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AHHOTAIUSA

B cratee AKICHTUPOBAHO BHUMAHUC HA CTpeMPITeJ'ILHOﬁ I/IHTCHCI/I(i)I/IKaIII/II/I OKCIITYaTallMOHHBIX HArpy30K Ha
3eMJIN CEIIbCKOXO03SIHCTBECHHOTO Ha3HAYCHUA, YTO BBI3BAHO PSIAOM (I)aKTOpOB, B YaCTHOCTH POCTOM YHUCIICHHOCTH
HaCCJICHNA U COOTBETCTBEHHO II€H HAa IPOJOBOJIBCTBUE B MUPE, COKPAICHUEM MHPOBBIX HJ'IOH.IElI[CfI CCJIBCKOXO0-
3HCTBEHHBIX 3€M€JIb, YXYAUICHUEM 3KOJIOTHYECKOMN CUTyalluld U HapaCTaHHUEM HETATUBHOTO aHTPOIIOI€HHOT'O
BO3JICHCTBHS B IICJIOM.

OnpezencHo OONBIIOE 3HAYCHHE OPTaHHUYCCKUX YAOOPCHUN B COBPEMCHHOM 3EMIICACIHH W IKCIICPUMCH-
TaJIHBIM CIIOCOOOM 00O0OIIEHHO METOJHMKY OINMpEAEICHHs ONTUMAJIbHOTO OPraHMKO-MHUHEPAIBHOTO yJOOpEeHUs
CENBCKOXO035IMCTBEHHBIX KYJbTYp Ha IpUMEPE 3CPHOBLIX.

HpoaHaﬂmeOBaHo COBPECMCHHOC COCTOSHUC OTpACid JKUBOTHOBOJCTBA, KOTOPOC XAPAKTCPUSYCTCA CTPC-
MUTCIIbHBIM COKPALICHUS MOT'0JIOBbS JKUBOTHBIX C COOTBETCTBYHOLIUMU NOCJICACTBUAMU JJIA 061116171 OMHCCUH Op-
TaHUYCCKHUX y,HO6p€HPII>i. HpO&HaHI/ISI/IpOBaHa JAWHAMHUKA BHCCCHHA OPTraHUYCCKUX y,Z[OﬁpeHHﬁ, YTO IIO3BOJINJIO BbI-
SABUTb YCTKYIO TCHACHIIUIO K COKPAIICHUIO. Ha ocnose »Toro paccuuTan 00beM NOTEPb MUTATCIbHBIX BCUICCTB B
MepecyYCTC HAa SKBUBAJICHTHOC KOJIMYCCTBO MUHCPAIbHBIX y,ZL06peHI/II71 u HOTCHIII/IZUII)HBIﬁ ypoxcaf/i 3CPHOBBLIX.

O6ocHoBaH HanboJee panOHATBHBIA BapHaHT OOpaIIeHHUs ¢ 0TXO0IaMH )KHBOTHBIX, KOTOPBIH MpeaycMaTpH-
BaeT MpeIBapUTENbHYI0 Ono(epMEeHTAINIO ¢ OTHOBPEMEHHBIM BhIJIEIICHHEM OHoras3a u 0MoynoOpeHuit, 4To 1mo3-
BOJIUT MOBBICUTH OKOJIOTO-3KOHOMUYECKYIO 3(1)(1)6KTI/IBHOCTL HCIIOJIB30BaHUA )KUBOTHOI'O HABO3A.

BHeceHbl peKOMEHIANNHU 110 00ECICUCHUIO HEOOX0IMMOT0 KOJHUECTBA OPTaHUUCCKUX YI0OpEHUH 3a cueT
YCTaHOBKM MUHHUMAJIBHO JOITYCTHUMOT'O IOT'0JIOBBA KMBOTHBIX B paCd€TC Ha CAUHUILY IIJIOMIAAU IMAlTHU, TAKXKE
paccuuTan MyJ'II)TI/IHJ'II/IKaTI/IBHHﬁ 3KO0JIOr0-3KOHOMHYECKHIA 3(1)(1)6KT OT JAHHOT'O MPCAJIOKCHU.

Abstract

The article focuses on rapid intensification of operational loads on agricultural land, which is caused by a
number of factors such as: population growth and the increasing of world food prices, the reduction of agricultural
land in world space, environmental degradation and an increase of negative anthropogenic influence in general.

The significant importance of organic fertilizers in modern agriculture is determined and the method of de-
termining of the optimal organic-mineral nutrition of crops on cereals example is generalized by the experimental
way.

The current state of the livestock industry with distinction of trends of rapid reductions in the number of
animals with corresponding consequences for the total emission of organic fertilizers is analyzed. The dynamics
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of organic fertilizers using is studied, which revealed a clear downward trend. On this basis, the amount of nutrient
loss was calculated in equivalent amount of mineral fertilizers and a potential grain crop.

The most rational option of animal waste treatment is substantiated, which involves pre-bio-fermentation with
simultaneous separation of biogas and fertilizers, which will enhance the ecological-economic efficiency of using

animal manure.

Recommendations to provide the required amount of organic fertilizers by establishing a minimum allowable
quantity of animals per unit area of arable land have been made, multiplicative ecological and economic effect of

this option was calculated.

KiroueBble ciioBa: OpraHnv4eCKue OTX0Abl, )KUBOTHOBOACTBO, ypO)KaﬁHOCTL, 6I/IOFa3, 9KOJOro-3KOHOMHYEC-

ckast 3 PEeKTHBHOCTE.

Keywords: organic waste, animal husbandry, yield, biogas, ecological-economic efficiency.

Formulation of the problem. The value of or-
ganic fertilizers in modern agriculture is significantly
increased due to the increased processes of humus min-
eralization in soils, which is caused by the increase in
crop rotation of the share of cultivated crops, the nega-
tive impact of heavy machinery, the increase in the use
of agrochemicals while reducing the volume of produc-
tion. Numerous publications [1, 2] provide data on the
decrease in the soil of agricultural use of organic matter
and its main component - humus. Therefore, the prob-
lem of humus conservation has gained national im-
portance in Ukraine and is being intensively researched
today by domestic agrarian scientists.

Proper organization of animal waste management
plays a significant environmental role, since organic
fertilizers, when optimally applied, improve the struc-
ture and quality of soils, enriching their organic com-
ponent and humus, and when mismanaged, on the con-
trary, can cause environmental damage. Therefore, the
untimely disposal of organic waste, which accumulate
in large quantities in the production of livestock prod-
ucts (livestock complexes, poultry farms, etc.), threat-
ens anthropogenic load on the environment in the form
of air, water, soil, which is one of the most important.

Currently, science knows a number of ways to use
animal manure and other organic wastes [1, 2], among
them - the method of anaerobic biological fermentation,
which allows to obtain in addition to quality organic
fertilizers and alternative gas fuel. At the same time, in
the conditions of agricultural enterprises where these
technologies can be introduced, the justification of their
economic efficiency and the expediency of using or-
ganic fertilizers remains insufficient, which has neces-
sitated research on this topic.

Formulating of the goals of the article. The pur-
pose of the article is to substantiate the theoretical,
methodological and organizational-economic aspects
of livestock waste usage in the economic activities of
agricultural enterprises.

Presenting main material. In today's geo-eco-
nomic space, Ukraine is endowed with a complemen-
tary nature of climate and trade and economic condi-
tions. The share of our country in the area of agricul-
tural land in Europe is about 20%, of which 27% is
arable land, and the rate of land supply is 0.9 ha per
person, which is the highest among the EU countries.
The amount of black soil is estimated at 8% of the
world's reserves, which opens up opportunities for the
domestic agricultural sector to grow the vast majority
of crops. All this, together with its powerful human po-
tential, allows Ukraine not only to provide its own food

security, but also to become an active player in the
global food market, the current state of which can be
characterized by the following features:

1. Rapid population growth. In 1990, the world
population was 5.327 billion people, and by the begin-
ning of 2020 it was 7.794 billion (+ 46.3% over 30
years) [12]. At the same time, a considerable part of the
increase is in the countries of Africa and Latin America
(45 newborns per 1 thousand population).

2. Reduction of world acreage of arable land. Each
year, the World Land Fund loses about 10 million hec-
tares of farmland through erosion, environmental pol-
lution and rapid agglomeration, which implies their de-
velopment.

3. Periodic reduction in the supply of agricultural
products from some producing countries, due to ad-
verse weather and natural disasters, as well as due to
the conversion of a large part of it to biofuels. This di-
rection is actively supported by the US Government,
which provides significant subsidies to its farmers and
agricultural companies for growing wheat, corn, and
rapeseed. The EU foresees an allocation of 4% to 13%
of agricultural land for the production of biofuels ac-
cording to Directive 2003/30 / EU [8].

4. Growth in food consumption in the most popu-
lated countries of the world - India and China, accom-
panied by an increase in household income and con-
sumer demand.

5. The volatility in global financial markets due to
the worldwide epidemic of COVID-19 and the threat of
defaults, which is why the investment of speculative re-
sources in food is becoming increasingly active [14].

Rising food prices in the world, the attractiveness
of the agricultural sector for investment have contrib-
uted to an increase in agricultural production in
Ukraine. This was made possible by the intensification
of agricultural production and the conversion of agri-
culture to industrial bases [3; 10; 16], which necessi-
tates the strengthening of control over the observance
of soil regeneration measures on agricultural lands. In
such conditions, against the background of low availa-
bility of organic fertilizers, the mineral fertilizer system
became popular, which together with the increase of the
level of agrarian chemicalisation strengthened the par-
oxysm of environmental contamination of the environ-
ment in the form of soil deterioration, eutrophication of
reservoirs and deterioration of the quality of the grown
products.

Today, farmers face with the task to provide pro-
duction of maximum of quality products from each hec-
tare of land while minimizing costs. At the same time,
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there is a rather high coefficient of correlation of
productivity with soil fertility (R = 0.6 - 0.7 depending
on the crop) [14]. Accordingly, the integral indicator of
soil fertility is crop capacity, which can be expressed in
full value, grain or energy equivalents [4]. In order to
evaluate soil fertility as the main mean of production in
agriculture, it is divided into natural, which is provided
by natural processes of soil formation (reserves of hu-
mus, nutrients and other properties that affect the
growth and development of plants) and artificial (cre-
ated by man in the process of management by soil cul-
tivation, land reclamation, chemicalisation, and biolog-
icalisation). It is very difficult to separate natural and
artificial fertility, sometimes it is almost impossible,
because they form the third kind of fertility — economic,
which characterizes the potential of the soil - as the
main means of production. Its level is characterized by
crop yields. Only economic fertility fully and compre-
hensively reflects the production properties of the land,
that means it is responsible for the preservation and ef-
ficient use of soils. Thus, the deterioration of the quality
of land leads to a decrease in economic indicators of
economic activity. The environmental status of soils is
fully interrelated with the economic characteristics, so
improving environmental performance is seen as fertil-
ity reproduction, which allows you to obtain higher
quality products and increase the economic perfor-
mance of the economy by improving soil productivity
and preventing its loss in the natural environment. The
amount of ecological and economic losses from lost
soil fertility is calculated by the sum of the costs neces-
sary for its renovation and the cost of the under-har-
vested agricultural products as a result of its decrease.
Mineral and organic fertilizers, especially manure,
are of great importance in increasing crop yields. The
combined usage of organic and mineral fertilizers helps
to optimize plant nutrition and increases the productiv-
ity of agrocenoses from lower doses of mineral fertiliz-
ers [20]. A scientifically proved crop fertilization sys-
tem in crop rotation is a major factor in increasing their
productivity, an effective means of extended soil fertil-
ity recovery. It can reduce the cost of crop production
by 10-15% and increase the efficiency of fertilizer ap-
plication by 25-30%. It is possible to evaluate the ef-
fectiveness and justify the feasibility of different ferti-
lizer systems in the conditions of their long practical

H X Cny — Qsavy X Ksqw

Y X Cpy — Qsp) X Ks(py

application in rotation. For example, let us use the re-
sults of studies of scientists G. Gospodarenko, O.
Cherno, A. Cherednyk [3] who compared the perfor-
mance of mineral and organic-mineral fertilizer system
in accordance to yield control values (due to exclu-
sively natural soil fertility) of maize (46.5 ¢ / ha) and
winter wheat (44.4 ¢ / ha). Thus, the yield of these crops
in the option of exclusively mineral nutrition
(N90P90K90) relative to the control, contributed to the
increase of corn yield to 69.3 ¢ / ha (+ 49%) and wheat
to 64.8 ¢ / ha (+ 46%). In the variant of organic-mineral
nutrition (manure 13.5 t + N67P101K54) corn yield in-
creased to 79.6 ¢ / ha (+ 71.2%) and winter wheat - 66.7
¢ / ha (+50.2 %). Therefore, with an organic-mineral
fertilizer system with an optimal dose of organic ferti-
lizers, the average yield over the three years of research
was 50-70% higher than the control and mineral system
[3]. It should also be emphasized that the systematic us-
ing of organic fertilizers in crop rotation contributes to
the gradual increase of the total humus content in the
soil. The results of such an organic-mineral scheme of
fertilizer application discovered by scientists [7]
marked the increase of humus content by 0.02-0.03%
in the arable layer and by 0.08-0.1% in the basement
layers relative to the variant with the mineral fertilizer
system. Therefore, to ensure a deficient balance of hu-
mus, it is necessary to justify an appropriate amount of
organic fertilizer (estimated saturation of 1 ha of arable
crop rotation with organic fertilizers).

In determination of rational fertilizer system, it is
advisable to refer to the results of M.M. Senchuk's re-
search [16], which substantiated the derivation of an in-
tegral index of the ratio between organic and mineral
fertilizers. Based on empirical research and systematic
observations of scientists [1], [3], we conclude that the
most optimal proportion is 16 kg of mineral fertilizer
up to 1 ton of manure, i.e. a ratio of 0.06, which should
be identified as "humus recovery index" — Igr and is
calculated by the formula:

Igr = Ro/Rn4pix;

where Ro— application rate of organic fertilizers, t;

Rn+p+k— application rate of mineral fertilizers, kg
a.d.

Accordingly, it is possible to justify a rational rate
of application of organic fertilizers by the formula:

A +
K ™ (N)

Kspy

Y X Ciy — x K
Ay + @ — Qsy X Ksiy

A
KS(K) (K

R, =

1., Qo) — Koy XAy + Qo) — Koy X Apy + Qo) — Koy X Ak

Igr KM(N)

where H — crop yield, ¢/ ha;

Ciy— removal of nutrition elements (N, P, K) per 1
¢ of main and by-products, kg api / ha;

Qs(iy— content in soil of mobile forms of nutritional
i element, kg / ha;

Ks(i— coefficient of nutritional element using from
soil;

Qoiy— content of nutritional i element in organic
fertilizer, kg / t;

Koy~ coefficient of using of nutritional element
from organic fertilizer,;

KM(P) KM(K)

Kwmey— coefficient of using of nutritional element
from mineral fertilizer;

A~ correction coefficients for recommended
rates of mineral fertilizers on soils with different levels
of nutrient supply of plants, relative units.

Based on the calculations, the best ratio is 11.5 t
of manure to NgoP16Kgs of mineral feed.

There is a direct correlation between the humus re-
covery index and the degree of humification of organic
fertilizers: the higher is the value of the first, the higher
is the second, ie, the faster is the reproduction of humus
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and potential soil fertility. Table 1 summarizes the hu-
mus recovery index.

The problem of soil nutrient regimes is com-
pounded by the fact that farms do not appeal to scien-
tifically substantiated nutrient ratios, thus violating the
physical and chemical properties of soils. The poor ra-
tio between the formation of humus and its mineraliza-
tion is due to the lack of organic fertilizers. We take
animal manure as the basis of organic nutrition - the
main organic fertilizer, one of the most ancient fertiliz-
ers used by humans. It consists of solid and liquid ex-
crement of animals mixed with litter. From here it is
obvious that the composition of the manure depends on
the species of animals, the quality and quantity of the
litter, as well as the method and shelf life. Improvement

of soil properties as a result of application of sufficient
amount of organic matter causes decreasing of density,
increasing of water resistance of soil structure, im-
provement of water, air and thermal regimes, positive
influence on humus and microbiological state, creation
of favorable ratio between organic and mineral fertiliz-
ers, when effectiveness of fertilizers is growing. 13-15
t / ha of organic fertilizers needs to be applied to ensure
a non-deficit humus balance, however, the decline of
the livestock industry has led to a sharp curtailment of
manure production, together with the high costs of
transporting it to the destinations it have reduced the
economic attractiveness of this valuable organic ferti-
lizer.

Table 1
The value of the humus recovery index with different organic-mineral balance of fertilizers
Organic-mineral balance of HUMUs re-
fertilizers, t / kg of active . Type of agriculture Impact on soil properties
covery index
substance
1:0-15 10,2 Organic farming Optimum soil density; intensity of hu-
mus regeneration
1:5-1-8 0,2-0,12 Intenswe_ biologi- _Optlmum soil density; _
zation less intense humus regeneration
1:8-1:15 013006 | Biologization Close to optimal soil density; slow
growth of humus content in soil
Suboptimal soil density, forming of
1:15-1:30 0,07-0,03 Chemicalization dens; processes of dehumification and
decalcification
. Intensive chemi- High level of density, dehumification,
1:30 0,03 A A
calization decalcification.

Source:[16]

Analyzing the current state of the livestock indus-
try, we note the rapid decline in livestock (Table 2). It

should be noted that during the studied period the num-
ber of cattle decreased by almost 8 times, pigs - three
times, the number of poultry decreased by only 13%.

Table 2
Livestock dynamics of farm animals for the period 1990-2020, thousands of heads
Kind of farm animals Years
1990 2000 2010 2015 2019 2020*
Cattle 24623,4 94237 4494,4 3884 3333 3144
Pigs 19426,9 7652,3 79222 7350,7 6025,3 5735,45
Poultry 246104 123722 230290 213336 211654 214210
*-forecast
Generalized by authors according to data [10]
The reduction of animals numbers accordingly af-  of nutrients (NPK) (Table 3).
fected the total emission of organic fertilizers in terms
Table 3

Average content of nutrients in organic fertilizers

& = < 2 | Average content of nutri'gipnal elements in or-
Kind of _E ,g— ! 8 = ganic fertilizers Total volume of nutritional
farm 2o { 5 c ! In%on absolutely . elements per year, t
. c ol 2= Per animal per year, kg
animals 25| 3% dry matter
COF| 281N [ POs | KO N P.Os | K,O N P,0Os K0
Cattle 13 35 31| 17 33 | 1411 | 77,35 | 150,2 4435 2432 | 4721
Pigs 3 30 46 | 26 3,4 414 23,4 30,6 237,4 134,2 | 1755
Poultry 0,12 28 58 | 4,9 2,7 1,9 1,6 0,9 4175 352,7 194,
Total - - - - - - - - 10984 | 730,1 | 8419
Generalized by authors according to data [5],[9]
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Analyzing the dynamics of organic fertilizer using
for the period 1990-2020 (Fig. 1) to abstract the scale
of lost benefits, we calculate the nutritional value of
manure in the equivalent amount of mineral fertilizers
by nutrient elements and determine the volume of grain
yield provided by them. Thus, in 1990, 260.7 million
tonnes of manure were applied, equivalent to 161.23
thousand tonnes of potassium magnesium, 91.77 thou-
sand tonnes of superphosphate and 137.97 thousand
tonnes of ammonium nitrate. According to the calcula-
tions, this amount of fertilizers can provide nutrients for
19.64 million tonnes of wheat and 23.41 million tonnes
of corn, since the average nutrient demand (kg. of ac-
tive substance / 1 ton of yield) according to data [5] is

wheat — N30P11K25, maize — N22P9K25, barley -
N27P11K22. Considering the reduction of organic inputs,
the forecast for 2020 is the equivalent of potassium
magnesium to be 30.02 thousand tonnes, superphos-
phate - 24.00 thousand tonnes, ammonium nitrate -
31.63 thousand tonnes and the volume of crops grown
on organic fertilizers will decrease to 4.5 million tons
of wheat and 5.44 million tons of corn. Therefore, for
grain it will be universal nutrition N3oP15Kzs, for corn
with a yield of 8 t / ha should be used N24oP120K200, the
rate of manure application in the amount of 11.5t/ ha
will provide NisoP104K115, the rest should be added by
mineral fertilizers in amount NgoP16Kss, that will povide
humus recovery coefficient in 0.06.

450 25
S 0400 -\ »
£ 8 1| - 20 8
E o 350 \ =
S 3250 g 152
FS50 0\ -
5 ¢ 2% 22* 103
o 5 R \\ 2
gE™ 7 3
= T 7, : EE e P o
< ° % 7 2 v i 0
1990 @ 2000 | 2010 | 2015 | 2019 @ 2020*
o Ammonium nitrate,
thousand tons 13797 | 54,7 @ 40,69 @ 36,56 @ 32,61 @ 31,63
=78 Superphosphate,
thousand tons 91,77 H 36,86 @ 30,05 27,13 | 24,58 24
7% Potassium magnesium,
thousands t 161,23 | 62,89 @ 40,17 | 35,73 | 31,27 | 30,02
—a—\Nheat, million tons 1964 | 7,79 5,79 5,2 4,65 451
—a—Corn, min t 23,41 | 9,29 6,96 6,25 5,6 5,44

Fig. 1. Dynamics of application of organic fertilizers in terms of mineral and their volume of grain yield
Generalized by authors according to data [10], [13]

The approach to the problem of processing live-
stock farm wastes, especially litter manure, which ac-
cumulates in piled up manures, which is a traditional
component of the manure application system for most
livestock farms in Ukraine, should be based primarily
on environmental protection requirements, which in-
clude:

- elimination of the emission of unpleasant odors
during generation and storage of waste;

- improvement of ecological status due to isolation
from the environment of waste and the processes that
take place in it, obtaining a safe final product, as well
as waste processing at the place of its formation;

- realization of the energy potential of organic
waste in the form of biogas;

- production of industrial volumes of valuable or-
ganic fertilizers in the short term due to the transition
of nitrogen and phosphorus into easily digestible forms
for plants;

- development of ecologically clear and organic

farming;

- prevention of contamination of products, infec-
tion of humans and animals with pathogens;

- prevention of overload of soil, water and plants
with harmful substances [18].

Taking into account the complex of the described
problems, we consider it advisable to turn the vector of
scientific intention towards the search for alternative
approaches to the complex utilization of manure. We
consider anaerobic methane digestion technology used
for biogas production as the most relevant for using. Bi-
ogas is a gas that is released during anaerobic fermen-
tation of organic waste and contains up to 75% of me-
thane. The calorific value of biogas from 5000 to 8000
kcal / m3, which in fact responds to the gas mixtures
used in everyday life. The calorific value of 1 m3 of
biogas is equivalent to 0.6 m3 of natural gas, 0,643 | or
0,566 kg of diesel fuel, 0,856 kg of conventional fuel.
With 1 m3 of biogas in the cogeneration unit it is pos-
sible to generate 2 kW of electricity. Such gas can be
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used as fuel to produce heat, steam, electricity or auto-
motive fuel. The biogas output depends on the dry mat-
ter content and the type of raw material, so from 1 ton
of fresh cattle manure 28 m3 of biogas with methane
content of 50% can be obtained. Biogas production
technology makes it possible to additionally produce
high quality organic fertilizers, thus organic livestock
waste can provide innovative prospects for agricultural
enterprises. It was found that the cost of producing 1
ton of fertilizer is: 0.4-0.6 machine hours, labor - 0.6-
0.8 man-hours, electricity - 0.14-0.23 kW/h. (energy
costs for the production of 1 ton of fertilizers are 525-

575 MJ, including technological - 240-280 MJ). The
cost of processing is 60-95 UAH / t, the cost of finished
products ranged from 165 to 280 UAH / t.

Let us determine the approximate volumes of po-
tential production of biogas within Ukraine (Table 4).
We used statistical data of livestock availability of cat-
tle, pigs and poultry as of 01.01.2020 for calculating
estimated volume of biogas production in the agricul-
tural sector [10]. The calculations used data on the pro-
duction of biogas by one head of different species of
animals and poultry.

Table 4
Estimated output of organic livestock and biogas wastes in Ukraine in 2020
The output of organic waste The output of
Kmd_of farm daily from total in a year, ftechnically achievable to-— biogas Bio fe_rtl_llzer output,
animals - - m total, million tons
one head, kg million tons tal, million tons L 3
/t | million m
Cattle 40 45,902 27,541 28| 616,928 9,639
Pigs 8 16,748 10,049 54| 434,095 3,015
Poultry 0,25 19,547 11,728 41| 384,678 3,284
Total - 82,197 49,318 - | 1435,702 15,938

Generalized by authors according to data [6], [10]

The calculation of the theoretically possible poten-
tial for biogas production from animal waste is esti-
mated from the calculation of the potential production
of biogas, taking into account the livestock of all ani-
mals and birds in agricultural enterprises and house-
holds, minus 20% of the volume of biogas production
to maintain temperature regime in the methane tank.
The technically possible biogas potential is calculated
by adjusting the theoretical potential by a factor that
takes into account the inability to collect and use waste
when, for example, cattle is in pastures, or when waste
collection is complicated by other factors. This coeffi-
cient for all animals except birds is 0.6. The economic
potential of biogas production takes into account the es-
timation of biogas production from animal waste only
by agricultural enterprises [2].

Researches of Sereda L.P. and Chernyavsky M.M.
indicate that fermentation residues (biofertilizers) are
valuable because in addition to nitrogen, potassium,
and phosphorus, which are in synthetic mineral fertiliz-
ers, they contain nutrients such as protein, cellulose,
and lignin,. These substances cannot be replaced with
artificial ones, because they are the basis for the devel-
opment of microorganisms, responsible for the transfer
of nutrients to the plant accessible form [17]. Druko-
vanyi M.F. in his studies has determined the effect of
these fertilizers on the yield of maize, which increased
by 25% using biological organic fertilizers [4].

New generation organic fertilizers obtained from
organic waste by method of biological fermentation do
not contain pathogenic microflora and are environmen-

tally friendly, odorless, with high content of humic ac-
ids and mobile forms of basic nutrients, depending on
the raw material having dark brown or brown color,
loose, small structured with a particle size of 2-5 mm.
By its agrochemical properties it is a complex fertilizer
containing all macro- (nitrogen, phosphorus, potas-
sium, calcium) and trace elements (copper, zinc, boron,
magnesium) and other plant nutrients. 1 ton of fertiliz-
ers contains an average of 55 kg of active ingredient
N20P15K20, and the presence of calcium in the composi-
tion helps to reduce the acidity of the soil. Depending
on the nutrient content of unprocessed manure, the rate
of biohumus application should be calculated based on
a coefficient of 0.66, if the optimal dose of manure was
calculated at the level of 11.5 t / ha, rate for biohumus
- 7.6 t / ha (at humidity 60%). Considering a fact that
the available livestock for 2020 will produce 15.938
million tonnes of biohumus, this would allow only 2.1
million hectares of arable land to be fertilized (6.5%).
In order to provide the required volume of animal or-
ganic fertilizer, a minimum livestock population per
hectare of arable land should be established. For sim-
plicity of calculations, we take this figure in the condi-
tional heads according to the established coefficient,
which is: for cattle = 1, pigs - 0,28, poultry - 0,011. We
consider as appropriate option to keep minimum 1 con-
ditional head per 1 hectare, that equals to: 1 adult cattle
head, 4 pig heads or 90 bird heads. Accordingly, to pro-
vide the necessary doses of organic fertilizers, the live-
stock population should be increased by 17,012 million
cows, 31,264 million pigs and 759,046 million birds
(Table 5).
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Table 5

Multiplicative ecological and economic effect of fertilizer system optimizing by expanding of the farm animals
livestock population

Requires | Livestock | The vol- Biomethane Volume of Substitution min. fertilizers
livestock, deficit, |ume of or-| volume, million | biofertilizers, |(@ammonium nitrate / superphos-
thousands ofithousands of|ganic mat- m3 million tons | phate / potassium magician),
heads heads [ter, million thousand tons
tons
Cattle| 23036 -17012 179,68 2414,85 62,89 36,56/31,45/44,92
Pigs 42285 -31264 76,11 1972,86 22,83 13,27/11,42/16,31
Poultry| 973256 -759046 | 116,79 2298,44 32,70 19,01/16,35/23,36
Total - - 372,58 6686,16 118,42 68,85/76,97/108,27
Economic effect
The cost of bio- |The cost of regenerated The cost of mineral fertilizers The cost of an additional
methane, billion |biohumus, billion UAH| substituted with biohumus, billion grain crop
UAH UAH
38,537 1,701 2,872 84,8

Source: calculated by the authors

Considering the fact that the weighted average hu-
mus content in the soil of Ukraine is 3.17%, it can be
calculated that its content in the physical mass is 105
kg / ha in the arable layer, and considering the annual
rate of recovery + 0.02%, it makes 21 g / year on one
hectare. Scientists estimate the cost of humus at 2.5
thousand UAH / t, so the cost of its annual regeneration
can be estimated at 52.5 UAH / ha, which is within the
total arable land will make 1.701 billion UAH.

Biomethane by parameters of calorific value is
equivalent to natural gas, so its value can be calculated
at the market price, which as of 01.01.20, according to
the stock quotes [15] was 5763,78 UAH / thousands m?®,
so the cost of the obtained biomethane will be 38.537
billion UAH.

Estimating the prospects for growing strategic ce-
reals, according to the 2019 harvest, wheat was har-
vested - 28.1 million tonnes, maize - 30.8 million
tonnes, barley - 8.9 million tonnes [13], it is possible to
predict a 25% increase in yield. Accordingly, it is 7 mil-
lion tonnes of wheat, 7.7 million tonnes of corn and 2.2
million tonnes of barley. Estimating additional yield at
the weighted average exchange prices [11], its value
will make 84.8 billion UAH. Thus, the multiplicative
economic effect of optimizing the fertilizer system, due
to the expansion of livestock farming, is estimated at
UAH 137.545 billion per year.

Therefore, the proposed restrictions related to a
minimum of 1 conditional head of agricultural animals
per 1 ha of arable land for working agricultural enter-
prises and also introduction of bio-fermentation tech-
nology of animal waste will lead to financial independ-
ence of prices for fertilizers for enterprises, reduce of
energy dependence, intensification of production
through internal reserves, solving environmental prob-
lems and the transition to a high culture of organic
farming, increasing of crop yield. In addition, in the
context of European integration processes, there is a
need to adapt domestic agricultural policy to EU stand-
ards and CAP. The gradual adaptation of the proposals
will allow the agricultural development vector to be di-
rected towards rural renewal, environmental protection

and food security, it will be possible to stimulate agri-
cultural development in Ukraine, increase the standardi
of living of the rural population and to be ready for EU
membership.

Conclusions and suggestions. Effective function-
ing of agro-industrial complex of Ukraine and economy
in general implies the rational use of its resource poten-
tial. It is worth noting that agriculture, which is integral
component of agroindustrial complex, is actually
waste-free production if rationally implemented. Live-
stock industry, which purpose of functioning is the pro-
duction of high quality food and valuable raw materials
for food and light industry, is a powerful source of nu-
trients for plant growing. Livestock wastes, including
manure that is generated in a consequence of the phys-
iological processes of animals and poultry, and is not
actually the main product of this industry, today is an
invaluable source of nutrients and highly liquid com-
modity. Only in case of inefficient management the ma-
nure is treated as a waste and becomes a source of en-
vironmental pollution.

In the context of European integration processes,
to prevent growth of ecological crisis the state must de-
velop and implement an effective environmental crisis
an economic incentive mechanism that should be aimed
at raising the interest of landlords and land users (espe-
cially tenants) in preserving soil fertility and protecting
land from negative effects from production activity.
These measures should be adapted to the requirements
of «cross compliance» of the EU Common Agricultural
Policy [8], providing:

- prevention of misuse of agricultural lands with
no difference if agricultural production is carried out or
not on these lands;

- protection of the environment, appropriate con-
ditions for keeping animals, avoiding harm for human
health, flora and fauna;

- introduction of scientifically substantiated vol-
umes of mineral and organic fertilizers, implementation
of anti-erosion measures, compliance with storage re-
quirements and use of agricultural waste.

Adherence to the EU Common Agricultural Policy
will allow:



10

The scientific heritage No 46 (2020)

- to reduce the negative impact of agricultural pro-
duction on the environment, increase crop yields and to
raise the culture of agriculture in general;

- to implement new agricultural production tech-
nologies, that maximize environmental requirements
and are geared toward achieving ecological balance;

- to produce biofuels and energy from raw materi-
als obtained from agriculture, which will increase effi-
ciency of economic activities and energy independence
of agricultural enterprises;

- to receive payments by agricultural producers for
keeping the rules of conduct for agriculture activity rec-
ommended by the relevant EU directives.

In general, the efforts at the state level to solve the
problems of improvement of agro-ecological condi-
tions of agriculture functioning in Ukraine will contrib-
ute to the improvement of the state of natural resources
involved in agricultural production, increase of export
potential of environmentally friendly products, meeting
the needs of population in a clean environment and
quality products, increasing profitability and raising
corporate social responsibility and more.
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