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Abstract

In Russia the animal housing/feeding and manure handling technologies have changed significantly over the past 20-30
years. At the same time, the reference data concerning the manure nutrient content remained unaltered, corresponding to the
old technologies. Another weak point of available reference documents is that they were elaborated for the entire country and
therefore may not be accurate enough, as the different regions have different climatic conditions, cattle breeds and relevant
livestock farming practices. The aim of the study was to identify the currently relevant characteristics of cattle manure,
corresponding to modern technologies for the North-West of Russia — the Russian part of the Baltic Sea Region. 148 manure
samples were collected in 2017-2019 at 8 farms located here. The values obtained by averaging the results of laboratory
analysis of manure samples were compared with the values from current reference documents. The comparison showed that
the average nitrogen content in the dry matter of fresh cattle manure was 34.7% lower than that in the reference document. The
average nitrogen content in the dry matter of cattle manure after its processing and storage was 59.5% lower than that in the
reference document. The average phosphorus content in the dry matter of fresh cattle manure differs slightly from the value in
the reference document — by 3.2%. However, the average phosphorus content in the dry matter of cattle manure after its
processing and storage was significantly higher than the value in the reference document — by 106.3%.
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WU3MEHEHHUE CBOHCTB HABO3A KPC KAK PE3YJIbTAT IPUMEHEHUAA
HOBbBIX TEXHOJIOT'MHX HA ITPUMEPE CEBEPO-3AITAJIA POCCHUHA

Hayunas crates

AHHOTANUA

TexHoNMOrNN COAEPKAHUS KUBOTHBIX, KOPMIICHHSI 1 00paOOTKH HaBO3a 3HAYMTEILHO M3MEHIUTHCH B Poccuu 3a mocienane
20-30 ner. B TO ke BpeMs HOPMAaTHBHBIC W CIIPABOYHBIC JAHHBIE O COJAEPKAHUH IHUTATEIbHBIX BEIIECTB B HABO3E OCTAINChH
NPEXHIMH, COOTBETCTBYIOIIMMH CTapbIM TEXHOJIOTHSAM. Emie OZHUM HEIOCTaTKOM CYIIECTBYIONIMX HOPMAaTHBHBIX W
CIPaBOYHBIX JOKYMEHTOB SIBIISIETCS TO, YTO OHH OBLTH pa3paboTaHbl JUIsl BCEH CTPaHBI B IEIIOM U, CIE€A0BATENbHO, MOTYT OBITh
HEJOCTATOYHO TOYHBIMH, MOCKOJBKY B Pa3HBIX PETHOHAX CYMIECTBYIOT Pa3HbIC KIMMATHUIECKUE YCIOBHS, NMOPOJIBI CKOTA U
TEXHOJIOTUM KOPMJICHHS, COJEp)KaHMsl CKOTa, HaBo3oydajeHus. Llenplo umccnenoBaHus ObUIO BBISBICHHE aKTyalbHBIX B
HacTosiIlee BpeMsl XapaKTePHCTHK HAaBO3a KPYITHOI'O POTaToro CKOTa, COOTBETCTBYIOIIMX COBPEMEHHBIM TEXHOJOTHUSM JUIS
Cesepo-3anana Poccun - poccuiickoii yactu pernona bantuiickoro mops. B 2017-2019 rogax Ha 8 hepmax, pacroiokeHHbIX
311ech, ObuI0 cobpano 148 00pa3noB HaBo3a. 3HAUEHHMS, TOJYYSHHBIE TyTEM YCPEIHEHHS PE3yIbTaTOB JIAOOPaTOPHOTO aHAIH3a
00pa3oB HaBO3a, CPABHUBAIUCH CO 3HAYCHUSMU W3 JEHUCTBYIOIIMX HOPMATHBHBIX M CHPABOYHBIX JOKYMEHTOB. CpaBHEeHHE
ITOKa3aJio, 9YTO CpeTHee CoAepiKaHKMe oOImero a3ora B cyxoM BemecTBe cBexero HaBo3a KPC Obuto Ha 34,7% Hmke, ueM B
JIEHWCTBYIOIIEM HOPMAaTUBHOM AoKyMeHTe. CpeniHee coliepkaHue a30Ta B cyxoM BemecTse HaBo3za KPC mocie ero o0paboTku
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u xpaHeHHs ObUI0 Ha 59,5% HIKe, 4eM B HOpMAaTHBHOM IokyMeHTe. CpemHee comepxanHne ¢ochopa B CyXOM BEIIECTBE
cBexxero HaBoza KPC He3HauMTENbHO OTIMYAETCS OT 3HAUYEHHS B HOPMAaTHBHOM HOKyMeHTe - Ha 3,2%. OmHako cpemHee
comepxanne ¢ochopa B CyXOM BeIIECTBE HaBO3a KPYITHOI'O POTaToOro CKOTAa IOCIE ero oOpaboTKH W XpaHEHHS OBLIO
3HAYUTEIBHO BBIIIE 3HAUEHHS B HOPMAaTUBHOM JIOKyMeHTe - Ha 106,3%.

KiroueBble ci10Ba: cBoiicTBa HaBO3a, CoAepKaHue 0OIIero a3ora, cogepxkanue Gochopa, pernon bantuiickoro mMops,
JTAaHHBIC O HABO3€.

1. Introduction

Over the past 20-30 years, there have been significant changes in the technologies of animal housing/feeding, and manure
handling in Russia. In 2017, the average productivity in the North-West of Russia increased to 6,600 kg of milk per head that
was nearly twice as much as in 1995. The intensification of the dairy industry resulted in the change in the structure of
livestock farms — the share of farms with the cow stock above 1000 head rose from 29% in 2000 to 55% in 2017. The farm size
was growing with the introduction of the loose housing systems of farm animals that resulted in bigger amounts of semi-liquid
manure produced. According to experts, its share will exceed 60% by 2020. Change-over to different animal housing practices
and, consequently, different manure removal systems caused the obvious changes in manure properties.

At the same time, the current reference documents specifying the manure nutrient content remained the unaltered,
corresponding to old technologies. One more their weak point is that they were elaborated for the entire territory of Russia and
therefore may not be accurate enough, as different regions of the country have different climatic conditions, farm animal
breeds and relevant farming technologies.

The aim of the study was to identify the currently relevant characteristics of cattle manure, corresponding to modern
technologies for the North-West of Russia — the Russian part of the Baltic Sea Region.

Manure total nitrogen and total phosphorous content were of particular interest from both environmental and economic
points of view. Manure is a significant source of pollution in agriculture, so it is the subject of many studies [1], [2], [3], [4],
[5]. Therefore, the clarification of relevant characteristics of cattle manure is a current issue. The previous comparison of
manure samples in 2015-2017 revealed significant deviations of actual and reference values [6]. To have more objective
evidence, more systematic and repeated in different seasons sampling was performed on several selected farms with a bigger
number of samples.

2. Materials and methods

New manure data was obtained by sampling, laboratory analysis and mathematical processing of the results. 148 samples
of cattle manure were collected at 8 farms in the Russian part of the Baltic Sea Region (Leningrad Region and Pskov Region)
in 2017-2019.

The samples were collected on all the farms in different seasons of the year. Part of this activity was performed in the
framework of the project “Advanced manure standards for sustainable nutrient management and reduced emissions - Manure
Standards” of EU Interreg Baltic Sea Region 2014-2020 Programme. The samples were taken in three places — fresh manure
inside the livestock house (ex-animal), manure removed from the livestock house (ex-housing) and manure removed from the
storage before application (ex-storage).

The samples were collected following the Russian standard GOST R 54519-2011 “Organic fertilizers. Methods of
sampling”. In the case of liquid and semi-liquid manure at least eight point samples were taken from different depths, with
each being at least 1 liter. Point samples were put in one vessel and mixed, and a laboratory sample was taken, packed and sent
to the laboratory for analysis. In the case of solid manure fifteen point samples were taken from the three layers at different
depths, five samples per layer. Each point sample was at least 100 grams. All point samples were put in one vessel and mixed.
A laboratory sample was taken with the weight of at least 1 kg.

The manure samples were analysed following the applicable Russian standards:

1. State Standard GOST 26713-85: Organic fertilizers. Method for determination of moisture and dry residue (GOST
26713-85, 1985) [7].

2. State Standard GOST 26714-85: Organic fertilizers. Method for determination of ash content (GOST 26714-85, 1985)
(8]

3. State Standard GOST 26715-85: Organic fertilizers. Methods for determination of total nitrogen (GOST 26715-85,
1985) [9]. The Kjeldahl method was used to determine the total nitrogen.

4. State Standard GOST 26717-85: Organic fertilizers. Method for determination of total phosphorus (GOST 26717-85,
1985) [10].

Currently, three reference documents associated with manure are valid in Russia:

1. Management Directive for Agro-Industrial Complex RD-APK 3.10.15.01-17. “Recommended practice for designing of
systems for animal and poultry manure removal, treatment, disinfection, storage and utilization”.

2. Management Directive for Agro-Industrial Complex RD-APK 1.10.15.02-17. “Recommended practice for engineering
designing of systems for animal and poultry manure removal and pre-application treatment”.

3. “Guidelines for determining the nutrient balance of nitrogen, phosphorus, potassium, humus, and calcium” [11].

The first two reference documents specify the data on fresh manure properties and the approximate values of nutrient loss.
The third reference document specifies the data on the manure properties after its processing and/or storage.

In the study the reference data from RD-APK 3.10.15.01-17 were used as existing data for ex animal manure; the reference
data from "Guidelines for determining the nutrient balance" were used as the existing data for ex storage manure.
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For adequate comparison and processing of the results, regardless of manure water content, the total nitrogen content in
dry matter (%) and the total phosphorus content in dry matter (%) were used. Laboratory analysis data for all samples were

processed by calculating the average (median) values.

3. Results and discussions
The comparison of existing reference data and data obtained from the results of cattle manure sampling is given in tables

1, 2 and figures 1, 2.
Table 1 — Comparison of existing reference data and experimental data: nitrogen content in dry matter of manure

Reference data, New data, Difference,
% in dry matter % in dry matter %
Ex animal cattle manure 3.20 2.09 -34.7
Ex storage cattle manure 2.00 0.81 -59.5

Table 2 — Comparison of existing reference data and experimental data: phosphorus content in dry matter of manure

Reference data, New data, Difference,
% in dry matter % in dry matter %
Cattle manure, ex 0.785 0.810 132
animal, semi-solid
Cattle manure, ex 0.349 0.720 +106.3
storage, semi-solid

Ex storage manure
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Figure 1 — Comparison of the existing reference data and the experimental data: nitrogen content in dry matter of manure
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Figure 2 — Comparison of the existing reference data and the experimental data: phosphorus content in dry matter of
manure
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The comparison showed that the average nitrogen content in the dry matter of fresh (ex-animal) cattle manure was lower
than the reference value by 34.7%. The average nitrogen content in the dry matter of ex-storage cattle manure was also lower
than the reference value by 59.5%. The average phosphorus content in the dry matter of ex-animal cattle manure differed
slightly from the reference value by 3.2%. The average phosphorus content in the dry matter of ex-storage cattle manure was
significantly higher than the reference value by 106.3%.

4. Conclusions

The obtained manure data are more relevant for the conditions of the North-West of Russia and modern farms than the
existing reference data. These data can be used for modelling the environmental risks of air emissions and water bodies
pollution. In addition, these data can be used in the practical work of farmers — to calculate the maximum possible animal
stock, depending on the available field area; or to calculate the required field area for available number of farm animals; or to
define the organic fertiliser application rates.

In the future, it is advisable to update not only qualitative, but also quantitative data to improve the manure knowledge.
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