reference samples,
and virtually identical in the values of dry weight (Table 2). Another effect has the preparation on
the peas seedlings: treated plants dominated reference samples by 96—111 % in wet weight and by
75-78 % in dry weight. It is obvious that preparation has a significant growth stimulating effect
exactly on the peas plant, which is proved not only by the rates of stimulation of seed germination
(Fig. 1), but also the presented rates of mass accumulation of the plants.

After analyzing the data of the experiment (Table 3) it can be concluded, that the prepa-
ration affects the plants in both laboratory and soil conditions, stimulating one cultures and
inhibiting others at different periods of their development. For example, stem growth is ob-
served to be stimulated in pea seedlings, but during the first week of exposure — a significant
inhibition of root growth. The effect on tyfon is characterized with the stimulation of both root
and stem growth.

The results of the study indicate the ability of the studied preparation to influence the growth
processes of crops, stimulate them, but directions for the use of the product need further research and
determination for the certain species of plants. It is also obviously reasonable to use the product, which
contains not only metabolites of the producer, but also its cells and biomass (Table 1, 2), that after reach-
ing the soil or the plant propagate themselves and continue to secrete biologically active products into
environment. The same techniques are used in the development of numerous microbial preparations for
agriculture (including plant growing) [18—20].

As the culture of S. albus was isolated from soil, where much of the microbial association
is represented by actinomycetes in particular, clear is its safety for the environment, which is ap-
proved by the statement of nonpathogenicity.

6. Conclusion

Thus, following the results of the conducted studies it was established that the biological
product Streptofungin-Phyto of culture broth of Str. albus UN 44 has effect on agricultural plants
in the laboratory and in soil conditions, which is reflected in the growth rate of the elevated and un-
derground parts of plants and increase in their dry and wet weight. The effect of the product can be
stimulating or inhibitory and depends on the plant species, stage of its ontogeny and concentration
(dilution) of the preparation. Inhibitory effect of the product at certain stages of ontogeny of plants
can be followed with the stimulation of growth processes and vice versa. Overall performance of
experimental preparation is characterized by the inhibition of root growth and stimulation of stem
growth in the studied plants.
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It was determined, that the best effects on agricultural plants in laboratory conditions have
the preparation with the dilution 1:10, under influence of which growth processes stimulation and
weight increase take place. These processes are a sign of the intensification of photosynthesis and
metabolism in the tested plants.

The obtained results are the reference for the optimization of the methods and modes of
application of the biological product Streptofungin-Phyto for certain agricultural plants. The pro-
posed process description for obtaining the product is the basis for further development of product
technology and standard documentation.
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Abstract

The composition of fatty and organic acids in quince leaves and fruits (Cydonia oblonga Mill.) of selection of
M. M. Grishko National Botanical Garden of National Academy of Sciences of Ukraine sorts was determined by gas chroma-
tography-mass spectrometry method. Six sorts of quince were examined: “Academichna”, “Kashchenka N18”, “Studenrka’,
“Oranzheva”, ‘Maria”, “Darunok onuku”. The presence of 36 fatty acids and 32 organic acids in leaves and fruits of the quince
were identified and determined their content. Therefore, main acids are oxalic, citric, palmitic and linolenic acids in quince
leaves and malic, palmitic and linoleic acids in quince fruits. The highest content of all acids were identified in the quince
leaves of sort “Maria”. Moreover, a quite high content of succinic acid in the quince leaves was detected.

Keywords: quince, fatty acids, organic acids, gas chromatography-mass spectrometry method.
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1. Introduction

The quince (Cydonia oblonga Mill.) is recognized as a raw material for gelling products,
due to the high content of pectin substances which are natural sorbents and they main func-
tion is removing body toxins and radio nuclides. The quince has known from ancient times,
but unfortunately, is not always sufficiently evaluated. Now quince plays an important role in
the economy of some countries and in other countries it is used only to meet domestic needs.
Natural habitat of quince is Eastern and Southern Transcaucasia, Asia Minor, Iran. In other
parts of the world the wild quince has not been discovered. The quince is cultivated in more
than 40 countries, mainly in the humid continental and subtropical climates. But mainly in
many countries its plantations are small and the quince may only be found in private gardens.

Study of the chemical composition and pharmacological activity of quince has shown
positive prospects of quince fruits and leaves usage for drugs creation [1-15].

In Ukraine, quince is grown in small amounts; mainly in the south-western and south-
ern regions with an average temperature from 10 °C to 15 °C and the length of growing season
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