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Significant accumulations of poultry droppings near large poultry
enterprises are a problem both in Ukraine and abroad. An urgent issue
is the search for rational methods of disposal of these wastes with the in-
volvement of natural, ecologically safe methods such as composting with
the use of microorganisms and vermiculture. The use of microorganisms
during the fermentation of broiler chicken droppings with litter (in the
form of sawdust of non-coniferous trees) leads to a reduction of time for
preparation of organic biomass for vermiculture. However, it is of scien-
tific and practical interest to establish the effectiveness of growing worms
on a substrate containing broiler chicken droppings fermented with var-
ious doses of microorganism preparations compared to the option where
the droppings were fermented in the traditional way during 18 months.

During the research, 4 groups were formed with 4 micro-beds
in each. The weight of the compost and the volume of the micro-beds
were identical. In the control version, the compost contained 92.0 % (by
weight) of broiler chicken manure fermented during 18 months and 8.0 %
of shredded wheat straw. In the experimental micro-beds, the ratio of ma-
nure to straw was identical by mass, however, the manure was fermented
during 180 days using 143, 1430 and 2860 mg of bio-destructors per ton
of biomass. The influence of broiler chicken droppings on the number of
sexually mature and immature worms, their mass and the number of laid
cocoons was studied for 100 days. The content of protein, biotic metals,
and toxic metals in vermiculture biomass was studied.

It was proven experimentally that the inclusion of broiler chicken
droppings with a litter of fermented droppings in the amount of 2860 mg/t
of bio-destructors leads to an increase in the number of sexually mature
and immature worms in the micro-bed and their mass by 45.5 and 29.3 %
respectively, and 63.9 and 56.7 % relatively to the control where the litter
was fermented during 18 months. Cultivation of vermiculture on compost
with manure fermented for 180 days (III experimental group) makes it
possible to obtain 41.4 % more cocoons and 17.1 % more cocoons com-
pared to the control group. The biomass of worms grown on compost
containing manure fermented with the highest dose of bio-destructors
probably did not differ by the content of biotic metals and toxic metals.

Key words: worm cocoons, protein, biotic metals, toxic metals,
bio-destructors, vermiculture, compost.

Problem statement and analysis of recent
researche. The dynamic development of poultry
farming in most countries of the world leads to
the accumulation of significant volumes of litter
with and without bedding in limited areas [1, 2]. In
Ukraine, the issue of the accumulation of poultry
droppings in limited areas is also quite relevant.

Poultry droppings, especially of broiler chickens,
are a source of soil, air and water pollution, while
at the same time it contains a significant amount
of nutrients for microorganisms, invertebrates,
insects and plants. Among the nutrients of poul-
try droppings there is a certain concentration of
proteins, carbohydrates, lipids, macroelements
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and microelements [3, 4]. Promising methods of
rational disposal of broiler chicken droppings are
its active composting under the action of a con-
glomerate of microorganisms and vermiculture
[5-7]. Therefore, conducting research aimed at
accelerating biotechnological methods of dispos-
al of broiler chicken droppings with the use of
bio-destructors and vermiculture is of important
scientific and practical importance.

For the implementation of vermiculture, dung
worms or a hybrid of the red California worm are
used. Worms (vermiculture) belong to the oligo-
chaete group and are hermaphrodites. The alimen-
tary canal of worms runs throughout the body.
Worms breathe takes place through the skin, which
has a large number of blood capillaries. The mass
of a sexually mature individual is from 0.35 to 1.4
g. Sexual maturity of worms occurs in 90-95 days.
After mating, each individual forms a cocoon with
eggs in the middle (up to 15-22 eggs), and after
15-24 days a new generation appears. Under opti-
mal conditions, worms mate every 89 days. The
substrate for vermiculture is pre-prepared organic
mass [4, 7, 8].

Various prepared (composted) organic wastes
are used for the cultivation of vermiculture: crop
production (straw, chaff, spoiled hay, spoiled hay,
silage, etc), livestock production (poultry drop-
pings, animal manure, and waste from slaughter-
houses), industrial and food waste [7, 9, 10, 11].

Vermicomposting involves mesophilic bioo-
xidation of organic waste [12]. The use of worms
contributes to the active improvement of soil fer-
tility, increasing the content of humus in them, and
increasing the yield of agricultural crops. This is
achieved due to the ingress of worm coprolites
(biohumus) into the soil. Vermiculture coprolites
are an effective organic fertilizer. With coprolites,
the soil is enriched with humic, fulvic acids, use-
ful microorganisms, polysaccharides, proteins and
nitrogenous substances. The greater the number of
earthworms per unit area of the soil, the higher its
aeration and fertility is. Water penetration into com-
pacted soils increases. As a result of the action of
worms, the mineralization of Nitrogen, Phosphorus
and other chemical elements is accelerated, thereby
increasing bioavailability for plants [13—16].

It is forbidden to use fresh manure of cattle,
horses, pigs, and especially poultry droppings for
vermiculture. Before using manure and droppings
for worms, it is necessary to ferment them. Tradi-
tional fermentation of poultry droppings lasts up
to 12—18 months. The use of bio-destructors ac-
celerates the processes of manure fermentation by
2 times [17].

During vermicomposting, worms and micro-
organisms simultaneously act on organic waste
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[12, 18]. Studying the possibilities of reducing the
production time of organic fertilizer from poultry
droppings and increasing the biomass of worms
by combining vermicomposting with composting
under the action of a conglomerate of microorgan-
isms has economic, ecological and practical sig-
nificance.

The aim of the study is to establish the effec-
tiveness of growing vermiculture on compost con-
taining broiler chicken droppings fermented with
different doses of bio-destructors.

Material and methods of research. The
study of the influence of the substrate containing
broiler chicken droppings with litter (sawdust
of non-coniferous trees) fermented under differ-
ent conditions was carried out in the vivarium
of the Biological and Technological Faculty of
Bila Tserkva National Agrarian University. The
air temperature in the room was maintained at
the level of 22-23 °C. Both in the control and
in the experimental groups, 4 micro-beds were
formed. For the experiment, sexually mature
worms (hybrid red California worms) were used,
the average weight of which was 0.724+0.01 g.
After mixing the litter of broiler chickens with
straw, the humidity of the substrate in all groups
was adjusted to 67+0.5 %. Once every two days,
aeration of the substrate was carried out in mi-
cro-beds. The duration of the experiment was 100
days. At the end of the experiment, sexually ma-
ture worms, young and cocoons were counted in
each micro-bed (Table 1).

Before determining the content of protein
and trace elements in the biomass of vermicul-
ture, worms were cleaned of compost, washed
with distilled water and placed in desiccators with
crushed, moistened filter paper for 36 hours in or-
der to clean the gastrointestinal tract from humus
and coprolites.

The protein content in the biomass of worms
was determined by the method of O. Lowry. For
this, a homogenate was made from worms [19].
The content of biotic metals (Copper, Zinc, and
Ferrum) and toxic metals (Plumbum and Cad-
mium) in vermiculture biomass was determined
using atomic absorption spectroscopy [20]. The
mass of worms and their cocoons was determined
using techno-chemical and analytical scales.

The obtained research data were processed us-
ing standard methods of variation statistics using
the Statistica program.

Results and discussion. On the hundredth
day of the experiment, it was established that there
were an average of 132 sexually mature worms in
the control micro-beds. This means that in the first
10 days after settlement, only 3—4 cocoons were
formed. Worms hardly mated during this peri-
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od. When using the litter of broiler chickens fer-
mented with the use of 143 mg/t of bio-destructors
for 6 months (I experimental group-micro-beds),
the number of sexually mature individuals was
13.6 % higher than in the control one. The fastest
adaptation of worms was found in the III experi-
mental group. During the first 10 days, the most
cocoons were formed there. Therefore, the num-
ber of sexually mature worms was 45.5 % higher
than in the control one (Table 2).

The average weight of one sexually mature
worm in the control group is 0.71 g. In the first ex-
perimental group, this indicator was 5.6 % higher
than the control value. The weight of one individ-
ual in the II and III experimental groups was the
same and amounted to 0.8 g each, which is 12.7 %
more than in the control group.

Analyzing the number of worms that had not
reached sexual maturity, it was found that the low-
est rate was recorded in the control group. Under
the cultivation of vermiculture on a substrate fer-
mented with the use of a bio-destructors in the
amount of 1430 mg/t (II experimental group), the

Table 1 — Study scheme

number of worms was greater than in the control
group by 25.4 %. In the III experimental group,
the growth of the population was established. The
number of immature individuals was 29.3 % high-
er compared to the data in the control group.

The average weight of worms in the control
group that had not reached sexual maturity was
0.033 g. When growing worms on compost fer-
mented with the use of a bio-destructors (I exper-
imental group), the average weight of one indi-
vidual increases by 12.1 %. The highest average
weight of one immature worm was recorded in the
IIT experimental group. The difference with the
control one constituted 21.2 %.

Based on the obtained indicators of the num-
ber of sexually mature and immature individuals
for 100 days of the experiment, it was calculated
that for the processing of 1 ton of compost in the
control group, it is possible to obtain 41.5 kg of
worm biomass. It was calculated that the use of
compost obtained by the accelerated method (II1
experimental group) makes it possible to obtain
28.6 % more of vermiculture biomass.

The number of The mass of the
Group of mi- iptroduch worms subsj[rate in one Characteristic of the substrate
cro-beds in one micro-bed, micro-bed,
units kg
Control Fermented litter of broiler chickens for 18 months
100 15,0 without the addition of bio-destructors (92.0 % by

group weight) + crushed wheat straw (8.0 % by weight)
Fermented litter of broiler chickens for 180 days

I experimental 100 15.0 with the addition of bio-destructors — 143 mg/t

group ’ (92.0 % by weight) + crushed wheat straw (8.0 %
by weight)
Fermented litter of broiler chickens for 180 days

II experimental 100 15.0 with the addition of bio-destructors — 1430 mg/t

group ’ (92.0 % by weight) + crushed wheat straw (8.0 %
by weight)
Fermented litter of broiler chickens for 180 days

IIT experimental 100 15.0 with the addition of bio-destructors — 2860 mg/t

group ’ (92.0 % by weight) + crushed wheat straw (8.0 %
by weight)

Table 2 — Indicators of growth and development of worms on the 100th day of the experiment, M+m, n=6

Mature worms in the micro- | Immature worms in one micro- Mass of worms,

Group-micro- bed bed which is grown under

beds quantity, quantity, processing a ton of the

units. mass, g units. mass, studied substrate, kg
Control group 132423 93,7+0,86 3866+56,3 127,6+3,77 41,5
I experimental 15043,5 112,540,69 4799742 177,6+5,18 455

group

Iglr(fﬁge“memal 185+2,8 148,0+0,74 4850+65,5 194,0+7,33 50,2
Iglrlofl’;pe“memal 19245 153,65133 | 5000£70,7 | 200,0:4,11 53.4
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It is possible to judge the intensity of mating
of sexually mature worms by the number of co-
coons. The lowest number of mating was observed
in the control group, where worms were grown
on compost containing fermented broiler chicken
droppings, for 18 months, on the 100th day of the
experiment, the number of cocoons constituted
145 units. The established pattern was that the
higher the concentration of the bio-destructors in
the litter of broiler chickens, the greater number of
cocoons in the micro-bed was. In the III experimen-
tal group, the number of cocoons was greater by
41.4 % compared to the control indicators (Fig. 1).

The mass of cocoons correlates with the num-
ber of individuals that develop in them. The aver-

age mass of cocoons in the 1st experimental group
was 7.8 % greater than in the control one. The
largest mass of one cocoon was in the III experi-
mental group. The difference with the control one
constituted 17.1 % (Fig. 2).

In addition to the influence of different com-
post on the technological parameters of vermicul-
ture, the chemical composition of worm biomass
was also studied. In vermiculture biomass from
the control group, the protein content constitut-
ed 683 g/kg of dry matter (Fig. 3). Cultivation
of worms on compost containing broiler chicken
droppings probably did not affect the increase of
protein in their biomass. The difference with the
control group was within 0.4-1.0 %.

Fig. 1. Number of cocoons, units.

Fig. 2. Mass of cocoons, mg.
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Fig. 3. Protein content in vermiculture biomass, g/kg of dry matter.

Among biotic metals, the content of Ferrum,
Copper and Zinc in the biomass of worms was de-
termined. The content of copper in worms from
the control group was 7.9 mg/kg of dry matter.
The lowest metal content was found in vermicul-
ture biomass from the 1st experimental group. The
indicator was 12.6 % lower than in the control
group, but it was not significantly different from
the control. In worms from the II and III experi-
mental groups, the copper content was lower than
in the control one by 5.1-7.6 %. The difference
had the nature of a trend (Table 3).

Investigating the content of Zinc in the bio-
mass of worms, it was established that the highest
rate was recorded in the control group. It has been
observed a pattern in the research groups that with
an increase in the content of the bio-destructors in
the litter of broiler chickens, the content of zinc in
worms increases.

The content of Ferrum in vermiculture bio-
mass from the control group constituted 875.5 mg/
kg of dry matter. When growing worms on com-

post with broiler chicken droppings, which was
fermented with the highest dose of bio-destructors
(IIT experimental group), the content of Ferrum
was lower than in the control group by 1.63 %.
The difference was within the margin of error.

Studying the content of Lead it was found that
the highest concentration of this toxic metal was in
vermiculture biomass from the control group. The
lowest content of Lead was recorded in worms
from the 1st experimental group. The difference
with the control group was 11.6 % and was not
probable. It was revealed that with the increase of
the destructor during the fermentation of broiler
chicken droppings, which is the part of the com-
post, the metal content increases within the margin
of error (Fig. 4).

Cadmium content in the biomass of worms
from the control group was at the level of 0.15 mg/
kg. In the worms from the experimental groups,
the metal content was lower by 6.7-13.3 % com-
pared to the control group. The difference was
with in the margin of error.

Table 3 — The content of biotic metals in the biomass of worms, mg/kg of dry matter

Metals
Group-micro-beds
Copper Zinc Ferrum
Control group 7,9+0,48 75,1+£2,55 875,5+18,12
I experimental group 6,9+0,52 73,4+3,45 845,2+22.45
II experimental group 7,3+0,39 74,2+1,99 857,4435,53
III experimental group 7,5+0,37 74,7+4,15 861,2+17,69
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Fig. 4. Content of toxic metals, mg/kg of dry matter.

Conclusion. 1. The use of 92.0 % by mass
of broiler chicken droppings fermented for 180
days with the use of bio-destructors at the rate
of 2860 mg/t as a substrate makes it possible to
increase the productivity of vermiculture. This
regularity is confirmed by an increase in the
number of sexually mature worms and worms
that have not reached sexual maturity and their
mass, respectively, by 45.5 and 29.3 % and 63.9
and 56.7 % relatively to the technology where
poultry droppings, which was fermented for 18
months, were used.

2. Broiler chicken droppings fermented with
the highest dose of bio-destructors in the compo-
sition of compost contributes to an increase in the
number of formed cocoons of worms and their
weight, respectively, by 41.4 and 17.1 % com-
pared to the control group.

3. The use of broiler chicken droppings fer-
mented with the use ofbio-destructors in the com-
position of compost revealed an increase within
the margin of error of protein and a decrease in
biotic metals and toxic metals in vermiculture bio-
mass.
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Bupomysanns yepB’siKkiB Ha cy0cTpari 3 Bmic-
TOM nocJaixy nruni ¢pepMeHTOBAHOIO 3a y4acTi 0io-
JAeCTPYKTOpiB

Mep3saos C.B., Ocinenko I.C., Mep3aosa I'.B.

3Ha4HI HAKOIMMYEHHS OCTiTy ITUII OiIs BEMUKAX
MITAaXOIIIIIPUEMCTB € TPOOJIEMOIO K B YKpaiHi, Tak i
32 KOPAOHOM. AKTyaJbHUM MHUTaHHAM € TMOIIYyK pali-
OHAJIPHUX METOMIB YTHJII3aIll IIMX BIAXOMIB i3 3amy-
YCHHSM IMPHUPOIHUX, CKOJOTIUHO OE3MEeUYHUX METOJIB,
TaKUX SK KOMIIOCTYBaHHS 3a y4acTi MiKpOOpraHi3MiB
Ta BEPMHKYIBTYpH. 3aCTOCYBaHHS IiJ ac (hepMeHTa-
mii mociigy Kypuar-OpoiiepiB i3 migcTHiIKow (Y BH-
DI THPCH HEXBOMHUX ZIEPEB) MIKpPOOPTaHi3MiB IpH-
3BOJIUTH 10 CKOPOYEHHS 4acy IiATOTOBKH OpraHiuHOi
Oiomacu JuIs BEpPMHUKYIbTUBYyBaHHs. HaykoBo-mpak-
THUYHHI 1HTEpeC MPEJICTaBIIsE BCTAHOBJICHHS e(heKTHB-
HOCTI BUPOIILyBaHHS YepB’SKiB Ha CyOCTpari 3 yMicToM
MOCITIAY Kyp4ar-OpoinepiB pepMEeHTOBAaHOTO Pi3HIMH
JI03aMH TIperapary MiKpOoOpraHi3MiB y ITOPIiBHSHI 3 Ba-
piaHTOM, 1€ nociig GpepMeHTyBaIN TPaIULiiHUM CIIO-
coboM BIpoaoBK 18 MicsIIiB.

[1ix gac mpoBeaeHHS JOCHiIKEHb (hopMyBau 4 rpy-
i 110 4 MIKpOJIOXKiB KOXKHIH. Maca xoMnocTy i 00’em
MIKpONIOK OynmH iIeHTHYHHUMH. B KOHTpOIBHOMY Bapi-
aHTi KoMmnoct MictuB 92,0 % (3a Macoro) mociiay Kyp-
yar-OpoiiepiB, pepMenTOBaHOrO 18 Micsis, 1 8,0 % mo-
JPpiOHEHOT COIOMHM MIICHMIT. Y TOCTITHAX MIKPOJIOXKaX
CIIBBIHOLICHHSI MOCITIY 0 COIOMH OYIT0 iICHTHYHE 32
Macoro, mpote mocinia gepmentyanu 180 nib, 3actoco-
Bytoun 143, 1430 ta 2860 Mr GiomecTpyKTOopa Ha TOHHY
6iomacu. [JlocmipkyBanu BB ynponosxk 100 16 mo-
CHily Kypuar-OpoinepiB Ha KUIbKICTH CTaTeBO3PLIMX,
HECTaTEeBO3PLINX YepB’sIKIB, iX Macy 1 KUIbKICTb BiJKIIa-
JICHUX KOKOHIB. BHBUaIK BMICT y 6ioMaci BEpMUKYJIBTY-
pu OinKa, MeTaiB-0i0THKIB Ta METATiB-TOKCHKAHTIB.

Byno noBemeHO, 1m0 BKIFOYEHHS Y KOMIIOCT IIO-
CIIiTy Kyp4aT-OpoiiepiB i3 miACTIIIKOIO (hepMEHTOBa-
HOTO MOCHiIy 3a y4acTi OiofecTpykropa B KiJIBKOCTI
2860 Mr/T MPU3BOAKUTH IO MMiABUIICHHS KUTBKOCTI CTa-
TEBO3PIIMX Ta HECTATCBO3PLIMX YEPB’SKIB Y MIiKpO-
JIOXKI Ta iX MacH BianoBigHo Ha 45,5 1 29,3 % ta 63,9
i 56,7 % BIAHOCHO KOHTPOIIO, JI¢ TMOCIia (GepMeHTy-
BaBcs 18 wmicsauiB. BupomnryBanHs BepMUKYIbTYpH Ha
KOMIIOCTI 3 OCHIJIOM, ()epMEHTOBaHUM BITpoJoBX 180
ni6 (III mocnimHa rpyma), 1a€ MOXIMBICTh OTPHUMaTH
Ha, 41,4 % OinpiIy KiTbKICTh KOKOHIB Ta Ha 17,1 % iXx
Macy y TIOpiBHSIHI 3 KOHTposieM. biomaca depB’sikiB,
BHPOIICHUX HA KOMIIOCTI, 3 YMICTOM TOCIiAY (epMeH-
TOBAaHOTO HAWOUIBIIOW H03010 OiogecTpyKTOpa Bipo-
TIJIHO HE BiJIPi3HsIIACh 32 BMICTOM METaTiB-010THKIB Ta
METaliB-TOKCUKaHTIB.

KJiro4uoBi cyioBa: KOKOHH 4YepB’siKiB, OiJI0K, MeTa-
TTU-010THKH, METAIN-TOKCUKAHTH, 0101eCTPYKTOP, BEp-

MHKYIIBTYPa, KOMIOCT.
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