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3modenvosaro 6r00dicem HimMpoeeHy Ha NPUKAAODi 5 MUNOBUX MBAPUHHUYLKUX 20CH00APCME
Ykpainu piznoi cneyianizauii. Iloxasano i0HOCHe aHMpoOno2eHHE HABAHMAICCHHS DI3HUX
MBAPUHHUYLKUX 20CN00apcme i echeKmueHicmo GUKOPUCIAHHS NONCUBHUX PEHOBUH ) NPO-
yeci 6uUpoOHUYMEa nPooyKuii pocAuHHUYMEa i meapurHuymea. Busnaueno 6xioni nomoxu
nimpoeeny (N) — y ckaadi kopmia, dobpus, Hacinus [ nocadkosoeo mamepiany, obiogikcayii,
ammocgepHux onaoie, NOICHUBHUX PeUMOK POCAUH [ GUXIOHI nomoKu — y ckaadi eupobe-
HoI [ peanizo6anoi nNpoOdyKyii pocAUHHUYMEA | MBAPUHHUYMEBA O0CAIONCEHUX 20CNOOAPCME.
Bcmanoesneno, ujo y docaioxcenux eocnodapcmeax egpeKkmugHicms 8UKOPUCIAHHS HIMPO2eH)
(NUE,,,) cmanosums 21,0—69,9%, mobmo maka Kinbkicmb nOJICUSHUX PEHOGUH TPYHMY
ma iMROPMOBAHUX KOPMI8 Y HIMPO2EHHOMY eKe8ieaseHmi 0enOHY8ANACs 6 Peani308aHiil npo-
dykuii, a pewwma N — y nobiuniii npodykuii. Buznaueno cniggionouwienns eupooaenoi ocHos-
HoI [ nobiunoi npodykuii 6 HimpoeenHoMYy eksisarenmi. 3o0kpema, y pocauHHuumei Ha 1 m
N noxcnusnux pewumox pocaun ompumyioms 1,06—1,11 m N 3epua. B meapunnuymei na
1 m N supobaenoeo enoro ompumyroms auute 0,15—0,78 m N ocnognoi npodykuyii meapuH.
3a pisHem 6ux0dy 0CHO8HOI NpodyKYii 8IOHOCHO NOOIUHOI, 2any3i MEAPUHHUUMBA 3HAXOOAMbCA
Y MaKomy pauico8anomy nopsaoxy: ckomapemeo — 0,15 m N monoka i npupocmy scugoi macu
na I m N eudinenoeo enor; ceunapcmeo — 0,43 m N npupocmy xncueoi macu na 1 m N eHoro
i 6poiinepne gupoonuymeo — 0,78 m N npupocmy xcugoi macu gionogiono. Bcmanoeneno,
wo docaidiceHi MeapuHHUYbKI 20cno0apcmea cnpuHUHAIOMs 3HAYHe AHMPONO2EeHHEe HABAH-
mabsiceHHss Ha HABKOAUUWHE NPUPOOHe cepedogullye — iHMeHCUBHe HABAHMAICeHHS HA TPYHM
(6ananc 8i0 —30,2 do —42,2 ke N/ea/pik) i 6ucoki nokasHuku euxkudie amiaxy i NapHUKo8Ux
eazie (NH3;, NO, i N,0) i3 cucmem 30epieantsi i 6UKOPUCMAHHA 2HOIO MA CiAbCbKOROCHO-
dapcokux yeiov (16,3—1456,4 ke/2a/pik). Bcmanosneno, wo na 1 m npupocmy xcueoi macu
mensam y nogimps euxudaemocs 132,4 ke NH;, NO, i N,O; na 1 m eupobaenoco monoka
Kopie — 7,6 ke; na 1 m npupocmy xcugoi macu ceuneti (y cepednvomy) — 30,3 ke; na 1 m
npupocmy xucueoi macu Kypei-opoiinepie — 22,2 ke; Ha 1 m npupocmy xcueoi macu i 606HU
ogeyb — 53,7 ke NH;, NO, i N,O0.

Karouoei croea: meapunnuymeo, nobiuna npooyKyis, CHOAYKU XiMIYHO AKMUBHO20 HIMPOREHY,
banranc Himpozeny, eheKmueHicms GUKOPUCIAHHS HIMPOLEHY.
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INTRODUCTION

The livestock sector occupies an important
place in the agrarian complex of the Ukrai-
nian economy. Its development remains an
important condition for food security, a stable
socio-economic state of the state and a reserve
for the export of agricultural products.

Previous studies of the state of nitrogen
(N) use in agriculture have established a
negative balance of nitrogen in crop produc-
tion in Ukraine compared to EU countries,
which can lead to irreversible losses of humus
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in agricultural soils. One of the reasons for
the negative nitrogen balance in Ukraine is
a significant reduction in the use of nitrogen
as part of organic fertilizer. The accumulation
of manure and the relative increase in the
introduction of mineral fertilizers into the
soil leads to environmental pollution due to
the emission of reactive nitrogen (Nr) from
manure management systems and agricultural
land [1].

Also, the use of nitrogen for the livestock
production in Ukraine has decreased due to
the reduction of the cattle and pig population
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and the production of fodder for livestock
[2].

For sustainable livestock production,
agroecosystems need nutrients. Violation of
the N balance of agroecosystems can lead to
their irreversible destruction and pollution of
the natural environment.

The gross N budget is a quantitative de-
scription of the main nitrogen flows in the
natural environment or sectors of the econo-
my within any geographical scale (at the level
of the country, region or economy) during a
certain period [3; 4].

The purpose of the research is to deter-
mine the balanceof N, efficiency of use N and
loss of Nr in the gross N budget of different
livestock production systems in Ukraine.

ANALYSIS OF LATEST RESEARCH
AND PUBLICATIONS

Studies of the gross N budget of different
livestock production systems are relevant in
the world, because on these systems accounts
for the majority of global losses of Nr. There
are different livestock systems with signifi-
cant differences in the use of forage, livestock
and manure, and it is not yet well understood
which factors influence the N balance and
losses the most in each system [5-7].

Livestock production systems can broad-
ly be classified in grassland based ruminant
systems, mixed (crop-animal) and landless
(industrial) systems. Grassland systems are
completely terrestrial systems with less than
one livestock unit per hectare. In mixed sys-
tems, a large part of the output value comes
from activities other than livestock, while
some of the animal feed is often imported.
Industrial systems have a population of more
than 10 head of livestock per hectare, and
they depend mainly on external supply of
feed, energy and other resources [8].

According to EU Directive 2010/75/EC
«On industrial emissions (integrated pollu-
tion prevention and control)» in the coun-
tries of the European Union, farms with more
than: 40,000 poultry, 2,000 pigs (with a live
weight of more than 30 kg) or 750 sows are
considered industrial ones. Farms of this ca-
pacity are equated with industrial enterprises

due to their numerous ecological problems for
the environment and human health [9; 10].

Livestock production systems convert
plant protein to animal protein with an ef-
ficiency of 5-45%, and the remaining N (55—
95%) is in urine and manure, causing its loss.
The estimated global amount of manure N is
75-138 Tg N/year. Cattle (56-60%), sheep
(12) and pigs (6%) have the largest share in
manure N production. Approximately 40—
50% of manure N is collected in cowsheds, pig
houses, stables, paddocks, and only half of this
amount is processed on arable land. Losses
of gaseous N from manure are estimated at
45-75 Tg/year [11].

MATERIALS
AND RESEARCH METHODS

Modeling of the nitrogen budget of live-
stock production systems was carried out
according to generalized international ap-
proaches [12].

The basis for the research is typical live-
stock farms of Ukraine as of 2016: «Agro-
prime-Holding» LLC in Odesa Region,
«Bakhmut Agrarian Union» LLC in Donetsk
Region, «Kompleks Agromars» LLC in Kyiv
Region, «Freedom Farm Bacon» LLC and
«Borozenske» APC in Kherson Region.

The balance of nitrogen (N) in the soil-
plant system was calculated for the cultiva-
tion of agricultural crops: winter and spring
wheat, winter rye, winter and spring barley,
corn for grain, spring oats, peas, sunflower,
winter rapeseed, fodder root crops and me-
lons.

To calculate the manure nitrogen pro-
duction (N excretion) of cattle and pigs, the
breed of farm animals was taken into account:
large white, landrace, red white belt and red
steppe dairy breed.

The emission of Nr in ammonia (NHj),
nitrogen oxides (NO,) and nitrous oxide
(N,O) from manure management systems and
agricultural land was calculated.

RESULTS
AND THEIR DISCUSSION

According to the European classification
[8], the researched livestock farms belong to
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Table 1. Characteristics of the researched livestock farms

Name Type of livestock Specializati Total number Livestock per unit area,
of the livestock farm system peciatization of animals, heads heads/100 ha/yr
«Borozenske» APC crop-animal dal.ry fam?mg’ 3464 30
pig farming
«Agroprime o sheep farming,
Holding» LLC crop-animal pig farming 17635 79
«Freedom Farm landless . .
Bacon» LLC (industrial) pig farming 20266 12588
«Bakhmut Agrarian landless . .
Union» LLC (industrial) pig farming 86851 22466
«Complex landless broiler chickens
Agromars» LLC (industrial) farming 32264719 363546

crop-animal and landless (industrial) live-
stock production systems. In Ukraine, cattle
and sheep are farming in pasture and crop-
livestock systems, and pigs and poultry are
mainly farming in industrial landless systems
(Table 1).

In crop-animal livestock systems («Agro-
prime-Holding»> LLP and «Borozenske»
APC), most of the N in the animal manure is
ultimately returned to the land that produced
the animal feed. In industrial livestock produc-
tion systems («Freedom Farm Bacon» LLC,
«Bakhmut Agrarian Union» LLC and «Com-
plex Agromars» LLC), the manure is disposed
of elsewhere, as the land-base is missing, and
all animal feed is purchased (imported).

The manure utilization technologies
used in the construction of the «Agroprime-
Holding»> LLC complex involve the proces-
sing of manure with its further use as organic
fertilizer. The sewage treatment technology
involves their separation into solid and liquid
fractions, disinfection by anaerobic fermen-
tation, purification of the liquid fraction to
the state of technical water and solid biofuel
(solid fuel pellets). The biogas released during
the anaerobic fermentation of manure is sent
to the boiler plant, which allows reducing
the volume of energy consumption. Technical
water is used for the needs of the pig complex
and irrigation of fields.

In order to calculate the nitrogen bud-
gets of livestock production systems the in-

put flows of nitrogen from import fodder for
livestock, fertilizers, seeds & planting mate-
rial, biofixation, atmospheric deposition, crop
residues and N output flows with agricultural
crop & livestock sold products were deter-
mined (Tables 2, 3).

An important indicator that characterizes
the efficiency of livestock production systems
is the ratio of N outputs with the main and
by-products (Table 4).

In crop production, 1.06—1.11 Mg N of
grain is obtained for 1 Mg of N crop residues
(straw, tops, stubble, roots). Crop residues
are plowed up and used as bedding for ani-
mals.

In livestock, only 0.15-0.78 Mg N of the
main products (milk, meat & wool) are ob-
tained for 1 Mg of manure nitrogen produc-
tion. According to the level of output of the
main products relative to by-products, the
livestock systems are in the following ranked
order: cattle farming — 0.15 Mg N of milk
and live weight gain per 1 Mg manure ni-
trogen production («Borozenske» APC); pig
farming — 0.43 Mg N of live weight gainper
1 Mg N excreted («Agroprime-Holding» LLC,
«Freedom Farm Bacon» LLC & «Bakhmut
Agrarian Union» LLC) and broiler farming —
0.78 Mg N of live weight gain, respectivel
(«Complex Agromars» LLC).

The nitrogen balance in the soil-plant sys-
tem reflects the level of load on the soil and
the intensity of use of its nutrients (Fig. 7).
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Table 2. Nitrogen input flows from mineral & organic fertilizers,
sowing and planting material, biofixation, atmospheric deposition, mineralization
of crop residues and imports of fodder for livestock

Input of nitrogen in the soil, Mg

52
Qg . Z =
— — gs Total N input DB g
Name 2 FE| 228| =« s g 52 | - ow p 2 gl
of the livestock farm § €8 é‘ IEOCE) é‘?ﬁ 'Eo'g '&g é gé é:; 8
._‘H_*-—': B=i ;_‘.4‘—‘: =@ = A 8 & =7 ke /h »—4::$
ZEE|Z8E| 25 | 22| EE |29 | Myyr | S5
o= S <= m Z = yr
<Z
«Agroprime 2180.3 | 205 | 412 | 163.1 | 787 | 3755 [2859.4 | 127.2 | 1947

Holding» LLC
«Borozenske» APC 336.4| 11.0 14.3 463 | 242 | 1203 | 5524 | 80.0 58.1

«Freedom Farm

Bacon» LLC - B a - - B a - 585.5
«Bakhmut Agrarian

Union» LLC B B B B B B B B 1402.6
«Complex B B B B B B B B 7358.7

Agromars» LLC

Note: * Nitrogen excreted by animals in the previous year, taking into account the emission of N from the
manure management systems and agricultural land.

Table 3. N outputs with agricultural crop & livestock production

N outputs with agricultural crop & livestock products, Mg

N output with milk,

meat & wool Total N outputs

Name of the livestock farm N output with grain

produced sold produced sold produced sold

«Agroprime Holding» L1LC 2002.7 | 1831.1 108.3 103.2 | 2111.0 | 1934.3
«Borozenske» APC 392.0 314.0 17.8 18.8 386.6 332.8
«Freedom Farm Bacon» L1LC - - 122.5 122.3 122.5 122.3
«Bakhmut Agrarian Union» LLC - - 415.8 415.6 415.8 415.6
«Complex Agromars» LLC - - 32288 | 3272.0 | 32288 | 32720

Table 4. N outputs with crop residues & manure nitrogen production

The ratio of N outputs with the

N outputs with by-products, Mg main products to N by-products

Name of the livestock farm
N crop N Total . .
residues | excretion | outputs N Crop production Livestock
«Agroprime Holding» L1LC 1805.4 260.5 2065.9 1.11:1 0.42:1
«Borozenske» APC 368.8 115.6 484.4 1.06:1 0.15:1
«Freedom Farm Bacon» LLC - 275.4 275.4 - 0.44:1
«Bakhmut Agrarian Union» LLC - 986.9 986.9 - 0.42:1
«Complex Agromars» LLC - - - - 0.78:1
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69,9

54,6

B NUE %

—@— Balance N, kg/ha/year

«Agroprime «Borozenske»
Holding» LLC APC

./3‘012

-42,2

«Freedom Farm
Bacon» LLC

«Bakhmut Agrarian
Union» LLC

«Complex
Agromars» LLC

Fig. 1. Nitrogen utilization efficiency of the farm (NUE,,,)
and nitrogen balance in the soil-plant system

The nitrogen balance in the soil-plant sys-
tem is the difference between the input flows
of N in the soil and the output flows of N with
the crop production, taking into account the
emission of Nr from agricultural lands.

The crop-animal livestock systems
(«Agroprime-Holding» L1LC and «Borozen-
ske» APC) have a negative nitrogen balance
in crop production from —30.2 to —42.2 kg N/
ha/year, this means that much more nutrients
are removed from the soil than are received
there.

The NUEy,,,, reflects the efficiency of the
use N of soil and imported fodder with the
sold crop and livestock production, taking
into account the emission of Nr from agricul-
tural land.

It was established that the NUE,,,, is
21.0-69.9% on the investigated farms, i.e.,
such amount of soil nutrients and imported
feed in nitrogen equivalent was deposited
in the sold products, and the rest of N was
depositedin by-products (crop residues &
manure). Thus, the higher the farm’s NUE,
the more efficient the production, but it is
necessary to take into account the livestock
production systems. In crop-animal livestock
production systems (Agroprime Holding LLC
and Borozenske APC) the NUE is higher (on
average —62.3%)compared to landless indust-

rial systems (Freedom Farm Bacon LLC,
«Bakhmut Agrarian Union» LLC, «Agro-
mars» LLC) (NUE on average —31.7%) due
to the sale of agricultural crops.

Among landless industrial systems, the
broiler chickens farming has a higher NUE —
44.5% than the pig farming — 25.3%, which
is related to the different physiological ability
of broiler chickens and pigs to transform the
nutrients of the ration into meat products.

Manure without special treatment is a
source of NHj3 emissions due to ammonifica-
tion, which is why, taking into account the
current volumes of animal food production in
the world, the livestock sector is considered
the main source of NH3 emissions in the
agricultural sector [8].

Fig. 2 shows the level of anthropogenic
load on the natural environment from the
activities of the livestock production systems
as a result of Nr emissions from manure ma-
nagement systems and agricultural land.

In mixed livestock systems («Agroprime-
Holding» LLP and <«Borozenske» APC),
the indicated quantitative losses of Nr from
agricultural sources must be taken into ac-
count when planning the application of mine-
ral and organic fertilizers and plowing plant
residues into the soil with the aim of balanced
use of nutrients in the soil-plant system.
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«Complex Agromars» LLC

«Bakhmut Agrarian Union» LLC

[ Emission Nr from manure, Mg/yr

«Freedom Farm Bacon» LLC [ Emission & leaching Nr from the soil, Mg/yr

«Borozenske» APC

«Agroprime Holding» LLC

I I
Mg o0 500 1000 1500 2000

Fig. 2. Emission and leaching of Nr from manure management systems and agricultural lands

«Borozenske» APC

—

16,3 1 Emission NHs, NO, & N,O from manure & soil, kg/ha/yr

«Agroprime Holding» LLC :| 41,2

«Complex Agromars» LLC 268,2

«Freedom Farm Bacon» LLC 975,8

«Bakhmut Agrarian Union» LLC 1456,4

Fig. 3. Emission of NH3, NO, and N,O from manure management systems
and agricultural land per 1 ha of land area

140
-§ 120
T 1 Live weight gain of cattle
o 2 100 . . . ) —
2 a B Live weight gain of pigs
‘i '\;l 30 B Live weight gain and sheep wool -
S % B milk
<= 60 B Live weight gain of broiler chickens ———
I u=
2 ©°
o 40
<=
5 20 I I
o
0
«Agroprime  «Borozenske»  «Freedom Farm  «Bakhmut Agrarian «Complex
Holding» LLC APC Bacon» LLC Union» LLC Agromars» LLC

Fig. 4. Emission of NH3, NO, and N,O from manure management systems
per 1 Mg of livestock products
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It is obvious that the largest local air pol-
lution is caused by large poultry and pig farms
(«Bakhmut Agrarian Unions, «Freedom Farm
Bacon» LLC and «Complex Agromars» LLC),
which have the highest density of livestock
per unit area of agricultural land (Fig. 3).

The share of greenhouse gas — N,O in
the total emissions from agricultural land
is 76—-85%, and in the total emissions from
manure management systems of the studied
farms — within 5%.

It was established that 132.4 kg of NHj,
NO, and N,O are emissed for 1 Mg of live
weight gain of calves; 7.6 kg of NH3, NO,
and N,O per 1 Mg of produced cow’s milk;
30.3 kg of NH3, NO, and N,O per 1 Mg of
live weight gain of pigs (on average); 22.2 kg
of NH3, NO, and N,O per 1 Mg of live weight
gain of broiler chickens; 53.7 kg of NH3, NO,
and N,O per 1 Mg of produced live weight
and wool of sheep (Fig. 4).

CONCLUSIONS

1. The obtained results show the expe-
diency of modeling the nitrogen budget of
livestock production systems in Ukraine for
the comparative assessment of their anthro-

pogenic load and the efficiency of nutrient
use.

2. The main factors affecting the balance
of N, NUEj,, and Nr loss in livestock systems
are specialization of the farm; the level of ap-
plication of organic and mineral fertilizers
into the soil in relation to the yield of crops;
the level of reproduction and productivity of
animals per unit of feed consumption; avail-
able by-product management systems and
volumes of product sales (exports).

3. The livestock production systems cause
a significant anthropogenic load on the natu-
ral environment — intensive soil load (average
—30.2 to —42.2 kg N/ha/year) and high rates
of NH3 and greenhouse gas emissions from
manure management systems and agricultural
land (16.3—1456.4 kg/ha/year).

4. The determined indicators of the N ba-
lance in the soil-plant system, NUE(,.,,, and Nr
loss in combination with other agroecological
indicators should be used to assess the effec-
tiveness of the implementation of measures
to improve technology at the enterprise in
order to increase the efficiency of the use of
nutrients and reduce the anthropogenic load
on the natural environment.
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