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Abstract. Eisenia fetida worms affecting the amount of bacteria from four trophic groups in
poplar leaf litter vermicompost was investigated. As a control, composted and vermicomposted
horse manure was used. The number of ammonifiers in the vermicomposted manure was higher
than in the composted; the opposite situation was observed in poplar litter substrates — the
number of ammonifiers was higher in compost than in vermicompost. Nitrogen fixers of the
genus Azotobacter were detected only in vermicomposts and were absent in composts. The
activity of nitrogen fixers of the genus Azotobacter was higher in vermicomposted poplar leaf
litter than in vermicomposted manure. The total amount of ammonifiers and utilizers of inorganic
nitrogen is considered to be an integral indicator of the quality of organic fertilizers. This
indicator was independent of the presence or absence of worms and was higher in the substrates
based on poplar leaf litter compared to the ones based on manure. As the amount of nitrate
nitrogen (NOs-nitrogen) is larger in the leaf litter substrates than in the horse manure substrates,
we recommend using composted and vermicomposted poplar leaf litter as organic fertilizer with
a microbial structure, which provides enough nitrogen available to plants.

1. Introduction

Greening agriculture results in the increasing demands for organic fertilizers. Among so far
insufficiently used resources for the creation of organic fertilizers, an important position is occupied by
wood leaf litter, which is annually formed in large quantities and can be considered as a valuable raw
material for composting. Leaf litter composts can be obtained using microorganisms on leaf surfaces
with or without invertebrate animals. Composts made with earthworms are called vermicomposts.
Composts and vermicomposts can have different quality. The microflora of different trophic groups can
serve as one of the indicators of the quality of composts and vermicomposts.

In the majority of modern works, the quantitative composition of vermicompost microflora is taken
into account by molecular genetic analysis methods [1-4], enzyme activity determination methods [5-7],
and the Extraction and Analysis of Microbial Phospholipid Fatty Acids method [8-10], by direct
counting using a microscope [11]. In other studies on nutrient media, bacteria, actinomycetes, and fungi
were separately counted [6,12,13]. However, such methods do not allow us to reveal the role of certain
microorganisms in the nitrogen cycle.

For the diagnosis of the group composition of soil micropopulation, the method of cultivation on
various nutrient media has long been used. Meat-peptone agar (MPA), starch-ammonia agar (SAA) and
some other nutrient media are used. The quantitative composition of different ecological trophic groups
microorganisms is determined on nutrient media. These groups are: free-living nitrogen fixers,
ammonifiers, inorganic nitrogen utilizers, and oligotrophs. They play an important role in the nitrogen
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cycle. [11,14]. The decomposition of organic nitrogen-containing compounds is carried out mainly by
ammonifying bacteria, which, using the enzymes released into the substrate, convert the protein into
forms available for plant nutrition. The number of groups of microorganisms growing on media with
mineral nitrogen sources (for example, SAA) shows the potential ability of the microbial community of
the substrate to immobilize nitrogen in the microbial biomass, which increases the content of
biologically bound nitrogen and reduces its unproductive losses. The immobilization of mineral nitrogen
is carried out by microorganisms capable of assimilating ammonia, nitrate nitrogen. The degree of
mineralization, the degree of immobilization, the degree of oligotrophy of the substrates can be
estimated by the corresponding coefficients [11,14]. The content of readily available nitrogen in the
substrate depends on the degree of immobilization, since 25 to 35% of the total nitrogen of the substrate
can be included in the microbial biomass [14]. Mineral nitrogen content is an important indicator of
fertilizer value. The work is aimed at assessing the quality of composts and vermicomposts from poplar
leaf litter as potential fertilizers based on determining the number of microorganisms of four trophic

groups.

2. Materials and methods
In the experiments, vermicompost and compost samples were used before drying. Compost /
vermicompost preparation was carried out according to the method described earlier [15,16].

Initial components of composts and vermicomposts: horse manure was used as a non-nutritional
component (absorbent material), which was kindly provided by Siberian Research Institute of
Agriculture and Peat Federal State Institution and collected at the Ust-Bakchar peat deposit in the Tomsk
Region (57°34'47" N; 82°16'22" E).

Horse manure was used as the first (control) component in the form of clean excrement, cleaned of
litter. Manure was provided by Bagira, a private farm (Tomsk, Russia (56°26'19" N; 84°59'22" E).

As the second (experimental) nutritional component for vermicomposting, fallen leaves of woody
plants of the species Populus nigra L. (black poplar), growing on the territory of the Tomsk State
University Park, were used (Tomsk, Russia, 56°28'08" N; 84°56'S5" E) [10].

Fallen leaves were collected from September 20 to October 20, 2017 at a positive average daily
temperature until a stable snow cover formed. The collected litter was dried in a universal oven
MEMMERT UN30 (Memmert, Germany) at a temperature of 85+0.5°C to constant weight and stored
in an air-dry state. Shortly before vermicomposting, the litter was crushed with scissors and tweezers to
asize of 1 to 10 mm.

Vermiculture Eisenia fetida (Savigny) was provided by the head of the Department of Agricultural
Biology of the Tomsk State University, Prof. A S Babenko. The initial population of worms was
obtained from Dr. Yu B Morev (Institute of Biology, Academy of Sciences of the Kyrgyz SSR) in 1991
and has been supported up to now.

In total, during the experiment, the following variants of the investigated substrates were obtained:

1. Compost (without the use of vermiculture) based on a mixture of peat and horse manure;

2. Compost (without using vermiculture) based on a mixture of peat and poplar litter;

3. Vermicompost based on a mixture of peat and horse manure;

4.  Vermicompost based on a mixture of peat and poplar litter.

Before composting / vermicomposting, the nutritional and non-nutritional components for each
option were mixed in a weight ratio of 1:1 — 84 g and 84 g. Thus, the total weight of the dry mixture
was 168 g; the volume occupied by each mixture was approximately 2 liters. After mixing, the substrates
were placed in 10 1 plastic buckets, mixed again and moistened with settled tap water until a moisture
content of 77% by weight was reached.

After holding for 1 day, 20 individuals of worms with a total mass of 8 g were introduced into buckets
with mixtures for vermicomposting; nothing was added to the control options. The duration of
composting and vermicomposting was 85 days.

The amount of ammonifiers was taken into account on a standard medium meat-peptone agar [11].
To determine the amount of inorganic nitrogen utilizers, starch-ammonia agar (SAA) medium was used
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[11,14]. The number of oligotrophs was counted on pure agar (PA). Ashby medium was used to
determine the amount of nitrogen fixers [11].

The preparation of dilutions and crops on nutrient media MPA, SAA and PA were carried out
according to standard methods used in soil microbiology [11]. 1 g of the substrate was triturated in a
sterile mortar, transferred to a flask with 100 ml of sterile 0.85% NaCl, shaken for 5 minutes and
dilutions were made. Crops were carried out from dilutions 10 and 1075. The repetition of the
experiment was fourfold.

Actual activity of free-living nitrogen fixers was determined by the method of fouling lumps of
substrate on Ashby medium [11]. The lumps of the substrate were laid out on a nutrient medium in a
checkerboard pattern at a distance of about 1 cm from each other. The repetition of the experiment was
twofold.

Also, simultaneously with the crops, 4 g of each compost and vermicompost sample were taken for
moisture determination. The samples were dried to absolutely dry weight at 105°C.

The statistical processing of the results was carried out using Google spreadsheets and MS Excel.

Confidence intervals were calculated by the formulas [11]:

Iy = 2\/5 = 2ﬁ 6]
n n

where Iys is the confidence interval, N is the average number of counted colonies, T is the total number
of counted colonies, n — is the number of replicates.

Subsequently, the average content of colony forming units (CFU) in one gram of wet substrate was
calculated according to the formula [11]:

CFUwz(Nilgs)xKx% )

where CFUw is the number of colony forming units of microorganisms in 1 g of wet substrate, /o5 is the
confidence interval, N is the average number of counted colonies, K is the dilution from which the
sowing is made with a degree times — 1, V' is the volume of seed.
The activity of the Azotobacter was calculated as the ratio of the number of lumps of soil with the
growth of Azotobacter to the total number of lumps in percent [11].
A day after sowing, the moisture content of each substrate was determined by the formula [11]:
m,

W:mu/_ X
m,

100 3

where W is the moisture content of the substrate in percent, m,, is the mass of the wet substrate, mg is the
mass of the dry substrate.
For each substrate, a moisture coefficient was also calculated by the formula for peat-containing soil [11]:

100
= 4
" 100-W @

where Ky is the moisture coefficient, I is the moisture content of the substrate in percent.
The conversion of the number of CFU in 1 g of wet substrate to CFU in 1 g of dry substrate is carried
out according to the formula:

CFU=CFU, A xK, (5)
where CFU is the number of colony forming units in 1 g of dry substrate, CFU,, is the number of colony
forming units in 1 g of wet substrate, Ky — is the moisture coefficient.

The coefficients of mineralization, immobilization, oligotrophy were also calculated [14].
The mineralization coefficient was calculated by the formula:
Kk, = ©)
CFU,,,

where K. is the mineralization coefficient, CFUyp4 is the number of ammonifiers, CFUsy4 is the
number of inorganic nitrogen utilizers.
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The immobilization coefficient was calculated by the formula:

k, =V )
CFU,;,
where K. is the immobilization coefficient, CFUs44 is the number of inorganic nitrogen utilizers,
CFUpp4 is the number of ammonifiers.
The oligotrophic coefficient was calculated by the formula:
CFU,,

K, =——X 8
e CF UMPA ( )

where K¢ is the oligotrophic coefficient, CFUp, is the number of oligotrophs, CFUup, is the number
of ammonifiers.

The extracts of experimental substrates were made of dry weighed samples of compost and
vermicompost (1 g). Distilled water was added to the weighed samples at a ratio of 1:99 and
quantitatively transferred to dark glass bottles, capped, stirred for 3 min in a shaker, and left at a room
temperature (+21+£3°C) for 24 h. The extracts were then filtered and assayed to measure pH (by
potentiometry), Ca*" content [17] (by complexometry), and K* and NO;~ concentrations [18] (by
ionometry). Total nitrogen, total phosphorus and total potassium in dry matter were determined in the test
laboratory of the Tomsk agrochemical service, on the atomic absorption spectrophotometer QANT-2AT
and spectrophotometer UNICO 2100.

3. Results and discussion
The quality of new fertilizers can be assessed by their chemical composition and microflora diversity.
Data on chemical parameters of the obtained substrates are shown in Table 1.

Table 1. The physicochemical parameters of composts and vermicomposts.

Variants Parameter
pH K7, NOs-. Caz, Total Total  Total
of [mEq/kg [mEq/kg [mEq/kg N P K
water DW] DW] DW] in DM, in DM, in DM,
extract % % %
Manure compost 5.75+ 77.41+ Below detection  32.31+ 14+ 098+ 1.3+
0.08 9.09 threshold 9.02 0.2 0.05 0.1
Litter compost  6.44+ 138.11+ 225.99+ 54.17+ 1.9+ 051+ 1.3+
0.11 17.02  30.99 13.4 0.2 0.05 0.1
Manure vermi- 5.64+ 84.27+ 66.06+ 26.00+ 1.5+ 0.72 0.51%
compost 0.11 4.22 8.35 4.06 0.2 0.05 0.1
Litter vermi- 6.76+ 12831+ 221.32+ 58.11+ 1.8+ 042+ 1.5+
compost 0.25 8.66 22.78 8.03 0.2 0.05 0.1

Notes: mEq, milliequivalent; DW, dry weight; DM, dry matter; the data are presented as means and 95%
confidence intervals.

The pH, NOs~, K" and Ca?* values in aqueous extracts of leaf litter-based substrates were significantly
higher compared to similar indicators of manure-based substrates extracts (Table 1). In manure-based
compost, the nitrate ion content was below the detection limit (10~ Mol/l). The total nitrogen content
was also higher in leaf litter substrates, and the total phosphorus content of manure-based substrates was
superior to leaf litter substrates. The total potassium content was the same in leaf litter and manure-
based compost, but very different in the different vermicompost. In leaf litter-based vermicompost, the
total potassium was almost three times greater than in manure-based vermicompost.

The larger the total number of microorganisms growing on MPA and on SAA, the more mineral
forms of nitrogen are in the soil [19]. Therefore, in order to determine which of the composts obtained
in the experiment is of great value as a fertilizer, data were obtained on the sum of the number of
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microorganisms ammonifying and utilizing inorganic nitrogen, the coefficients of mineralization of
organic nitrogen, the coefficients of immobilization of inorganic nitrogen, the coefficients of
oligotrophy of the actual activity of the Azotobacter; the results are presented in Table 2.

Table 2. Microbiological characteristics of composts and vermicomposts.

Variants The number of CFU per 1 g of compost Coefficients Actual
on the medium activity
Ammoni- Inorganic  Oligotrophs Sum CFU mine- immo- oligo- of Azoto-
fiers nitrogen onthe PA'°  on MPA  raliza- biliza- trophy bacter %
on MPA utilizers on and SAA tion tion
SAA

Manure 2.17x10°+ 3.78x10°t  3.08x10°+ 5.95x10° 0.57 1.74 1.42 0
compost 1.04x10%  1.04x10% 1.04x10%

Litter 9.88x10°+ 3.68x10°+ 4.65x10°+  1.36x10' 2.69 0.37 0.47 0
compost 1.04x10%  1.37x10% 1.24x10%

Manure 2.88x10°+ 1.99x10°+ 3.30x10°+ 4.87x10° 1.44 0.69 1.15 76.67
vermi-  2.22x10%  1.36x10% 1.52x108

compost

Litter 4.67x10°+ 5.94x10°+ 1.99x10°+  1.06x10' 0.79 1.27 0.43 88.04
vermi-  1.20x10%  9.99x10’ 1.22x108
compost

Two variants of composts and two variants of vermicomposts were investigated — on the basis of
horse manure and on the basis of poplar litter. The number of ammonifiers was greater in compost and
vermicompost based on poplar litter than in compost and vermicompost based on horse manure, which
seems somewhat unusual and may indicate low concentration of organic nitrogen compounds in horse
manure, which, in turn, presumably can be due to malnutrition of animals. The data of other authors
[7,20-22] are somewhat different from the results of the experiment, which can be explained by the use
of different base and feed substrates, as well as different types of worms.

Worms influenced the number of microorganisms of all the studied ecological and trophic groups,
but in different ways and without definite patterns. So, the number of ammonifiers for the variants with
horse manure was increased by worms, but for the variants with poplar litter, they were reduced.
Possibly, the lower amount of ammonifying microorganisms in vermicompost with poplar litter
compared to compost was due to intensification of the ammonification process, in which, apart from
epiphytic microorganisms of peat and leaf litter, the native microflora of earthworms participated.

The amount of inorganic nitrogen utilizers in composts was approximately equal. In vermicompost
based on poplar litter, there were more inorganic nitrogen utilizers, in manure based vermicompost less
than in compost. The worms did not affect the number of oligotrophs in substrates with manure and
approximately halved the number of CFU of oligotrophs in substrates with poplar litter. The worms did
not affect the oligotrophicity coefficient; oligotrophicity coefficients were approximately equal in
compost and vermicompost based on poplar litter and did not differ much in compost and vermicompost
based on manure. The mineralization coefficient of organic nitrogen for substrates with horse manure
increased sharply, and the immobilization coefficient of inorganic nitrogen reduced. The worms affected
the substrates with poplar litter in the opposite way — the mineralization coefficient of organic nitrogen
reduced while the immobilization coefficient of inorganic nitrogen increased.

The worms also influenced the nitrogen fixation process carried out by free-living aerobic nitrogen
fixers. Free-living aerobic nitrogen fixers were detected in vermicomposts and were not found in
composts, which is consistent with published data [21]. According to previous studies, free-living
aerobic nitrogen fixers are one of the groups of microorganisms that are closely associated with
earthworms. Actual activity of bacteria of the genus Azotobacter was significantly higher in
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vermicompost based on poplar litter compared to manure-based vermicompost — 88 and 77%,
respectively. It can be assumed that the composts obtained in the experiment are less valuable as
fertilizers compared to vermicomposts due to the absence of nitrogen-fixing bacteria of the genus
Azotobacter in composts. However, composts obtained without the participation of cultivated
earthworms are widely used by many farms due to the lack of the ability to conduct their own
vermiculture on an industrial scale and are used as fertilizer.

There were two options for composting — based on manure and poplar leaf litter. The number of
ammonifiers and oligotrophs in the compost based on poplar litter was less, and there were more
inorganic nitrogen utilizers than in compost based on manure; however, other characteristics are more
important for fertilizer. The oligotrophic coefficient of compost based on manure is more than unity —
1.47, which indicates the predominance of the conversion of organic substances into carbon dioxide
over the mineralization of organic nitrogen in this substrate. Despite the fact that the number of
oligotrophs in compost based on poplar litter was greater than in compost based on manure, the
oligotrophic coefficient of compost based on poplar litter is less than unity — 0.47, which indicates the
high preservation of nutrients in compost based on poplar litter. The mineralization coefficient of
organic nitrogen compounds is less than unity for compost based on manure and much more than unity
for compost based on poplar litter — 0.57 and 2.69, respectively, which indicates that compost based on
poplar litter contains significant amounts of ammonia nitrogen, which can be used by plants. The total
amount of ammonifiers and utilizers of inorganic nitrogen is also significantly higher in compost based
on poplar litter than in compost based on manure — 1.36x10'° and 5.95x10° CFU per 1 g of substrate,
respectively, which according to published data [19] indicates to a higher content of mineral nitrogen
compounds in compost based on poplar litter. Thus, compost and vermicompost based on peat and
poplar litter are more suitable for use as fertilizers than compost and vermicompost based on peat and
horse manure.

4. Conclusion

Nitrogen fixers of the genus Azotobacter were found only in vermicomposts. The actual activity of free-
living aerobic nitrogen fixers was higher in vermicompost from poplar leaf litter than in vermicompost
from manure. Ammonifiers, inorganic nitrogen utilizers and oligotrophs were identified in all composts
and vermicomposts. The total amount of ammonifiers and utilizers of inorganic nitrogen was higher in
composts and vermicomposts from poplar litter. This indicates a higher content of valuable mineral
nitrogen for plants in compost and vermicompost from poplar leaf litter than in manure compost and
vermicompost. According to the totality of the results of quantitative studies of microorganisms of the
four trophic groups, the best nitrogen fertilizers are vermicompost and compost based on poplar leaf
litter.
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