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Lenu u TemaTtuka. KypHan BecmHuk Poccuiickoeo yHugepcumema opyxcobt Hapooos. Cepusi: AepoHomust
u scugomrosoocmeo (Becmruxk PY/TH. Cepusi: AepoHoMUsl U HCUBOMHOB0OCMB0) — TIePUO/IUeCKOe pelieH3H-
pyeMoe HayuyHOe M3/laHie B 00/1aCTH CeIbCKOT0 X035CTBa. YKypHal SIB/ISeTCss MeXyHapOJAHBIM Kak 110 COCTaBy
aBTOPOB 1 TeMaTHKe Iy0O/IMKaLii, OTpakarolLiiei mpobsieMaTHKy HayuHbIX UCC/Ie/J0BaHHsl B Pa3/IMYHbIX PETHOHAX
MUPa, TaK U [10 COCTaBy pe/lakKL{MOHHOM KOJJIErMU U 5KCIIepTHOrO coBeTa (pelieH3eHTOB). 2KypHas npejjHa3Ha-
YeH Jyis1 1yO/MKaL|i pe3ysbTaToB QyH/JaMeHTa/lbHBIX U MIPUK/IaJHbIX HAYYHBIX UCC/IeJOBAHUN POCCUHCKUX
1 3apy0e)KHBIX YUeHbIX B BH/ie OPUTHHABHBIX HAyYHbIX CTaTel, 0030pHBIX HayUHbIX MaTepHUaoB, HAyYHbIX
coobienut, Gubmorpaduueckrx 0030pOB I10 OTpe/IeIeHHBIM TeMaM HayUHbIX HCCIeIoBaHUN. TakKe >KypHas
MyO/IUKyeT U pacripoCTpaHsieT pe3ysibTarhl (PyH/ aMeHTalbHbIX U PUKJ/IaJHbIX UCC/Ie[0BaHNH, TIPOBOJUMBIX
B KO/171a00pariiy 0TeueCTBeHHbBIX U 3apyOe)KHBIX YUEHBIX 110 IPUOPUTETHBIM MPo0/IeMaM CebCKOX035HCTBEeH-
HOIt oTpac/u. B >xypHaze MoryT GbITh OMy6/IMKOBaHbI MaTepyalibl, HayuHasi [IEHHOCTb KOTOPBIX U MPUTOHOCTD
JU1s1 TTyO/MKaliK OLieHeHa peLieH3eHTaMH U pe/laKIIMOHHOM KoJulervel )KypHasa. Bo Bcex MaTepranax J0/DKHbI
Co0/IOZaThCs STUUECKHE HOPMbI HaYUHBIX 1Ty O/IMKaLMid.

Peziak1ji0HHas KoJLIerysi IpUHUMaeT K paCCMOTPEHHUI0 MaTepyaslbl 110 HarlpaB/leHHsIM: arPOHOMUS, )KUBOT-
HOBO/ICTBO, BeTepPHHAPHsl, 300TeXHUs], BeTeDUHAapPHOCAHUTAapHasi SKCIIepTH3a, TexHoCepHasi 6e30MacHOCTb,
3eMJIeyCTPOMCTBO U KaJJaCTphl, JaH/madTHas apXUTeKTypa — /151 TOATOTOBKH TeMaTH4eCKUX BbIITyCKOB
C yJacTHeM IpUIIalleHHbIX Pe/lakTOpOB.

JKypHas pekoMeH/10BaH [IUCCepTALMOHHbIMU coBeTamu PY[TH; BXOAUT B repeveHb U3aHui, MyOaMKauu
KOTOPBIX YUMTBIBatOTCsl Bhiciiieli arTectauyoHHo# komuccueit Poccun (BAK P®) npu 3amiuTe Arccepraiuii Ha
COMCKaHMe yueHbIX CTelleHell KaHju/aTa 1 JoKTopa Hayk 110 crierpanbHocTaM: 03.02.01 Boranuka, 03.02.13
IMouBoBesieHue, 06.01.01 O61iee 3emiesenve pacteHreBoCTBO, 06.01.02 Menuopariyisi, peKy/IbTHBALIUS ¥ OX-
paHa 3emesb, 06.01.04 Arpoxumus, 06.01.05 Cenekiiysi 1 CEMEHOBO/CTBO Ce/IbCKOXO35IICTBEHHBIX pacTeHUH,
06.01.06 JIyroBOoZICTBO ¥ JIeKapCTBeHHbIE 3(UPHOMACTUYHEIE Ky/IbTypbl, 06.01.07 3arumra pactenuti, 06.01.09
OgoreBozcTBO, 06.02.01 JuarHocTtrka 60se3Hel U Tepanysi )KUBOTHBIX, [1aTOJIOTHsl, OHKOJIOTYsi 1 MOP(OJIOTHs
JKUBOTHBIX (BeTeprHapHble Hayku), 06.02.02 BeTeprHapHasi MUKPOOHOIOTHsI, BUPYCOJIOT S, STIM300TOJIOT s,
MUKOJIOTHsI C MUKOTOKCHUKOJIOTel 1 KIMMYHOJIOr U (BeTepuHapHble HayKu), 06.02.04 BeTepuHapHas Xxupyprus
(BeTepuHapHble Hayki), 06.02.07 Pa3BezieHue ceeKIysi ¥ reHeTHKa CeTbCKOX03sHCTBeHHbIX )KUBOTHBIX (Ce/TbCKO-
xo3siiicTBeHHble HayKu), 06.02.10 YacTHasi 300TexXHus], TEXHOJIOT WS IPOU3BO/CTBA [TPOJYKTOB )KUBOTHOBO/CTBA
(cenbCKOXO03sHCTBEHHbIE HAyKH).

TpeOoBaHUs K CTATbsIM U TIPABUJIA PeLeH3UPOBAaHMsl, 37IeKTPOHHBINA apXUB B OTKPBITOM /IOCTYIIE U MHas
[l0TI0NTHUTeIbHAsE MH(OopMaLMs pa3MellieHbl Ha caiite xypHana: http://agrojournal.rudn.ru.
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Abstract. The current study is aimed at evaluating the reaction of winter wheat varieties according to cultivation
technologies at a different level of intensity i.e. basic, intensive and high intensive. The cultivation technologies
included fertilizers, pesticides and growth regulators at different combinations and concentrations. The experiment
was established in order to determine the optimum conditions of winter wheat cultivation. Three winter wheat
varieties were studied: Moskovskaya 40 (V1), Nemchinovskaya 17 (V2) and Nemchinovskaya 85 (V3). Yield
performances and grain quality (measured through protein and gluten content) were determined according to the
tested cultivation technologies. The results showed that the cultivation technology affected grain wheat productivity
and quality on all varieties studied, since the highest yields were obtained using high intensive cultivation technology
for all varieties studied, Moskovskaya 40 — 9.65 t/h, Nemchinovskaya 17 — 8.58 t/h and Nemchinovskaya 85 —
9.87 t/h. However, according to the basic technology, the yield was lower by 20...64 %. The tested cultivation
technologies demonstrated that high intensive cultivation technology increased wheat quality. The highest protein
content (18 %) was recorded in Nemchinovskaya 85 variety. The present results give real opportunities for a large-
scale application of the tested cultivation technologies in different agricultural lands of Russia.
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Introduction

Winter wheat occupies a significant proportion in the whole agricultural system, this
crop is grown in an area of 10 million hectares in the Central Non-black region [1]. This
crop is considered as the most important food crop in Russia, providing daily protein
and food calories [2]. The new cultivation technologies used provide to obtain 10 t/ha
yield or more through decreasing pests damage, disease infections and weed populations,
since, direct yield losses caused by phytopathogens are between 30 and 65 % of global
agricultural productivity [3].

Modern cultivation technologies include a set of agricultural techniques aimed at
reducing the negative effects of climate conditions, development of diseases and pests
[4]. In this case, new approaches are used in application of scientific modern methods
for regulating growth and plant development. They include the use of mineral fertilizers,
considering the need for basic plant nutritive elements based on soil and plant diagnos-
tics, the use of modern plant protection products, compliance with optimal grain seeding
standards for the cultivated variety, and the use of retardants [5].

Influence of different cultivation technologies on winter wheat varieties grown on
sod-podzolic soils of the Central non Chernozem region was studied [5, 6]. It was found
that using optimal cultivation technologies improves soil agrochemical and agrophysical
indicators, phytosanitary condition of fields and plants, and increases fertility of sod-
podzolic soil [4—14].

The rational use of agrotechnical methods, mineral fertilizers and plant protection
chemicals contributes to obtaining desired yield with high grain quality [9—10]. In this
case, such technological approaches as fertilization based on soil and plant diagnostics,
development of an integrated plant protection system, use of biological agrochemicals
and other technological solutions are considered.

Thus, the research was aimed to study the impact of three cultivation technologies
on winter wheat varieties. Three different cultivation technologies identified as basic,
intensive and high intensive with different pesticide combinations, fertilizers and growth
regulators were investigated. Yield and protein content were measured in three winter
wheat varieties.

Materials and methods

Plant Material. In the experiment, three winter wheat varieties were studied:
Moskovskaya 40 (V1), Nemchinovskaya 17 and Nemchinovskaya 85 (V3).

Experimental Field. Intensive farming was conducted during 2016—2019 under
the conditions of nonchernozem zone at Nemchinovka Research Institute of Agriculture
located in Moscow region, Odintsovskiy district, Russia. (55° 45’ N, 37° 37" E and 200
m altitude).

Soil Characteristics. Samples were taken randomly from different spots at 0...15 cm
to record the initial soil characteristics. The soil was typically loamy with 1.73 % organ-
ic matter. Soil pH was within the limits of 5.6...6.1. P,O_ concentration was from 105
to 350 mg/kg and K,O from 65 to 125 mg/kg characterizing the soil as mid and high
provided with phosphorus and mid and low provided with potassium.
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Climatic Conditions. The climate in the Moscow region is mid-continental with
soft winter, occasional flaw and warm damp summer. The average annual temperature
is +4.20 °C. The average temperature of warm season (May — October) is +14.40 °C;
and the average monthly temperature in January and July is —10.40 °C and +18, 10 °C,
respectively. The average time of a positive air temperature period is near 215 days.
The average period with temperature more than +10 °C (vegetation season) is 130 days.
The average temperature of cool season (November — March) is —6.70 °C. The average
annual precipitation is 628 mm: 56 % in spring-summer season and 26 % in autumn.
The average precipitation rate from May to September is 339 mm (Fig. 1).
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Fig. 1. Average monthly rainfall and temperature during 2016—2019 in the Moscow region

Cultivation technologies. Experiments were conducted during three years from 2016
to 2019. Three different cultivation technologies were tested: basic, intensive and highly
intensive which included fertilizers, fungicides, herbicides, insecticides and growth
regulators at different combinations and concentrations (Table 1).

Table 1
Applied treatments in cultivation technologies
Cultivation technology Fertilizers, kg ha Crop protection details
- ) * Fungicide: Vincyt Forte 1.25 I/t +
Basal application NP, K, kg ha?,

Fundazol 0.5 kg /h
* Insecticide: Picus 1 I/t+DITOX 1.0 I/ h
* Herbicide: Lintur 180 g/h

« Fungicide: Vincyt Forte 1.25 I/t (+ Impact
0.51/h + Super Alto 0.5 I/h + Consul 1 I/h
* Insecticide: Picus 1 1/t + Danadim Expert
1.01/h + Danadim Power 0.6 I/h + Danadim
Expert 0.6 I/h

* Herbicide: Ditox 1.0 I/h + Accurate Extra
25g/h

* Growth regulator: Perfect 0.3 I/h + Perfect
Retarders

1. Basic T1 in pre-sowing and N, , kg ha,
in the germination phase

Basal application N, P, K ., kg ha, in
pre-sowing, Top dressing,

at germination and tillering phases, N,
and N, , kg ha, respectively

2. Intensive T2

30’

« Fungicides: Vincit Forte 1.25 |/t +Exclusive
Impact 0.5 I/h + Super Impact 0.75 I/h +
CONSUL 1.0 I/h « Herbicide: Accurate Extra
35 g/h +Foxtrot 1.0 I/h

* Insecticide: Picus 1 1/t + Danadim Power
0.6 I/h + Vantex 60 ml/h

« Growth regulator: SAPRESS0.3 I/h +
Perfect 0.3 I/h

Basal application N, P, K, .., kg
ha’, in pre-sowing, Top dressing, at
3. High Intensive T3 germination, tillering and elongation
of stem phases, N, N,,and N, , kg ha?,

respectively

60" 30"
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The experiment was carried out in a systematic way, repetition blocks consisted of
160 m? plots, replication was triple, with seeding rate of 5 million grains/ha. After the
previous harvest (2015—2016), tillage was done by a BDT-10 disc truck in a single
lane. Seeding was realized with a SN16 PM seeder. The harvesting was carried out with
Sampo-500 tractor.

Results and discussions

Yield and productivity of the winter wheat varieties according to the tested cultivation
technologies. Yield performance of the three studied winter wheat varieties according
to the three tested cultivation technologies (T1 — basic, T2 — intensive, T3 — highly
intensive) was shown in the figure 2. When comparing wheat varieties according to
cultivation technology 3 (T3, highly intensive), Nemchinovskaya 85 (V3) showed the
highest values (9.87 t/ha), Moskovskaya 40 (V1), Nemchinovskaya 17 (V2), yielded 9.65
t/ha 8.58 t/ha, respectively. However lowest yield was achieved using basic technology
for all studied varieties — Nemchinovskaya 85 (V3) (7.81 t/ha), Moskovskaya 40 (V1)
(7.72 t/ha), Nemchinovskaya 17 (V2) (7.28 t/ha).

12
10 4 T B
E_ -
] N B
g - -T2
[ T3
4_ -
2_ -

V1 V2 V3

Fig. 2. Yields of winter wheat varieties (V1 (Moskovskaya 40), V2 (Nemchinovskaya 17), V3
(Nemchinovskaya 85)) according to the tested cultivation technologies (T1 (basic), T2 (intensive)
and T3 (high-intensive)) in 2016—2019

The results showed that the cultivation technologies had a significant effect on yield
in 2017, 2018 and 2019: P < 0,01, P < 0,001, P < 0.001, respectively. It was shown
that the variety also affected grain yield, since P-values were P < 0.01, P < 0.01 and
P <0.001 for 2017, 2018 and 2019, respectively. However, the interaction cultivation
technologies-variety had a significant effect on yield in all studied years 2017, 2018 and
2019— P =0.04, P <0.01 and P = 0.03 respectively (Table 2).
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Table 2

Yield of durum wheat varieties under different cultivation technologies.
Values represent the average of 4 replicates * SE (standard errors). P-values
from ANOVA (cultivation technology, variety and cultivation technology x variety)

Cultivation technology Variety Y2017 Y2018 Y2019
V1 6.8+0.05¢ 6.7+0.04¢ 6+0.05¢
T1 V2 940.02¢ 9.5+0.06°° 7.2+0.02¢
V3 8.3+0.05« 10.5+0.04%¢ 8.240.06°
V1 1140.02%¢ 8.340.05° 6.7+0.06¢
T2 V2 10.610.05¢ 10.740.05° 8.410.03°
V3 10.8+0.04¢ 11.440.06° 10.940.1°
V1 11.740.05° 9.540.04be 7.610.06°
T3 V2 12.340.03° 12.740.04° 9.01+0.01%°
V3 13.610.05% 13.30.05° 13.610.12
C.tech <0.01 <0.001 <0.001
p value Variety <0.01 <0.01 <0.001
C. techxVar 0.04 <0.01 0.03

Winter wheat crop occupies the largest area among other crops worldwide; it is one
of the leading food sources [15—22]. Increasing grain yields to supply food to the world’s
ever growing population is one of the main goals [8]. Many researchers have determined
that achieving high winter wheat grain yields depends on the use of fertilizers, growth
regulators, and crop protection products [4, 6, 7, 16—22, 24].

To obtain a high winter wheat yield, it is necessary to use the optimal nitrogen
fertilizer doses in the soil. Ma C. et al. [21] recommends the combined use of organic
fertilizers with 150 kg/ha of nitrogen fertilizers. Our results were similar to those reported
by this author, since we used 150 kg/ha of nitrogen fertilizers in cultivation technology
3 (high intensive technology), this allowed to obtain high yield for all studied varieties
9.65 t/ha (V1T3), 8.58t/ha (V2T3) and 9.87 t/ha (V3T3), this is probably due to the
influence of nitrogen fertilizers on photosynthesis physiology [17]. However, compared
to the high insensitive technology, the obtained wheat yield recorded using the basic
technology (T1) was lowest when applying 60 kg/ha of nitrogen — 7.76 t/ha (V1T1),
7.48 t/ha (V2T1) and 8.034 t/ha (V3T1).

Many studies showed that growth regulators significantly improved root growth and
leaf biomass. They also increased photosynthesis, stomatal conductivity, transpiration
rate, and water use efficiency [20]. In our study, the growth regulator (perfect (phase
GS21—22), Sapress (phase GS31—32)) from the active molecule Trinexapac ethyl was
used in intensive and high-intensity technologies, which explains the high yield compared
to the yield obtained by applying the basic technology, without growth regulators. On
the other hand, it was previously shown that high-intensive technology is most effective
for controlling phytopathogens in winter wheat crops, which explains the high yield
achieved with this technology, since optimal protection from phytopathogen increases
grain quality and productivity [9].
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Protein Content of the winter wheat varieties according to the tested cultivation
technologies. The grain quality was evaluated on the basis of protein and gluten content
in the different varieties according to the tested cultivation technologies. The results
showed that no significant difference was observed using cultivation technology 1 and 2
regardless of the investigated variety (Fig. 3). However, cultivation technology 3 seems
to increase systematically protein content in the three winter wheat varieties studied.

According to the tested technologies, the protein content in the grain of winter wheat
varieties was the highest using the high intensive technology, since 18.33 % (V1T3),
16.14 % (V2T3) and 17.16 % (V3T3). However, the lowest protein content was observed
using the basic technology16.45 % (V1T1), 14.30 % (V2T1) and 15.30 % (V3T1) (Fig. 3).

]

=
bl

o

|-

=

o

e
S

s

ey |
dwd

|

]
o
ot
e

o

.
3
5

.
&,
&

3
2
25

<
s

at
A
o

i
o

_..
See

<

hte!

s

7
o
i
T
i

s

>
.
o

| Vi V2

-t
-
-t
v
-
L

Protein % Gluten %

Fig. 3. Protein and gluten content of winter wheat varieties (V1 (Moskovskaya 40), V2
(Nemchinovskaya 17), V3 (Nemchinovskaya 85)) according to the tested cultivation technologies
(T1 (basic), T2 (intensive) and T3 (high-intensive)). 2016—2019

The ‘cultivation technology’ and ‘variety’ had a significant effect on protein and
gluten contents in the three year trials (P < 0.001), however the analysis reveals that
the interaction ‘variety-cultivation technology’ is not significant for protein and gluten
content in 2017 (P = 0.9), while on 2018 and 2019 the effect was significant on the
protein and gluten content (P < 0.001) (P =0.02), respectively (Table 3).

Table 3
Protein content observed in wheat varieties under different studied cultivation technologies.
Values represent the average of 4 replicates * SE (standard errors). P-values from
ANOVA (cultivation technology, variety and cultivation technology X variety)

Cultivation Variety Y2017 Y2018 Y2019
technology
Vi 16.45+0.4 15. 8022 15.9540.6%
T1 V2 14,3040 4 14.70%0.5° 14.60%0.3°
V3 15.30¢1.1b 15.9020.7° 16.10£0.2%
Vi 16.66£0.7° 16.10£0.3° 16.7840.2°
T2 V2 14.76+1.1° 14.2040.7° 14.96+0.04°
V3 15.86+0.6 15.9540.3¢ 16.1040.04°
Vi 18.3340.9° 18.1040.3° 18.65+0.001°
T3 V2 16.1420.4° 16.26£0.1° 16.75£0.07°
V3 17.1640.4° 17.1540.1° 17.60+0.001°
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End of Table 3
Cultivation Variety Y2017 Y2018 Y2019
technology
C.tech <0.001 <0.001 <0.001
Variety <0.001 <0.001 <0.01
p value
C. techxVar 0.9 <0.001 0.02

Grain quality (especially protein and gluten content) and high yield are the main
goals in the wheat crop production [1, 3—11, 15—24] achievable by managing water
resources, applying nitrogen, and controlling plant pathogens. The results showed that
using basic and intensive technology, no significant differences were observed regardless
of the studied varieties (Fig. 3). However, under high-intensive technology, it seems that
the protein and gluten content in the three studied varieties of winter wheat increased
systematically.

The results obtained (Fig. 3) showed that the high content of protein and gluten in
the grain for all studied varieties was observed in high-intensive technology, where the
use of nitrogen (IN) was increased in pre-sowing processing, during tillering, stem elon-
gation of and earing stage. Therefore, the obtained results are similar to those reported
by Marino et al. [24] and Ercoli et al. [19] testing the effect of nitrogen application on
protein and amino acid composition of wheat. These authors showed that increasing
doses of nitrogen could significantly increase protein content of wheat grains. However,
recent research by Curci et al. [18] where they studied wheat performance under nitrogen
deficiency showed that quality of wheat grain evaluated on the basis of protein content
was mediocre. This is similar to the results obtained, since the protein content in wheat
was significantly reduced in plants grown under the basic technology.

Vaccino et al. [12] also reported that grains infested by pests record low content
of protein and gluten. In our previous study, where we investigated the impact of three
cultivation technologies on pest infestation rate, protein content in wheat decreased
significantly at the highest percentages of pest infestation [10], this was associated with
negative effects on plant growth and development, as reported by Wratten [13] which
explains the high protein content value obtained under high intensive technology in the
current study.

Conclusions

With an increase in intensity of cultivation of winter wheat varieties, grain quality
and yield performance increased by 3.8 t/ha. This was observed in all varieties stud-
ied. The results showed that setting up a production system, normative method should
consider varietal features, conditions of plant nutrition, agrochemical characteristics of
soil and meteorological factors. The current results open real opportunities for a large-
scale application of the tested cultivation technologies in different regions of Russia
and pointed out new varieties — Nemchinovskaya 85 that could offer high productivity.
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BnusiHne Tpex TexHoNorum BosgenbiBaHus
Ha ypO>XauHOCTb U Ka4eCTBO 3epHa 03MMOM MLUEHULLbI
Triticum aestivum L.
B ycnoBusix MoCKOBCKOIo peruoHa

H.f1. Peoyx'*, I1.M. ITonutehiko?, B.H. Kannpanor?, B.H. ®egopuines?,
H.}O. I'apmany®, I.I1. ArTMaubsH'

"Poccuiickuii yHUBepCUTET APY>KObI HAapOAOB, 2. Mockea, Poccutickas ®edepayus
2®enepasbHbIN UCCIEA0BATEIBCKUN LIEHTP « HeMUMHOBKa»,
Mockoeckas obaacmb, Poccutickas ®edepayus
*n.rebouh@outlook.fr

AnnoTtanusa. B ycioBusix MoCKOBCKOTO perrioHa Ha /IepPHOBO-TIO/I30/IMCTO} TTOUBe M3ydeHa peakLys
COPTOB 03MMO} MIIEHHUIIbI HA TPU YPOBHS MUHEPA/IbHOTO [TUTAaHMSI U CUCTEM 3allUThl pacTeHnii — 6a3oBas,
WHTEHCHBHAs U BLICOKOMHTEHCHBHAs TEXHOIOTUM, KOTOPbIE BK/IFOUaIH YA00PeHHs, CPe/ICTBA 3all{|Thl PaCTeHUI
Y Pery/IsiTopbl POCTa B Pa3/IMYHBIX KOMOUHALIUSAX U KOHLIEHTPALMsAX. DKCIIEPUMEHT ObLT OCTAB/IEH C LIeJIbIO
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CO3[]aHUs OTITUMAJTBHBIX YC/IOBUI BO3/Ie/TbIBAHKS Pa3HBIX COPTOB O3UMOM TIIIEHUI[bI. BTN W3yueHbI TPH CO-
pra— MockoBckas 40 (V1), HemuuHoBckas 17 (V2) u HemuuHoBcKas 85 (V3). TToka3zaresu ypoykaHOCTH U
KauecTBa 3epHa, U3MepsieMble 110 CO/iePKaHHI0 Oesika 1 KIeMKOBHHBI, OTIPe/IeJIS/IUCh B COOTBETCTBUH C HUCIThI-
TaHHBIMH TEXHOJIOTHSIMU BO3Zle/IbIBaHMsL. Pe3y/braThl 0Ka3asm, 9To ypoyKaHHOCTh M Ka4eCTBO 3epHa IIIeHNL]bI
WM3MEeHU/TUCh, CaMble BBICOKUE YPOyKau MOJTyUeHbI TIPH TPUMEeHEeHUN BbICOKOMHTEHCUBHOW TeXHOJIOTHUH Y COpTa
HemunHoBckast 85— B cpefjHeM 3a NOC/1e[HUe TPY rofia oHa cocrasuia 9,87 1/ra, ¢ noreHuuanoM — 14,8 1/ra,
y copra MockoBckast 40 — 9,65 1/ra, HemuniHoBCKasi 17 — 8,58 1/ra. ITo 6a30BO¥ TEXHOIOTMU YPOXKAHHOCTh
6b1ta Hroke Ha 20...64 %. TIpy BBICOKOMHTEHCHBHOM TEXHOJIOTHK y copTa HemuunHoBcKast 85 coziepkatue 6eska
nocturano 18 %. IpescraBieHHbIe pe3y/IbTaThl JaloT peabHble BO3MOXKHOCTH [J1s1 MaCIITabHOTO TPUMeHeHHsT
arnpo6UpOBaHHBIX TEXHOJIOTHI BO3/I€/IbIBAHUS B PA3/IMUHBIX CeIbCKOX03SIMCTBEHHBIX YTo/bsix Poccuu.

KitroueBbIe c/10Ba: TEXHOJIOTUH BO3Zle/bIBAHUS, COPTA, YA0OpeH s, Cpe/iCTBa 3al{UThl pacTeHHH, ypo-
JKalHOCTb, 0€/I0K, K/IeMKOBUHA
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AHanus, mogenupoBaHue U NPOrHo3 ypoXKanHoCTH
CEe/IbCKOXO3ANCTBEHHbIX KY/bTYp
ansa KabapauHo-bankapckon Pecnybnunku
C UCNOJIb30BaHMEM annapaTta HeYETKOM JIOrUKHU

P.M. bucuokoB*
KabapguHo-Bankapckuii rocyapCcTBeHHBIN arpapHbli yHuBepcuTeT uM. B.M. Kokoga,
2. Hamvuuk, Pocculickas ®edepayust
*rusbis@mail.ru

Annoranus. C npyMeHeHHeM paHee CO3[,aHHbIX KOMITbFOTEPHBIX HEeUeTKO-/I0rHYeCKUX Mozie/iell Ha OCHOBe
TIOTO/IHO-K/IMMaTUYe CKUX JlaHHBIX MeTeocTaHil KabapauHo-bankapckoii Pecrybmuku npearoproi (Hamsumk
u Bakcan) u crenHoii (ITpoxsazHbiii v Tepek) 30H U YPOXKalHOCTH CeIbCKOXO3SICTBEHHBIX KY/IBTYp (03UMasi U
sIpoBasi MIIeHNLIa, KYKypy3a, TI0/|CO/IHEYHHK, TIPOCO, OBEC), BbIpalllBaeMbIX Ha TEPPUTOPHUSIX, KOHTPOIHUPYEMbIX
3TMMM CTaHLUSIMH, TPOaHaIM31POBaHbl 3aBUCMMOCTH YPOXKalHOCTH Ce/bCKOX035IMCTBEHHBIX KY/BTYD OT BapHaldil
TIPUPOJHO-K/IMMATHUeCKHX (JaKTOPOB U JiaH KOHKPEeTHbIN MPOTHO3 YPOXKalHHOCTH Ha CeTbCKOXO03sHCTBEHHBIN o
BIlepe /151 Ipe/irOPHOM 30HbI, XOTsI HEKOTOPbIe IIPOrHO3HbIe PeKOMeH/lalluu JeiCTBUTEe/bHBI U [J151 IPYTUX 30H.
OpuruHasbLHOCTE METOZla COCTOUT B TOM, UTO B BH/le BXOJHBIX IIapaMeTpOB MOZe/U NPeAUKTOPOB HUCII0/Ib30BaHbl
paccuuTaHHble paHee IIPOrHO3HbIe 3HAUEeHNs1 MeTeollapaMeTpOB Ha C/Ie/YIOILMI CelbCKOX035IMCTBeHHbIN rof, a
Ha BbIXO/le B KaueCTBe IIpe/IMKTaHTOB T10/1yueHbl IPOrHO3HbIe 3HAYeHUs! YPOXKaHOCTH KY/BTYP.

KnroueBble c/ioBa: ypo)kaltHOCTb, 0Ca/JKH, TeMIiepaTypa BO3/lyXa, BIa)KHOCTb BO3/lyXa, CTaTUCTHUe CKUI
aHaJu3, rofl-aHaJjIor, HeyeTKasi JIOTUKa, Ce30H, MHTerpabHOe SMIMPUUeCKoe pacrpe/ie/ieHre, OlleHKa CTydaiHbIX
TIOTPeIIHOCTelH, CPOKHY BereTalyy, nMporuo3, KabapauHo-bankapust

3asiB/ieHHe 0O KOH('l)J'lI/IKTe HUHTEpeCcoB: ABTOpLI 3asIB/ISIIOT 00 OTCYyTCTBUU KOH(I)JII/IKTa HWHTEPEeCOB.
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Fuzzy logic device for crop analysing, modeling
and forecasting in the Kabardino-Balkarian Republic

Ruslan M. Bischokov*
Kabardino-Balkarian State Agrarian University named after V.M. Kokov,
Nalchik, Russian Federation
*Corresponding author: rusbis@mail.ru

Abstract. Using computer fuzzy-logical models based on empirical values of climatic characteristics
(rainfall, temperature and humidity) of long-term observations (1955—2018) from meteorological stations in the
Kabardino-Balkarian Republic (Nalchik, Baksan, Prokhladny and Terek) and crop yields (winter wheat, spring
wheat, corn, sunflower, millet, oats), dependence of crop yields on variations of climatic factors were analyzed and
a specific forecast was given. Setting expected values of climatic characteristics in computer model, we received
possible values of productivity for the next season. Uniformity assessment (Dixon and Smirnov — Grabbsa’s
criterion), stability (Student and Fischer’s criterion), statistical importance of parameters of distribution and
accidental errors were determined. Originality of the method is in the fact that in the form of input parameters
of the model predictors, the previously calculated forecast values of the meteorological parameters for the
next agricultural year were used, and at the output, the predicted values of crop productivity were obtained as
predictants. Furthermore, recommendations on adoption of management decisions were developed.

Keywords: productivity, precipitation, air temperature, humidity, statistical analysis, analogous year, fuzzy
logic, season, integral empirical distribution, random error estimation, growing season, forecast, Kabardino-
Balkariya
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BeepneHue

3aBHCUMOCTb YPOXKalHOCTH CeJIbCKOXO3SIMCTBEHHBIX KY/IBTYP OT IPUPOAHO-K/IMMa-
THUECKUX ()aKTOPOB He SIB/ISIETCSI HOBOM MPO0O/IeMOiA, HO 0CTaeTCst ¥ Oy/leT akTya/lbHOM,
Tak Kak CBsi3aHa ¢ obecrieyeHreM MpO/J0BO/IbCTBEHHOH 6e30MacHOCTH CTPaHbI, JIF000T0
ee peruoHa, HaceJleHHOI0 MyHKTa U KaXK/10ro vesioseka [1, 2].

OTmeTHM, UTO OT 3HAYUTE/bHBIX K/IMMaTHUeCKUX BO3MYILIeHUH, TaKUX KaK 4acTble
rpajioBble 0CaJKH, TUBHEBBIE JOXKJU U IPyTHe MOTOAHbIEe SIBJIEHUs], KOTOPble 0XBaThbl-
BaIOT MHOT/Ia HECKOJTbKO Hace/leHHBIX TTYHKTOB, B KabapauHo-bankapckoii pecmybiivke
(KBP) u npyrux cyobekrax P® Ha Teppuropuu CeBepHoro KaBka3a, yHUUTOXAIOTCS
COTHM TeKTapOB YPOsKast CeTbCKOX035HCTBEHHBIX KY/IBTYP, TIOTHOA0T JOMAIITHUe TTTHLBI,
rubHeT Zja’ke KPYITHBIN pPOraThiid CKOT. [Ipu 3TOM B MOC/ieIHNE [leCATUETHs] paHHeH
BeCHOM HabI0al0TCsl aHOMa/TbHbIe TIOBBILIIEHUsI TeMITepaTyphl BO3yXa U y KOCTOU-
KOBBIX /IepeBbeB PaCyCKarTCs TOUKH, a 3aTeM MPOMCXOAUT pe3Koe MOoX0/10JaHue, OT
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KOTOPOTO ITOUKU OCBINAIOTCA U [lepeBbs ypoxKas He JaroT. YacTo B TeueHHe KOPOTKOI'O
BpeMeHU HabJTFoIat0TCsl BCTUIECKHU TeMITePaTyphl BO3/yXa, UTO TAK)Ke OTPa’KaeTcst Ha
JKU3HeZIeTeJIbHOCTU U YPOXKaWHOCTH pacTeHUH. 3UMOM, eC/IU CHera Masio, a TeMrepa-
Typa BO3ZlyXa OUeHb HU3Kasi, TO HEPeJKO MOrrubar0T 03uMble KY/IbTYpPhI. A M3-3a >Kapbl
B [1IePUO/, BereTalliy KyKypy3bl ee JIMCTbs CBOPaYMBalOTCs U OCTaHaB/IMBAeTCs POCT, B
WTOre 3HAUMTe/TIbHO CHIKAeTCsl ypoyKak Kak KOpMOBOM 3e/1IeHOM MacChl, TaK U 3epPHOBOM
ripoayKuuu [3, 4].

Ienb uccaefo0BaHus — MPOBECTU aHA/IM3 BIWSHUS BapyaLvi KIMMaTH4yeCcKuX Xa-
PaKTepUCTHK Ha YPOXKalHOCTb Ce/IbCKOXO35iCTBEHHBIX KY/IBTYP Ha ITOCEeBHBIX I/I0LA/sX
KBP u ocy111eCTBUTh KOHKPETHBIM MPOrHO3 YPOXKaHOCTU MTOCPECTBOM OPUTMHAIBHOTO
MO/|e/IMPOBaHus C UCII0/Ib30BaHMEM arlrapara HeuyeTKOM JIOTUKHU.

MaTepuanbl u MeTOAbI UCCNef0BaHUSA

Heob6xoanMbiii HA60p KIMMaTHUeCKUX XapaKTepuCTHK Obu1 rosyueH B Kabapau-
HO-BasikapckoM pecry6/IMKaHCKOM L[eHTpe T10 TUPOMETeOPOIOTUA U MOHUTOPUHTY
OKpY’KarolLler cpefibl, JaHHbIe 110 aHTPOIIOreHHbIM IIpoLieccaM U NIPUPOJHBIM KaTaK/Iu3-
Mam Ha Tepputopur KBP — B I'taBHOM ymipaBiennu MUC Poccun, fanHbie 00 ypoxkai-
HOCTH BCeX CeJIbCKOXO35IMCTBEHHBIX Ky/IbTyp Ha Tepputopun KbP — B MuHucTepcTBe
cenbckoro xo3siictea KEP [4, 5].

Bapuany MeTeonapameTpoB CpeiHeMeCsIYHOW TeMIlepaTypbl U OTHOCUTE/ILHOM
BJI&)KHOCTU BO3/IyXa, a TAaKXKe 0CAJKOB 3a Tepuo/ Habmogenunit 1955—2018 rT. uc-
CJ1e[J0Ba/IMCh C YUETOM JIaHHBIX Pacrio/ioKeHHbIX Ha Tepputopud KBP MeTeocTaHmit
npearopHoii (Hanbuvk 1 bakcan) u crenHol (ITpoxnazsbiii u Tepek) 30H, B KauecTBe
6a30Boi1 AJ1s1 JaHHOTO MCC/IeJoBaHUs M30paHa MeTeocTaHLUs « Hambuuk».

Cran/iapTHbIe METO/IbI POTHO3UPOBAHUS TPeOYIOT PUIMTPaHHOM pabOThI C JaH-
HBbIMHU, HAUMHas OT (UIBTPALiMU U Bblfle/IeHUsI TaDMOHUK /10 TIOCTPOEHUs1 ypaBHEeHUM
perpeccuu, Kak 3To MPOJeMOHCTPUPOBAHO, Haripumep, B [6]. Ocobyto posib Urparot
BBIOOP perpe3eHTaTUBHBIX BXOJHbIX TTapaMeTPOB, TIPeAUKTOPOB, /IS IPOTHO3HOTO «4ep-
HOTO SIII[UKa», KOTOPBIMHU Y HAC SIBUIMCH MPOTHOCTHUECKHEe XapaKTepUCTUKU Oyayiieit
MOro/bl, ¥ aZleKBaTHOe 3a/laHre O)KU/aeMbIX XapaKTepUCTHK BbIXOJHBIX [1apaMeTpOB,
MpeUKTaHTOB [7, 8], KoTopbIMU U OyAyT UHAEKCHI YPOXKaltHOCTH. VI3BeCTHO, UTO MpHU
JI0JITOCPOYHOM TIPOTHO3€e BaXKHEHIITM U OTIpe/ie/IsOIIMM TpeboBaHHeM, MpebsIB/sieMbIM
K CHCTeMe XapaKTepPUCTHUK, CPeI KOTOPHIX OThICKUBAIOTCS TIPeABECTHUKHU Oyaylieit
TIOTO/Ibl, SIBJISIETCS TIO/IHOTa UH(popMaLuu. B [8] KoHcTaTUpyeTcsi, UTO HeYyCTOMUMBOCTh
TPOTHOCTUYECKUX CBsI3el /I TeMIepaTyphbl M PAMOHHBIX 0Ca/IKOB, 0COOeHHO, 30H
HeZI0CTaTOYHOI'0 YBJIa)KHEeHMUs], CO37iaeT I10J1e Heollpe/ie/IeHHOCTH NPeJUKTOPOB, KOTO-
pble JOJKHBI MCI0JIb30BaThCA [1/1s1 C/IeIyIOLLel LIelOYKY TPOrHo3upoBaHusi. OaHUM
Y3 [IPUEMOB yMeHbIIeHUs] Heollpe/le/IeHHOCTH U3-3a Hel0CTaTOYHOM YCTOMUUBOCTH
MpeJMKTOPOB MOXKET C/Iy>KUTh IPUMEHEeHHe arirapara He4eTKOM JIOTHKHU.

B Hamem ciiyyae 7151 psijoB UCC/IelyeMbIX MeTeollapaMeTPOB BbINOJ/IHSA/IACh CTaH-
JlapTHast TI0C/Ie/[0BaTe/TbHOCTh OTeparivii CTaTUCTHYeCKOW 00pabOTKH: paH)KUPOBaHKe
psizia; IOCTPOeHUe SMIMpUYecKuX QyHKIMN pacrpefenenus (OPP); pacuer cratuctu-
yeCcKUX MOMeHTOB DDPP (cpeaHee 3HaueHue, JUCIIEPCHS], aCHMMeTpPHs, KO3 ULIeHT
aBTOKOPPEJISLIIN); OTIpe/ieNis/TNCh UX 0cobeHHOCTH. Kpome TOro, BBITIO/THEHBI OLjeHKa
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CJTy4aiHbIX MOTPELIHOCTeN U CTaTUCTUUYeCKOM 3HaYUMMOCTH [1apaMeTpPOB pacIipe/ie/ieHuss;
MOCTPOeHHe UHTEerpaJbHOT0 SMITMPUYECKOTr0 pacripe/ie/ieHysl, pacyeT ero rnapaMeTpoB;
OLIeHKa OZIHOPOZIHOCTH UHTerPasibHbIX SMITMPUUECKHX pacripe/ie/ieHri 0 CTaTUCTUUeCKUM
kpurepusim [Inkcona u CmupHoBa — ['pab6ca [9] v BeigesieHre pe3Ko OTKJIOHSTFOIIXCS
9KCTPEMYMOB; OL[eHKa CTAllMOHaPHOCTH CPeJHUX 3HauUeHWH U NCTIePCUI IBYX YacTel

BPEMEHHOI'O ps/id 110 KPUTEPpUsIM CTLI-O,E[GHTa n CI)HLuepa.

B [10, 11] uccnenoBaHa CBsi3b MeXXAY TeOpHel HeUeTKMX MHOKECTB U arrapaToM
HeYeTKOW JIOTMKH, Ha OCHOBe KOTOPOW aBTOP paHee CTPOMJ/I CBOIO MO/ieJlb, IPUTOHYIO

J/1s1 TporHo3upoBanus [12, 13].

Pesynbratbl 1 06cyXaeHue
B Tabs1. 1 mpuBeieHbI pe3y/bTaThl CTATUCTHUECKON 00pabOTKY JAHHBIX COTTIACHO
BbIllIeyKa3aHHOM T0C/Ie0BaTe/IbHOCTH 110 K/IMMaTUUeCKUM Ce30HaM.

Tabnuya 1

du3nKo-cTaTUCTMUECKNE XapaKTEPUCTUKMN BPEMEHHbIX PAZIOB CE30HHbIX 3HaUYEeHUI
MeTeonapamMeTpoB Mo AaHHbIM MeTeocTaHLuN «Hanbumnk»
3a nepuog 1955—2018 rr. [12] u yporkaitHocTy nieHmnubl 3a 2008—2018 rr.

CesoH ;F;ii:iz [ucnepcus };oc?/ld:ncrn“eiﬁnf ag?:g?;;;:'::;n MuHumym | Makcumym Pasmax
CpepHeMecsyHas TeMnepaTypa Bo3ayxa, °C

3uma -1,85 3,31 -0,32 1,08 -6,67 1,70 84

BecHa 9,42 1,64 -0,28 1,07 6,37 11,93 5,6

Jleto 21,10 1,37 0,21 1,07 18,90 24,03 51

OceHb 10,26 1,80 -0,38 1,10 6,50 13,30 6,8

lop 9,74 0,98 -0,17 1,05 7,66 11,67 4,0
CyMMapHoe KOSIM4ecTBO OCafiKOB, MM

3uma 70,88 304,98 0,542 0,970 31,0 1153 84,3

BecHa 189,83 3182,44 0,115 0,968 63,3 348,0 284,7

Neto 235,78 5002,62 0,016 0,978 97,0 378,0 281

OceHb 134,93 2408,46 1,059 0,952 59,8 3250 265,2

log 631,58 12069,52 0,040 0,976 404,0 893,33 489,3
YpoXKaihHOCTb 03MMOWA MLIEHULbI, L/ra

2008-2018 | 26,14 2774 | -034 | 045 14,44 35,48 21,04

Table 1

Physico-statistical characteristics of time series of seasonal parameters
according to Nalchik meteorological station in 1955—2018 [12] and wheat productivity

in 2008-2018
Season Mean value Dispersion Aczs))é?:‘ir:iztrg Auégg?fzﬁfglon Minimum Maximum Scope
Average monthly temperature, °C
Winter -1.85 3.31 -0.32 1.08 -6.67 1.70 8.4
Spring 9.42 1.64 -0.28 1.07 6.37 11.93 5.6
Summer 21.10 1.37 0.21 1.07 18.90 24.03 5.1
Autumn 10.26 1.80 -0.38 1.10 6.50 13.30 6.8
Year 9.74 0.98 -0.17 1.05 7.66 11.67 4.0
Total precipitation, mm
Winter 70.88 304.98 0.542 0.970 31.0 115.3 84.3
Spring 189.83 3182.44 0.115 0.968 63.3 348.0 284.7
Summer 235.78 5002.62 0.016 0.978 97.0 378.0 281
Autumn 134.93 2408.46 1.059 0.952 59.8 325.0 265.2
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End of Table 1

Season Mean value Dispersion ﬁ?gfr;ﬁi:{ Au(t:c;(;?frir;::;'l(on Minimum Maximum Scope

Year 631.58 12069.52 0.040 0.976 404.0 893.3 489.3
Winter wheat yield, c/ha

2008—2018 | 2614 | 2774 | -034 | 0.45 | 1444 | 3548 | 2104

W3 Tabn. 1 BUgHO, UTO CpejHEMeCsuHasi TeMIiepaTypa Bo3/yXa B 3UMHUIN TIepUOJ
Hiwke 0 °C 1 paccesitHUe BOKDPYT CpPeJHero 3HaueHus BBIIIe, UeM B IDyTHe Ce30HbI.
I[Tpy 5TOM acCMMMeTpHsi KpOMe JIETHETO Ce30Ha IPUHKMMAaeT OTPULIaTe/TbHbIe 3HAUeHUSI.
KosdduriieHTsI aBTOKOppe/sLMY IPUHUMAIOT 3HaueHusi ~1 1 ¢ He3HauuTeIbHbIMU OT-
K/IOHEHUSIMU TIOUTH PaBHBI BO BCEX Ce30HAX, UTO YKa3biBaeT Ha Ha/lMuKe CTabHIbHOTO
TPeH/la BHYTPU HCCJIelyeMbIX PsiZIOB.

Haubobillee koMuecTBO 0Ca/IKOB HaO/IIOlaeTCsl B JIETHUM 1epUoj, a 3HaUeHue
JMCIIepCUY yKasbiBaeT Ha 607bIIIoi pa3bpoc JaHHBIX OTHOCUTENbHO cpefHero. Koag-
(UIMEeHT aCUMMeTPUHY TIPUHUMAET TI0JIOKUTe/IbHbIe 3HAaUeHHs], a KOI(PPUIIMEeHT aBTO-
Koppesisity 6/M30K K 1, UTO yKa3bIBaeT Ha CTaOMIBLHOCTh TPeH/a BHYTPH psifia. B To
ke BpeMs1 00JTbILION pa3dpOC JAHHBIX 110 BCEM C€30HaM yKa3bIBaeT Ha HECTAOU/IbHOCTh
3HaueHUM MOTOJHO-KIMMaTHYeCKUX rlapaMeTpOB.

Ha puc. 1 v 2 npuBefieHbI Bapyalii TeMIleparyphbl Bo3fyxa, °C, U 0CaKOB, MM, T10
JlaHHBIM MeTeocTaHUWK «Hampunk» 3a nepuog, 1955—2017 rr. (psif 1) OTHOCKTENBHO
CpelHUX MHOT0JIeTHUX 3HaueHui (psiz, 2).
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Puc. 1. ExkerofiHble BapuaLun TeMnepaTypbl BO3yxa Mo JaHHbIM MeTeocTaHUmuM «Hanbunk» (cp =
10,67, max = 13,87, min = 6,83; R2 = 0,0021; y = 0,0036x + 3,2998) [12]
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Fig. 1. Annual air temperature variations according to Nalchik meteorological station (mean = 10.67;
max = 13.87; min = 6.83; R? = 0.0021; y = 0.0036x + 3.2998) [12]
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Fig. 2. Annual precipitation variations according to Nalchik meteorological station
(y=0.7172x—1288.1) [12]
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CornacHo puc. 1 pe3kue 3KCTpeMasibHble OTK/IOHEHHs TeMIepaTypbl OTHOCHUTE Tb-
HO K/IUMaTH4eCKOW HOpMbI Hab/moamich B epuoel 1957—1960, 1981, 1982, 1993,
1994, 2010, 2013 u 2016 rT., UTO YKa3bIBAaeT HA BO3MOKHOCTb B 3TH T'OZibl IPUPOAHBIX
KaTaK/IM3MOB C HeraTUBHbBIM B/IMSIHUEM Ha YPOXKalHOCTb CeJTbCKOXO03SIMCTBEHHBIX KYJIBTYP.

Crporoii KoppensiLiii aHOMa/IbHbIX OTKJIOHEHUM TeMIlepaTypbl C U3MEHUHUBOCThIO
0CaZIKOB HeT, 01HakKo B 1975 1 1995 IT. porcxouiv pe3Kue 3KCTpeMasbHble OTKIIOHEHUS
0CaJIKOB OT K/IUMaTHUeCKOM HOPMBI, UTO YKa3bIBaeT Ha OOM/IbHBIE 0CA/IKH C TIOC/IeYEO-
LI[UM 3aTOT/IeHHeM TePPUTOPUU, TAaKXKe CHIIKAIOILe yPOXKau 3ePHOBBIX.

Ha puc. 3 npuBesieHbl 3Ha4eHUsI YPOXKaliHOCTH 03UMOM MILIEeHULbI, 1}/Ta, Ha OCEBHBIX
TJI01LA/IsIX TEPPUTOPUH, KOHTPOJIMPYEMOU MeTeocTaHIel «Hambunk».
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Puc. 3. [InHamMuka N3MeHeHUs ypoXKanHOCTN O3UMOW NilerHuLbl 3a 1990—2017 rr

(y = 0,2849x — 544,58)

MpuMeuaHue. B Noanmncsx K pucyHKam npuBeaeHbl CTaTUCTUYECKE NapaMeTpbl, HEOOXOAUMbIe Af1A MPorHosa
(pvc. 1), a TakXKe camu MPOrHOCTUYECKME YPABHEHUS NIMHEHON Perpeccum Ans Kaxaoro napameTpa (npsiMble

psaa 2 Ha puc. 1-3).
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Fig. 3. Changes in yield of winter wheat in 1990—2017 (y = 0.2849x — 544.58)

Note. Captions to the figures show the statistical parameters necessary for the forecast (Fig. 1), and prognostic
equations of linear regression for each parameter (line 2 in Figs. 1-3).

PucyHKM 11oka3biBatoT, uto B 1981 r. Hab/Ir0aeTcst IOBBILIIEHNEe TeMIIepaTyphbl BO3-
nyxa Ha 3,3 °C, a B 1993 . cHmwkeHue Ha 3,8 °C 0THOCUTETbHO KJIMMATHUeCKOW HOPMBI
1 1992 r. Ocazgku B 1995 1. yBeIMUM/IMCh Ha 263 MM 10 OTHOLIeHUO K 1994 1. v Ha
198 MM OTHOCHTE/IBHO K/IMMaTUUeCKOW HOPMBI, UTO YKa3bIBaeT Ha BO3SMOXKHOCTb B 3TH
ro/ibl IPYPOJHBIX KaTaK/IW3MOB [12].

[To pe3ynbTaTam pacueTa OLleHKa OJJHOPOJHOCTH MOXXET OBITh MPUHSTA TOIBKO IS
SMIIMPUYECKUX JaHHbIX JIETHUX U FOZI0BBIX 3HaueHuU. Hanpumep, kputepuu JIMKCoHa
J1st oceHHUX JaHHbIX paBHbL: D1N(0.339;0.22), D2N(0.342;0.22), D3N(0.388;0.29),
D4N(0.389;0.3), D5N(0.385;0.28). i ycTaHOB/IeHHsI IPUYUH OTK/IOHEHHWsI TUTIOTe3
OJJHOPOJHOCTH HY>KHO TIPOBECTU FeHeTUUeCKUW aHaIu3, T.e. HaX0JUM CTaTUCTHYe-
CKMe XaDaKTeDUCTUKHU U UX CvuaiiHbie ommOKU. [1o mhensioykeHHOUW paHee MOZen
y=agx+ B+ ¥V, (ai COSZTE + f3; sin ZTE) + Ry (oy,Bix) [2, 3, 5—9, 14], yun-
ThIBaKOLLIEeN HpI/IpO,Z[HO-aHTpOHOFéHHbIe, anp(SAHLIe Y TIPUPOZIHO-CJTyYaiiHble TIPOLIeCChl,
MO/Ty4aeM BOCCTaHOB/IEHHbIe BpEMeHHbIe Psi/Jibl MeTeoriapaMeTpoB. [locsie TecTrpoBaHust
pa3paboTaHHOW MO/ MOTYUUM U IPOTHO3HBIE 3HAUeHHs Ha TIPe/ICTOSIIIE TO/IbL.

[Janbliie CTpPOMM HEeueTKO-JI0rM4YeCKYH MOZie/lb 3aBUCMMOCTHU YPOXKAUHOCTH OT
V3MeHeHHs IPUPOJHbIX (PaKTOPOB IO IaHHBIM MPOLUIBIX JIeT (puc. 4, 5).

[To BepTHKaMbHBIM JTUHUSAM (KPaCHBIE B >KeNThIX (PUIypax) BbICTAB/IE€HBI TIPOTHO3HBIE
Ce30HHble 3Ha4YeHUs] MeTeoriapaMeTpOB, U IIPY 3TOM aBTOMAaTHUeCKU OIpe/iesisieTCsl BO3MOXKHOe
3HayeHHe YPOXKalHOCTH 03MMOM MIIIEHULIbI Ha C/IeIYIOLIUN CebCKOX03SIMCTBEHHbIMN IO/,

34ech N0Ka3aHo, 4To IPU HU3KKX 0CaJiKax U TeMIleparype Bo3JyXa YpOXKalHOCTb
TIOBBILLIAETCS, @ IIPU OCTa/IbHBIX 3aBUCUMOCTSIX CHIKAeTCs1. [laHHbIe BBIBO/bI XapaKTePHbI
J1s uccnefoBadHbIX yroauid KBP v oTHOCATCS Kak K IIpejropHbIM, TaK U K CTelTHbIM
(Hu3MHHBIM) paiioHam [4, 5].

Bosnee fgeranbHbIM OATBEPXKAEHUEM 3TUX BbIBOJOB MOTI'YT CJIY>KUTh BapUaHThI
HEUeTKO-JIOTUCTUYECKOW MO/Ie/Iv, MOCTPOeHHbIe B 3D-UHTerparum.

Ha puc. 6 npuBoguTCs Takas AMHaAMUKA 3aBUCUMOCTH yPOXXalHOCTH OT MpUBe-
JIeHHBIX BBILLIE JAHHBIX 10 U3MEHYMBOCTHU 0CaJKOB U TeMI1epaTypbl BO3/yXa KaXKJ0ro
ce30Ha (3UMa, BeCcHa, JIeTo, 0CeHb).
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Fig. 4. A fuzzy-logical model of dependence of winter wheat productivity on changes in seasonal
precipitation and temperature
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Fig. 5. A fuzzy-logical model of dependence of winter wheat productivity on changes in seasonal
precipitation and temperature as a forecast for next year

[Topgo6HbBIe pacyeThl C/ie/1aHbl He TOBKO /1JIsi 03UMOM MILeHULbl, HO U /IJIsl TaKUX
CeJIbCKOXO3SIMCTBEHHBIX KY/BTYP, KaK KyKypy3a, Ipoco, 0BeC, MoACcoMHeyHK. Ha ocHo-
BaHWM I10JIyYeHHOI0 [IPOTHO3a B C/Ie/yOLLeM Ce/IbCKOXO035IMCTBEHHOM rO/ly B IIpeJrop-
HOU 30He MPU COO/TFOIeHUH arpOTeXHUYeCKUX TeXHOJIOTHH IMOBBICUTCS YPOXKAaUMHOCTh
KYKYPY3bl, @ B CTe[THOM 30He MOJKHO PeKOMeH/I0BaTh BbIpalljiBaHue MILIeHHUL[bl, IPOCa,
OBCa Y TOJCOTHEYHHKA.

ITo pe3y/bTaTaM HMCCIeA0BaHNI TAaK)Ke Pa3pabaThIBarOTCsl pEKOMeH ALK 110 MUHH-
MH3aLMY PUCKA CHMXKEeHHS TIPOM3BO/ICTBA MPOYKLMM CeJTbCKOTO XO35IHCTBA.
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Fig. 6. Seasonal graphical representation of correspondence in rainfall x and temperature y as
arguments and productivity z as the resulting function

Ecimu nonyueHHbIe 3HaUeHUsI He YOBJIETBOPSIIOT TI0/Ib30BaTeIsl, TO HY’KHO BBISICHUTb
MIPUUMHBI TAKOW HU3KOM YPOXKAMHOCTH. /151 TOr0 HaXOUTCST aHAJIOT-TOfI, U3 TIPEABIAYIIMX
JIeT ¥ OTpefie/isieTCs BO3MOXKHOCTb aHOMAJTbHBIX TIPOLIeCCOB [I7Isl IPUHSTHS YIIPaB/IeH-
YyeCKuX pelieHud. MO)KHO MCIO/Tb30BaTh KY/BTYPhl C KODOTKUM CPOKOM BereTaluu
BBICEBAThb WX |0 HACTYIJIeHWs: aHOMaJIMM UK rocie [5].

3akJioueHune

Taxum obpa3om, poBe/ieH aHa/ M3 3aBUCUMOCTH YPOXKalHOCTH Ce/TbCKOX03SIHCTBEH-
HBIX KYJITYD OT KoslebaHui MOroJHO-K/IMMaTHueCcKUX XapakTepucTrk. CopMrpoBaHa
U aJjalTUpOBaHa K TUPa)XMPOBAHUIO CXeMa U JIefCTBYIOLIYe TPHUeMbl MOZIePOBaHUs
Ha OCHOBe HEeKOTOPLIX /1eMEeHTOB arrapara HeueTKol JIoruku. Llenbto moboro moze-
JIPOBaHUs, KaK MPaBUJIO, SIB/ISIETCS IIPOTHO3 T10 a/ITOPUTMY: NPeAHUKTOPbI KaK BXOZIHbIe
rapaMeTphbl, «4epHbIH SIIMK» Kak arrnapar rnpeobpa3oBaHusi MoZiey B IIPOTHO3 U Tpe-
[OUKTaHTBI KaK BbIXOZIHbIe I1apaMeTpbl IPOTrHO3a.

Teopetnueckuie pa3paboTK orpo6oBaHbI Ha KOHKPETHOH 3a7iaue MPOrHO3UPOBaHMs
YPOXKalfHOCTH Ce/bCKOXO3HCTBEHHBIX KY/bTYP /151 IPe/IrOPHBIX U CTeMHbIX (HU3MH-
HbIX) yroauii KBP.
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BbiBOAbI

— Ha tepputopun KabapuHo-bankapckoii pecriyOMKy KIMMaTHueCKre XapakKTepH-
CTHKH TEMITIEPATYPHOT'O PEXXHMMA M PEXKHUMa 0CaIKOB CTaOW/TbHBI 0€3 pe3KUX OTK/IOHEHUH
B C/Ie[[y1011leM Ce/IbCKOX031iICTBEHHOM Tofly;

— B TIPeJITOPHOM 30HE MOXXHO PacCIlIiPUTh TIOCEBHBIe TUIOIIA M /15l BhIpalllBaHUs
KYKYypY3bl Ha 3€DHO U Ha CUJIOC;

— B CTEITHOM 30He B C/Ie/IYIOIIEM CeTbCKOXO3SIMCTBEHHOM rofly KJMMat OyzeT O/1a-
TOTNPUATCTBOBATh BhIPALIMBAHUIO 03UMOM MILIEHULIbI U TOTy4YeHH sl BLICOKOTO ypoyKasi;

— 13-3a YCTOMUYMBOM Ter/Iol MOro/ibl B FOKHOM YaCTH CTENHOM 30HbI TOZICOTHEUHUK
JlaCT BBICOKMM ypOXKai.
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Abstract. D. melanogaster is one of the most harmful citrus fruit flies having a large number of host
plants. The molecular diagnostic method has been created for identification the D. melanogaster from another
non-quarantine species Drosophila spp. The proposed method for differentiation is to use the mitochondrial
DNA cytochrome oxidase I gene region 709-bp. We amplified samples of DNA with primers Droso-S391 and
Droso-A381 by D. melanogaster, D. suzukii, and D. Simulans collections in the laboratory samples from many
countries and contrasted with sequences of other GenBank Drosophila taxa. The findings of a polymerase chain
reaction (PCR) based on DNA sequence polymorphisms showed that these primers accurately identify the area
of the gene as well as the unique primers of Drosophila melanogaster.
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Introduction

The Drosophilidae family consists of more than 4200 species worldwide, of which
more than 2000 are Drosophila species [1, 2]. Drosophila species are well known for
their extensive use in genetic studies of Drosophila melanogaster and as common vinegar
flies associated with over-ripe and rotting fruit. Many exotic species of fruit fly pose a
serious threat to the union of Asia, Australia, the United States, Europe and Russia. Most
fruit flies are able to infest and cause significant damage to a wide range of commercial
and native fruits and vegetables, although the degree of infestation and damage varies
between species. Fruit flies are important too [3—5]. On the positive side, they may
act as agents for biological pest control, and the species Drosophila melanogaster, as a
major research model organism, unlocks genetic and even certain disease-related secrets
in humans. On the negative side, fruit flies can be a major agricultural threat, with the
potential to destroy up to 100 percent of some crops. For the latter reason, countries
without fruit fly infestations may enforce heavy quarantine restrictions or even bans in
fruit imported from countries where fruit fly is endemic. Human responsibility in caring for
nature extends to showing the utmost concern about introducing foreign species into new
areas. History is full of cases of invasive species (Drosophila melanogaster, Drosophila
suzukii, Mediterranean fruit fly, sea lamprey, ctenophore Mniopsis leidyi, gypsy moth, etc.)
that wreak havoc in the habitats into which they were introduced, either intentionally or
accidentally [6, 7]. Drosophila species are well-known pests in restaurants, grocery stores,
and fruit and home markets. Drosophila spp. are also identified as a nuisance pest during
winemaking and fruit fermentation. D. melanogaster identified as a major risk and poses
a major challenge to the production of fruit. D. melanogaster is a major quarantine pest
for growers, gardeners and researchers in Russia’s quarantine centers and other farmers
around the world. Since there are many environments where opportunistic invasive
species can flourish, there is a need to quarantine transported goods and items capable
of carrying dormant or active pest species phases [8—12]. The quarantine strategies
include regional and international import and export prohibitions, removal of potentially
contaminated goods and decontamination in the form of fumigation, steam cleaning and
chemical irradiation [13, 14]. Such pathogens and Drosophila melanogaster are a major
concern and risk for the fruit industry as it is no longer possible to remove or contain
them. To reduce the economic impact on fruit production in the Russian Federation, the
implementation of targeted integrated pest management (IPM) is crucial. Besides, farmers
need to quickly decide if the larvae in harvested berries are Drosophila melanogaster [15].
There is no way to distinguish D. melanogaster at the moment. The main objective of this
research is to classify the molecular species Drosophila melanogaster [5, 16—20]. Our
goal was to create an alternative identification technique for Drosophila melanogaster
to improve morphological identification and allow for rapid identification of immature
phases without the expense of sequencing DNA. The polymerase chain reaction was
created to identify insects as a reliable and cost-effective method.

Materials and Methods
DNA extraction, amplification and sequencing. DNA was extracted from the material
under study (insect and larvae) which was performed by treating the specimens with
Proteinase K followed by removal of proteins with no extraction with organic solvents
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and using DNA Ekstran-2 kit, set Ne NG-511—100 (“Synthol”, Russian Federation)
as per manufacturer’s instructions. Since drosophilids are very small size, physical
disruption of tissue was performed by finely chopping with sterile scissors. This is a
rapid method of DNA extraction and provides a time advantage, especially for urgent
diagnostic needs. DNA extracts were quantified on a NanoDrop 2000 spectrophotometer
(Thermo Fisher Scientific Inc., USA).

Polymerase chain reaction

Table 1
Qualitative time PCR assay for the identification of Drosophila melanogaster: Reaction
composition and temperature cycling conditions

Target genes Primer Primer sequence (5°-3")

Drosophila Droso-S391 AAATAACAATACAGGACTCATATcc Sint et al. 2014

melanogaster

Droso-A381 gTAATACGCTTACATACATaAAGGTATA Sint et al. 2014

A denotes the forward and S the reverse primer. Lower-case letters in the group
primer sequences indicate modifications of the original primers [21]

Primer Droso-S391 (5-AAATAACAATACAGGACTCATATcc —3) as a forward
and Droso-A381 (5-gTAATACGCTTACATACATaAAGGTATA -3) as a reverse were
used. In order to make PCR mix we used 0.5ul (10 p mol) pl of each primer, 5ul of
screen-mix (HS-5x), 17ul H,O and 1pl DNA (table 2). The total volume should be 25pl.
After that put tubes in PCR machine, in a VeritiTM thermocycler (Applied Biosystems,
USA). The reaction mixture was as follows: ready-to-use PCR mixture Screen Mix-HS
(Evrogen, Russia). PCR conditions: denaturation at 95 °C for 90 sec. followed by 40
cycles, including 15 sec. at 90 °C; primer annealing for 30 sec. at 63 °C; elongation
for 30 sec. at 72 °C; final elongation for 5 min at 72 °C. The Drosophila spp. primers,
Droso-S391 and Droso-A381, are targeting several Drosophila species and generate an
amplicon of 220-bp length. PCR conditions were identical for both primer pairs: each 25
pL reaction included 2 pl of DNA extract (10 pmol), 5x PCR Master Mix, Screen-mix
(HS-5x), 0.5 pM each primer, 17l water.

PCR-products purification. Added a 1:1 volume of Binding Buffer to completed PCR
mixture (e.g. for every100 pL of the reaction mixture, add 100 pL of Binding Buffer). Mixed
thoroughly. Transferred up the solution to the GeneJET purification column. Centrifuged
for 30—=60 s. discarded the flow-through. Added 700 pL of Wash Buffer to the GeneJET
purification column. Centrifuged for 30—60 s. discarded the flow-through and place the
purification column back into the collection tube. Then centrifuged the empty GeneJET
purification column for an additional 1 min after that transferred the GeneJET purification
column to a clean 1.5 mL micro centrifuged tube. Added 50 pL of Elution Buffer to the
center of the GeneJET purification column membrane and centrifuged for 1 min.

Sequencing. Sequencing was done by the generally accepted protocol with the use
of Genetic Analyzer AB-3500 (Applied Biosystems, USA). Primary comparison for the
results of the sequence with the GeneBank genetic sequence database was performed by
the NCBI BLAST web site (http://www.ncbi.nlm.nih.gov/BLAST). BioEdit v.7.0.5.3,
sequence alignment editor was used for sequence checking, alignment, and editing.

Sanger Dideoxy directly sequenced PCR products in both directions. Sequences of

forward and reverse DNA strands were then edited and aligned manually using SEAVIEW
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software. MEGAG6 and SEAVIEW were used for sequence analysis. Blast searches at
NCBI were performed for species identification. For multiple sequence alignment, com-
plete COI gene sequences of some dipteran insects were collected from NCBI and their
list is shown in Table 2. Sequences were aligned using CLUSTAL W. For phylogenic
analysis, MEGAG6 and SEAVIEW were used. A neighbor-joining tree was constructed
using MEGAG to observe phylogenetic relationships of this fly with another dipteran
genus. For protein coding nucleotide sequences, genetic code was selected for “inver-

tebrate mitochondrial” and a number of bootstrap replicons was set to 100.

Table 2
A list of sequences for the present study
No | Species and Accession number Country Data frgm Iaboratqry Data from
of Russian quarantine GenBank

1 1U.D. Melanogaster Turkey v

2 | 6U.1248F.D.melanogaster Egypt v

3 1.u3f.D.melanogaster Turkey v

4 | 2. u3f.D.melanogaster Egypt v

5 3. u3f.D.melanogaster Turkey v

6 4. u3f.D.melanogaster Turkey v

7 | 5. u3f.D.melanogaster Turkey v

8 | 6. u3f.D.melanogaster Mexico v

9 | MG605127.D.melanogaster Switzerland v
10 | LN867079.D.melanogaster Italy v
11 | MG605129.D.melanogaster Switzerland v
12 | RJ636124.D.melanogaster Switzerland v
13 | 1.u3f.ds.D.Simulans Turkey v

14 | 2.u3f.ds.D.Simulans Iran v

15 | 3.u3f.ds.D.Simulans Turkey v

16 | 4.u3f.ds.D.Simulans Mexico v

17 | MG605144.u3f.ds.D.Simulans Mexico v
18 | KJ767247.u3f.ds.D.Simulans USA v
19 | KJ671606.u3f.ds.D.Simulans New Zealand v
20 | 7.u3f.dsuz.D.Suzukii Canada v

21 | 2.u3f.dsuz.D.Suzukii Turkey v

22 | 1.2010—19.u3f.ds.D.Suzukii Mexico v

23 | AB824772D.Suzukii Japan v
24 | KJ671597D.Suzukii Italy v
25 | AB824766D.Suzukii Japan v
26 | AB824752D.Suzukii Japan v
27 | KF312626D.Suzukii China v
28 | MG816102D.Suzukii Brazil v
29 | MG816086D.Suzukii Brazil v
30 | KJ671584D.Suzukii. USA v
31 | 6.u3f.zt.Zaprionus Tuberculatus Mexico v

Results and Discussion

Drosophila melanogaster is a small, common fly found near unripe and rotten fruit.
It has been in use for over a century to study genetics and behavior [1, 22—27]. Thomas
Hunt Morgan was the preeminent biologist studying Drosophila early in the 1900s. He
was the first to discover sex linkage and genetic recombination, which placed the small
fly at the forefront of genetic research. Due to its small size, ease of culture and short
generation time, geneticists have been using Drosophila ever since. Fruit flies are easily
obtained from the wild and many biological science companies carry a variety of different
mutations [8—29]. In addition, these companies sell any equipment needed to culture
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the flies. Costs are relatively low and most equipment can be used year after year. There
is a variety of laboratory exercises one could purchase, although the necessity to do so
is questionable. Compared to GenBank entries using BLAST, the sequences produced
from PCR products obtained by testing Feld-collected predators were used to verify target
DNA amplification. All matches for the Drosophila spp [30]. Primers consisted of Dro-
sophila sequences with a similarity of 98...100 %. As mentioned, correct identification
of them is almost unlikely unless they are brought up to adults. This can be a high-risk
operation, as many facilities around the world may not have the quarantine protection
needed to rear pests like D. melanogaster and egg rearing failure may be very high.
However, the long-term portion of identification rearing may be challenging when fresh
produce worth hundreds of thousands to millions of dollars is at stake. In such cases,
the solution may be given by molecular recognition techniques [7, 31, 32]. For several
decades, polymerase chain reaction (PCR)-based approaches have been used to classify
pests and diseases worldwide. Results showed that these primers accurately identify the
area of the gene as well as the particular region of D. melanogaster. When samples are
too poorly maintained for adequate morphological identification or when only immature
specimens are available, the suggested PCR molecular diagnosis can be used as a quick
and efficient identification method. For this economically important invasive species,
a different identification strategy may allow for more precise monitoring and detection
and may prevent misidentification (fig.).

ABB24766D suzukii.Japan
ABB24752D suzukii.Japan
KJBT1597D suzukii_ltaly
ABB24772D suzukii.Japan
MG8160860 suzukii Brasil
1.u3f.dsuz.D_suzukii
1.2010-18.u3f.ds.D.suzukii
2 u3f.dsuz.D.suzukii
KF312626D suzukii.China
22 | MG8161020 suzukii Brazil
KJE671584D suzukii. USA
4 u3f D melanogaster

G.u3f.D.melanogaster
35 | 5.u3f.D.melanogaster

gqd | MGE05127.D.melanogaster. Switzerland
LN867079.D.melanogaster.ltaly
MGE05129 D melanogaster. Switzerland

—— 6.u3f zt. Zaprionus_tuberculatus

21

1.u3f.ds.D.simulans

21| 2.u3f.ds.D.simulans
3.u3f.ds.D.simulans

22} 4 u3f ds.D.simulans

MGE05144 . u3f.ds.D_simulans.Mexico
KJT767247 u3f.ds.D.simulans. USA
KJE71606.u3f.ds.D simulans.New_Zealand
1U.D melanogaster

FJ636124 D.melanogaster
6U.1248F.D._melanogaster
1.u3f.D.melanogaster

100

2_u3f.D.melanogaster
3.u3f.D.melanocgaster

0.50
Phylogenetic tree for Drosophila sp
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Conclusion

In conclusion, with our selection of DNA, we optimized the PCR process with
Russian chemistry. Created here is suitable for regular use by diagnostic and research
organizations to promote exports and imports, as well as globally reducing and mon-
itoring the spread of this pest by border security organizations. This assay provides a
quick, accurate and precise alternative methods to the identification D. melanogaster.
Because PCR machines are accessible in a 96-well or other configuration, this technique
is suitable for high-performance applications that are often needed during large-scale
studies of infestation during an incursion. This assay has been fully optimized for in-
stant jobs in the Russian Federation. We recommend pre-deployment testing in places
outside Moscow to guarantee that no false positive is detected, although this would be
extremely unlikely.
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Upentudukauua Drosophila melanogaster
MEeTOoA0M NoIMMepa3HOM LLenHOWU peaKuuu
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AnHotanus. D. melanogaster — ofjHa U3 HanboJiee BPeZOHOCHBIX IJIOOBLIX MYX, MTOBPEXKAAOIHX
LIUTPYCOBbIE U MHOTHe JIDyrHe CeNbCKOX035iICTBeHHbIe pacTeHus. MO/eKy/IsIpHbIA MeTO/, IMarHOCTHKHU ObLT
co3paH fis uaeHtudUKaLuy D. melanogaster oT ipyroro HekapaHTHHHOTO BuAa Drosophila spp. I1peznoskeHHBIi
MetoZ, auddepeHIMaLyy 3aK/I0YaeTcs B UCIIOIb30BaHUH (hparMeHTa TeHa LUTOXPOMOKCH/1a3bl CyObeHHULIbI
1 mutoxonzapuansHoit THK pasmepom 709 m.H. C nomoristo npaiiMepoB Droso-S391 u Droso-A381 6buti
amrMuLuposanbl 06pasupsl JTHK D. melanogaster, D. suzukii u D. Simulans B 1abopaTopHbIx o6pa3sijax
U3 pa3HbIX CTPaH, Jjajiee UX CPaBHUJ/IH C N0CJIe/[0BaTe/IbHOCTSIMU JPYTHX TaKCOHOB Drosophila u3 6a3el GenBank.
Pe3ynbrathl poBeieHUs MoMMepa3Hoit LenHoi peakiuu ([1LIP) Ha ocHOBe omMMopdu3Ma HYK/IeOTHAHBIX
Troc/IefloBaTeIbHOCTeN TI0Ka3asIM, UTo JjaHHble IpaiiMephbl TOUHO HJeHTU(UIMPYIOT YIaCTOK reHa, TakKe Kak
U crietjuduyeckue npaiimepsl Drosophila melanogaster.

KimroueBble cioBa: njeHTUUKALMS, AMarHOCTHKa, Drosophila melanogaster, nomiMepasHasi LjelHast
peakuusi, [TLIP, KapaHTHH pacTeHUI

®duna"cupoBanue. biarogapHocTu: lcciefoBanue poBeZieHo NpU (PUHAHCOBOI Mo gep>kke [IporpaMMel
PYIOH «5—100».

HNcropus crarbn:
TMoctynuna B pegakuuto: 15 deppas 2020 r. IpunsTa K nybsmmkaruy: 18 mapra 2020 .

/i1 DUTHPOBaHUA:

Naserzadeh Y., Pakina E.N., Nafchi A.M., Gadzhikurbanov A.Sh. Specific Identification Method based on PCR
for Drosophila melanogaster // Becthuk Poccuiickoro yHuBepcuTeTa pyx0bl HapozioB. Cepusi: ATpPOHOMUS
1 )KuBOTHOBOZACTBO. 2020. T. 15. Ne 2. C. 134—141. doi: 10.22363/2312-797X-2020-15-2-134-141

06 aBTOpax:

Hacepsade FOceh — HayuHbIi COTPYAHUK arpoOHOTEXHOIOIMUECKOTO erapTaMeHTa, ArpapHO-TeXHOIOTHUeCKHU
MHCTHTYT, Poccuiickuii yHUBepcuTeT /Ipy>KObl HapozioB, Poccutickas ®eneparms, 117198, r. Mockea, yi1. Mukityxo-
Maknas, 1. 8; Bcepoccuiickuii 11eHTp KapaHTUHA pacTeHul, Poccuiickas @epepauus, 140150, MockoBckast
obnactb, PameHCKH paiioH, . BbikoBo, yi1. ITorpanuyHas, 4. 32; e-mail: unaserzadeh@gmail.com;

ITaxkuxa Enena HukonaegHa — KaHAUAAT OUO/IOrMUECKHX HAYK, [OLIEHT, arpoOMOTEXHOIOrHUeCKUH JleriapTaMeHT,
ArpapHO-TeXHOIOTMUeCKUI HHCTUTYT, PoccuiicKuii yHUBEpCHUTET Apy»Obl HapozioB, Poccuiickas ®eseparys,
117198, . Mockea, yi. Mukiyxo-Makas, . 8; e-mail: e-pakina@yandex.ru

Haguu A6doppesa Moxammaou — nipodeccop, Hayunbiii yuuBepcuretr Manaiizuu, Manaiisus, 11800, TTenaHr,
yn. Karigiepa 11, E42; e-mail: amohammadi@usm.my

Taoscukypbanos Augap Illuxpasumoguy — arpoOUH>KeHEepHbIH JerapTaMeHT, ArpapHO-TeXHOIOTHYe CKUi
MHCTUTYT, Poccuiickuli yHUBepcuTeT /1py»K0bl HapogoB, Poccuiickas ®@enepanusi, 117198, r. Mocksa, yi1.
Muknyxo-Maknas, 1.8; e-mail: gadcgikurbanow@mail.ru

PLANT PROTECTION 141



Ei’ RUDN Journal of Agronomy and Animal Industries 2020, 15 (2): 142-149
U BectHuk PYOH. Cepus: ArTPOHOMUA U XXNBOTHOBOACTBO http://agrojournal.rudn.ru

DOI 10.22363/2312-797%-2020-15-2-142-149
UDC 591.531.15(495)

Research article / Hay4Hasi cTaTbs

Data on biology and ecology of Pseudaulacaspis pentagona
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Abstract. The study was conducted In Kalamata, Messinia, province of the Peloponnese, where infestations
of Pseudauacaspis pentagona (Targioni Tozzetti) (Hemiptera: Diaspididae) were found on kiwi trees Actinidia
deliciosa (Actinidiaceae), peach trees Prunus persica (Rosaceae) and mulberry trees Morus alba (Moraceae).
Data on biology and ecology of the scale were recorded by samplings of infested branches of mulberry trees and
by examining them in the laboratory, during the years 2016—2018. Pseudaulacaspis pentagona is an oviparous
and amphigonic species. The fecundity of the scale fluctuated between 97 and 133 eggs per female. In the area
of Kalamata it completed 3 generations per year and overwintered as mated pre-ovipositing female. The main
natural enemies of P. pentagona recorded in the area of Kalamata are the coccinellid predators: Chilocorus
bipustulatus (L.) and Rhyzobius lophanthae Blaisdell.
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Introduction
The scale insect Pseudaulacaspis pentagona (Targioni Tozzetti) (Hemiptera:
Diaspididae) is a polyphagous species, which originated from Asia (Japan or China)
and it is widespread worldwide. It has been recorded in 110 countries on 221 host plant
species, belonging to 85 plant families. In many regions of the world, such as in the
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United States of America: Florida, Carolina, Virginia, in Mediterranean coast and adjacent
areas, in Asia: Taiwan, it is considered as one of the main insect pests of fruit trees and
ornamental plants, causing serious economic damage [1]. It completes 2 to 4 generations
per year in several countries, depending on the climatic conditions and the host plant
species. Regarding the phenology of P. pentagona, the scale completes 2 generations
per year in Switzerland [2], 4 generations in northern Florida [3], 3 in Virginia and 3 in
Maryland [4], 4-5 in Bermuda [5], 3 in the Mediterranean part of France and Italy [1,
6], 3 in Romania [1], 3-4 in Turkey [1, 7]; 3 in Russia [8] and 3 in Japan [9].

Many natural enemies of P. pentagona have been recorded in several regions of
the world, such as Hymenoptera of the families Aphelinidae, Encyrtidae, Eulophidae,
Halictidae, Signiphoridae, Trichogrammatidae, Diptera of the family Cecidomyiidae,
Neuroptera of the family Chrysopidae, Lepidoptera of the families Noctuidae and
Arctiidae, Coleoptera of the family Coccinellidae, mites of the families Hemisarcoptidae
and Tetranychidae and entomopathogenic fungus of the family Cordycipitaceae [1].

The presence of P. pentagona has been recorded in Greece by Balachowsky [10],
Paloukis and Mentzelos [11], Paloukis [12, 13] and Argyriou et al. [14]. The phenology
of the scale has been studied in Northern Greece, in Central Macedonia on peach trees,
where 3 generations were recorded per year, according to the male flight monitoring,
using sex pheromone traps [15]. The records of the scale in Northern Greece according
to the above mentioned studies are presented in figure 1.

Due to the impact of P. pentagona as insect pest of fruit trees in many countries,
and due to the lack of information on its ecology in Messinia province, Southern Greece
(fig. 1), where serious damages were recorded by the scale on several fruit trees, such as on
Actinidiadeliciosa, Prunuspersica and Morus alba, it was considered significant to study
its phenology, biology and ecology in this area. The knowledge of the above characteristics
of any harmful insect is very important to plan an effective Integrated Control Program.

Materials and methods

The study was made on the population of the scale insect Pseudaulacaspis pentagona
(Targioni Tozzetti) (Hemiptera: Diaspididae) infesting Morus alba (Moraceae) in Kalamata,
Messinia, province of the Peloponnese, during January 2016 — December 2018.

For the study of the phenology, samples of infested shoots were collected from trees
every two weeks and were transferred in plastic bags to the laboratory. The samples
were consisted of 10...15 infested shoots having a length of about 10 cm. The samples
were examined under the stereoscope and the number of each developmental stage of
the scale and the numbers of parasitized and predated scales were recorded.

The total number of each developmental stage and the numbers of parasitized and
predated scales were expressed as the percentage,%, of the total number of the scale
found per each sampling. As for parasitized, scales containing larvae and nymphs of
parasitoids and scales with exit holes of parasitoids were counted. As for predated, scales
having damaged scale cover were counted.

The fecundity was studied by counting the total number of eggs found under the
scale cover of 25 ovipositing female adults on 20/9/2017.
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Fig. 1. Records of Pseudaulacaspis pentagona: + — in the provinces of Northern Greece;
X —in Messinia province (Southern Greece), during the present study

Results

Pseudaulacaspis pentagona was found in the area of Kalamata infesting kiwi trees
Actinidia deliciosa (Actinidiaceae), peach trees Prunuspersica (Rosaceae) and mulberry
trees Morus alba (Moraceae). It is an oviparous biparental species.

The phenology of P. pentagona on M. alba in Kalamata during the two year study
is presented in fig. 2. As it seems in this figure, the scale completed 3 generations per
year, in both years of the study. The peaks of the numbers of the crawlers appeared by
the end of April, the beginning of July and the middle of September, in both years (fig.
2a). Later, appeared the settled 1* instar nymphs and the 2™ instar nymphs (fig. 2b). Fig.
2c shows the fluctuation both of the male nymphs of the scale developed under their
scale cover and the pre-ovipositing female adults. In fig. 2d, are seemed the three peaks
of the ovipositing female adults.

The number of eggs laid per female fluctuated between 97 and 133 eggs and the
average fecundity was estimated to 118.5 + 25.7 eggs per female.

In fig. 3 the percentage of parasitized and predated scales are presented. The parasitism
rate reached to 21 % in July of 2016 and to 18 % in August of 2017. It was not possible
to identify the ectoparasite species found on the samples. The percentage of predated
scales reached to 35 % on 2/8/2016 and to 28 % on 4/7/2017. Individuals of larvae and
adults of the coccinellid predators Chilocorus bipustulatus (L.) and Rhyzobius lophanthae
Blaisdell were observed on the examined infested samples during June and September
in both years of the study.
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Discussion

Pseudaulacaspis pentagona on Morus alba completed 3 generations per year in
Kalamata during 2016 and 2017. Similar results are referred to other studies of the scale
in several countries. In Northern Greece on peach trees [15], in Virginia and in Maryland
[4], in the Mediterranean part of France, in Italy and in Romania [1, 6], in Russia [8]
and in Japan [9], P. pentagona is referred that it completed 3 generations per year.
Nevertheless, 2 generations per year referred to in Switzerland [2] and 3—4 generations
in Turkey. The above differences in the number of generations per year completed by P.
pentagona could be attributed to differences in climatic conditions in the areas where
the scale was studied. Beardsley & Gonzalez [16] refer that in particular species, the
rate of development and the number of generations per year may vary substantially in
different regions. Climatic conditions, particularly temperature, humidity, and rainfall,
appear to be the principal controlling factors.

As it seems in fig. 2c, the peaks of male nymphs appeared some days earlier than
the appearance of preovipositing female adults to all generations of the scale. In the
present study the flights of males were not recorded. But the earlier appearance of male
nymphs in comparison to the female adults could indicate that male flights (after their
development under the scale covers) occurred at the same time as the female adults’
appearance. The presence of males in mid-September to mid-October, followed by the
presence of adult females in both years of the study, indicates that the scale overwintered
as mated female adult. The same way of over wintering (as mated female) is also reported
to other countries as well, such as in Japan: Murakami [9] referred that males of the last
generation appeared in early November to mate with the females which overwintered.

As far as it concerns the fecundity of P. pentagona, Danzing [17, 18] refers that
each female lays about 140 eggs and Varga [18, 19] noted that 80...100 eggs were laid
per female. The average number of eggs laid per female on M. alba in Kalamata found
118.5 £ 25.7. The number of eggs recorded in the present study, could be considered only
indicative of the fecundity. It represents only the number of eggs found under the scales
lifting the scale covers at the specific moment of the examination of the samples and not
the total number of eggs that the females could give during their whole longevity. To
measure the total fecundity of a scale, the females should be examined isolated during
their whole longevity, using the micro-cage technique, under controlled conditions in
the laboratory [20].

The parasitism of P. pentagona recorded to the present study was attributed to an
unidentified ectoparasite. Argyriou, et al. [14] recorded the endoparasite Prospaltella
berlesei Howard (Hymenoptera: Aphelinidae) as natural enemy of P. pentagona in
Northern Greece. In the bibliography, many endoparasite and ectoparasites of the family
Aphelinidae are referred in several countries as the natural enemies of the scale [1]. The
predators of the scale found in Kalamata in this study, were the coccinelids C. bipustilatus
and R. lophanthae. These species are referred as natural enemies of P. pentagona in
other countries as well [1]. In Northern Greece, the predatory species Chilocoru ssp.
and Rhyzobius (Lindorus) lophanthae are referred as predators of P. pentagona [14].

The knowledge of biology, phenology and natural enemies of the scales is necessary
to plan an effective program of their Integrated Control. The above characteristics
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compose the ecology of the scale in a region and they could vary according to the climatic
conditions and the host plant species. The present study held in Southern Greece on
M. alba, gives some additional information about P. pentagona that could be useful to
control of the scale in the region of Messinia, Peloponnese.

Conclusions

Pseudaulacaspis pentagona infesting Morus alba (Moraceae) in Southern Greece
(Kalamata) was found to be an oviparous biparental species, completing 3 generations
per year. The peaks in crawler numbers of the three generations were recorded at the
end of April, beginning of July and middle of September. The differences in voltinism
of the scale recorded in other countries (2-4 generations per year) could be attributed to
the differences of the climatic conditions of the countries where the scale was studied.

The mean number of eggs of the scale found under the females in September of
2017 was 118.5 + 25.7. This number could be considered as an indicative number of
the total fecundity of the scale.

The parasitism rate of P. pentagona in Kalamata occurred due to the action of an
unidentified ectoparasite species reaching to 21 %. No endoparasite was found on P.
pentagona in Kalamata, as it was found in Northern Greece. In Kalamata, the main natural
enemies of the scale were the coccinellid predators C. bipustulatus and R. lophantae,
reaching a percentage of predated scales up to 35 %.

The data presented in this study, concerning phenology and ecology of P. pentagona,
could attribute to the application of an effective Integrated Control program of the scale
in Southern Greece.
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(Targioni Tozzetti) (Hemiptera: Diaspididae),
nopaxkaiouei nnogoeble gepeBbs Ha MenonoHHece

Jok.JHx. Cratac'™, A. Kocrpusal, I1.JI)x. Ckoypac!, /I.C. Kourogumac?,
Y.®. Kapunuauc?

'YaupepcureT ITenononHeca, Avmukaiamoc, I'peyus
’BeHaKUCKUI UHCTUTYT uTonarosoruy, 2. Kugucus, I'peyus
3Yuusepcuret SIHuHbL, 2. Apma, I'peyus
*gstathas@teikal.gr

AnHoranus. Viccienosanus 6eimm ipoBeieHb! B Kanamare (MecceHust, mpoBUHLMs [TesionoHHec), re
6bUTH 0O6HApY KeHBI TIOpaXKeHUsI TYTOBOU IUTOBKOM Pseudauacaspis pentagona (Targioni Tozzetti) (oTpsiga
Hemiptera, cemeiictBa Diaspididae) nepeBbeB KuBu Actinidia deliciosa (Actinidiaceae), mepcuka Prunus persica
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[IOTBOpeHHbIe CaMKH. B JaHHOM paiioHe 0CHOBHBIMY eCTeCTBeHHBIMH BparaMu P. pentagona sBISIFOTCS XUIIHbBIe
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Abstract. A technique was developed for the identification of Ditylenchus destructor nematode belonging to
the Ditylenchus genus, based on the use of different primers for polymerase chain reaction (PCR). Two universal
ribosomal primers were amplified to the internal transcribed spacer region ITS-rDNA. The sequencing of PCR
products confirmed the polymorphism between species. The primers were sensitive to generate a particular band
of the correct size (300bp) from the DNA template of a single, separate D. destructor stage of development.
Screening populations of D. destructor from Iran and the Russian Federation have tested the reliability of the
primers, and the expected size of the band was produced for all test populations. Ditylenchus destructor closely
related species have also been tested and no specific band was amplified. Such results showed that the primers
currently developed are useful for quantifying the D. destructor density in potato tuber.
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Introduction
Since the advent of polymerase chain reaction (PCR) and a large amount of genetic
data produced with DNA sequencing, molecular-based detection tools have been widely
developed and successfully used for plant parasite nematodes diagnosis. Molecular detection

© Mahmoudi N., Nejad D.K., Shayanmehr F., 2020

—G)
@ £ This work is licensed under a Creative Commons Attribution 4.0 International License
https://creativecommons.org/licenses/by/4.0/1

150 SALMTA PACTEHMIA



Mahmoudi N. et al. RUDN Journal of Agronomy and Animal Industries, 2020; 15(2):150-158

tools have the following advantages compared to other approaches, (i) can be used in a
high throughput manner, (ii) DNA information can be easily acquired with a large number
of databases and sequencing information, (iii) inexpensive, fast and accurate, (iv) DNA
markers are independent of phenotypic variation and nematode developmental stage [1].
DNA-based detection tools make excellent nematode diagnostic methods because they
are simple, accurate and quick [2, 3] and can be used with a wide variety of sample types,
including host tissue, eggs, egg masses, soil extracts and fixed samples [4]. The sequences
contain readily detectable genetic markers in the form of tandem repeats used to create
phylogenetic trees [5] for the evaluation and diagnosis of genetically related populations
[6]. Because nematodes species descriptions have historically been focused on the idea of
morphological or typological organisms, molecular techniques have recently shown that
many assumed monospecific species are siblings or cryptic species, genetically distinct but
shared common morphological diagnostic characteristics [7—9]. [10, 11] and [12] used
and recommended the specific primers to identify D. destructor rDNA ITS regions have
also been reported to be used successfully for phylogenetic analysis [11—14]. Nonethe-
less, the definition of nematode species has been debated recently, indicating that species
delimitation should be based primarily on an amalgamation of polyphasic taxonomy
concepts, which assembles and assimilates all available data and information (phenotypic,
genotypic and phylogenetic) used to delimit taxa at all levels [8, 9, 15]. The main acces-
sible strategy that possibly can separate among the haplotypes is those of [12, 16, 17] D.
gigas have been developed [12, 13, 18, 19]. This method is suitable for the identification
of species in monospecific samples but cannot be used if the sample contains more than
one nematode species using species-specific SCAR or ITS-rRNA primers [11, 12, 20—22].
This study aimed to develop a PCR species-specific primers with sensitivity and reliability
based on the sequence analysis for the molecular identification of D. destructor from other
Ditylenchus species.

Materials and methods

DNA extraction. Nematodes were extracted from potatoes (Solanum tuberosum L.)
collected from different regions in the Russian Federation and Iran. Several nematode
specimens from the population were put into a drop of water and cut by a scalpel under
a camera-equipped ZEISS Axioskop50® microscope. DNA extraction from the material
under this research was laid out by treating the specimens with Proteinase K that was
followed by removing proteins with no extraction with organic solvents. For this purpose,
a DNA-Ekstran-2 set No EX-511—100 (Synthol, Moscow) was used.

PCR with Species-specific primers. The first PCR amplification mixture (final volume
25 pl) was prepared as follows in a PCR tube (Table 1).

Table 1
PCR reaction mixture composition
Reagents Volume pl
Master Mix 5ul
Primer DITdesR 0.6 pl
Primer DITuniF 0.6 pl
H20 13.8 pl
DNA 5pl
Total 25 pl
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The primer DITdesR and DITuniF were used for PCR Species-specific amplifica-
tion. The contents were mixed gently by overtaxing. The reaction was performed in a
thermal cycler, which involved the following stepwise procedure: denaturation of the
template at 95 °C for 3 minutes, annealing at 95 °C for 35 seconds followed by exten-
sion at 63.5 °C for 30 seconds, 72 °C, 30 seconds and 5 minutes at 72 °C for 35 cycles.
Negative control was included with each set of amplification. Then, The PCR products
were subsequently partitioned according to their size on 1 % agarose gel electrophoresis
and visualized by Gel documentation or purified for sequencing.

Sequencing and Phylogenetic analysis. The amplified PCR product obtained after
purification by Thermo Scientific Gene JET Gel Extraction Kit was sequenced by Sanger’s
dideoxy cycle by Genetic Analyzer AB-3500 (Applied Biosystems, USA). Primitive
comparison of sequencing results with the GeneBank genetic sequence database was
done by the NCBI BLAST web site (http://www.ncbi.nlm.nih.gov/BLAST). The results
are presented in percentage values, the DNA sequence available in the GeneBank ho-
mologous to those examined were analyzed along with the newly sequenced one.

Design of Species-specific Primers. The ITS sequences of D. destructor including
MN122076, MN307126, MN307128, MN493767, MN658597, MN658599, MN658637,
MNG658638 and D. dipsaci: MG676655, MG676656, MG676656, D. gigas: KJ653270,
KJ653267 which were retrieved from NCBI and were used for the design of specific
primers (Table 2). The specific forward and reverse primers were designed from the ITS
regions using Primer Premier DITdesR and DITuniF to generate an expected fragment
of about 126 bp in length and verified using BLAST (http://www.ncbi.nlm.nih.gov/blast)
to exclude nonspecific reactions with other closely related species.

Table 2
Sequence information from GenBank for designing species-specific primers
Accession Number Species Country

GQ469492 Ditylenchus destructor China

GQ469491 Ditylenchus destructor Czech Republic

KJ653270 Ditylenchus gigas Iran

KJ653267 Ditylenchus gigas Iran

MG676655 Ditylenchus dipsaci Japan

MG676656 Ditylenchus dipsaci Japan

MG676657 Ditylenchus dipsaci Japan

Results and discussion
Ditylenchus destructor DNA sequence analysis. The sequenced ITS-rRNA gene, de-
posited in NCBI GenBank under accession numbers; MN122076, MN307126, MN307128,
MN493767, MN658597, MN658599, MIN658637, MN658638 (Table 3) are 1013 bp,
1160 bp, and 1108 bp, 637bp, 553bp, 501bp, 624bp long, respectively. BLAST search
at NCBI revealed that all molecular markers of D. destructor from Russia Federation
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and Iran, newly obtained in this study, matched with the corresponding sequences of D.
destructor present in the database (Table 4). The sequence analysis revealed sequence
variability between different geographical populations of D. destructor isolated from
different host plants.

Table 3
Submitted Sequences in NCBI GenBank
Region Accession Number

Moscow region MN122076
Hamedan region MN307126
Hamedan region MN307128
Hamedan region MN493767
Briansk region MN658597
Briansk region MN658599
Nizhny Novgorod region MN658637
Nizhny Novgorod region MN658638

Table 4

Reference sequences of D. destructor used in the phylogenetic analysis
(http://www.ncbi.nlm.nih.gov)

Accession Number of D. destructor Country Host Plant
MH992393 China Potato
EU400636 China Sweet potato
EU400627 South Korea Sweet potato
EF208213 China Potato
HQ235698 Iran Potato
FJ707365 Czech Republic Potato
MG673926 China Carrot
EU400638 China Sweet potato
MG675235 China Carrot
EU400643 China Sweet potato
KY435979 China Carrot
EU400639 China Sweet potato
GQ469490 USA Potato
JX162205 Canada Garlic
DQ328727 Russia Potato
JN166693 Iran Potato
MK979365 China Potato
MG673926 China Carrot
KX766417 China Potato
LC030371 Japan Potato
GQ469491 Czech Republic Potato
DQ471335 China Potato

Design of Species-specific Primers. A first primer named dsn.1 (Table 5) was designed
to have some nucleotides mismatches observed when comparing D. destructor, D. dipsaci,
and D. gigas (Fig 1, 2). At present, a set of species-specific primers for D. destructor were
developed based on the sequence differences in the rDNA-ITS region of D. destructor.
The PCR amplification by the species-specific primers demonstrated that it could amplify
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a single, stable and clear band for a single adult and different geographical populations
of D. destructor. The specificity and reliability of the primers were also demonstrated
in vitro conditions. Given the specificity, sensitivity, and reliability of the primers for D.
destructor, the diagnostic primers could provide a rapid and reliable molecular marker for
identification or detection of D. destructor. Typically, testing diagnostic primers usually
need more samples with similar morphological characteristics and more geographically
disparate locations [23]. Possibly, the species-specific primers designed in the present
work may cross-react with other species in the genus of Ditylenchus and mismatches at

the primer-binding site to produce the same specific band.

TTGGATTATTATCC-TTTGGCACGTCT-GATTCAGGGTCG

......................................

Conen e AlIC. s e nus
T.66.C...TA.CC.A.C..... T..AR..C..
«T.6G.Ca..TA.CC.A.C...

T.66.C...TA.CC.A.C.....T..AR..C..

.l'!!ﬁlll .GC-I!II!Il.

Fig 1. Multi-alignment generated of the rDNA-ITS sequences of D. destructor and other Ditylenchus

species from GenBank used to develop the species-specific forward primer

AGCACGTGTTTCTTGTGCAGCCTCTTGGCCAATGTTGA

«..C..T.CCGCTG.TGATAG.TTT
00C. o T.CCGCTG.TGATAG.TTT
AGGT..CC. .A.GCACTT.ATATGC.AT.CCG.GCAT
AGGT..CC. .A.GTACTT.ATATGC.AT .CCG.GCAT
AGGT..CC. .A.GTACTT.ATATGC.AT.CCG.GCAT

TG. ...
+TGe s,

Fig 2. Multi-alignment generated of the rDNA-ITS sequences of D. destructor and other Ditylenchus

species from GenBank used to develop the species-specific reverse primer

Table 5
Primer design for D. destructor
Primer.dsn.1 Sequence (5->3') TZ;?ErI]?jte Length | Start Stop Tm GC%
Forward primer | TTGGCACGTCTGATTCAGGG Plus 20 193 212 60.32 55.00
Reverse primer | GTCAACATTGGCCAAGAGGC | Minus 20 318 299 59.76 55.00
Product length 126
Table 6
Primer design for D. destructor by NCBI Primer-Blast
Primer.dsn.2 Sequence (5->3) Tz;r:grllaéte Length | Start Stop m GC%
Forward primer | TTTCGAATGCACATTGCGCC Plus 20 157 176 60.73 50.00
Reverse primer | CTAGGCCAAAGAGACAGCGG Minus 20 281 262 60.46 | 60.00
Product length 125
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Test of Species-specific Primers. To evaluate the sensitivity of the species-specific
primers, the PCR amplified products for different numbers of D. destructor amplified
using the primers (dsn.1 and dsn.2) were shown in (Fig 3). A single band with a length of
300 bp was obtained from DNA templates extracted D. destructor. The method proved
suitable for D. destructor sensitive identification of DNA samples. The specificity and
reliability of the specific primers were confirmed by yielding the expected fragment sizes
(300 bp) for all the populations of D. destructor and no products were detected for the
tested of the species D. dipsaci and D. gigas (Fig 4).

Fig 3. Gel with amplification products obtained in PCR with species-specific primer from the D.
destructor population. Lanes: M = 100 bp DNA ladder; K+=Positive control with D. destructor DNA,;
K- = control without DNA

Fig 4. Gel with amplification products obtained in PCR with species-specific primer. Lanes: M = 100
bp DNA ladder; K+=Positive control with D. destructor DNA; 1,2 = with D. dipsaci DNA; 3, 4 = with
D. gigas DNA

Conclusions
In this study, a set of species-specific primers (named dsn.1 /dsn.2) was designed
firstly for molecular identification of D. destructor based on the sequence analysis of
rDNA-ITS. The specificity, sensitivity, and reliability of the primers were repeatedly
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demonstrated. Therefore, the developed specific primers should be a rapid and accurate
molecular protocol for the diagnosis of D. destructor and also be fundamental for ef-
fective management of the nematode.
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HoBbiit Ha6op npamMmepoB ana cneundpuyHon amnnudpukaumm
ITS-nokycoB pAHK Ditylenchus destructor

H. Maxmyau® 2*, 1. K. Hempxap?, ®. lllasamep*

"Poccuiickuii yHUBEpCUTET [pyKObl HAPOJOB, 2. Mockea, Pocculickas ®edepayus
’BcepoCCUICKUH 1IeHTP KapaHTHHA pacTeHuit, Mockosckas obnacmsb, Pocculickas ®edepayus
3CeMHaHCKu yHUBepCUTET, 2. CemHaH, MpaH
“Yuusepcuter Tapbuat Mogapec, 2. TeeepaH, MpaH
*niloofarmahmoodi@ymail.com

AnnoTanms. PaspaboraHa MeToauKa uaeHTUGUKALUKU HeMaTobl Ditylenchus destructor, ocHoBaHHast
Ha MCII0/Ib30BaHWU Pa3/IMUHbIX [paiiMepoB [/is IPOBeJeHus MonrMepa3Hoit LenHoi peakyuu ([1LIP). [1Ba yHU-
BepCasibHbIX pUO0COMHBIX TpaiiMepa 6bUTH amMII(ULIMPOBaHbI BO BHYTPeHHel TpaHCKpUbupyemoii 0b1acTu
cneticepa ITS-p/IHK. CekBenupoanue npoaykToB I1LP nogTBepauio nonumopdusm Mmexay Bugamu. [Ipaii-
MepbI JIOCTaTOYHO UYBCTBUTE/IbHBI, UTOObI FeHEPUPOBATh OIpe/ie/IeHHYI0 M0/I0CY TIpaBU/IbHOrO pa3mepa (300
1.H.) u3 JHK-matpuiipl onpesienieHHoM ctaguu passutus D. destructor. CKpuHUHToM ronynsiuid D. destructor
n3 Vpana u Poccuiickoit @eziepaliyi poBepeHa Ha/|e)KHOCTh [TPaiiMepoB, U 0XKUAeMbIi pa3Mep MoJ0Chl ObLT
MO/TyueH Jijis BCeX TeCTUPYeMbIX MOmy/suid. bnskopoacteenHbie Buabl Ditylenchus destructor Takxe 6biin
MPOTECTHPOBaHbI, ¥ CHeL(pHUUeCKOi HMIUTM(HULIMPOBAHHOM MOJIOCHI He ObII0 BhIsSIB/IEHO. Pe3ysisraThl uccieso-
BaHWH NOKa3a/iu, UTo JlaHHble pa3paboTaHHbIe IpaiiMepbl MOTYT UCIO/Ib30BaThCS /IS KOJIMUeCTBEHHOW OL|EHKH
riotHoctu D. destructor B KyOHsIX KapTodes.

KiroueBbie cioBa: kKapTodenbHas Hemaroga, ITS-pJHK, Ditylenchus destructor, ripaiimepbl
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9 PeKTUBHOCTb KOMMIEKCA 3aLLUTHBIX MEPONpPUATUN
npu Bo3aeNibiIBaHUM MHOTONETHUX TpaB
Ha pagNoaKTUBHO 3arpA3HeHHbIX MOMMEHHbIX Jlyrax

H.H. Bbokarypo, A.A. CnpasuesB, A.A. AcTaluuHa,
C.H. ITonuenaii*, B.®. IIlanosasioB

bpsiHCKuiI rocyZiapCTBeHHBIN arpapHbIil yHUBepcuTeT, 2. bpsHck, Pocculickas ®edepayus
*snpotsepai@yandex.ru

AmnHoTanus. Vi3yueHo JielicTBYe Ha paJialliOHHO 3arpsi3HEHHBIX eCTeCTBEHHBIX KOPMOBBIX YTO/bSIX arpo-
TeXHUYeCKUX IIPUeMOB B KOMILIEKCe C arpOXMMUYeCKUMU MePOIIPUATUSMY B LieJISIX IPOU3BOACTBA SKOJI0TMUeCKU
YUCTBIX IPyObIX KOPMOB (CeHa), COOTBETCTBYIOLIMX /1eHCTBYIOLIMM HOPMaTHUBaM I10 Y/le/IbHOM aKTUBHOCTH B HUX
paziMoHyk/nza tesuii-137 (**7Cs). Ipu 3TOM Orpe/esisyIich pa3mMepsl TpaHcioKanuu ¥Cs B cHCTeMe 1ouBa —
pacreHue. Haubosee BbicoKast 3)(eKTUBHOCTb 3aIUTHBIX MEPOTIPUATHI B pAMKaX MPOBOAUMBIX UCC/Ie/I0BAHUI
To/TyYeHa Ha 3a/IMBHOM JIyTY LieHTpa/IbHOW MOWMbI OZHOM U3 pek BpsiHckoii obnactu. OcyliiecTB/eH pacuer
nepexoza '*’Cs 13 OYBBI B KOPM, a U3 KOPMOB B )KBOTHOBOZUECKYIO POAYKLIHIO (MOJIOKO, MsICO). IlosyueHo,
YTO BHECEHHe MOJTHOT0 MUHEPaIbHOTO y00peHus npu cootHoteHnu B HeM N:K paBHbIM 1:1,5 Ha ¢oHe Kak
TMOBEPXHOCTHOTO Y/TyULleHust, TaK U KOPeHHOH 00pabOTKH TI0UBBI TI03BOJISIET CHIDKATh MHTEHCHBHOCTD Mepexozia
¥Cs B IpOAYKLIMH KUBOTHOBOZCTBA, UTO COOTBETCTBEHHO YMeHbIIIAeT PUCK MO/TyUeHHsT Hace/leHHeM, oTpe-
OMISFOLIMM 3Ty MPOAYKLHIO, OTIACHOM /103bI BHYTPEHHero 00/1y4eHusi, TIpeBbILIatolell HOPMAaTHBHBIN yPOBEHb
pajiMaLOHHON 6e30MacHOCTH.

KiroueBble c/10Ba: rpyOble KOpMa, MHOTO/IETHHE TPABbl, PaMOHYKIHA ¥ Cs, ypoXKaHOCTb, MIHepa/IbHbIe
yno6peHusi, 103a BHYTpPeHHero o61y4yeHunst
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Efficiency of complex protective measures
in cultivating perennial grasses
in radioactively contaminated floodplain meadows

Nikolay N. Bokaturo, Aleksandr A. Spravtsev, Alina A. Astashina,
Svetlana N. Potsepai*, Viktor F. Shapovalov

Bryansk State Agrarian University, Bryansk, Russian Federation
*Corresponding author: snpotsepai@yandex.ru

Abstract. In a stationary, factorial experiment established in 1994 on radioactively contaminated natural
floodplain fodder lands, the effect of cultural practices in combination with agrochemical measures was studied
in order to produce organic feed (hay) which complies with the applicable standards of VP 13.5.13/06—01 in
terms of specific activity of cesium in them — 137. The translocation sizes of **’Cs in the soil-plant system were
determined by a complex of agrotechnical and agrochemical measures. The highest effectiveness of protective
counter-measures in the framework of the research was obtained with amelioration of the flood meadow. Transition
of cesium-137 from the soil into the feed, and from the feed into the livestock products (milk, meat) was calculated.
Application of full mineral fertilizer with a N:K ratio of 1:1.5 both against surface and root treatment reduces
the 1¥Cs transition into livestock production, that accordingly reduces the risk of a high internal irradiation dose
to people consuming these products to the levels conforming radiation safety standards.

Key words: roughage fodder, perennial grasses, *’Cs, yield, mineral fertilizers, internal irradiation dose
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BesepeHue

B Poccutickoli @efepaljvy B OCTaTOYHOM CTeNeHW 3HAUUMbIM U OTHOCUTETBHO
JlellIeBbIM MUCTOUHMKOM KOPMOB /1J1s1 0011{e CTBEHHOTO TTOTOJIOBbSI CE/TbCKOX035HCTBEHHBIX
JKUBOTHBIX SIBJISTFOTCSI KOPMOBBIE arposiaHAIadTe, /151 KOTOPBIX XapaKTePHO O0JIbIIIoe
6uopasHoobpa3sre. OfHAKO B OCHOBHOM MaCCHBe OHW HU3KO MPOAYKTHUBHBI U MEJTUO-
paTHBHO He yCTpoeHsl [ 1, 2].

CrnenyeT Tak)Ke YUUTBIBaThb, UTO B pe3ysibTaTe 1100ambHOM KatacTpodbl Ha UepHo-
oe1bcKoM ADC, 34 Tozia CO IHS KOTOPOU UCTIO/THUIOCH B TEKYIIIEM T[Ty, PaJJMOaKTUBHOMY
3arpsi3HeHUI0 TIOBEPI/IMCH eCTeCTBeHHbIe KOPMOBBIe YTobsi B BpsiHCKOM 06acTy Ha
rioiazu, npesbitatoreit 490 Teic. ra [3, 4]. BoieacTBre 3TOro U3 Xo3sHCTBEHHOTO
ob6opota Ob1710 BbIBe/IeHO Oosiee 265 ThIC. ra CeTbCKOX03IMCTBEeHHBIX yrogui [5—38].
EcTecTBeHHbIe CEHOKOCHI U TIaCTOMIIA HA TEPPUTOPUM 00/1aCTH 3aHUMAIOT TL/IOLA/lb
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6osee 546 ThIC. Ta, UX TIPOAYKTUBHOCTH U O€3 TOro, Kak MPaBU/IO, COCTAB/ISeT BeTUUH-
HY, MeHbIIIYI0 WK paBHyto 0,2 T/ra cyxoro BewjecTBa [2]. [TosTomy BcTana mpobiema
peabuMTaly ¥ UCIIOIb30BaHUs 3arpsis3HEHHBIX 3eMeb [9].

KomrinekcHoe rpoBe/ieHre 3alUTHBIX MEPOTIPUSTUN B YCIOBHUSIX PaIMOAKTUBHOIO
3arpsi3HeHHsT CII0COOCTBYeT TOBBILIEHHIO TIPOAYKTUBHOCTH €CTeCTBEeHHBIX KOPMOBBIX
yroguii B 2...4 pasa [9]. [Ipu 3Tom 3¢ ekt oT npruMeHsieMbIX Ha paJJMOaKTUBHO 3arpsi3-
HEHHBIX CeJIbX03yTO/IbsIX MUHEePaIbHbIX y100peHHi HalpsIMYIO 3aBUCHT OT (opM, /103
Y Ccofiep>KaHUsI B HUX /IEMEHTOB MUTATe/IbHbIX BeIleCTB, THIA M0YB, 00TaHUYeCKOTO
cocCTaBa TPaBOCTOEB, peXXMMa YBIaKHEeHUs TI0UB U [Ipyrux yciaosuii [9, 10].

YcTaHOBIEHO, UTO TOJIBKO MPU HAyYHO 0OO0CHOBAaHHOM TPUMEHEeHUU PacueTHBIX
[103 MUHepaJIbHbIX y00peHui BO3MOXKHO TIOBBIIIeHHE MPOJYKTUBHOCTH MHOTOJIETHUX
TPaB XOPOILIero KauecTBa 0e3 CHIKeHHs1 YPOBHS TUIOZ0PO/IHsI TIOUBHI M PUCKA 3arpsi3He-
HUSI TPYHTOBBIX BOJ, M OTKPBITHIX BOZONPpUeMHUKOB [10]. [TomyyeHuto MakCcMMaibHOTO
ypO)Kasi Kak eCTeCTBEHHOTO, TaK 1 CesTHOTO TPaBOCTOsI CTI0COOCTBOBAJIO IIPUMeHeHHe
MOJTHOTO MUHepasIbHOTrO y00peHust pH BeAylel posu a3ota [10, 11].

[Tpu 3TOM ecTecTBeHHbIE KOPMOBBIE YTO/Ibsi UMEIOT OoJiee BBICOKYIO CTeleHb 3arpsi3-
HEeHUs [JO/ITOKUBYLLMMU PaIMOHYK/IM/IaMU 110 OTHOLIIEHUIO K arpoLieHo3aM Ha MallHe
[12, 13]. [Tpou3BOACTBO HOPMaTHUBHO UKMCTOM MPOAYKLMK PaCTEHUEBOACTBA B 3TUX
YCJIOBUSIX SIBJISIETCS IPUOPUTETHOW 3a/jaueid Jisi CebX03MPOU3BOANTE e, TOCKOIBKY
B (hopMUPOBaHUM KOJUTEKTUBHBIX /103 00/TyueHus B TIOC/IeaBapUitHbIN TIeprog, mpeoo-
najiaeT BHYTPEHHSIS1 COCTABJ/ISAIOLIAst 32 CYeT MPO/YKTOB IIUTaHUs, B KOTOPBIX Y/je/IbHast
AaKTUBHOCTb [JOJITO’KMBYLLMX PaJUOHYK/IW/OB MPEBBILLIAET CAHUTAPHO-TUTMEHUYEe CKUI
HopMatuB [14]. Komrinekc peabMIMTALMIOHHBIX MEPOTIPUSTHMA, OCYIIeCTB/ISEMbIX TIPH
PaZIMOAKTUBHOM 3arpsi3HEHUU CebX03yTOAUI, B 3HAUUTE/TbHOM CTeNeHU MOHWKaeT Be-
POSITHOCTb TIPOU3BO/ICTBA PaCTEHHEeBOAUECKOM MPOYKLIWY C Y/le/IbHOW aKTHBHOCTBIO B
Hell pafiMoHyKrza ue3unii-137 (**7Cs) 1o ypOBHS WK HUKe CAaHUTAPHO-TUTeHUYe CKOTO
HODMAaTHBa M yMeHbIaeT 103y 001iero obmyueHus (CyMMapHasi 103a BHELITHeTo 1 BHY-
TpeHHero o0JiyueHUst TI0 HOPMe paIMaljiOHHOM 0e301MacHOCTH He [J0/DKHA MPeBbIIIaTh
1000 mk3B B rog) [14, 15]. B 3Tux ycioBusix Haubosbimi 3¢ ekt obecreunBaroT Me-
POMPUSITHSI KOPEHHOTO YYYIIIeHHs B KOMITJIEKCe C arpOXUMUYeCKUMH, T7ie 0Ccobast posb
OTBeJleHa Ka/IMiHBIM y100peHHsIM B /103aX, MPeBHIIIAOIIUX paHee peKOMeH/J0BaHHbIe
[15]. TIprMeHsist Ha MPAaKTHKe KOMILIEKCHBIE 3all{UTHbIE MEPOMPUSTHS B KOPMOIIPOM3BOZ-
CTBe, MO)XHO CHU3WTh MpeBbIllIeHHe KOHLIEHTPaLM Pa/JMOHYK/IN/I0OB B TIPOU3BOAUMON
MPOAYKLIMY M 3HAUYMTE/IbHO YMEHbLLIUTh PUCK NTPeBbIIEHNs KOJUIEKTUBHOM 103kl [9].

Ilenb ucc/1e0BaHUM — U3YUUTh U /]aTh arpO3KOIOTMUECKYH0 OLIeHKY 3Q(eKTHBHO-
CTU NIPYMEHEHUS 3allUTHBIX MEPOTIPUATHI Ha PaJMOAKTUBHO 3arpsi3HEHHbIX 3a/TMBHBIX
nyrax. [TpakTryeckoii Liesibio pa3paboTKH U TpUMeHeHHs] KOMIJIEKCHBIX Mep peabuu-
TalUX 3eMeJlb SIB/ISIeTCs TIepeBOJ, CebX03 IUIoLaZiel U3 KaTerOpuU 3eMeslb C BBICOKON
TUIOTHOCTBIO 3arpsi3HeHusi B 6osiee HU3KYIO.
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MaTepMaﬂbI n MeTonbl uccnegosaHunAa
[ToneBbie OMbITHI MPOBOAWU/IM Ha y4YacCTKe LIeHTPaJbHOM MONMBI 3a/IMBHOTO JIyTa
peku Vnyts HoBO3bI0KOBCKOTO patioHa BpstHCKoM 06/1acTH, Ha ajTFOBHUAIbHO JIePHOBO-
Or/IessHHOM MecyaHo nouse. /10 3aK/1ajKu 110/1eBOr0 OIbITa 1I0UBa XapakTepr30oBasach
clelyIOLIMMHU MOKa3aTessIMU: CoJlepykKaHue OpraHruueckoro Beljectsa (1o TropuHy)

3,08...3,33 %, pH,, 5,2...5,6, noaBwxHbIi (Gocdop u obmeHHbIH Kanmi (o Kupca-
HOBY) 620...840 u 173...180 Mr/Kr cOOTBeTCTBEHHO. [17I0THOCTh 3arpsi3HeHUs! TIOUBbI
paguonykmzom *’Cs coctapnsina 559...867 kbk/M?. B ombiTe n3yuanu ABa akropa:
1) crioco6b1 06pabOTKYM TIOUBLI; 2) MUHEpasIbHbIE Y00peHus.

ArpoTexHUUeCKHEe MepOTIPUSITUS BK/TFOUa/Id TIOBEPXHOCTHYIO U KOPeHHYI0 o0pa-
60TKy TouBbl. I[ToBepxHOCTHasi 06paboTKa Ipe/icTaB/eHa JUCKOBAHUEM [I€PHUHBI B
JIBYX HampaB/eHusix 1o, yriaom 90° nuckoBoit 6opoHoii bId-2,4, kopeHHas BCralka
JepHHUHBI 00bIYHBIM TTyroM TTJTH-3—35 Ha m1yOHrHY TTaXOTHOTO C/I0SI C TIOC/IeYIOIIM
JMCKOBaHKeM 1iacta 6opoHoii BId®-2,4. [Tepes; moceBOM MHOTOMIETHUX TPaB MOYBY
npukarbiBaay kKatkamu 3KBI'-1,5. TpaBocMeCh MHOTO/IETHUX 3/1aKOBBIX TPaB COCTOSIIA
13 OBCSIHULIbI JIyTOBOM — 6,0 Kr/Tra, JBYKMCTOUHHWKA TPOCTHUKOBOTO — 7 KI/ra, JIMCO-
XBOCTa JiyroBoro — 5,0 Kr/ra.

®dopMbI TPUMEHsIEMBIX B UCC/IeJOBAHUSIX MUHEPa/IbHBIX Y100peHUH Mpe/iCTaB/eHbI
aMMUauHoM cenutpoit (34,4 % N), cynepdocdarom apoiinbiv (48 % P,0,), kamiem
xnopucThiM (56 % K O). ®ocdopHble y100penns MoIHOM /10304 BHOCK/IU BeCHOM I10-
CJle CX07ia TaBOJKOBBIX BO/I. A30THbBIE U Ka/luiHbIe pOOHO: TIONIOBUHY PaCueTHOM /103bl
10/ epBbIM YKOC, APYTYIO MOJIOBUHY MO, YKOC 0TaBbl. OMBIT 3a/10)KeH B TPEXKPaTHOM
TOBTOPHOCTH C OOII[eH TUIONA/IbIO OTIBLITHOM JIeISTHKU 63 M?, yueTHOH — 24 M2, Pa3me-
11leHue Jle/ITHOK — PeH/I0MH3MPOBaHHOe, T.e. N0 C/lyyaliHOMy Npu3Haky. [1epBblil yKoC
MHOTOJIETHUX TPaB OCYLLeCTB/IS/ICS B CepPe/IMHE HUIOHS, YPOXKali OTaBbl YUUTHIBA/ICS B KOHLIE
aBrycra. Cxema OrbITa BK/TFOUaa CJIeIyIoliye BApUAHThI IPUMEHEHUs y00peH iA:

1. KonTpons (6e3 ynoOpenuit), 4. N, P, K, 7. N Lo PeoK 00
2' P60K90; 5 N9OP60K150; 8 N120P60K150;
3' N9OP60K90; 6 P60K120; 9 N120P60K180'

[Tpu poBeIeHUM UCCIIeI0BaHKI PYKOBO/ICTBOBA/IUCH OOIIENTPUHATHIMUA METOAUKAMU
[16—18]. DkcrepuMeHTa/bHbIE TaHHBIE OB TTOATBEPXKAEHbI CTATUCTUYE CKOM
06paboTKOM METO/IOM [TUCTIEPCUOHHO-KOPPE/ISIIMOHHOTO aHa/Iu3a C UCI0J/Ib30BaHUEM
nporpamm Microsoft Excel 7.0 u Statistica 7.0 (StatSoft, Jnc, CILIA).

PesynbraTtbl 1 06Cy)XaeHuUs
B cpenHem 3a yeThIpe rofja UCC/Ie0BAaHUN MUHUMA/IbHAsI YPOXKalHOCTh CeHa
MHOT'0JIETHUX TPaB TIEPBOTr0 YKOCa C HauboJIbIleH y/ie/TbHOM aKTUBHOCTRIO B HeM ¥7Cs
He3aBHUCHUMO OT (hoHa 06pabOTKH TIOUBHI HAO/TIO/Ia/1ach Ha KOHTPOILHOM BapraHTe (Tabs. 1).
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Tabnuya 1
BnusiHMe KoMnneKkca 3alUTHbIX MePONpPUATUIA NPU CEHOKOCHOM UCMOJIb30BaHUN
3nakoBbIx TpaBocToes (2015—2018 rr.)

BapuaHTb [1 ]2 3] a][5]6] 78] 9] HCP,

05

06wan —0,55.
YpoXKalHOCTb, T/ra 152 | 312 | 511 | 541 | 570 | 369 | 611 | 670 | 7,11 06p. nousbi—0,19.
Yno6peruin—0,22
O6Las —84.
CeHo |3358| 481 | 1116 | 686 | 369 | 350 | 460 | 300 | 242 06p. nouBbl —27.
Ypo6peHuin — 59

Moroko | 165 | 23 52 14 | 18|16 | 2 (14 | 1

[yckoBaHmne AepHUHbI
YnenbHas
aKTUBHOCTb, BK/Kr

Msco | 673 | 96 | 218 | 139 | 73 | 68 | 91 58 | 49

J[lo3a BHyTpeHHero
06y4eHst, MK3B
YpoxaiHocTb, T/ra 158 | 319 | 526 | 558 | 648 | 356 | 6,73 | 685 | 724

CeHo [2250| 348 | 816 | 471 | 254 | 230 | 226 | 219 | 214

713 | 101 | 240 | 150 | 79 | 72 | 95 | 60 | 49

Monoko | 118 | 16 39 2 12| N 16 | 13 10

YnenbHas
aKTUBHOCTb,
BK/Kr

Msico | 446 | 69 | 161 | 93 | 52 | 45 | 72 | 56 | 43

[lo3a BHyTpeHHero

545 | 75 | 166 | 96 52 48 74 61 45
06y4eHst, MK3B

Bcnaluka AByXbAPYCHbIM MITyroM

R=

2-nyKoc (oTaea

06wan—0,13
YpoxaiHocTb, T/ra 049 | 140 | 267 | 281 | 313 | 1,69 | 330 | 350 | 378 06p. nousbl — 0,05
Ypo6penuin— 0,03

O6as—110
CeHo |3196| 360 | 849 | 496 | 281 | 385 | 325 | 254 | 110 06p. nouBbl —36
Yno6peHuin—76

Moroko | 158 | 19 44 23 12 | 12 | 18 | 17 | 12
Msaco | 639 | 73 | 169 | 98 | 53 | 48 | 73 | 62 | 48

aKTUBHOCTD,
Bk/kr

[vcKoBaHWe AepHUHBI
YpenbHasa

%%f;,fgg’;gemgﬁ 680 | 70 | 152 | 108 | 57 | 53 | 52 | 52 | 50

3 | YPOXAMHOCTD | oo | 143 | 262 | 278 | 314 | 166 | 344 | 353 | 382

=4 T/ra

=

s g Cevo |2181| 351 | 784 | 470 | 262 | 243 | 362 | 283 | 241
5| 2

> T O

g 25 |[Monoco|108| 17 [ 38 |28 [ 12 | 11 | 14 |13 | 12
sl &3

g ~f

S & Maco | 434 | 69 | 153 | 96 | 53 | 48 | 51 | 69 | 48
3

[0}

G| Aosasuytpenero | oo | o5 | 163 | 101 | 54 | 50 | 48 | 45 | 43

06ny4eHNst, MK3B

lMpumeyvaHue. PaCLLIVICDpOBKa BapMaHTOB NoKa3aHa B METOAax nccnenoBaHnd.
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Table 1

Influence of a complex protective measures during hay use of cereal grass stands

(2015—2018)

Variant | 1 [ 2 [ 3] 4|56 | 7] 8] 9] LSD,.
1t hay cutting
Total —0.55.
Yield, t/ha 152 | 312 | 511 | 541 | 570 | 3.69 | 6.11 | 6.70 | 7.11 Tillage —0.19.
Fertilizers —0.22
o2 Total —84.
~ Hay | 3358 | 481 | 1116 | 686 | 369 | 350 | 460 | 300 | 242 Tillage —27.
= 2 Fertilizers — 59
= =
2l £
= B Milk | 165 23 52 14 18 16 22 14 11
L <
e Q
5;)_ Meat | 673 9 | 218 | 139 | 73 68 91 58 49
%)
Dose of internal
radiation, pSv 713 101 240 | 150 79 72 95 60 49
2 Yield, t/ha 158 | 319 | 526 | 558 | 6.48 | 3.56 | 6.73 | 6.85 | 7.24
o
_g g Hay | 2250 | 348 | 816 | 471 254 | 230 | 226 | 219 | 214
= o
S =)
T = m
% ‘aé_z: Milk | 118 16 39 22 12 11 16 13 10
3| 92
e L |Meat| 446 | 69 | 161 | 93 | 52 | 45 | 72 | 56 | 43
2
g D f internal
< | Dose 0
(_33 radiation, pSv 545 75 166 96 52 48 74 61 45
o
2nd hay cutting (aftergrass)
Total —0.13
Yield, t/ha 049 | 1.40 | 2.67 | 2.81 | 3.13 | 1.69 | 3.30 | 3.50 | 3.78 Tillage — 0.05
Fertilizers —0.03
N Total —110
P Hay | 3196 | 360 | 849 | 496 | 281 385 | 325 | 254 | 110 Tillage — 36
Tl 2 o Fertilizers —76
o 2*‘ Milk 158 19 44 23 12 12 18 17 12
£ o
= =3
] 'am
e é_ Meat | 639 73 169 98 53 48 73 62 48
Dose of
internal 680 70 | 152 | 108 | 57 53 52 52 50
radiation, uSv
z Yield, t/ha 052 | 143 | 262 | 278 | 3.14 | 1.66 | 3.44 | 3.53 | 3.82
%.
=) 2
© o= Hay | 2181 351 784 | 470 | 262 | 243 | 362 | 283 | 241
@ S
5| 3
S 22 | Milk | 108 17 38 23 12 11 14 13 12
c| L=
'§ 2 | Meat| 434 69 | 153 | 96 53 48 51 69 48
g
z Dose of
a internal 459 65 163 | 101 54 50 48 45 43
radiation, pSv

Note. Explanation of the options is shown in the research methods.

164

NOYBOBEAEHNE W AITPOXVIMINA



Bokaturo N.N. et al. RUDN Journal of Agronomy and Animal Industries, 2020; 15(2):159-172

B cpenHeM 3a rofipl MicciejoBaHN YpPO)KaliHOCTb CeHa MepBoro ykoca Ha KOHTPOJIbHOM
BapuaHTe 1o (oHy MOBepPXHOCTHOW 00paboTKM MouBkI cocTaBuia 1,52 1/ra, 1o ¢poHy
KOpPEHHOTrO0 y/y4llieHus — B cpefHeM 1,58 T/ra. BaKHbIM pe3y/bTaToM sIB/isieTCs (hakT,
UTO yZe/bHast aKTUBHOCTD '*’Cs B CeHe MePBOT0 YKOCa NP TTOBEPXHOCTHOM Y/TyUIIEHUH
nyroB Oblia BhIlIe B CDABHEHUHM C KOPEHHBIM YJTyUllleHUeM.

Brecenue pocdhopHo-kanuiinoro ynobpenus P, K . u P K, cnoco6creoBano
CHIDKEHHIO yielTbHOM aKTUBHOCTH '*’Cs B ceHe TIepBOro yKoca MHOTOJIETHUX TPaB
Ha (poHe MOBEPXHOCTHOTrO yny4lleHus B 7,0...9,6 pa3a, no ¢oHy KOpEHHOTO Y/TyullleHUs]
ot 6,5 710 6,3 pa3a oTHOCUTEeNBHO KOHTPO/IS. [TomyueHHbIM KOPM T10 YPOBHIO Ye/IbHON
aKTUBHOCTH B HeM *’Cs COOTBETCTBOBAJI CAHUTAPHO-TUTeHHUeCKOMY HopMaTuy BIT
13.5. 13/06—01 (400 Bk/KT), HO YpPO>)KaliHOCTh CEHa B 3TUX BapraHTax Obl/la OTHOCUTE/THHO
HEBBICOKOU U COCTABJ/Isi/Ia B CPeIHEM B 3aBUCUMOCTH OT criocoba o6paboTKM JepHUHbI
3,12...3,69 u 3,19...3,56 T/ra COOTBETCTBEHHO.

BHecenwue a3oTHOrO ynobpenus B go3e 30 kr/ra Ai.B. Ha poHe (ochOopHO-KaTHIHOTO
crioco6CTBOBAJIO TIOBBILIEHHIO YPOXKAaHHOCTH CeHa TPaBOCMeCH M OJHOBPeMEeHHO
yBeTMUMBAIACh ye/bHast akTUBHOCTD '*’Cs B HeM B 2 Wiu 0oJjiee pa3 OTHOCHUTE/IbHO
(pocdopHo-KanuitHoro pona. Buecenve kamus B fo3ax K. 1 K . cOBMECTHO € a30THO-
dpocdopueM ynobpennem N P, criocobCTBOBaIO yMEHBIIEHHUIO y/Ie/TbHON aKTUBHOCTH
137Cs B ypoykae ceHa Kak 1o (hoHy AMCKOBAaHMS TIOUBBI, TaK ¥ 10 )OHY KOPEeHHOM 006paboTKu
B cpaBHeHuu ¢ Bapuantom N, P, K, B 1,6...3,0 1 1,7...3,2 pasa COOTBETCTBEHHO.
[Tonmy4eHHBIV KOPM B 3TOM BapHaHTe TI0 YPOBHIO B HEM yZie/IbHOM aKTUBHOCTH *'Cs
COOTBETCTBOBA/l HOPMaTUBY.

BHecenue a30THOIO yz106peHKsi COBMECTHO € (hoCcopHO-KaIMkiHbIM B flose P, K |
YBeJTMUUBAJIO Ye/NbHYI0 aKTUBHOCTE *’Cs B CeHe MHOTOJIETHUX TPAaB OTHOCHUTEIbHO
BapuanTta P K Ha ¢one nmoeepxHoCTHOM 06paboTku nouskl B 1,31 pasa, Ha GoHe
KOpeHHOM 00pabotku nousel — B 1,10 pasa. Kammiinble ynobpennsa B go3ax K. u K,
BHECEHHbIe COBMeCTHO ¢ N, P mpu cootHoumeHuu N:K, pasHom 1:1,25 u 1:1,5,
yMeHbl11a/i1 oTpebsierre *’Cs TpaBOCTOEM MHOTOJIETHUX TPaB IePBOTr0 YKOCA, CHIKast
yZleNbHYI0 aKTUBHOCTD B 3aBUCUMOCTH OT (hoHa 06pabOTKM JiepHHUHBI COOTBETCTBEHHO
B 1,33...1,65 1 1,83...1,87 pa3za oTHOCUTeTbHO HOpMaTUBa. MaKcUMasbHasi yPOXKalHOCTh
CeHa TIepBOro yKoca He3aBHCHMO OT criocoba 06paboTKu MouBkl Obl1a OTMeUeHa IpH
BHECEHUH MOJIHOTO MUHepPaIbHOTO yAo0peHus rpu cooTHouieHuu B HeM N:P:K,
pasHowm 1:1:1,5 (Bapuant N, P, K, ), ipy 5TOM IMO/TyYeHHbIN ypOXKaii CeHa 110 y/iebHOM
akTUBHOCTHU '*’Cs B KOpMe COOTBETCTBYET CAHUTAPHO-TUTHEHUUeCKOMY HopMaTuBy BIT
13.5. 13/06—01.

[Tepexos, paguolie3us u3 1ouBsl [11] B ypoxkaii ceHa BTOPOTO YKOCa MHOTOJIETHUX
TPaB B 3aBUCUMOCTH OT MPOBOJUMBIX PeabH/TMTaLMOHHBIX KOMITIEKCHBIX MEpPOITIPUSITHI
TPAKTUYECKH He OT/IMYAeTCs OT MPUHIUTIA UX BAUSHUS Ha MOCTyTuieHre *’Cs B ypoykae
CeHa MHOT'0JIETHHX TPaB MepBOT0 yKOCa.

YnenvHasi akTUBHOCTE *’Cs B CeHe BTOPOTO YKOCa Ha KOHTPOJIbHOM BapyaHTe Tpu
KOpeHHOM criocobe 06paboTKM 1ouBbI Ob11a B 1,3 pa3a MeHblile, ueM MPH OBEPXHOCTHOM.
YBenuueHue 103bl Kaausl Kak MpU OTJeIbHOM BHeceHuH (Bap. 2, 6), Tak U B COCTaBe
a30THO-KaJIMMHOTO y00peHusi yMeHbIa/Iu yAelbHYI0 aKTUBHOCTD *’Cs B ceHe
MHOTOJIETHUX TPaB BTOPOT0 yKoca. Bo BTopoM ykoce HanbosbIiasi ypOXKaltHOCTh CeHa
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MSIT/IMKOBBIX TpaB 3,77...3,85 T/ra He3aBUCHUMO OT (hOHa C Y/e/IbHOM aKTUBHOCTBIO B HEM
'¥Cs oTMeueHa npy PUMEHEHNH 1107} BTOPOH YKOC a30THO-KamiiHOro ypobpenus N, K,
(cooTtHowenue N:K, paBHoe 1:1,5).

PacueT TpaHC/IOKAL[UM PaivoLie3usi B TIPOAYKIIUK KUBOTHOBO/CTBA MPY KOPMJIEHUH
JKMBOTHBIX CEHOM MHOT'OJIETHUX TPaB MePBOr0 YKOCa CBU/ETeNbCTBYeT O TOM, UTO
JI7Isl TapaHTUPOBAHHOTO TIO/TyUeHHsI MOJIOKA Ha YPOBHE CaHUTapPHO-TUTHeHNUeCKOTO
HopMaruBa rpu cogepkanuu '¥Cs (100 Bk/1) ipu oBepXHOCTHOM 00paboTKe [1epHUHBI,
a TakXKe Y TIPU MPOBeZIeHNH KOPEHHOTO y/ydllleHrsi He0OX0MMO BHOCUTb BeCHOM TIOf]
TIepBbIA YKOC MHOTOJIETHUX TPaB TOJIHOe MHUHepanbHoe yAoOpenue B gose N P K. |
nof, BTopoii — N, K .

B ycnoBusix CTOMI0OBOTO COZlep>KaHusl JKUBOTHBIX CKapMJ/TMBaHKe TPyObIX KOPMOB
(ceHa), BbIpallleHHBIX T10 JAHHOM T€XHOJIOTUU MPU IBYXYKOCHOM HCIIO/Ib30BaHUH,
rapaHTHUpyeT [o/lyueHre MsCHOU MPOAYKLMM Ha YPOBHE CAHUTAapPHO-TUTMeHUUeCKOro
HopMaruBa (160 bk/kr).

[TpoBeaeHHBIE MCCIeA0BAHKS TTOATBEPXKAIOT, UTO /103a BHYTPeHHEeTo 001yueHust
oT moTpebIeHNsT >)KUBOTHOBO/IUE CKOM TIPOYKITUH (MOJIOKO, MsICO) He mpeBbimaeT 1000
MK3B B I'0J] B TOM C/Iy4ae, KOrjja KopMa pov3Be/ieHbl Ha Pa/IM0aKTUBHO 3arpsi3HEHHBIX
MOMMeHHBIX JIyTrax NPy yCJIOBUU TIPOBeZeHNs] KOMIUIEKCA 3allUTHBIX MePOTIPUSITHH,
BKJ/IIOUAIOI[eTro 00si3aTelbHOe MPUMeHeHHe TMOBePXHOCTHOTO U/ KOPeHHOT0
criocoba 06paboTKM TTOUBBI, (OPMUPOBAHKE CESTHBIX TPABOCTOEB MHOTOJIETHUX TPaB
U BHeceHHe a30THO-(ocdopHoro KammitHoro ynobpenus NP K BecHoii ocsie cxoza

60~ 60~ 790
MaBOJKOBBIX BOJ 10Z nepBbiid yKoc U N_ K, 1oj yposkait oTaBbl. Vcnosnbp3oBaHue

KOPMOB, COOTBETCTBYIOLIIX CaHI/ITapHO-iG"(;/IFi/OIEHI/IIIECKOMy HOPMATHBY T10 y/eTbHON
aKTMBHOCTH B HUX '*’Cs, rapaHTUPYyeT TOTyueHHe SKOJIOTHUeCKU 0e30MmacHOM MPOAYKLIAH
YKUBOTHOBO/ICTBA, MOTPe0/1sisi KOTOPYIO TPOKKBaroLLjee Ha JAHHOW TePPUTOPHH HacesieHH e
TIOJTYYUT TOZOBYIO 03y BHyTpeHHero obmyuenusi MeHee 1000 Mk3B.

Pe3ynbTathl 1ab0paTOPHBIX U aHATUTHUECKUX UCCIeJOBaHUM CBH/IETeTbCTBYIOT
0 TOM, 4TO CrIoCcOObI 0OpabOTKM MOUBBI OKa3asu cjiaboe BAUSIHUE Ha OTHOCUTE/IbHOE

Coep>KaHre OCHOBHBIX MAKPO3/IEMEHTOB B Ce€He ITepBOIro yKocCa (Ta6f[. 2)

Tabnmya 2
Cogfep)kaHve MaKpo3/IEMEHTOB B CEHE MHOMOJIETHUX TPaB B 3aBMCMMOCTU OT CNoco60B
06paboTKM MNOYBbI U MUHEpPanbHbIX yA06peHuit (cpegHee 3a 2015—2018 rr.)

Bo3ayLUHO-Cyxoe BellecTso,% COOTHOLLIEHWE 3/IEMEHTOB

BapuaHT

N P | K | Ca | Mg Ca:Mg | CaP | K:(Ca+Mg)
MoBepxHOCTHOE ynydweHue (1-i ykoc)

KoHTponb 1,62 0,23 1,62 0,51 0,40 1,3 2,2 1,8
PoKis 1,65 0,28 1,69 0,53 038 1,4 1,9 19
NP oKys 2,26 0,32 1,73 0,55 0,35 1,6 1,7 19
N,P.Keo 2,34 0,34 1,75 0,58 0,30 1,9 1,7 2,0
N P.K. | 240 036 1,81 0,61 028 2,2 17 2,0
P.oKeo 1,86 0,31 1,70 0,53 038 1,4 17 1,9
N PoKo | 235 036 1,78 0,56 034 1,6 1,6 2,0
NP | 242 0,38 1,86 0,58 028 2,1 15 22

166 NOYBOBEAEHNE W AITPOXVIMINA



Bokaturo N.N. et al. RUDN Journal of Agronomy and Animal Industries, 2020; 15(2):159-172

OKOHYaHWe Tabnuibl 2

Bo3agyLHo-cyxoe BellecTso,% COOTHOLLEHWE 3/1eMEHTOB
BapuwaHT
N P K Ca Mg Ca:Mg CaP K:(Ca+Mg)
N,P.K, | 245 0,44 1,90 061 024 2,5 1,5 22
KopeHHoe ynyudluenue (1-i ykoc)
KoHTposnb 1,64 0,24 1,65 0,52 0,40 1,3 2,2 1,8
P.K. 1,68 028 1,72 0,54 036 15 19 19
NP K. | 228 034 1,78 0,56 034 16 16 2,0
N, P.K, | 236 036 1,80 0,58 0,30 19 1,6 2,0
NP K. | 242 038 183 0,61 0,28 22 16 2,0
P.K., 1,88 032 1,75 0,54 036 15 17 19
NyoPeoKeo 2,36 0,36 1,82 0,56 0,32 1,8 1,6 2,1
N¢oPoKss 2,46 0,38 1,88 0,60 0,28 2,1 1,6 2,1
N P.K, | 249 0,41 1,93 0,62 024 26 1,6 22
MoBepXHOCTHOE yyuLleHue (2-1 yKoc)
KoHTponb 1,42 0,24 1,58 0,52 0,39 1,3 2,2 1,7
K,s 1,53 0,29 1,62 0,54 0,38 1,4 1,9 1,7
N,.K. 1,69 035 1,65 0,56 036 1,6 1,6 18
N,.K,, 1,95 0,38 1,69 057 032 18 15 19
N,.K . 2,338 039 1,72 061 028 22 1,6 19
Keo 1,55 0,33 1,68 0,54 0,38 14 1,6 1,8
N, K, 220 036 1,73 0,61 036 17 17 18
NK, 227 038 183 0,64 0,30 2,1 17 19
N¢oKgo 2,33 0,39 1,96 0,64 0,28 2,3 1,6 2,1
KopeHHoe ynyuJlueHue (2-i ykoc)
KoHTposnb 1,44 0,25 1,60 0,52 0,40 1,3 2,1 1,7
K,s 1,54 0,29 1,68 0,54 0,38 1,4 1,9 1,8
N,.K,, 1,71 036 1,72 057 034 17 1,6 19
N,:Kqo 1,96 0,38 1,73 0,58 0,28 2,1 1,5 2,0
N,.K . 239 0,40 1,76 0,60 026 23 15 2,0
K, 1,53 0,30 1,59 0,52 038 14 17 19
NooKes 2,20 034 1,75 0,62 036 17 18 18
N,,Kos 226 038 1,85 0,63 028 22 17 2,0
N, K., 232 0,40 1,92 0,64 026 25 16 2,1
Table 2

Content of macronutrients in hay of perennial grasses, depending on tillage methods
and mineral fertilizers (average for 2015—2018)

Variant Air-dry matter, % Ratio of elements
N | P | K | Ca | Mg Ca:Mg | CaP | K:(Ca+Mg)
Simplificated improvement (1t hay cutting)
Control 1.62 | 0.23 1.62 0.51 0.40 1.3 2.2 1.8
PoKys 1.65| 0.28 | 1.69 0.53 0.38 1.4 1.9 1.9
N,.PK. | 226 | 032 | 173 | 055 0.35 1.6 1.7 1.9
N,PKe | 234 | 034 | 175 | 058 0.30 1.9 1.7 2.0
NP K. | 240 | 036 | 1.81 0.61 0.28 2.2 17 2.0
PK, [186| 031 [ 170 | 053 0.38 1.4 1.7 1.9
NyPoKe | 2:35| 036 | 1.78 | 0.56 0.34 1.6 1.6 2.0
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End of Table 2
Air-dry matter, % Ratio of elements
Variant
N P K Ca Mg Ca:Mg Ca:P K:(Ca+Mg)
NePoKs | 242 | 0.38 | 1.86 0.58 0.28 2.1 1.5 2.2
N P.Ky | 245| 044 | 190 | 061 0.24 2.5 1.5 2.2
Amelioration (1%t hay cutting)
Control 1.64 | 0.24 1.65 0.52 0.40 1.3 2.2 1.8
PeoKes 1.68 | 0.28 | 1.72 0.54 0.36 1.5 1.9 1.9
N,.P.K. | 228 | 034 | 178 | 056 0.34 1.6 1.6 2.0
NP K, |2.36 | 0.36 | 1.80 0.58 0.30 1.9 1.6 2.0
N, P,K, |242| 038 | 1.83 0.61 0.28 2.2 1.6 2.0
PK, |1.88| 032 [ 175 | 0.54 0.36 15 17 1.9
NePoKe | 2.36 | 0.36 | 1.82 0.56 0.32 1.8 1.6 2.1
N, P.,K,. |246| 038 | 1.88 | 060 0.28 2.1 1.6 2.1
NePoKso | 249 | 0.41 | 1.93 0.62 0.24 2.6 1.6 2.2
Simplificated improvement (2" hay cutting)
Control | 1.42| 0.24 | 1.58 0.52 0.39 1.3 2.2 1.7
K, 1.53| 029 | 162 | 054 0.38 1.4 1.9 1.7
N,.K,; 1.69 | 0.35 | 1.65 0.56 0.36 1.6 1.6 1.8
N,K, [1.95| 038 | 169 | 057 0.32 1.8 1.5 1.9
NK, [238| 039 [ 172 | 061 0.28 2.2 1.6 1.9
Keo 1.55| 0.33 | 1.68 0.54 0.38 1.4 1.6 1.8
N,K, |220| 036 | 173 | 061 0.36 17 1.7 1.8
NgoKss 227 | 0.38 | 1.83 0.64 0.30 2.1 1.7 1.9
NeoKs |233| 039 | 1.96 | 0.64 0.28 2.3 1.6 21
Amelioration (2" hay cutting)

Control 144 | 0.25 1.60 0.52 0.40 1.3 2.1 1.7
K,s 1.54| 0.29 1.68 0.54 0.38 1.4 1.9 1.8
NK, [171| 036 | 1.72 | 057 0.34 17 1.6 1.9
N,K, |196| 038 | 173 | 058 0.28 2.1 1.5 2.0
N,Ks 239 | 0.40 1.76 0.60 0.26 2.3 1.5 2.0
Kyo 1.53 0.30 1.59 0.52 0.38 1.4 1.7 1.9
NoKo, |220| 034 | 175 | 062 0.36 17 1.8 1.8
NoKos 2.26 | 0.38 1.85 0.63 0.28 2.2 1.7 2.0
N,K, |232| 040 | 1.92 | 064 0.26 2.5 1.6 2.1

B 3HauMTebHON Mepe 3/1eMeHTHBIM COCTaB CeHa MepBOro yKoca B CpeJjHeM 3a TPU
rojia Ompe/iessiyicsi JefiCTBHeM /103 TIPUMeHsIeMbIX yaobpeHuid. B cpefHeMm 3a ueTbipe
rofia OMbITOB HAa KOHTPOJILHOM BapuaHTe CoZiep>kaHue 001Lero a3oTa B CeHe B 3aBUCH-
MOCTH OT BH/j@ arpOTeXHUUeCKUX MepOIPUSITUI M3MeHsI0Ch B nipefenax 1,62...1,64 %.

168 NOYBOBEAEHNE W AITPOXVIMINA



Bokaturo N.N. et al. RUDN Journal of Agronomy and Animal Industries, 2020; 15(2):159-172

B ceHe BTOpOro ykoca OTaBbI COfiep>kaHue 00I1ero a30ta B KOHTPOJIbHOM BapHaHTe
TIPU TIOBEPXHOCTHOM 00paboTKe epHUHBI ObUIO Ha ypoBHe 1,42, mpy KOPeHHON —
1,44 %. TTo pUMeHsIeMbIM CUCTEMaM y00peHus B 3aBUCUMOCTHU OT (hoHa 00paboTKH
TIOYUBBI COZIep)KaHre 0O0IIero a3oTa B CeHe MEPBOr0 YKOCa U3MeHsIoch oT 1,62 10 2,45
u ot 1,64 510 2,49 %, ¥ COOTBETCTBEHHO B CeHe BTOPOro ykoca — ot 1,42 no 2,23 u or
1,44 no 2,32 %.

ITpu moBepXHOCTHOM 00paboTKe MOUBKI cofiep>KaHue Gocdopa B yporkae ceHa
MepBOro yKOCa [0 paccMaTprBaeMbIM BapyaHTaM OIbITa BapbHMPOBAJIO B Ipejesax
0,23...0,44 %, ripu kopeHHOM ynyutueHn — oT 0,24 no 0,41, B ceHe BTOPOro ykKoca B
3aBUCHUMOCTH OT criocoba 06paboTKu epHUHBI coziep)kaHue (hocdopa 66110 Ha ypOBHE
0,24...0,39 1 0,25...0,40 %.

B cpenneM copeprkaHye Kayusi B ypoyKae CeHa 3/1aKOBOTO TPaBOCTOSI [IEPBOT0 YKOCa B
3aBHCHUMOCTH OT ()oHa 00pabOTKM [IepHUHBI TI0 BapyaHTaM OrbITa cocTasssio 1,62...1,90
u 1,65...1,93 %, a B ceHe MHOTOJIETHUX TPaB BTOPOT'0 YKOCA ero cofiepkKaHue U3MeHsI0Ch
cooTBeTCcTBeHHO C 1,58 1o 1,92 %, He npeBbillasi 300TexHUYeCcKUd HopMmatuB (3,0 %).
He3aBucumo ot criocob6oB 00paboTKM IepHUHBI COZiepyKaHre MarHus B ypo)kae ceHa
3/1aKOBOTO TPaBOCTOS KakK MepBOro, Tak ¥ BTOPOrO YKOCOB He TIPeBLIIIAaN0 ONTUMAa/Ib-
HOTO 3HaueHus, U3MeHSsICh 110 BapuaHTaM omnbITa oT 0,40 g0 0,24 %. MuHepaibHbIe
ynoOpeHws, C/iefjoBaTe/IbHO, CIIOCOOCTBOBA/IM CHYKEHHUIO COZIEPYKAHHUSI MarHUsi B KOPME.

B cpennem copmeprkaHue KanbLivsl B CeHe MHOTOJIETHUX TPaB MEPBOr0O U BTOPOTO
YKOCOB TIOBBILIA/IOCH 10/, BAUSIHUEM [IeMCTBUSI MUHEPA/IbHBIX Y100peHuH 1 He3aBUCH-
Mo oT criocoba 06paboTku gepHUHbI cocTassiio 0,51...0,62 %, ocTaBasich Ha ypOBHe
300TeXHUYECKOTo oNTUMyMa. B cpefiHeM COOTHOIIIeHMe Ka/lbLIMsl U MarHust ypoykasi CeHa
3/1aKOBOT'O TPaBOCTOS TIEPBOT0 U BTOPOTO YKOCOB M3MeHsiiock ot 1,3 1o 2,5 u ot 1,3
Ilo 2,6 COOTBETCTBEHHO, He TpeBbIlliasi HopMmarrea (2—3:1). OTHowenue Ca:Mg B ceHe
MHOT0JIETHUX TPaB IPH BCMAILKe /JePHUHBI SIPYCHBIM IJIyTOM 10 BapUaHTaM OITbITa B
TepBOM YKOCe U3MeHs/10Ch OoT 1,3 1o 2,3, a Bo BTopoM — 0T 1,3 110 2,5. B cpegHem 3a
rOZibI TIPOBE/IEHUSI OTbITa COOTHOIIIEHWe MeXKly KasbiiueM U (hocdopom (Ca:P) B ypo-
)Kae ceHa TIepBOro yKoca 1o (hOHY TTOBEPXHOCTHOM 00pabOTKH [IePHHUHBI U3MEHSIOCh
M0 BapuaHTaM orbITa ot 1,3 [0 2,3, B CeHe BTOPOro yKoca coctasmsino 1,5...2,2; a 1o
(doHy KopeHHOI 00paboTku cooTHoteHWe Ca:P cocrasnsiio 1,6...2,2 pu onTUMyMe.
CootHouuenue Ca:P B ceHe BTOPOro yKoCa MHOTOJIETHUX TPaB MPH MOBEPXHOCTHOM
06paboTKe mouBkl cocTarsisio 1,5...2,2, mpu kKopeHHow — 1,5...2,1.

OTMeueHO CHWKeHUe COOTHOLLIEeHUS KaabLus K (pocdopy rnoy BAUSTHUEM BO3pac-
TaKOIIUX 103 MUHEpa/IbHBIX Y00peHHH.

YcTaHOB/IEHO, UTO B KOHTPOJIBHOM BapHaHTe KaK I1epBOro TaK U BTOPOr0 YKOCOB
MHOT'0JIETHUX TPaB U TIPH MpUMeHeHnH (ochopHO-KaTMHHBIX yA00peHHi He3aBUCHMO
ot criocoba 06paboTKM IepHUHBI OTHOIIEHHE Kaus K CyMMe Kanbius ¥ Maraus (K :
Ca+Mg) B ceHe ObIJI0O MeHBIIIEe ONITUMA/ILHOTO 3HaueHus (2,2). TIpyu npyMeHeHUH mocie-
JTOBaTeIbHO BO3PACTAIOIUX 103 KaJUiHHOTO ynoopeHus B coctaBe NPK cooTHomieHue
Kanmst K cymme Kanbliysi v Maraus (K : Ca+Mg) npubmnkanoch WA COOTBETCTBOBAJIO
HOPMaTHBY He3aBUCUMO OT poHa 06pabOTKH TOUBHI.

C. TomricoH [19], HarpuMep, CUKUTAET, UTO MPUCITOCOOUTE/TbHBIE CBOMCTBA pAaCTEHHUH
K paIMalliOHHOMY 3arpsi3HEHHUIO JOCTaTOYHO BbICOKH, & UX Pa3/IMYHble YacTy (KOPHU WU
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ctebesib) 3aBUCAT OT OaslaHCa MOJAEP)KKU XUMUUYeCKUMH 37IeMeHTaMA MUHepaIbHOTO
TIPOMCXOKEHUS, UTO TIOATBEPXKIAeT aleKBaTHOCTb KOMIIJIEKCa IMPOBeIeHHBIX HAMH
ucciegoBanuii. B [20] Takke obpatiiaeTcst BHUMaHHe Ha BOSMOXXHOCTH eCTeCTBEHHOTO
nporjecca peKOMOWHAIMY U CaMOOYUII[eHHsI PACTUTEbHOCTU OT PaJiialiiOHHOTO 3a-
IPSI3HEHMS.

3aKntoyeHue

Jloka3aHo, 4TOo IpY paZiMaLiiOHHOM 3arpsi3HeHUU eCTeCTBeHHBIX KOPMOBBIX YIOUM
MpOBe/leHre KOMIT/IeKCa 3all[UTHbIX MEPOIPUSTHH, BKIHOUAIOIIUX arpOTeXHUYECKUe
Y arpoxvMHu4YecKue NpreMsbl, TI03BOJISIOT BbIpalljiBaTh HOPMaTUBHO YMCThIe KOpMa
10 y/Je/IbHOM aKTHBHOCTH B HUX OCHOBHOTO /103000pa3yoliero paguonykauia 2’Cs,
COOTBETCTBYHOLL[el CAaHUTapHO-TUrieHnyeckomy HopMatusy BIT 13,5 13/06—01. Ycra-
HOBJIEHO, UTO TIO7 IeiCTBHEM BHeCeHUsI a30THBIX y/100peHui B CeHe MHOTOJIETHHX TPaB
yBeJIMuMBasach yJesnbHasi akTUBHOCTh '¥’Cs B KOpMax, B TO BpeMsi KakK IpUMeHeHue
Ka/IMAHBIX yIoOpeHui B TIOC/IeJ0BaTe/IbHO YBeJTMUMBAIOLUXCS [I03aX CTI0COOCTBOBAIIO
YMEHBILLIEHHIO ero yeabHOM akTUBHOCTH. [IpOM3BOJCTBO SKOIOrMYeCKH YHUCTBIX IPYOBIX
KOPMOB C yZlelTbHOM aKTUBHOCTBIO *’Cs, He MpeBbIIIarollell CaHUTapHO-TUTHeHnYe CKUi
HopMatuB (400 Bk/Kr), Ha (hoHe KaK MOBepPXHOCTHOTO, TaK ¥ KOPEHHOTO Y/yUllleHUsi
€CTeCTBEHHBIX KOPMOBBIX YTOZMH MPY JBYXYKOCHOM HCII0/Ib30BAHUU CESHBIX MSATIMKOBBIX

TpaB BIIOJIHE JOCTWKMMO O/1arofiapsi MpUMeHeH 0 MUHepaibHoro ynobpenns N, P K

ozt mepBeiid ykoc u N, K, 1o BTopoii ykoc. OT0 B CBOIO 04epe/ib 00ecIieunBaeT ro-

JTy4eHue FKOJI0ThYeCcKH 6e30racHOMN )KUBOTHOBO/UE CKOM MPOAYKLUH (MOJIOKa, MsICa).
Takum 06pa3om, TIpoBeIeHHBIMU UCC/IeI0BaHUSIMUA YCTaHOBJIEHO, UTO BO3/IeHiCTBHE
MUHepaJIbHBIX yA00peHH Ha U3MeHeHHe 3IEMeHTHOTO COCTaBa CesTHbIX MHOTOJIETHUX
TPaBOCTOEB MPOSIB/ISIETCS B KAUeCTBe OCHOBOIIO/IAraroIriero hakropa MoBBIITIEHUS Ka-
YyeCTBa IMPOU3BOAUMBIX KOPMOB Ha Pa/IMOAKTUBHO 3arpsi3HEHHBIX KOPMOBBIX YTO/bSIX.
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CHMXeHue nopaxkeHUs cenbCKOX03MCTBEHHbIX paCTEHUN
KaK cnocob 3alwuTbl 6uoccepbl OT 3arpsi3HEeHUs
XUMUYECKUN OMacHbIMU BO3[EeNCTBUSMU

M.B. Me3uukoBa'*, I.b. BopuceHnko',
O.T. Yamypsmes', I.O. Uamypaues?, J1.C. UapucoBa?

'Bosrorpa/icKuii roCy/iapCTBeHHbIN arpapHbIi YHUBEPCHUTET,
2. Boneoepaod, Pocculickas ®edepayus
*POCCUIICKUI YHUBEPCUTET APY>KObI HAPOZIOB,

2. Mockea, Pocculickass @edepayus
*bgd_meznikova@mail.ru

AnHoTanus. B CJIOKHENINX SKOHOMHUUECKHUX PeausiX COBPEMEHHOCTH ITePBOCTEIeHHOH 3a/iaueit mpu
BBIPAIMBAaHUH CeJTbCKOX03MCTBEHHBIX KY/IBTYD SIBJIIETCS COKPAIl[eHHe 3aTpaT ¢ cobmofeHrneM TpeboBaHU
K KauecTBy. BmMecTe ¢ TeM CTaHOBSITCS BCe 6ojiee 0UeBHHBIMHU MPOG/IEMbI 9KOTOrHUeCKoi 6e30MacHOCTH AJIst
BCET0 ueioBevecTBa. YacTo MpY HeIOCTAaTKe 3HAHUM WJTH TIPH T/IOXMX HACTPOMKAX TEXHUKW MOYKHO HabJIroaTh
KaTacTpodHuuecKue Moc/ie[CTBUs He0O0CHOBAHHOTO ¥ HEPAa3yMHOT'O MPUMEHEHHUsS] XUMHUECKUX BEl[eCTB. ITO
TTOBBIIIAET PUCK BOSHUKHOBEHUS UPe3BbIUaliHBIX CUTYALMH B OTPAC/Iv CeJTbCKOTO X03sTUCTBa. B CBsA3M € 3TUM
XMIMHUUeCKasl 3all[UTa pacTeHHH TpedyeT 0co00ro BHUMAHKS C TOUKHM 3PeHHsT OpraHu3al[iy 6e30MmacHOCTH. DTUM
TOUEPKUBAETCS BAXKHOCTD U BOCTPeOOBaHHOCTb ITPe//IaraeMoro Harpas/IeHk st HCC/Ie[0BAHMS ¥ MTPE/ICTaB/IeHHOTO
PelIeHus TT0 MEeTOAy CHFPKEHUST BO3/[eMCTBHSI XMHUECKH OTTAaCHBIX BEIleCTB Ha PACTEHUS 3a CUeT MPUMEeHeHUs!
T0JIOCOBOM XUMHUUECKOM 06pabOTKH CebCKOX03SMCTBeHHBIX Ky/ITyp. Ha 0CHOBaHMM aHa/IH3a TPOU3BO/ICTBEHHBIX
PacxofioB Ha XUMHUECKY0 00pabOTKy BBISIB/IEHBI HEIOCTaTKU CEPUHHBIX MAIIIVH JIJIsl XUMUYeCKOH 00paboTKH
pacteHui. [Tpe/iyioyKeHbI TEXHOIOTHS ¥ TEXHUUECKOE PellleHHe 110 MPUMEHEHHIO TT0JI0COBOTO ONPBICKUBAHUS
C repepacripeziejieHieM pabourx pacTBOPOB T10 0OBEKTAaM BO3JEMCTBUs C yueToM (a3bl Pa3BUTHsI Ky/IbTYPHI,
KOTOPBbIe TTO3BOJISIFOT TOUHO BHOCHTh [IeMCTBYIOIIee BEeleCTBO Ha 00bEKT BO3ZeUCTBHSL. ITO TIPUBOAUT K CHHU-
JKEHUIO TeKTapHOW HOPMbI BHECEHHsI, COKPAIL[€HUIO CTpPecca Ky/JIbTYPHBIX paCTeHUH, SKOHOMUN JeHEe>KHBIX
3aTpar Ha XUMHUeCKyto 06paboTKy, OJHOBPeMeHHO CITOCOOCTBYSI PeLlIeHHI0 IKOJIOTMUeCKUX 3a/1ad TI0CPeZiCTBOM
COKpAll[eHUs] XUMUYeCKOW Harpy3KH Ha MouBy. [TaHHBIN CI0CO0 MO3BO/SIET CHU3UTh PUCK BO3HUKHOBEHUS
Yype3BbIYaHBIX CUTYAL[UM TIPU TIPUMEHEHNH XUMHUEeCKH OTIaCHBIX BEL[eCTB B arpONPOMBIILITIEHHOM KOMITIEKCE.

KroueBble c/I0Ba: 3al[UTa OKPY’Karollieil Cpe/ibl, 1oocoBast 06paboTku rmousskl, Strip-till, xumuuecku
OracHbIe BeIiecTBa, OXpaHa IouB, pecypcocbepekeHre, XMMHUUeCKast Harpy3Ka Ha I0UBY, OITPBICKUBATEIb,
KOHYC pacriblia
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3asB/ieHne 0 KOH[l)J'lPIKTE HUHTEpeCcoB: ABTOpr 3asIB/ISIIOT 00 OTCYTCTBHUU KOHCl)]'II/IKTa HWHTEPEeCOB.
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Reducing plant damage as a way to protect the biosphere from pollution
by chemically hazardous effects
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Abstract. In difficult economic realities, the primary task in growing crops is to reduce costs in compliance
with quality requirements. At the same time, environmental safety issues are becoming more and more obvious.
Lack of knowledge or poor technical settings often result in catastrophic consequences due to unreasonable
chemicals application and increases emergency risks in agriculture. In this regard, chemical plant protection
requires special attention in terms of safety management. The method of strip chemical treatment of crops reduces
the effects of chemically hazardous substances on plants, emphasizing the importance and relevance of the
research direction. Based on the analysis of production costs for chemical treatment, the shortcomings of serial
machines for chemical plant treatment were identified. A technology and technical solution for strip spraying
with redistribution of operating solutions to the exposure objects, considering plant growth stage, were proposed.
It allowed to accurately adding the active substance to the object, which caused decrease in application rate
per hectare, reduction of plant stress, and saving in costs for chemical treatment. Simultaneously, it contributed
to the solution of environmental problems by reducing chemical load on soil. This method reduces the risk of
emergencies when using chemically hazardous substances in agriculture.

Key words: environment protection, strip soil processing, Strip-till, dangerous chemicals, soils protection,
resource-saving, chemical soil loading, sprayer, spray cone
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BeBepeHue

[TepBocTeneHHas 3af,aya MPOM3BOAUTES] PACTEHHNEBOJUECKOW MPOAYKLIUU — 3TO
obecrieueHre HacesieHHUs TIPOAYKTaMy NUTaHusi. [loTpeOHOCTH B 3epHe Ha MUIleBbie
Y KOPMOBBIe LleJI ITIOCTOSIHHO pacTeT. B To ke BpeMs IJ1I00poie TT0YB [T0CTeIIeHHO
WCTOLLIAeTC s, & aHTPOTIOreHHOE BJIMSIHYE YeI0BeKa Ha MPUPOZHbIE PECYPChl CTAHOBUT-
csi Bce Oosiee 3aMeTHBIM. SIBHOe yXy/llleHHe COCTOSTHUSI OKPY>Katolllei cpefibl BeZieT
K HapyllIeHUsIM COCTOSIHUSA 3/J0pPOBbs Ue/ioBeKa U Npe/icTaBUTeeld )KUBOTHOIO MUPa,
COCTaBJISIIOIIUX OMOsIoruUecKoe pasHooOpasue Halllel MiaHeThl. B yC/I0BUSIX MUPOBOM
naHZieMHUH, OXBaTHBLLeH Hally ruiaHeTy B 2020 r., mosyuyeHue ypoykasi B J0CTaTOYHOM
KOJTMueCcTBe TIpy cobsmtofieHry TpeOoBaHM K KaueCTBY CTAaHOBUTCS IJIaBHOM 1[eJIbI0
JI/Is1 XO351CTBEHHUKOB, CTPEMSILIUXCS K TIOCTOSHHOMY CaMOCOBEePIIIeHCTBOBAaHUIO U
JTMYHOCTHOMY Pa3BUTHIO, CITIOCOOHBIX pellaTh KaKJOAHeBHbIe 33/lauy C IPUMeHeHHeM
COBpPEMEeHHBIX TeXHOJIOTUU. LleHTpasibHOE MeCTO B JaHHOM BONPOCE TIPUHAJJIEXUT
pecypcocbeperaromnm TeXHOIOTUSIM.

CoBpeMeHHOMY Ce/bX03MPOU3BOJUTE/TI0 He0OX0AUMO 3a00TUTHCS O COCTOSIHUU T10YB
Ha BCeX 3Tarax Mpou3BO/CTBa MPoAyKLuH [1, 2]. Bmecte c TeM, yirobast TeXHOIOTHS,
TipYMeHsieMast [|/isl BbIPAlL{UBaHUsI CeTbCKOXO3SICTBEHHBIX KY/IBTYP, HAHOCUT BPeJ, OKPY-
JKarolLei cpefie. DTO MPUBOAMUT K CI0KHOMY U Pa3HOIJIAHOBOMY BJIMSIHHIO Ha COCTOSIHHE
3[0pOBbs BCero HacesieHus [3]. BcemupHasi opraHu3saiys 37paBoOXpaHeHUst BUAUT
TepBOCTeTIeHHYIO 3a/lauy B CHIKEHUH 3a00/1eBa@MOCTU 1 COKPAII[eHUU TT0Ka3aTe el
CMEpPTHOCTH, YTO HAIPSIMYIO 3aBUCUT OT COCTOSIHUSI BOZbI, BO3/lyXa U MOUBbIl. VIMEHHO
TPUEMHCTBO 3TUX KOMIIOHEHTOB OKpY>Karolllero Mrpa okasblBaeT HeIrloCpe/iCTBeHHOe
B/IMSIHYE Ha Ka)KJ|0T0 U3 HaC, a yXy/LIeHde COCTOSTHUS TTOYB FPO3UT KaTacTpo(uueCcKum
COKpallL[eHVeM 3eMeJlb, IPUTOJHBIX /IJIs1 TIPOU3BO/CTBA MPOAYKLIMKA paCTeHUEBO/CTBA,
KOoTOpasi HeobxoAuMa J17isi obecrieueHHst cbanaHCUPOBAHHOTO MTUTAHUS YeIoBeKa U Jist
Pa3BUTHS )KUBOTHOBO/[CTBA.

Upe3MepHO UHTEHCHBHOE HCII0/Ib30BaHUE 3eMeJ/lb Ce/TbCKOXO035IMCTBEHHOIO Ha3Ha-
YyeHHs BeJleT K COKpalleHHIo Tu1oopoausi. Tak, Heo60CHOBaHHbIe MTPOXO/IbI TEXHUKU
T0 TTOJTIO TIPUBOJSAT K TIePeyIJIOTHEHUIO TIOYBeHHOTO c/iost. HecobmoneHie CpokoB 1
KaueCTBa MPOBOAUMBIX paboT MOT'YT MPUBECTH K BO3HUKHOBEHHUIO BOJHOM 1 BETPOBOI
5p03uH, [10TePsIM MOUBeHHOM B/ary [4, 5]. HapyiieHre TexHOIOrMueckoro npotiecca
006paboTKM MOUBBI, HEPA3yMHOT'O UCIO/Tb30BaHUSI XUMUUECKUX CPeCTB U TeXHOJIOTHU
OpOILLIeHUs YaCTO MPUBOJSAT K 3arpsi3HEHUI0 OKPY>Karolleil cpe/ibl, BOSHUKHOBEHUIO 1
Pa3BUTHIO YCTOWUMBLIX O0s1e3Hel Cpeaiy pacTeHuid U KUBOTHBIX, 3PO3UOHHBIX ITPOL{ECCOB
B 1ouBkL. K pellieHHI0 JaHHBIX MPo6/ieM TpebyeTcst TpUMeHeHre KOMITIEKCHOTO TI0/-
X0/Ia, KOTOPBIN MOKeT 00eCIieunThb MPaBUIbHbBIN BEIOOP TeXHOIOTHH [|jis KOHKPETHOM
KYy/IbTYPbI B KOHKPETHOI MeCTHOCTH [6, 7].

ITenp ucce[oBaHUA 3aK/I04aeTCsi B 000CHOBAaHMM TEXHOIOTMUECKOTo Mpoljecca
BHECEHUsI CPe/ICTB 3allUThI M )KUAKUX yA00peHni ¢ yueToM (a3bl pa3BUTHS PAaCTEHUI
Ha OCHOBe pa3paboTaHHOro pecypcocbeperaroiiero crocoba rnosa0CoBOro ONPbICKUBAHMS.
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MaTepMaﬂbI n MetToabl uccnegosaHud

OpHoit 13 BoCcTpeOOBaHHBIX TEXHOJIOTHH, TIOMOTAIOIIMX B pellieHnH 0003HaueHHbIX
BbIILIe TIPOO/IEM, SIBJISIETCSI TEXHOJIOTHSI TIOJIOCOBOTO 3emitesienvsi Strip-till [8]. B mocientue
necstuieTusi B Poccun v 3a pyOe>koM K JaHHOM TeXHOJIOTUH U TeXHUUeCKUM CPeiCTBaM
[J1s1 ee BbITTOJIHEHUsI 3HaUMTe/IbHO BbIPOC Hay4HbIN uHTepec [7, 9]. I[TocpescTBoM rpu-
MeHEeHHUsI [10JI0COBOT0 3eMJIeZle/Iis MOXKHO He TOJIBKO MOJTyuYaTh XOPOLLYH YPOXKalHOCTb,
CHU3UTH Ce0eCTOMMOCTb TPOAYKLMK U COKPAaTHUTh COCTaB MAIIMHHO-TPAKTOPHOTO MapkKa
(MTII) B x03sliCTBe, HO ¥ OTHOBPEMEHHO pelllaTh Psif| IKOIornyecKux mpobiem [10,
11]. CyTb /iaHHOM TEXHOJIOTMM COCTOMUT B paliOHA/ILHOM Iepepacrpe/ie/ieHly SHepruu
TpaKTOpa yepe3 mouBooOpabaTkIBaroIHii pabourii OpraH Ha MoI0Cy 0OUTaHUS KYIbTYp-
HBIX pacTeHU. B Me>xaypsizibe >ke, HalpoTHB, 00paboTKa He OCYIIeCTBISAeTCS, UTO JaeT
BECOMBIN pe3y/bTaT B I/IaHe COKpallleHUs] aHTPOIIOTeHHOTO BO3/1eHCTBUS Ha MOYBY U
CHIDKeHUsI TeXHUYeCKUX 3aTpaTt. Kak n3BecTHo, B Moc/iejHYe Tofibl 0COOeHHO HEeraTHBHO
Ha BCe MPUPOJHbIe CUCTEMBI B/MsieT I100abHOe MoTerieHre KiMara. [IpuunHa coctouT
B Bbl/|e/IeHUM [TaPHUKOBBIX I'a30B KaK HeraTWBHOIO CJ/IefICTBUS /leATe/IbHOCTH YesIoBeKa.
[TprmMeHeHMe OI0COBOM TEXHOIOTHU TI03BOJISIET CHU3UTDH BHIOPOCHI TTADHUKOBBIX T'a30B
B aTMocdepy NPOIopLHOHaILHO 06paboTaHHOI /1071e TI0/I0C, UTO COCTaB/IsieT He MeHee
24 % ot obmiero kKomuuecTtsa (0ko0 70 MIH T).

Oreparuy 1o MexaHH4eCcKoit 06paboTKe 1MoYBbI, XUMUUeCKOM 3all[iTe U MUTaHHI0
pacTeHu — COCTaBJISAIOI[1e TeXHOIOTHUeCKOTo KoMriekca Strip-till [12]. Ananu3
NIPOM3BO/CTBEHHBIX 3aTpaT IPU UCIO/Ib30BaHUU [JAHHOM TeXHOIOTUY CBUZIeTE/IbCTBYET
0 TOM, UTO PacxXofibl Ha 3all[UTy W MUTAHNEe PACTEHUH SIB/ISIFOTCS CyIlleCTBEHHOM CTaThei
B ce0eCTOMMOCTH MPOAYKIUH, 3aHUMast B cpegHeM oT 20 10 30 % B o0i1ieli CTpyKType
3arpar [13]. DTo gBAsieTCd NPUUMHON CHMXKEHUSI SKOHOMHUYEeCKOro 3(p¢eKra OT BbI-
pallleHHOM NPOAYKLMH, @ BMeCTe C TeM Tak’Ke SIBJIIeTCs UICTOUHUKOM HeraTUuBHOIO U
MOBPEKJAIOIIEro BO3/IeHCTBUS Ha MOUBY, )KUBOTHBIX U uesoBeka [14]. OTka3 oT npu-
MeHeHHsI XMMUYeCKUX BelleCTB B CeJIbCKOM XO035IMCTBe NIPY BbIpalljUBaHNUU KYJ/IBTYPHBIX
pacTeHUid Ha JAHHOM STare pa3BUTHS Ye/loBeueCTBa NMPakTUUeCKU HeBO3MoXKeH. OTCyT-
CTBUe XUMHUYeCKHX 00paboTOK BeZleT K HEOOOCHOBAHHBIM TIOTEPSIM YpoXKasi. 3aMeHa
)Ke XUMHUYeCKUX 00paboTOK MeXxaHWyeCKUMU BefleT K CYIleCTBeHHOMY yBeTnUeHUI0
CTOMMOCTH Te€XHOJIOTHMY U TPYZOBBIX 3aTpar.

B coBpeMeHHbIX TPOM3BO/CTBEHHBIX YCIOBUSX NTPUMEHSIETCS METOZ, CI/IOLIHOM
XUMUYeCKol 06paboTKM M0CeBOB, TIOCPECTBOM KOTOPOT'O TIPOM3BOAUTCS MHOTOKPaTHOE
BO3/Ie[iCTBUE Ha Ky/IbTYPHbIE PACTeHHs. JTO B/IeUeT Pa3BUTHE UX CTpPecca U JieyiaeT Hed-
(b deKTUBHBIM UCIOb30BaHKe JOPOTOCTOSIIMX TOKCUYHBIX [TPerapaToB € Upe3MepHbIM
3arpsi3HeHHeM OKpY»Karolrieit cpeaibi [3, 15].

Haria komaH/a B3s1ach 3a pellieHHe JaHHOW TeXHUUYeCKOW 3a/jauy U MpezJIoyKuIia
yCOBepLLIEHCTBOBaHUE M3BECTHOTO TEXHOIOTMYECKOr0 MPOoLecca CI/IOIIHOTO OMPBICKU-
BaHKS Ha OCHOBe T10JI0COBOT0 pacripeZiesieHust paboyero pacTBopa C COOTBETCTBYIOLIEH
MoO/ZiepHU3alleli CepUHOTO LITAHTOBOTO OTPbLICKKUBaTeisi. [1aBHOM njjeeii ObUIO Hajle-
JIATH TEXHUUECKOe CPe/ICTBO BO3MO)KHOCTBIO Iepepacripe/iesieHrsi 0akoBOro pacTBopa B
Tipeziesiax TeX TOJIOC, T/e B JaHHBIA MOMEHT XUMUUeCKoe Bo3/ielicTBre Heobxoaumo [12,
14]. Takoe pelieHye 1103BOJ/IsIET TOUEUHO Tepepacripe/ieliTh pacTBOP C AeHCTBYHOILIUM
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Bell[eCTBOM 0e3 CHIKeHUs HOPMBI 1 KauecTBa 06paboTKi 00beKTOB Bo3jeiicTBHs. Kak
C/e[iCTBYe, BpeIHOe BO3/IeMCTBUE Ha Ue/loBeKa U OKPY)KAIOIyI0 Cpe/ly CHMXKAeTcs, a
CTPeCCOBBIX BO3/|eCTBUI Ha Ky/IbTypHbIE PaCTeHHsI, KaK ¥ 3aTpaT Ha XUMHUUeCKyto 00-
paboTKy pacTeHMii CTAHOBUTCSI TOpPa30 MeHblile. B 1iaHe OLleHKH KaueCTBa TIPOU3BOIH-
MBIX paboT MOI0COBOE OMPLICKUBaHKE CIIOCOOCTBYeT 6oiee paBHOMEPHOMY BHECEHHIO
pacTBopa B Tpefiesiax MoJ0Chl, CHI)KeHUIO TeKTapHOI0 pacxo/ja XMMHUYeCKUX CPeZiCTB
yxofa 3a pacteHussMu Ha 20...40 % B 3aBUCUMOCTHU OT IIIUPUHBI MEXAYPsAIbs [7].

B HacTosiIIiee BpeMst MCC/IeIOBAHKS TIPOBEIEHBI Ha /IBYX JTarax: 1abopaTopHOM U
rosieBoM. B nabopatopuu npoBesieHa MpoBepKa HayYHO! TUMOTe3bl 110 BBIOTHEHHIO
TEeXHOJIOTUUEeCKOT'0 TTPOoLiecca IOJ0COBOT0 ONPBICKUBAHUS M U3YUEHHIO TapaMeTpOB
¢akesna pacribizia Ipy CJMSIHAM TTOTOKOB paboueii )KUIKOCTH Ha CIeljaJTbHO U3rOTOB-
neHHol paboueii ycraHoBke [12, 14]. TTocse mepeobopyoBaHUsI CEPUMHOTO IIITAHTO-
Boro onpbickuBatesisi Hardy Novigator-3000 1 ycTaHOBKM MHHOBAL[MOHHBIX KOPITYCOB
nenuTesiel ObIT TIPOBeZIEHBI TT0/IeBble MccaenoBanus Ha 3eMysix OO0 «['emmo-TTake
Arpo-4» MuxaiinioBckoro paiioHa Bosrorpajckoit o6mactu B utosie 2019 1. B mosieBbix
YCJIOBUSIX TIPOBEPSIIN BBITIOJIHEHHE TEXHOJIOTMYECKOro MpoLiecca MoI0COBOTO OMPBICKU-
BaHMs1 Ha MO/|COTHeUHMKe B (hase 6-8 m1CTheB C Moc/eyrolleli OLjeHKOM KaueCTBeHHbIX
roKasaTeJieil poliecca pacrbUIeHusI.

[TpaBUIBEHBIE PACUeThI TP MPUTOTOB/IEHNH OAKOBOTO pacTBOpa CHHUYKAIOT PUCK
BO3HMKHOBEHUS! Upe3BbIYalHbIX CUTYaL[Wil B OTPAC/IH. B CBSI3U C ©3MeHeHreM TeXHOJI0-
TMUYeCKOro IpoLjecca ONpbICKUBaHKS, BA)KHO BHECTH KOPPEKTHBBI B MeTOAUKY pacueTa
HOPMBI PacXofia )KUAKOCTU C yUeTOM U3MeHUBIIeHcs Tuioiaan 06paboTaHHBIX MOIOC
B paMKax I10JI0COBOT'O OMNPLICKUBAHUS.

IIpu 3TOM HOpMY pacxoza R , ii/ra, B 06pabaTIBaeMbIX T10/10CaX NPUHAMAKOT PABHOK
Be/IMUMHE HOPMbI PACX0/ia MPH CIUVIOLIHOM OTIPbICKUBAHWM, 8 MMHYTHBIN pacxop q , 11/
MUH, Ha K&Ky 0OpabaTbiBaeMyt0 10JIOCY OTPeAesiFoT U3 COOTHOLIEeHHsT

q,= R bv-600, (D
rae b — mmprHa o6pabaTbiBaeMbIX ITOJIOC, M; V— CKOPOCTh arperata, KM/u.

OO6wmit 06bem paboueli KUAKOCTH, MOTPeOHBIN Ha BCe noje Q , J1/1oJie, MOXKHO
paccumTarsb 1o popmyie

Q =FbRr, (2)
rae F — nuioma/ie NoJis, ra; r— IKMPUHA MEXXAYPAIUH, M.

[Tonb3ysick puBejeHHBIMU (hOpMy/IaMu, HeC/I0)KHO ITPOBECTH Mpe/iBapUTe/IbHYHO

HaCTPOMKY OMPBLICKMBATe el Ha pacxof € 3aJ,aHHO HOpMoii [16].

Pesynbratbl U 06CyXXaeHue

Ha nepBom 3Tarie 1abopaToOpHBIX UCC/IeA0BAHUM OB MOMyUeHbI C/IeyoIHe
pe3y/bTaThl: BCe TIpoBepsieMble (HOPCYHKH I1IeIeBOT0 THUIIA C yIyioM pacribiia 60° u 80°
COOTBETCTBOBA/IM XapaKTePUCTHKAM, 3as1B/IEHHbIM 3aBOIOM-U3roToBUTeneM. [1pu n3yueHun
¢akerna pacribijia IPOBOAWIN UCCIIeIOBaHUs [/ BEPTUKAILHOTO CI10C06a pacIiblieHus
U [I7151 CMellieHrs1 ocu (hakesa pacribljia Ha pa3Hble yiibl. [Ipu 06paboTke pe3ynbTaToB
ObLIO yCTAHOB/IEHO, UTO ONTHUMA/bHBIM /IJIsi TEXHOJIOTHUH TTI0JI0COBOTO OMPBICKWBAHMUS
SIBJISIETCS CMellleHre OCU Paciibliia OT BePTHUKaU Ha yrom 45°.
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B 2018 r. mexxay BonrorpazickumM rocylapCTBeHHbIM arpapHbIM YHUBEPCUTETOM
u (paniy3ckoit xonauarorou komrnanueit EXEL Industries, koTopasi iMeeT KpyIiHOe
c60poYHOEe TIPOM3BO/ICTBO HA TEPPUTOPUM Bosrorpaickoit 06/1acTH, TIOATTMCAH JOTOBOD
0 COTPYJHHWYECTBe U IoydeH rateHT P® Ha n3o6perenue Ne 2709762 [17], ocBoeHO
TPOM3BO/CTBO MO/IEPHU3UPOBAaHHbBIX OMPBICKMBATe/ €M Jisi TI0JI0COBOTO OMPLICKUBAHMUS.
CroumocTb nepeobopyzoBanusi cepuitHoro onpbickuBaresst Hardy Novigator-3000
T10/] TI0JI0OCOBYIO TEXHOJIOTHIO C COXpaHeHWeM (YHKLUU CIJIOIIHOTO OTNPbICKUBAHUS
cocraBuia 4101,72 TeIC. eBpoO.

[ToneBble UCTIBITAHKS TI0 PeaTU3aliii TEXHOIOTHH TT0JI0COBOM XUMHUYeCKOoW 00pa-
OOTKM TIPOMAILIHBIX KY/IBTYP TOKa3anu CBOK 3(h(eKTUBHOCTh, TeXHUUEeCKast YaCTb —
YHUBEPCA/ILHOCTB U TTPOCTOTY Tiepeo0opy0BaHus U Hasla KU, MoiepHU3UPOBaHHbIH 110/
TIPUMEeHsIEMYH0 TeXHOJIOTHIO orpbickuBaTe/ib Hardy Novigator-3000 coxpanun dhyHKIMN
CIJIOLLIHOTO OMPbICKMBAHUS, UTO MOJYepKHBaeT MPeUMYLLeCTBO BHE/IPSIEMOTr0 TeXHU-
YeCKOro pelleHus U BCel TeXHOJIOTHY Mepe]] CepUiHBIMU MOZe/ISIMU ONPbICKUBATEIeH.
[IpumeHeHWe TeXHOIOTUU M0JI0COBOTO ONPBICKMBAHKS TTO3BOJIU/IO0 CHU3WUTh TeKTapHYH0
HOpMY BHeceHuUst pabouero pactBopa Ha 20 %, He CHW)Kasi peKOMEH/[OBaHHOW HOPMbI
Ha 00BEKT BO3/I€HCTBHSI.

B pesynbrare npriMeHeHUs UHAUKAaTOPHOTO MeTO/a [/1s1 OLIeHKU KaueCTBEeHHbIX
roKa3sareJieil Tipoljecca CIJIOLIHOIO U TTI0JI0COBOTO BHECEHHUSI XMMHUUeCKUX Bell[eCTB
ObUIO TIOATBEPKAEHO MPEUMYIIeCTBO TI0JI0COBOTO OTIPLICKUBAHUS T1€Pe/], CTI/IOLITHBIM.
I[Tpu OMPBICKUBAHWY T10 CTAHZAAPTHOM TEXHOJIOTUH CO CIUIOLITHBIM BHECEHHEM OaKOBOTO
pacTBopa U BePTHKa/JIbHOM HarpaB/ieHUM KoHyca pacribiia 80...85 % kanenb Haxofu-
Jlock Ha 1/3 BBICOTHI OT BepXHel yacTy pacteHusi. Ha BHyTpeHHel CTOPOHe JMcTa U
cTebre TIOZICOMHEYHMKA Karii pabouero pacTBopa He Hab/mopamuck. [Ipu repexoze Ha
TeXHOJIOTUI0 TI0/I0COBOTO OMPLICKWBAHMS TT0Ma/laHKe Karesib Ha BHYTPEHHIOK CTOPOHY
JTUCTbEB U cTebesb MMPONCXOUI0 paBHOMEPHO T10 BCel BbicoTe [5].

Teopetuueckue pacueTsbl 3(pPeKTUBHOCTU UCII0/Ib30BaHUS MO/IePHU3MPOBAHHOTO
onpeickuBarens Hardi Navigator-3000 Ha mosisix OOO «I'enuo-ITakc Arpo-4» mokasa-
JIY, UTO SKOHOMUYeCKHi 3¢ deKT OT BHe[peHUsI TEXHOJIOTHH T10JI0COBOM XMMUUeCKOM
00paboTKM NPH BIPAIIMBAHUY TIO/[COJTHEYHMKA B JAHHBIX POM3BO/[CTBEHHBIX YCIOBUSIX
coctaBui 1179 p./ra 3a cueT CHW)KeHUs NPSIMbIX TEXHUYECKUX 3aTpaT U pacxofo0B Ha
Cpe/CTBa 3alUThl U MUTAHUSI PACTEHUM.

BbiBOAbI

Jnst cokpaiileHrs1 XMMAYeCKOTO BO3/IeliCTBYS Ha TTOUBY 1 OKPY>KaloIl[yI0 Cpefly Tipr
BbIpAIIMBaHUM TPOMAIIHBIX KY/IETYD PEKOMEHYeTCs IPUMEHSITb TeXHOIOTHIO TI0JI0COBOM
XUMHUEeCKOW 00pabOTKH CeTbCKOX03MCTBEHHBIX KY/IbTYP. BHeipeHre aHHON TeXHO-
JIOTWU CIIOCOOCTBYET ONTHUMH3AIMU B C(hepe UCIO/TB30BaHUS XMMUYEeCKUX BeIIeCTB B
CeTbCKOX0351MCTBeHHOM OTPac/v 3a CUeT COKpallleHUsI HepalMoOHaTbHO PACXOJyeMbIX
XUMHYeCKUX rperaparoB. Kpome Toro, Ba)KHOM SIB/SIeTCSI HANIPaB/IeHHOCTb TEXHOIOTUH
Ha COXpaHeHHe U TIofi/IepyKaHue 0J1aroroTyqHOro SK0IOTHYeCKoro (hoHa IMpor3BO/ICTBA
CeJIbCKOXO03SIMCTBEHHOM TIPOJYKLIUH, YKPeTrIeHHe TTPO/I0BOIbCTBEHHOM 6e30macHOCTH
Bosnrorpajgckoro pervosa.
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I[TpoBesieHHast OLjeHKa PbIHKa Bonrorpazckoii 061acTv o3Bosii/ia yCTaHOBUTD, UTO
BOCTPeOOBaHHOCTB MOJIOCOBOM TEXHOJIOTUM B perrioHe coctassisieT 914 Teic. ra. B Poccun
TaKasi TEXHOJIOTMSI MOYKeT OBbITh yCIelHo mpuMeHeHa Ha 14450 ThIc. ra.

[TosyueHHbIe pe3y/BTaThl IAOOPATOPHBIX U MOJIEBLIX UCC/IeI0BAHUN CBUAETEIBCTBYOT
0 TOM, YTO TeXHOJIOrMUYeCKUM NPOoLieCC II0JI0COBOI0 OINPLICKMBAHUSA 110 KaueCTBeHHBIM
¥ 5KOHOMUYECKHM T10Ka3aTe/siM TTPeBOCXOAUT MPHUMeHsIeMbli Ha CEerO/HSALLHUMN [1eHb
C110cob CIUIOIIHOTO OTPBICKUBAHMSI C BePTHKA/IbHBIM HarlpaB/ieHHeM paciibuieHust. [1pu
3TOM HOpMa BHeCeHUsl BellleCTBa Ha 0ObeKT OCTaeTCs TIPe)KHel, a reKTapHasi HopMa
cHwkKaeTcst Ha 20...45 % (B 3aBUCHMOCTH OT IIMPHUHBI MeXAYPsAIbs). DPdeKT OT npu-
MeHeHHs TEXHOJIOTHUH TI0/I0COBOM XMMUUeCKOM 06pabOTKH MpOMaIHbIX Ky/IbTyp A0Ka3aH
TaKKe U B aclleKTe KaueCTBa HaHeCeHHs Iperapara Ha pacTeHHe.

Bce gaHHbIe TI0/1I0)KeHUsT TI03BOJISIIOT PeKOMeH/[0BaTh pa3paboTaHHbIN Criocob
OTPBICKMBAHMsI KaK TIePCIIeKTHUBHBIHN, 60J1ee KOIOrMYHBIN ¥ SKOHOMUUECKH BBITOZIHBIH.
B uTore c yueToM MOBBIIIEHHUST SKOJOTUUECKUX U pecypcocOeperarmyx MpUHIUIOB
TeXHO/IOTMUeCKUH MPOL[eCC M0JI0COBOr0 ONPLICKUBAHUS MOXKHO pacCMaTpUBarh Kak Jj0-
TO/THUTE/TbHBIN 3/IEMEHT Ja/IbHeHILIero pa3BUTHSI TEXHOIOTHU TTOJI0COBOTO 3eMJIe/ieusl.
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CHW)XeHWNe HEraTUBHOIO BJ/IMSIHUA 3PO3MM NOYB
B Benropoackoii o6nacTu BHeApeHMeM
afanTUBHo-naHAawadTHON cucTeMbl 3emMneaenus

N.E. Conpar*

benropogckuii pemepanbHbIN arpapHbIii HayuHbIHM 1jeHTp PoccHiicKol aka/ieMru Hayk,
2. benzopoo, Poccutickasi @edepayus
*soldat.i@mail.ru

AmnHoranus. [IpyBe/ieHb! pe3y/ibTaThbl BHEJPeHHsI CUCTeMbI aflaiTUBHO-/IaH adTHOro 3emesenys (AJI3) —
KOMII/IeKCa Mep T10 TIpeJloTBpallieHHI0 5PO3UOHHON Jlerpajaliuy 10YB, sBstolLelics A/1st 3eMenb benropogckoit
ob6nactu u Bcero LlenTtpanbao-UepHo3emHoro pernona Poccuu (LIUP) oco60 onacHbIM NPUPO/HBIM SIBIEHHEM.
AJT3 crioco6CTBYeT CO3IaHUI0 SKOIOrMUECKH YCTOWUMBBIX arposiaH/adToB IyTeM pacIlMPeHHs 10CEBOB MHO-
roneTHUX TpaB (70 25 %), BBeZleHUs: B CeBOOOOPOTHI 3¢pHOO0O0BBIX KYJILTYP M OJHOIETHUX TPaB, UTO OTYACTH
yMeHbLIIaeT HeraTHBHbIEe M0C/IeACTBUS COKPALLleHNsI IPUMeHeHHs] MUHEePa/IbHbIX U OPraHMYecKuX ya00peHuH.
ITpenyioKeHO AJisi cOXpaHeHUs OanaHca rymyca peasv30BbIBaTh a/jalTUPOBAHHbIE K MECTHBIM JIaH/adTam
CHUCTeMbI 3eMJle/le/IHs], KOTOpble TpelyCMaTpHUBaOT BBe/leH/e BCero KOMIIJIeKca oUBO3alljUTHbIX MePOPUSTHH,
BKJ/IIOYasi OpraHU3allOHHO-X03s1CTBeHHbIe, arpoTeXHUuecKue, yro-, JeCoMeuopaTUBHbIe U THAPOTeXHUYe-
ckre. O6G0CHOBAHO NPUMeHeHHe KOMILIEKCHOTO N0/X0/la KaK eJMHCTBEHHOr0 Criocoba 0CTaHOBUTh HapacTaHue
Jlerpajialliu 3eMeJb, BbI3BaHHBIX 5p03Meli MouB. [JoKa3aHO, UTO UMEHHO BHeJjpeHNe U COBepIleHCTBOBaHHUe
crcrembl AJI3 0becrieunsio CHIKeHe MHTEHCHBHOCTH 3PO3HUOHHBIX MPOLIECCOB, CTAaOM/IM3aL|I0 POAYKTUBHBIX
CBOMCTB rymyca, NnoBbllleHHe 3()heKTUBHOCTHU 3eMIlefie/lvsl B OMBITHOM X03siiicTBe besropoickoro arpapHoro
Hay4HOro LjeHTpa. OTMeueHo, uTo puMeHeHre AJI3 cONpoBOXKAaI0Ch COKpallleHeM II0MIa/u TalliHK, POCTOM
TUIOL{a/J JIECOTIONOC U TIOYBO3AIUTHBIX CeBOOOOPOTOB, OZJHOBPEMEHHBIM Pe3KUM BO3pacTaHHeM CpejiHel 1o
X035I1ICTBY ypO’KalfHOCTH 3ePHOBBIX KY/ILTYP U CaxapHOM CBeKJIbl, 3HaUMTe TbHbIM MOBbILIIeHHeM 3((eKTUBHOCTH
MpYMeHeHUs] OPraHWYecKuX U MUHepasIbHbIX Y00peH!H, pe3KrUM y/yullleHHeM UX OKYIIaeMOCTb, B Pe3yJibTare
Yero OoTpac/b paCTeHWEeBO/CTBA CTajla peHTabe/bHOM. ABTOP CcuMTaeT, 4To BHejpeHue AJI3 criocobHO Takxke
BHECTH CBOM ONpe/ie/ieHHbI BK/1a/, B TIPOJ0BO/ILCTBEHHYO Ge3oracHoCTh Poccuu.

KiroueBble c/10Ba: 5po3us 1I0YB, CEBOOOOPOT, UepHO3eM, [I00Po/1e, IyMYC, MelopaLys, JieCco3all1Ta,
yznobpenusi, arposaHzmapT

3asB/eHue o KOH('])]II/IKTE HUHTEpecoB: ABTOpI:I 3asIBISIIOT 00 OTCYTCTBUU KOHCl)JII/IKTa HUHTEepeCoB.

bnarogapHoctu. ®uHaHcupoBaHue. B cTaTbe Kcrosb30BaHbl MaTepuansl HUP: Co3zaTh TeXHOMOTHIO BO3-
JleNbIBaHUs CeMbCKOX03SIMCTBEHHBIX KY/IbTYP B YC/IOBUSX a/lalTUBHO-TaHAIIAa(THON cCTeMBI 3emiiefieust
toro-3anagHou yactu LIU3: Tema Ne 0611-2014-0002 / JI.I. CmupHoBa, 1.11. Muxatinenko, 1.E. Congar,
M.U. EBgokumenkoBa, A.A. KysumHosa, [1.C. Terunnus, I.B. CmupHo; ®T'BHY «benropogckuit ®AHILL
PAH». benropog, 1994.
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Reducing the negative impact of soil erosion
in the Belgorod region through adaptive
landscape farming system

Igor E. Soldat*

Belgorod Federal Agrarian Scientific Center of the Russian Academy of Sciences,
Belgorod, Russian Federation
*Corresponding author: soldat.i@mail.ru

Abstract. In the Russian Federation, solving problems of land use, land relations, and land policy leave the
basis for social, environmental, economic, and overall political stability of the state. The area of the Belgorod
region is 2713.4 thousand hectares, including arable land — 1654.4 thousand hectares (61 %), pastures — 347.6
thousand hectares (12.8 %), hayfield — 68.1 thousand hectares (2.5 %), forests and other lands — 316.5 thousand
hectares (22.7 %). The area of eroded soils is 53.6 % of the entire territory of the region. They include: slightly
washed out soils — about 35 %, moderate washed out soils — about 13 %, strongly washed out soils — 5.6 %,
and flushed — about 1 %. According to Belgorod agrarian scientific center of the RAS area of eroded lands in
the Belgorod region has increased in the Western natural-agricultural zone — by 5.1 %, in the Central — by
8.4 % and in the South-East— by 9.1 % over the last 30...40 years. Currently, the concept of adaptive landscape
farming has been developed, which provides for comprehensive measures to prevent soil degradation and create
environmentally sustainable agricultural landscapes. Adaptive landscape soil protection system of agriculture
provides for expansion of perennial grasses up to 25 %, introduction of leguminous crops and annual grasses in
crop rotations. With a reduction in the use of mineral and organic fertilizers in modern economic conditions, it
is impossible to achieve a balance of humus acceptable for sustainable development of the studied agricultural
landscape. System of agriculture adapted to local landscapes provides for introduction of the whole complex
of soil conservation measures which can stop land degradation caused by soil erosion. Introduction of adaptive
landscape system of agriculture in the pilot farm of the Belgorod agricultural research center allowed to minimize
erosion processes, stabilize soil fertility, and significantly improve economic indicators and energy efficiency
of agriculture in the economy. The area of arable land was slightly reduced, and the area of forest belts and soil
protection crop rotations increased. The average yield of grain crops and sugar beets increased greatly, the use
of organic and mineral fertilizers increased significantly, their payback improved, and the crop industry became
profitable and cost-effective. Only through adaptive landscape agriculture it is possible to stop water erosion,
create conditions for stabilizing and increasing soil fertility, ensure the biologization of agriculture and increase
its economic efficiency. Ultimately, this will increase production of domestic agricultural products and increase
Russia’s food security.

Keywords: soil erosion, crop rotation, chernozem, soil fertility, humus, land reclamation, forest protection,
fertilizers, adaptive landscape system of agriculture
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BeeneHue

CornacHo «IlepecmoTpeHHOM BceMupHOI XapTuM MOUB», MPUHATOM MeyXyHapogHOM
opraHu3aliyeil 1o Npo/IoBOJIbCTBUIO U CeIbCKOMY X03siiicTBY B 2015 T, paBUTe/LCTBA
BCeX CTPaH MPU3bIBAIOTCSI paCCMaTPUBATh MOYBEHHBIN MOKPOB B KaUueCTBe BCEMHUPHOTO
JOCTOsIHUS uesioBeuecTsa [1], uto obpariaeT mpuopruTeTHOE BHUMaHKe TOCyapCTBeH-
HBIX CTPYKTYP, IPUHUMAIOIIUX pellleHus], Ha ero CoOXpaHeHue U pa3Butve. OZHUM U3
CaMBbIX OMACHBIX pa3pyLIUTesIei MOYB SIB/ISeTCs MPOLeCC 3PO3UH, POrpeCcCUpYIOIUNA
B OO/BIIMHCTBE cTpaH Mupa (puc.) [2, 3].
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Kaxkapiii rog, mpubu3uTebHO 75 MIPZ, T TIOUBBI Ha TJIaHETe pa3pyLlIaeTCs U B
OosbI0i Mepe — 3a cuet 3po3un. B Kutae, inauu, CILA, FOxHOI AMepuKe eKerof-
HbIe TIOTePU TJI0JOPOIHOM MOYBBI COCTABJISAIOT A0 5...6 muipa T [3]. [Ipu aTOM Bpemsi
BOCCTaHOBJIEHUsI, BO30OHOB/IEHHS] CBOUCTB 1 YCTOMYMBOCTH MOYB KaK OTHOTO U3 CAMBIX
Ba)KHBIX PeCYpPCOB OKpYrKatolel cpeibl Tpoucxoaut B 15...40 pa3 mezjieHHee, ueM
paspylleHre U TOTepHu.

B Poccutickoit ®ejepariuu peliieHue pod/ieM 3eM/1eroib30BaHuUsl, 3eMeTbHBIX
OTHOLLEHUH U 3eMe/bHOM MOMTUKU COCTaB/ISI0T OCHOBY COLIMA/IbHOM, SKOIOTUYeCKOM,
9KOHOMHUECKOH U B 11€JI0M TOJIMTHUECKON CTaOMTbHOCTH rOCy/IapCTBa.

Kak BugHO Ha puc. 1, poccuiickue 3eMiiH, SIB/STFOILHECS U 6e3 TOTo 3eM/ISIMUA PUCKO-
BaHHOTO 3eMJie/leNvsl, OJJBeP)KeHbI 5PO3UU B 3HAUMTeTbHON Mepe. dDakTruueckue 1aHHbIe
T10 3pP03UM TTIOYBEeHHOT0 TIOKpoBa PP 3a moceHee BpeMs TIpuBe/ieHbI B [4—7], a Takke
B oduLmanbHOM JoKyMeHTe 3a 2018 1. [8]. OcobeHHO omaceH 3TOT CUHEPreTUYeCKUi
TpoLiecc AJisl YePHO3eMOB.

OpfuH U3 UCTOYHUKOB 3P03UH — OBPa)kKHO-0a/IOUHbIN TUIT IMHAMUKHA TPYHTOB
OKa3bIBaeT HETaTUBHOE BJ/IMSIHME Ha Pa3BUTHE U YCTOUUMBOCTb TOPOJCKUX MOCeIeHU
1 3acTpoek. OJHaKO MOYBEHHbBIN IMOKPOB TTaXOTHBIX M MACTOUII[HBIX 3eMeJib K ITHUM
rporjeccaM Haubosee UyTOK U TPyAHO BoccTaHOBUM [9]. TIpu 3TOM cpein 06beKTOB
HETraTMBHOTO BO3ZIeMCTBUS MPOLIECCOB 3P03UH HAUOOBIINH yIiepb ¢ 5KOHOMUUECKOH
TOYKM 3peHHUsI IPUHOCHUT pa3pylleHre YepHO3eMOB.

Kak 1 Bo BceM Mupe, 3p03usi IOUBEHHOTO TTOKPOBA OT BO3/JeMCTBHUS Pa3/TUUHbIX
HMCTOYHUKOB CTAaHOBUTCS BCe Oosee 3HaUMMBIM Oe/icTBHEM U B benropozckoit obmacTy.

[Tnomazap Benropozckoit obmactu cocrapssieT 6osee 2700 Thic. ra (61 % — mam-
H, 12,8 % — mactbuina, 2,5 % — CeHOKOCHI, eca 1 rpoure 3eman — 22,7 %) [7].
[To xapakTepy pesibedpa MECTHOCTH OOBIYHO OTIPE/IE/ISFOT TISITh TUTIOB: CKJIOHOBBIMH,
TJIaKOPHBIM, HaJNIOVMEeHHO-TepPPacoBbIi, MOMMEeHHbIW 1 3aHJpOBbIA. B Benropozckoit
obsiacTv 1ipeoba/jaeT CKJIOHOBBIN TUIT MECTHOCTH. [Ipu 3TOM Ha CK/IOHaX KPYTHU3HOU
6onee 3° pacrionoxeno 30 % 3emMestb. CJI0KHOCTh TOYBEHHOTO MIOKPOBA ¥ MHOTOOOpasue
MOYB 00YC/IOB/IEHO TEeCTPOTOMN YC/I0BUI TTOUYBOOOPA30BaHus U pacu/ieHeHHBIM peJibe-
(oM. CpaBHUTEILHO BBICOKASI 110 MJIOTHOCTH OBPA’KHOCTh TEPPUTOPUM BapbUpYeT OT
yMepeHHOM 10 cuibHOM (CTapoockonbckuii paiion — 0,5...0,8 en/km?; KopouaHCKui,
BonokoHoBckwui, ['yOKUHCKU pationsl — 10 1,1 en/km?) [6].

TeppuTopust 06iacty 6oraTa MoYBaMH € TyMyCoM, 00/1a/1at0IM OOBIIUM ecTe-
CTBEHHBIM TI0/I0poAreM, 0koJio 80 % Bceli muiomjaau (2 MiH ra) u npumepHo 90 %
oT muioujaay namHu (6osee 1,600 MyIH ra) cocTaB/srOT yepHo3eMbl [7]. O6macTh
Y pacroJiaraeTcsi B 10ro-3anagHou yactu LlenTpansHoro YepHo3eMbsi — pervoHa,
TOTyUYMBIIIETO CBOE Ha3BaHUe 0/1aroapst OCHOBHOMY MPUPOAHOMY OOTaTCTBY —
yepHo3eMy. B.B. /lokyuaeB Tak OljeHMBaJ/ 3TOT KOMILJIEKCHbIM (heHOMEeH MPUPO/Ibl:
«UepHO3éM — 3TO 1Liapb MOYB, KopMusel] Poccun», oH «10poXke BCSIKOW HedTH, BCs-
KOTO KaMeHHOT'0 YTJisl, JOPOXKe 30/I0ThIX U yKee3ucTbix pya» [10]. JlokyuyaeB Ha3biBasl
€ro «KOPeHHBIM, HA C UeM HeCpaBHUMbBIM OorarcTBoMm Poccuun». B.W. BepHaackuii
CUMTaJ, YTO «YEPHO3EM B UCTOPUM TTOUBOBEJEHHS ChIIPasl TAKYHO JKe BbIJaOLyIOCs
pOJib, KaKyt0 UMeJIa JISTYIIKa B UCTOPUHU (DU3UOOTUH, KalbLUT B KPUCTA/LIOrpaduu,
OeH30J1 B OpraHnyeCckor xumum» [11].
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HocraroyHo GarornpusTHbe KIMMaTHUeCKHe YCI0BHsI, B OCHOBHOM PaBHUHHBIM
XapakTep MeCTHOCTH, BBICOKOTIJIOLOPOHbIE MOYBHI [TPeIpacrosiararoT K MHTeHCUB-
HOMY CeJTIbCKOXO03sIIICTBeHHOMY TIPOU3BO/ICTBY. PacraxaHHOCTh TePPUTOPHH 06/1acTH
cocrassieT 61 % obett momazn. OHaKo HamMure OOIIMPHBIX T/I0MIaZiel CKIOHOBBIX
3eMeJib, 3HaUUTeIbHOEe PaclpoCTpaHeHHe OBPaKHO-0aI0uHOM CeTH BeleT K LIIMPOKOMY
pacripoCTPaHeHHIO MPOLIeCCOB NMTOYBEHHOW 3P0O3UU, NPUBOASAIIMX K Jerpajialyy MoyYB,
YMEHBIIEHNIO UX TIJIO0POJANS U CHIKEHUIO YPOXKaUHOCTHU CeJIbCKOXO3SMCTBEHHbIX
KyJbTyp [12—16].

[Ty1o111a4b SPOAMPOBAHHBIX TIOUB COCTABIISIET OKOJIO 55 % OT BCeil TepprUTOpuH 06-
nactu. CiaboCMBITBIE U3 HUX COCTABJISIFOT OKO/IO 35 %, CpefiHeCMbIThbie — MIPUMEPHO
13 %, cunbHOCMBITEIE — 5,6 % 1 pa3BeBaeMble — 0K0JI0 1 %. 3a nocnegnue 30...40
JIeT, 1o JaHHbIM benropoackoro arpapHoro HayuHoro teHtpa PAH [12], niomazu
5POAMPOBAHHBIX 3eMesib besropo/ckoii 061acTy yBeTMUnInCh B 3araiHOM MPUPOJ-
HO-CeJTbCKOX03sIMCTBeHHOM 30He Ha 5,1 %, B llenTpansHoii — Ha 8,4 % u FOro-Boc-
TouHOl —Ha 9,1 % [6, 7].

B skcrieprimeHTax MokasaHo, UYTO MIPU COKpALl[eHUH TTPUMeHeHUsI MUHePaIbHbIX
Y OpraHuyYecKux y00peHuii B COBpeMeHHbIX SKOHOMUYECKUX yCJIOBHUSX, UCTIONb-
3ysl TPaJULIMOHHBIE TeXHOJIOTUH 3eMJleflens], JOCTUTHYTh NPUeM/IeMOro pe3yJsibTaTra
[J1sl yCTOMUMBOTO pa3BUTHS M3ydyaeMoro arpoiasziadra 6asaHca ryMmyca oka3aaoch
HEeBO3MOXXHBbIM [17]. BrixoznoMm 31ech siB/IeTCsS TOBCEMECTHOE BHeJpEHHEe CUCTEM
ajlanTUBHO-MaHAadTHOTO 3eMienenus (AJI3) ¢ yBennueHreM B CeBOOOOpOTaxX /10/M
MHOT'OJIETHUX TPaB.

OpraHu3salysi TeppuTOpUU 10 KOHTYpPHO-MeTMopatuBHON fuddepenuumanym (KM/)
B paMKax AJI3 sIB/sieTCsl TEXHOIOTHeH CHYKEHUSI IOUBEHHO-3P03MOHHOM JlerpajiaLivy,
criocoOHOY MUHUMH3MPOBaTh CaMy BOJHYIO 3PO3HI0, CTaOUIM3UPOBATh U MTOBBICUTD
TJI0I0pO/ivie TI0UB, OMOIOTU3UPOBATh 3eMJIefieiie, UTO CTIOCOOCTBYeT U MOBBILLIEHHUIO
ero 5KOHOMHueckoi 3¢ dekTUBHOCTH. [Ipy 35TOM 0CTaHOBUTH BBI3BAHHYIO 3p03Uel
TOYB MaCCOBYIO JlerpaZlaliuio 3eMeslb MOKHO JIULLIB [PY BBeIeHUH MOJTHOTO KOMIT/IEK-
ca MoYBO3aLUTHBIX MEPOIPUSATHUN, BK/IFOUAIOLL[ero IMOACHUCTeMbI arpOTeXHUYeCKUX,
TU/IPOTEXHUUECKUX, JIYTO-, IECOMETMOPATUBHBIX U OpPraHM3aLiOHHO-X035IHCTBEHHBIX
MepOTIpUSITHUI BO BCe CeTbCKOX03HCTBeHHbIe TIpeIpUsTHs JF000i hopMbl COOCTBEH-
HOCTH, 3aHAMaIOIIeCs] paCTEHUEeBOACTBOM.

[TouBo3ammrHas cucrema AJI3 npesycMarpuBaeT paclliMpeHue I0CeBOB MHOTO/IeT-
HUX TpaB 710 25 %, BBefleHre B CeBOOOOPOTHI 36PHOO0O0BLIX KYJIBTYP U OHOTETHUX
TpaB. MccnenoBanusamu benropozckoro arpapHoro HayyHoro LeHtpa PAH ycraHosie-
HO, UTO B arpoOK/IMMaTrnyeckux ycioBusix LlentpansHo-YepHo3emHoro pervona (LIUP)
MOTeHIMaIbHbIe BO3MOKHOCTH BOBJIeUeHHsl aTMOC(HEePHOTro a30Ta B O1oIornyecKuii
KPYTOBOPOT OBOJILHO 3HaUNTe/IbHBI. OHM COCTaBJISIOT B pacyete Ha 1 ra: y com 50 KT,
y Topoxa — 76 KI, BUKOOBCSIHOM CMecH — 78 KI. Y MHOTOJIeTHUX TpaB [epBOro roja
TO/Ib30BaHMS 3T 3HAYEHUsI COCTAaBJISAIOT: 3cnapuera — 178 kr/ra, mouepHsl — 197,
K/eBepa— 196; y TpaB BTOPOTO ro/ia 1Mojb30BaHus yyke HaMHOT0 OosibIlie: crapiera —
336, moriepabl — 431, keBepa — 257 kr/ra [9].

OJiHako MHOTYe TeopeTHuecKHe M0JI0KeH!s KOHLITLIMU a/JalTUBHO-/IaH/1IaTHOTo
3eMsIeZleNvist Hy KaroTCsl B 3KCIIEPUMEHTA/IbHOM TOATBEP)KEHUN M YTOUHEHUH C YIeTOM
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peruoHanbHbIX 0cobeHHocTel [8—11]. Hanprmep, ocTaTouHo XopoIwo rh3yueHa ¢ dek-
TUBHOCTb OT/ie/IbHBbIX TIPUEMOB 3allIMThI TIOUB OT SPO3UH, UCTIO0/Ib3yeMbIX B J1aHAIIa( THBIX
cucTeMax 3eMJie/ie/visi: TIOUBO3aLUTHBIX 00paboTOK, CeBOOOOPOTOB, THIPOTEXHHUUECKHX
COOPY’KEHUM, JIeCOTO0/I0C Pa3IMUHOM KOHCTPYKLIMU U [IP., B TO JKe BpeMsl MpaKTUue CKU
OTCYTCTBYIOT 3KCIIep¥MeHTa/IbHbIe JaHHble, XapaKTepr3yHolie KOMITJIeKCHYIO arpo3Ko-
JIOTUYECKYI0 3P PeKTUBHOCTb 3TUX cUcTeM 3emefenus [13—16, 18, 19].

Iesb uccief0BaHUA — [IPOAHAIU3UPOBATh BO3MOKHOCTh KOHLIEIITYaJbHOI0
MPOTUBO/ENCTBUS 5PO3UHM KaK UCTOUHKMKY JlerpaZaliiy TOYBEHHOIO MMOKPOBA, OLIEHUTh
KOMIIJIEKCHYIO arpo3Ko/I0rnueckyro 3peKTHBHOCTh pa3paboTaHHOM paHee CUCTEeMBI
AJ13 c opranusanueit Tepputopuu o KM/I 1 B yC/10BUSIX 3pO3MOHHO-aKTUBHOM /11~
HaMUKU [TOYBEHHOM Cpe/ibl FOro-3araHou yacTu jecocterHou 30Hb! LITUP, K koTopoi
reorpaduuecku oTHOCUTCs benroposckast 061acTh.

MaTepVIaﬂbI n MeTo bl
Hecwmotpst Ha TO, uTO MaHAmadTHBIE CUCTEMBI 3eMJIe[ie/ivsi Hadalu BHeJpATb 00-
Jlee UeTBepPTH BeKa Ha3afl, a B besnropockoit 06/1acTi OHU TIOTHOCTBIO WJIM YaCTUYHO
¢dyaxumonupytot B 100 X03s1iCTBaX, /151 MPOBeJeHHs SKCIIepuMeHTOB Obi elrje B 1994 1.
3a710)keH BCero OfIMH CTAL[IOHAPHBIN 00beKT, pUHA/IeKallHii 1TabopaTopuy a/jarnTHB-
HOT'O paCTeHMEeBOZCTBA Y arpO3KoIOruu benroposckoro arpapHoOro HayuyHoro LieHTpa
PAH u noapo6Ho onvcaHHbIH B [6, 13], Ha 06beKTe 0CyIeCTBIS/ICS arpO3KO/IOriye CKUH
MOHHUTODPHHT 110 00eCIieueHUI0 HallIX OTBITOB. TpexpsiHbie 3alllUTHbIE Jie COTOJIOCHI,
pa3MellleHHbIe TI0 TOPU30HTaIsIM CKJIOHA Ha pybexkax 3 v 5° cuctembl AJI3 ¢ opraHu3a-
Lueit tepputopuu no popmary KM/I, KonruyecTBoO SHEPruu, MOSyYeHHO! C ypoxKaeM, B
3,1...4,9 pa3za, npeBbIllIaeT KOJUYECTBO 3aTPaueHHOM aHTPOMOTeHHOU SHeprur. Takum
obpa3om, 3HepreTruecKyto 3hheKTUBHOCTD alalTHBHO-/IaHAIIA()THON CUCTEMBI 3eM-

niefieNisi MOYKHO CUMTATh JOCTAaTOYHO BBICOKOH (Tabs. 1).

Tabnvya 1
CpepHerogoBoit 6anaHc rymyca 3a fjBe poTtaluu ceBoo6opoTa
npu ap,aI'ITVIBHO-HaHp,LIJaCbTHOVI CucrtemMe 3emMsiege-nma
YRoGpenus, kr A.B./ra MpoAyKTUBHOCTb, K°3¢¢MumeHT, BanaHc rymyca, MHTEeHCHMBHOCTb
3HepreTuyeckon o
T.K.ef./ra T/ra 6anaHca,%
N ‘ P,0, ‘ K,0 3 dekTUBHOCTM
3epHonponallHoi ceBoo6opoT (CKJOH 1...3°)
0 0 0 4,24 3,63 -0,72 37
*65 60 60 7,35 3,33 -0,51 50
3epHOTpaBsHOM ceBo060pOT (CKIOH 3...5°)
0 0 0 2,01 6,41 1,76 335
14 | M 11 246 6,51 193 366
B cpegHeM no cksoHy 1..5°
0 0 0 3,13 5,02 0,52 186
**40 36 36 4,91 4,92 0,71 208

MpumeyaHue. CpegHeroaoBas f03a HaBo3a: * —4 T/ra n **— 2 T/ra.
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Table 1
Average annual humus balance for two rotations under adaptive-landscape
farming system

Fertilizers, kg/ha Productivity, thousand | Energy efficiency | Humus balance, Balance
feed units/ha ratio t/ha intensity, %
N ‘ P,0, ‘ K,0
Grain crop rotation (slope 1...3°)

0 0 0 4.24 3.63 -0.72 37

*65 60 60 7.35 3.33 -0.51 50
Grain-grass crop rotation (slope 3...5°)

0 0 0 2.01 6.41 1.76 335

14 11 11 2.46 6.51 1.93 366
Average on slope 1...5°

0 0 0 3.13 5.02 0.52 186

**40 36 36 4.91 492 0.71 208

Note. The average annual dose of manure: * — 4 t/ha, and ** — 2 t/ha.

3aKntoyeHue

Pa3paboranHasi beropofickum arpapHbIM Hay4HbIM LeHTpoM cucTeMa AJI3 B OITX
«benropozckoe» IOrMYHO pa3BHBaeT paHee 0CBOeHHbIe B benropo/ckoii obmactu
MOYBO3allUTHbIE CUCTEMBI 3eMJIefie/iisi C KOHTYPHO-MeJ/IMOPaTUBHOUM OpraHu3aleit
TeppuTopuu. IIpriMeHeHre faHHOW crcTeMbl AJI3 MO3BO/SET 0 MUHUMYMa CHU3UTH
TMPOLIeCChI 9PO3UU, COXPAHATh YCTOMUMBOCTD TJIOJOPOAUS TIOUYB, TIO3UTUBHO B/IUSTh
Ha 5KOHOMHUECKHe [10Ka3aTe/y ¥ SHepreTUUecKyro 3(eKTUBHOCTb 3eM/le/ie/IUs B paMKax
KaK OT/|e/IbHOTO X035IHCTBa, Tak ¥ 0061acTy. B pe3ysbrare HeCKOIBKO COKPATH/Iach IIOLIa/lb
TAalHK, BEIPOC/IA TUIOLA/Ib JIECOTOIOC Y MOYBO3alIMTHBIX CeBOOOOPOTOB; 3HAUNTETHLHO
BO3pOC/Ia CpefiHss M0 X035IHCTBY YPOXKAUHOCTh 36PHOBBIX M TeXHUUECKUX KY/bTYD;
YBEJIMUU/IOCH NTPUMeHeHHe OpraHudeCKUX U MUHEPAJIbHBIX Y100peHuid, BO3pociia Ux
OKyTIaeMOCTb, OTPaC/Ib PACTeHUEBO/CTBA CTasla NMPUOBLTIBHON U peHTabeTbHOM.

OTMeTHM, UTO OCTAaHOBUTDH BOAHYIO 9PO3HI0, CO3/aTh YCJIOBUS Jisi CTa0M/IH3aLuN
U TIOBBIILIEHUSI TUIOA0POAMS TIOUB, 00eCreunTh OMOIOrU3aLUI0 3eMJIeIe/NUs ¥ TIOBBICUTh
ero 5KOHOMHUYeCKYH 3(p()eKTUBHOCTb MOKHO TOJILKO B paMkax AJI3. B KkoHeuHOM
WTOTe 3TO MO3BOJIUT YBEIUUUTh ITPOM3BO/ICTBO OT€UECTBEHHOW Ce/IbCKOX035HCTBEHHOM
MIPOAYKLVU Y TIOBBICUT TIPOZOBOILCTBEHHYO Oe3omacHocTs Poccum.
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Abstract. The aim of the study was to establish influence of different soil moisture content and climatic
factors on water consumption of plum seedlings grown in a fruit nursery in the Nonchernozem zone. According
to the results of studies conducted on plum seedlings under drip irrigation in the Moscow region for two years,
evapotranspiration with different precipitation availability and temperature was determined. Variability of total
water consumption depending on meteorological factors and irrigation regime was considered. Studies have
confirmed the increase in the value of evapotranspiration with increasing pre-irrigation threshold of humidity
with low-volume drip irrigation. The maximum values of water consumption by year of research, as expected,
were recorded in the most wetted variant of the experiment, where moisture content of soil root zone did not
fall below 80 % of the field moisture capacity. The statistical analysis carried out did not confirm the effect of
varietal characteristics on evapotranspiration, which may be associated with the use of related rootstocks and the
use of seedlings with the comparable force of growth in laying the experience. Structure of evapotranspiration of
plum seedlings was determined according to experimental data of two research years. Precipitation and irrigation
were the most part of total water consumption.
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Introduction

The main rational of human nutrition is fresh and processed fruits, which are the
most important source of minerals, vitamins and antioxidants. In developed countries,
more than 100 kg of fruits and berries is consumed by one person per year. Domestic
horticulture has low efficiency and does not meet the requirements of world production,
and the highest and first type of product can be attributed to no more than 30 % of
the fruits grown. Among the factors explaining the low efficiency of horticulture, it
should be noted: destabilization of the water-temperature regime of the soil during the
most important periods of plant development, illiterate placement of plantings without
considering the topography and level of occurrence of groundwater, deficiency of high-
quality planting material and its unsatisfactory phytosanitary condition, imperfection of
existing growing technologies seedlings in nurseries [1, 2].

The moisture supply of fruit plants during the growing season is one of the most
important factors ensuring their normal development and high productivity. Despite
excessive moisture, the nonchernozem zone is characterized by an extremely uneven
distribution of precipitation during the growing season, which negatively affects the
quality of planting material [3]. All this indicates the need for a competent selection
of irrigation methods and regimes developed and adapted on the basis of the results
of scientific research conducted with seedlings of various types of fruit crops in this
particular natural and climatic zone. At the same time, within the framework of the
concept of sustainable development, scientific and technological achievements should
be introduced into practice, the technologies that meet the principles of resource saving
should be mastered, and production should be modernized as a whole.

In accordance with the Federal Target Program “Development of L.and Reclamation
of Agricultural Land of Russia for 2014—2020”, one of the ways to intensify agricultural
production is to increase the efficiency of the use of irrigation water, land, energy and
other resources [4, 5]. The solution of this problem can be facilitated by the expansion
of the currently small areas under drip irrigation, in particular in nurseries, since this
highly efficient and technologically advanced method is very promising and is widely
implemented throughout the world.

One of the ways to increase the productivity of agricultural production in horticulture
and plant growing is to increase the efficiency of nature management through the use of
resource-saving technologies [6, 7]. As one of such technologies, drip irrigation can be
noted, which allows improving the quality and productivity of crops [8—11]. Currently,
there are no scientifically based resource-saving technologies for growing seedlings
in nurseries of the nonchernozem region of Russia, so the research aim is to identify
the features of the growth and development of plum seedlings in non-black soil under
different drip irrigation regimes.

Materials and methods
To obtain high-quality planting material, it is necessary to create optimal conditions
conducive for the growth and development of seedlings in nurseries. Often, natural fertility
and water-physical regime of soils do not correspond to the optimum for most crops;
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therefore, the need for comprehensive reclamation measures for efficient management
in any natural and climatic zone should be recognized [12]. Drip irrigation is a powerful
agricultural technique that allows regulating the development of crops, which has a direct
and indirect effect on all other soil regimes (air, microbiological, nutritious, thermal, etc.).
With such a complex effect on the conditions of plant development, clarification of this
effect becomes very difficult. Therefore, it is necessary to study the effect of irrigation
in this climate zone in relation to each species and plant variety.

Field research was carried out on the territory of the training and experimental fruit
growing laboratory of the Russian State Agrarian University — Moscow Timiryazev
Agricultural Academy — “Michurinsky Garden”. By geographic location, climatic and
soil conditions, the “Michurinsky Garden” refers to the center of the non-chernozem
zone of Russia. But since it is located within the boundaries of the city of Moscow, the
climate is close to the conditions of the Ryazan and Tambov regions. In Spring 2016,
there was laid a two-factor experiment to study the affect of different moistening ranges
on formation of plum seedlings of two varieties grafted on seed plum of plum spread.
The scheme of the experiment included four variants (factor A) for the regime of soil
moistening: control (without irrigation), maintaining humidity 60...80 %, 70...90 %,
and 80...100 % of the field moisture capacity.

The proposed irrigation regimes in which the soil moisture content is maintained
in a narrow range allow not only to increase the efficiency of irrigation water use and to
reduce the water consumption of products, but also to maintain a more optimal water and
air regime. In addition to this, the design features of drip irrigation allow for maintaining
soil moisture in small ranges through increase in frequency of irrigation with small
amounts of water in accordance with the biological needs of the crop.

The second factor (factor B) was plum varieties — “Mashenka” and “Utro”. The
“Mashenka” variety was obtained at the Suzdal state section of the Vladimir Region as a
result of free pollination of the “Evrasia-21” variety. The author of the variety is V.P. Jagunov.
“Utro” plum variety was obtained at the All-Russian Horticultural Institute for Breeding,
Agrotechnology and Nursery from crossing varieties “Skorospelka krasnaya” and “Greenhouse
Ullensa”. Authors of the variety are H.K. Enikeev, S.N. Satarova, V.S. Simonov. “Utro” plum
variety was introduced into the State Register in the Central Region in 2001.

Planting of seedlings was carried out according to the scheme of 0.9 x 0.33 m. The
distance between the rows of one variant was 90 cm, and the distance between the plants
in the row was 33 cm, while the distance between adjacent rows of different variants
was 1 m. This scheme provides the density of planting 33.5 thousand seedlings per ha.

All variants of the experiment were laid in 3-fold repetition with a systematic
arrangement of the plots. The plot area is 40 m?, in each replication 30 seedlings of each
variety were planted. The total area of the pilot site was 930 m?. The total number of plum
trees planted was 1080 pcs. For the purpose of carrying out biometric measurements
and phenological observations, 24 countable plants and 6 protective plants, 1 plant at
the beginning and end of the row, were isolated on each plot.

The experimental site is located on sod-podzolic, cultivated, soil-gley, deep-till, medium
loamy soil on moraine loam lined at the depth of 150...170 cm by submerged sands.
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For irrigation, a long-term drip line equipped with built-in droppers was used.
During the experiment, a constant flow rate of water was maintained, which was 3.8
I/h. The moisture content in the root layer of the soil was monitored using tensiometers
calibrated according to the thermostat-weight method.

Results and discussion

The organization of irrigation and the design of the irrigation system largely de-
pends on the total water consumption (evapotranspiration) of the cultivated crops. This
indicator determines not only the irrigation intensity, but also allows you to determine
the required amount of water for irrigation activities in specific climatic conditions.

During the growing season, evapotranspiration depends mainly on meteorological
conditions and the phase of development of plum seedlings. The highest values of the
total water consumption by experiment variants in annual and biennial plum seedlings
were obtained in the third decade of July. This period with the highest total water
consumption is characterized by high meteorological intensity (higher temperatures, the
highest inflow of total solar radiation, low relative humidity, etc.) and the most intensive
development of plum seedlings.

The statistical analysis carried out did not confirm the effect of varietal characteris-
tics on evapotranspiration. This circumstance may be associated with the use of related
rootstocks and using seedlings with comparable growth force for laying experience.

By the end of the growing season, after the cessation of irrigation, water consumption
in all variants of the experiment is equalized and reaches minimum values. The greatest
water consumption at all stages of growth and the formation of seedlings was noted in the
experiment with maintaining soil moisture in the root layer in the range of 80...100 %
of the field moisture capacity. Table 1 shows the equations of the decadal total water
consumption of plum seedlings with different types of drip irrigation.

Table 1
Equations of the decadal total water consumption of plum seedlings
under different types of drip irrigation

Year Variants Equation of dectcé?rfriii(r:'nft?ct)n R?
Control y = —0.3197x% + 4.6292x + 5.4752 0.3462
60..80 % y = —0.4026x? + 5.8592x + 6.8967 0.4149
2016 70..90 % y = —0.457x2 + 6.6262x + 7.9387 0.4216
80..100 % y = —0.4863x* + 7.0343x + 9.5611 0.5065
Control y = —0.3423x? + 4.9926x + 4.5805 0.3683
2017 60..80 % y = —0.4158x* + 6.0768x + 5.6524 0.3764
70..90 % y =—0.4564x2 + 6.7x + 6.2895 0.3990
80..100 % y = -0.4920x + 7.1039x + 8.3396 0.7421

y — evapotranspiration, mm; x — the ordinal number of the decade (1 — the first decade of May, 15 — the last
decade of September).
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Fig. 1, 2 show the integral evapotranspiration curves for the experiment variants
for 2016—2017. It is clearly seen from them that the period of the highest intensity of
evapotranspiration coincides with the phase of active growth and development of plum
seedlings, where the maximum value relates to the most wetted variant with maintaining
soil moisture in the root zone of the soil in the range of 80...100 % of the field moisture
capacity.

In 2016, by the last decade of September, the total evapotranspiration in the variant
of experiment 80...100 % of field capacity was 385 mm, in the variant 70...90 % —
348 mm, in the variant 60...80 % — 307 mm and in the control 241 mm. Thus, the total
water consumption in the most humid version is 1.6 fold more compared to the control.
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Fig. 1. Integral curves of evapotranspiration of plum seedlings in 2016 according to experiment
variants: T — the first decade of May; 15 — the last decade of September

In 2017, by the last decade of September, the total evapotranspiration in the variant
of experiment 80...100 % of the field capacity was 367 mm, in the variant 70...90 % —
332 mm, in the variant 60...80 % — 298 mm and 243 mm without irrigation. Thus, in
2017, the total water consumption of plum seedlings in the most humidified version is
1.5 fold more compared to the control without irrigation.
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Fig. 2. Integral curves of evapotranspiration of plum seedlings in 2017 according to experiment
variants: 1 — the first decade of May; 15 — the last decade of September
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According to the results of experimental data, the structure of evapotranspiration
of pear seedlings was determined according to the experiment of two years of research.
The structure of the total water consumption of plum seedlings for 2016 and 2017
is presented in Fig. 3, 4. The main share of the total water consumption of irrigated
variants in 2016 was precipitation (from 19.5 to 21.2 %) and irrigation rate (from 66.7
to 69.2 %). In 2017, the share of irrigation in the structure of total water consumption
changed in the direction of increasing the share of moisture coming from precipitation
to 21.2...26.5 % and reducing the share of irrigation norm to 57.6...65.3 %. Changes
in the structure of water consumption in 2017 compared to 2016 are due to the fact that
2016 was more arid compared to 2017.
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Fig. 3. The structure of the total water consumption of plum seedlings in 2016 by experiment variants
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Fig. 4. The structure of the total water consumption of plum seedlings in 2017 by variants

Negative values of vertical water exchange took, mainly, starting from the third
decade of August, after the termination of irrigation and continued in September, due
to heavy precipitation. In addition, during this period there was an infiltration of precip-
itation into the underlying horizons. The arrival of moisture as a result of groundwater
recharge was insignificant due to their deep occurrence and light particle size distribution
of subsurface horizons.
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In the course of research for two years of varying degrees of supply and plum seed-
lings of different ages, a linear dependence of water consumption on such meteorological
factors as the inflow of total solar radiation and the sum of average daily temperatures was
established. The resulting regression equations and their reliability are shown in Table 2.

Table 2
Equations of decadal moisture consumption from total solar radiation
and the sum of average daily temperatures
. . Coefficient
Year Variants Equation of determination R
60..80 % MC y = 8.272—1.028x+1.7312+4.749x>—3.8782> 0.895
2016 70..90 % MC y = 8.124—1.535x+9.2537+3.275x?—2.75822 0.876
80..100 % MC y = 2.573+1.037x+6.3692+1.801x2—2.2512? 0.887
60..80 % MC y = -1.352+1.743x+1.169z — 1.871x2—2.5632* 0.901
2017 70..90 % MC y = -4.143+1.852x+2.831z — 8.439x>—5.6427? 0.898
80..100 % MC y = -9.743+2.451x+8.238z — 1.545x>—1.8952? 0.875

In the equations under consideration, y — the total water consumption per decade,
mm; x — the sum of average daily temperatures in a decade, °C; z— the influx of total
solar radiation per decade, MJ/m?. It should be noted that these relationships are valid
only for the irrigated period, water consumption at the end of the growing season is
difficult to describe with these equations, since average daily temperatures are signifi-
cantly reduced, the total solar radiation influx and a large amount of precipitation falls.

Conclusions

1. The statistical analysis carried out did not confirm the effect of varietal characteristics
on evapotranspiration, which may be associated with the use of related rootstocks
and the use of seedlings with comparable force of growth in laying the experience.

2. Studies have confirmed an increase in the value of evapotranspiration with an increase
in the pre-irrigation threshold of humidity with low-volume drip irrigation. The maxi-
mum values of water consumption by year of study, as expected, were recorded in the
most wetted variant of the experiment, where the moisture content of the root zone
of the soil did not fall below 80 % of the field moisture capacity.

3. According to the results of experimental data, the structure of evapotranspiration of
pear seedlings was determined according to the experiment of two years of research.
The main share of total water consumption was precipitation and irrigation rate.

4. In the course of research for two years of varying degrees of supply and plum seedlings
of different ages, a linear dependence of water consumption on such meteorological
factors as the inflow of total solar radiation and the sum of average daily temperatures
was established.
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Npu KanesbHOM OpPOLLEHUU B YC/TIOBUSAX

LleHTpanbHoro HeuepHo3emMbA
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Poccuiickuii rocyapcTBeHHbIN arpapHbIid yHUBepcuTeT — MOCKOBCKas Ce/TbCKOX03sIiCTBeHHast
akazemust umenu K.A. TumupsizeBa, e. Mockea, Poccutickas ®@edepayus
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AnHoTaums. Llesblo vcciejoBaHus SIBSETCS YCTAaHOB/IEHHE BIMSHUS Pa3/IMUHON BlaroobecreueHHOCTH
TIOYBBI, K/IMMaTHYeCKHX ()aKTOPOB Ha BeJIMUMHY BOJONOTPeO/IeHNsI CayKeHLEB CJIVIBBI, BBIPAIIMBAeMbIX B III00BOM
MIUTOMHHUKe B yC/10BUsIX HeuepHo3eMHOI 30HbL. I10 pe3ynbTaTam HccieioBaHUM, TPOBe/IeHHBIX B TeUeHHUe IBYX
JIET, Ha CaXKEHIIAX CJIMBbI COPTOB «MallleHbKa» 1 «YTPO», BbIPAI[UBAEMbIX TP KareJIbHOM OPOILIEHHH B YCI0BU-
sIXx MOCKOBCKOH 0671aCTH, OTpe/ie/ieHbl 3HaUeHHsT SBAllOTPAHCITUPALIUH |15l pa3HBIX 3HaUeHUH 0becrieueHHOCTH
ocaJKamMy U TeMIiepatypoil. Kpome Toro, B pe3ysibraTe MpoBe/ieHHBIX ITO/IeBLIX CCIIe/J0BaHMH OblIa paccMOTpeHa
M3MEeHYHBOCTb CYMMAapHOTO BOZ[0NIOTpebIeH st B 3aBUCUMOCTH OT JIBYX (DaKTOPOB: METEOPOJIOTHUeCKHUe YCIOBUS
Y pe>kuM oporueHysi. [IpoBefieHHbIe MCCIe/[0BaHNs TIO3BOJIWIN CZe/IaThb BBIBOJ, UTO IPOMCXOAUT yBeTYeHe

198 AFPOTEXHOSTOT MW 1 MEJTMOPALIMA SEMESTb



Dubenok N.N. at al. RUDN Journal of Agronomy and Animal Industries, 2020; 15(2):191-199

3HAUEeHHsI BANOTPAHCIUPALIMH TIPU MOBBILIEHUH TIPEATIOIMBHOTO TIOPOTa BIa)KHOCTH TI0YBBI ITPU TIPUMEHEHNH

ManooObeMHOro KareasHOro opouieHust. Haubosbiive 3HaueHUst BOZONOTPeO/IeHNsT CasKeHL|eB 10 FOfiaM Ipo-

Be/IeHHs1 OMbITa 3a()MKCHPOBaHbl B HaUOOJIee YBIa)KHSIEMOM BapUaHTe OMbITa, [/l BJIKHOCTh B KOpHeOoOUTae-

MOM CJI0€ TOUBBI He JlocTrrana MeHbiie 80 % HavMeHblLel BIaroeMKOCTH. [10 pe3y/braraM MoJieBbIX [JJAHHBIX

orpe/iesieHa CTPYKTypa 3BaroTPaHCIIMPALMK CaXKEHL|EB C/IMBBI [0 BapHaHTaM OMbITA ABYX JIET UCC/Ie[JOBaHHSI.

OCHOBHYIO /IO CyMMapHOTO BOZONOTPeO/IeHHsI COCTaBISUIM aTMOC(hepHbIe 0CaJKU U OPOCHTe/IbHAsl HOPMa.
KitroueBble c/10Ba: Karle/IbHOE OPOLIeHHe, C/IMBA, BOAOIOTPeO/IeHre, SBAlI0TPAHCIINPALIUS

Hcropus crarbu:
TMoctynuna B pefakuuto: 16 siaBapst 2020 r. TIpunsta k nybnukaguu: 26 gespans 2020 r.

Jins1 [UTHPOBAHUA:

Dubenok N.N., Gemonov A.V., Lebedev A.V. Moisture consumption by plum seedlings under drip irrigation in
the Central Nonchernozem zone of Russia / BectHuk Poccuiickoro yHuBepcureTa Apy»0sl Hapogos. Cepust:
Arponomust u )kuBoTHOBOACTBO. 2020. T. 15. Ne 2. C.191—199. doi: 10.22363/2312-797X-2020-15-2-191-199

Buénuorpaduyeckuin cnmcok

1. TpyHos FO.B. MuHepasibHOe ITUTaHKe U yaobpeHue ss610Hu. MuuypuHck: Keapra, 2010. 400 c.

2. TpyHog FO.B. MuHepaibHOe MUTaHWe KJIOHOBBIX MOZBOEB U CaXeHLeB si6/10H1. MuuypuHck: V34.-Bo
Mwuu. I'AY, 2004. 175 c.

3. PoocHoe C.H. Pa3paboTKa TeXHOJIOTHH KarleJIbHOTO OPOLLEHHsI CaKeHLeB sI0JIOHH B yCI0BUsAX HibkHero
TToBOmKBS: AUC. ... KaH[.C.-X.H. M., 2004. 204 c.

4. Cepeuenko A.B. KanenbHoe opoliieH1e MoJI0J0ro 10/10HeBOro cajia Ha C/1abopoC/IbIX TTOABOSIX: AHC. ...
KaH[. C.-X. HayK. Bonrorpaz, 2008. 226 c.

5. Nakayama F.S., Bucks D.A. Trickle Irrigation for Crop Production: Design, Operation and Management
(Developments in Agricultural Engineering). Amsterdam: Elsevier Science, 1986.

6. Kyaukoe .M., Munakog 1.A. Pa3Butue cafioBOfiCTBa B Poccuu: TeH/IeHIMH, TPOO/IeMbI, TIEPCIIeKTHBI //
Arpapnas Hayka EBpo-Cesepo-Boctoka. 2017. Ne 1. C. 9—15.

7.  Kyaukoe W.M., MuHakoe H.A. CoctosiHue 1 3¢ (eKTHBHOCTh NHTeHCH(HUKALUK cafjoBozcTBa // ATIK:
OKoHOMUKa, ynpasnenue. 2017. Ne 4. C. 4—15.

8. Zyb6enok H.H., Bopoobiueg B.B., JIbimog M.H., Beauk O.A. Ocob6eHHOCTH BOJHOTO PEXXHUMA MOUBbI [IPU
KareJbHOM OpOLLIEeHUH Ce/IbCKOXO3SIMCTBEeHHbIX Ky/abTYyp // JJocTibkeHus: Hayku U TexHuKU ATTK. 2009. Ne 4.
C. 22—25.

9. yb6enok H.H., Bopodbiues B.B., IlleHyesa E.B., Cmpudicakoga E.A., IlIymakoea K.B. BeipaiiyBaHue
Gaxsia)kaH 1py KaresIbHOM OPOLIEHHH C MCII0/Ib30BaH1eM TOHHEIbHBIX YKPBITHH /17151 [OJIyYeHHUst paHHe# 1po-
nykuuu // Joctwkenust Hayku U TexHuky ATTK. 2012. Ne 9. C. 38—42.

10. [y6enok H.H., Bopodbiuee B.B., BozdaxeHko M.I1., BbibopHoe B.B., [lIymakoea K.B. TexHomorusi Bo3-
Jle/IbIBaHUsI PaHHEro peruaroro Jiyka rnpy KareabHoM opolueHud. M.: [Ipocnekr, 2016. 176 c.

11. Dubenok N.N., Gemonov A.V,, Lebedev A.V., Glushenkova E.V. Formation of plum seedlings under drip
irrigation in Central Non-Black Soil region of Russia // Bectark Poccuiickoro yHuBepcureTa Apy»Obl HADOZOB.
Cepust: ArpoHomust 1 )KUBOTHOBOACTBO. 2019. T. 14. Ne 1. C. 40—48. doi: 10.22363/2312-797X-2019-14-1-40-48

12. Sconudu O.E. KanenbHoe oporienre. HoBouepkacck: JIuk, 2011. 322 c.

06 aBTOpax:

My6erok Hukonaii Hukonaeguy — [JOKTOP CeTbCKOXO3sHCTBEHHBIX Hayk, akazieMuk PAH, nipodeccop, 3aBefyroriuii
Kadeipoli cenbCKOX035IMCTBEHHBIX MeIMopaLii, 1eCOBO/CTBA U 3eMIeyCTpoicTBa, Poccuiickuii rocyapcTBeHHbIN
arpapHsIii yHUBepcHuTeT — MOCKOBCKas CeJTbCKOX03sIiCTBeHHast akajemust nvenn K.A. TumupsizeBa, Poccuiickas
Depnepauusi, 127550, r. MockBa, yi. TumupsizeBckasi, 1.49; e-mail: ndubenok@mail.ru

I'emoHo8 Anexkcanop Baadumuposuy — actipaHT Kadepbl CeTbCKOX03s1CTBeHHbIX MeTMOpaLiyi, 1eCOBOJCTBA
¥ 3eMJIeyCTPOMCTBA, POCCHICKHMIA roCylapCTBeHHBIN arpapHbIi yHUBepcHTeT — MOCKOBCKast Ce/TbCKOX03sHCTBEHHAs
akazemusi umenn K.A. TumupsizeBa, Poccuiickass ®epeparus, 127550, r. Mocksa, ya. TumupsizeBckasi, 1. 49;
e-mail: agemonov@yandex.ru

Jlebedeg AnekcaHop Bsiuecnagoeuu — cTapiinii npernoyaBarenb Kadeapbl CebCKOX03HCTBEHHbIX MeTMOpaLUH,
JIECOBOZICTBA 1 3eMJIeyCTPOICTBa, PoCCUiiCKUl TOCylapCTBeHHBIN arpapHbii yHUBepcuTeT — MOCKOBCKast
cesibCKOX03s1MicTBeHHas akaziemusi umMeHn K.A. Tumupsizesa, Poccutickas ®enepanus, 127550, r. MockBa, yi1.
TumupsizeBckas, A.49; e-mail: alebedev@rgau-msha.ru

AGRICULTURAL TECHNOLOGIES AND LAND RECLAMATION 199



RUDN Journal of Agronomy and Animal Industries 2020;15 (2): 200-209
BecTHuk PYOH. Cepus: ArTPOHOMUA U XXNBOTHOBOACTBO http://agrojournal.rudn.ru

BeTepuHapus
Veterinary science

DOI 10.22363/2312-797X-2020-15-2-200-209
YIOK615.012.6

HayuHas ctaTbs / Research article

BbisiBNneHue CBA3U MeXAY UMMYHOIreHHOM
M QaHTUreHHOW aKTUBHOCTbIO BaKLUHbI
NPOTUB KONM6AKTEpPUo3a XMBOTHbIX

A.A. Tanuak6aposa” **, M.K. ITupoxkoB’

'Poccuiickuii yHUBEPCUTET APY>KObl HAPOAOB, 2. Mockea, Poccuiickas ®edepayus
’BcepoCCUiCKUi roCyapCTBEHHbIN LIEHTP KaueCTBa U CTAaHAAPTH3alUH JIEKapCTBEHHbBIX CPE/ICTB
TSI )KUBOTHBIX 1 KOPMOB, 2. Mockea, Poccutickasi @edepayusi
*Alsu.anvarovna.st@mail.ru

Amnnortanus. [TpoBesieHb! HCC/Ie0BaHYS ITOKa3aresieii KaueCTBa — MUMMYHOTeHHOM 1 aHTUTeHHOM aKTHB-
HOCTH BaKLMHBI POTUB KOJIMOAKTePH03a KMBOTHBIX B OMbITaX Ha JaO0PaTOPHbIX )KUBOTHBIX. IMMYHOTeHHY O
aKTHUBHOCTB OTpe/e/Is/IA MyTeM BaKLMHALMK OesTbIX MbILIeH pa3/IMYHbIMHU [J03aMH BaKLIMHbI C MIOC/IEAYOIUM
3apakeHreM BUPY/IeHTHBIMH LIITaMMaMH SIIepUXUH, TPOoAylileHTaM! aAire3UBHBIX aHTUTeHOB U OTpe/ie/ieHHeM
W], . AHTUTEeHHYI0 aKTUBHOCTh BAaKI[MHbI U3YUa/li B OTIbITE Ha KPOJIMKAX MyTEeM OTPe/ie/leH|sl yPOBHS aHTH-
TeJl K a[re3UBHbIM aHTUTeHaM B peaKL[M arJIF0THHALUY B CHIBOPOTKe KPOBU BaKLIMHUPOBAHHBIX )KUBOTHBIX.
B3auMocBsI3b MeXXy IMMYHOTeHHOM 1 aHTUT'eHHOW aKTUBHOCTBIO BaKIMHbI BBISIB/IS/IN TIyTeM U3ydeHUs TIpe-
BEHTHUBHOM aKTHBHOCTH CHIBOPOTOK, MO/Ty4eHHBIX OT BaKLIAHMPOBAHHBIX KPOJIMKOB, B OIbITe Ha OeJIbIX MbIIlIaX.
IMpuBeseH aHanu3 MOTyYeHHbIX Pe3y/IbTaTOB UCC/Ie0BaHHUN. YCTaHOB/IeHa B3aUMOCBSI3b MEXK/LYy YPOBHEM aHTUTeT
K a/[Te3UBHBIM aHTUTeHaM B CbIBOPOTKE KPOBU BaKLIMHUPOBAHHBIX )KUBOTHBIX 1 IMMYHOTeHHOI aKTHBHOCTBIO
BaKL[MHBI B OTIbITe Ha JJaO0PAaTOPHBIX KUBOTHBIX.

KiroueBble cs10Ba: KoubaKkTepruo3 XUBOTHBIX, E.coli, aAre3uBHble aHTUTEHBI, IITAMMBbI, aHTUTE/Id, BaK-
LJMHa MPOTHB KOJIMOAKTepH03a XXMBOTHBIX, AHTUT'€HHAsl aKTHBHOCTb, UMMYHOT€HHasi aKTHBHOCTb, TIPeBeHTHBHasl
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Abstract. Studies of such quality indicators as immunogenic and antigenic activity of the vaccine against
colibacteriosis of animals have been carried out in experiments with laboratory animals. Immunogenic activity
was determined by vaccination of white mice with different doses of the vaccine, followed by infection with
virulent strains of Escherichia, producers of adhesive antigens, and determination of ID, . The antigenic activity
of the vaccine was studied in experiment on rabbits by determining the level of antibodies to adhesive antigens in
agglutination reaction in blood serum of vaccinated animals. The relationship between immunogenic and antigenic
activity of the vaccine was detected by studying preventive activity of sera obtained from vaccinated rabbits in
the experiment on white mice. The analysis of the obtained research results was given. The relationship between
the level of antibodies to adhesive antigens in the blood serum of vaccinated animals and the immunogenic
activity of the vaccine in the experiment on laboratory animals was established.
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BeepneHue
WHbekLMoHHbIe 60/1e3HN HAHOCAT 3HAUUTEJTBHBIN YIIiep0 KUBOTHOBO/ICTBY: MaJex,
CHIDKEHHe MPOYKTUBHOCTH 3a00/IeBIINX )KUBOTHBIX U 3aTpaThl Ha UX jieueHue. bonesHn
YKeTyZIOUHO-KUIIIEYHOT0 TPaKTa — HauboJiee uacTo BCTpeuaroiasicss popma maToioruu
Cpe/ii MOJIOJTHSIKA Ce/TbCKOXO03STCTBEHHBIX )KMBOTHBIX. Kak MpaBu/io, OHON U3 OCHOBHBIX
MPUYMH BO3HUKHOBEHUS JJAHHBIX 3a00/1eBaHnH SB/IsIOTCs matoreHHble Escherichia coli
(E.coli) — Bo36yautenu komubakTepro3sa [1]. Ciyuar BO3HUKHOBEHHS KOJTMOaKTepro3a
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PerucTpypyroTCsl BO BCeX CTpaHax Mupa [1]. OTv MUKpOOpraH13Mbl TakyKe OMacHbI Ji71s
3/10pPOBbs JIHOfel [2—6].

Haubornee pacripoctpaHeHHbIe HH(EKIMH Y )KUBOTHBIX CBsI3aHbI C Ca/TbMOHE/Ie30M
1 Ko/mMbakTepro30oM. PacripocTpaHeHHOCTb B eBPOMeCKHX CTPaHaX BapbUpyeTcs oT 18
10 90 %. B CoegunenHbIx [IlTaTax AMepuKU pacipoCTPaHEeHHOCTh 3apa’KeHHOTO
noronoBbe cocTasnsieT outy 90 %. B CILIA exxerosHble 3KOHOMHUYeCKHE MIOTEPU
ot 3apaxxeHusi E.coli coctaBnstoT ot 1 7o 12 mapz gosa. B 2005 1. s5KoHOMUYeCKue
MOTepH B MTULEBOJCTBE U3-3a CMEPTHOCTH JocTUIK 1 MiH o [1, 7].

ITo manHBIM LleHTpa BeTepUHApUK B OTUETe 10 3apa3HbiM Oome3HsM 3a 2018—2019 T
B (pesiepasibHBIX OKpyTax U CyObekTax PD 6bu10 BhIsiB/IeHO 128 cyuaeB KOMMOaKTepro3a,
3a007s1e/10 559 TeseHKa, U3 HUX nano 3431.

Ha faHHBIM MOMEHT BaKL[MHaLMs SIB/ISETCSI OHOU U3 CaMbIX 3((eKTUBHBIX Mep
60pB0BI € MH(EKLIMOHHBIMU 3ab0/1eBaHIAMY. BaKIMHALIO MPOTHUB SILIEPHUX103a TIPOBOAST
BO BCeX Pa3BUTHIX CTpaHax MHUpa. Pa3paboTKOi 1 COBepILIeHCTBOBaHHEM BAKLIMH MPOTHUB
KonrbaKTepro3a 3aHUMaeTCs Psifl BeAyLX (prpM 1o MpOU3BO/CTBY OHOIIperiaparos.

Bce BakiHbI TPOTHB MH(EKLIMOHHBIX 00/Ie3He )KUBOTHBIX, HAXOAsIIMecs: B 000poTe
Ha Tepputopur P® mogyiexxar perucrpaiun’. B HacTosiiee BpeMsi 3aperucTpUpOBaHO
Y TIPUMEHSTIOTCs1 0Koy10 30 HaMeHOBaHWM BAKLIMH MPOTHB KO/TMOaKTepro3a )KUBOTHBIX.
Cpefu HUX TakMe MOHO- U aCCOLIMMPOBaHHbIe BaKL[MHbI OTeYeCTBEHHOI'O IIPOU3BO/CTBA,
Kak «KonmBak», «BepoKonrBak», acCOLMMPOBAaHHAsT BaKLIMHA ITPOTUB aHa3POOHOM
HTEPOTOKCeMUH U 31iiepuxro3a mopocsart (PKII «ApmaBupckas 6uodabprkar),
«Beppec-Konu», «Beppec Konukinoc», «KomboBak-K», BakijiHa KOMOMHUPOBAHHAs
MPOTUB TPAHCMHCCHUBHOTO TaCTPO3HTEPUTA, POTABUPYCHOM O0/Ie3HU U 3I1IepUXH03a
ceuHeli (000 «BeTbuoxum»). Cpeirt BakI[MH 3apy0e>KHOTO TTPOU3BO/ICTBA IITMPOKOE
ripumeHeHue Hauwu «Heokonumnop» (Merial, ®@panius), «ITopuumic ITopkoau DF»,
«[Topumuc ColiClos», BakiiHa Rotavec Corona (Intervet, Hugepnanpr), «J/Iuteprapg
LT-C», «Ckoyrapg 4KC» («303trc 31 Oa Cu», CIIIA), « CYUCEHTI» (JlTabopatopust
Xwurpa C.A., Vcnianus) u ap. [8].

B cocTaB yka3aHHBIX BaKLIMH BXOJSAT a/ire3VBHbIe aHTUTeHbI d11epuxuid. Hannuue
B BaKIMHe ONITUMaJIbHbIX KOJTMUeCTB a/ire3uBHbIX aHTUreHoB K88 (F4), K99 (F5), 987P
(F6), F41 onpenensieT MMMYHOTEHHYIO M aHTUTeHHYH0 aKTUBHOCTD TIpernapara. KoHTposib
JIeMCTBYIOIIMX BeLIeCTB B BaKL[MHAX OCYILeCTB/eTCS KaK B peakLUM arrroTHHALUU
(PA), Tak 1 UMMyHO(hepMeHTHBIM aHam3oM (MDA).

KonmbakTepro3 — o/fHa U3 CaMbIX pacCIpOCTPaHeHHBIX 00J/Ie3Hel MOIOIHIKA
CeJTbCKOXO03sIHCTBeHHBIX )KUBOTHBIX OaKTeprasbHOM 3THooruy B mupe [1, 8—11].

[To AaHHBIM OTEeUeCTBEHHBIX 1 3apy0OeXKHBIX MCTOUHHUKOB JINTEPATyPhI, 3a00/1eBaeMOCTb
B He0J1arornosiyuHbIX M0 KomrbaKkTepro3y X03siCTBax AocTuraeT y nopocsit — 70,
y TensaT — 80 %. (MMeHHO TesiATa 00pa3ytOT OCHOBHOM pe3epByap [Jis Tepejauun
MaTOreHHOM KHWILIeUYHOW Iasouku uesnoBeky [4]). JIeTalbHOCTb 3TUX KUBOTHBIX
oT smepuxuo3a Komedsmetcs ot 20 10 90 % [12].

Bo30yzuTtensiMu s1ieprxuosa siB/SIFOTCS SHTeporatoreHHsle E.coli, obnagaroiiye
a/ire3UBHbIMU aHTUTeHaMH M BbIPabaThIBAIOIIMe SHTEPOTOKCHHBI. 3apa’keHue )KUBOTHBIX

! depepanbHoe rocyfapcTBEHHOE GIOMKETHOE yupexxaeHue «LleHTp BeTepuHapum»: opuumnanbHbIv canT. Pexxum
JocTtyna: https://ueHTp-BeTepuHapumn.pd — tsentr veterinary. [lata o6patyeHus: 18.03.2020.
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MIPOMCXO/UT TIepopabHO. AJIre3UBHbIE aHTUTeHBI SIIePUXUM 00eCTIeunBaoT KOJIOHU3a-
L[UI0 BO30y/MTe/IeM TOHKOTO OTZe/ia KUIIIeYHHKA, TIPOYHO CBSI3bIBAsICh C SHTEPOLUTaMHU
cy3vcTol KuiedHuka [13]. Takum o6pa3oM, afire3rBHbIE aHTUT€HbI SIIePUXHUIA UTPAIOT
Be/lyLIyI0 pOJib B raToreHese 0ose3Hu.

AJire3uBHbIe aHTUTe€HBI UIMEIOT Oe/TKOBOTO MPUPOAY U 00/1a/jaf0T BEICOKOM UMMY-
HOTeHHOCTHI0. [103TOMY, B HacToslI|ee BpeMsi Kak B Halllell CTpaHe, Tak 1 3a pyOexom
pa3paboTaHbl ¥ LIMPOKO TIPUMEHSFOTCS BAKLIMHBI IPOTUB KOJIMOAKTEPH03a, CoZieprKaliiiie
BbiZle/ieHHbIe 13 OaKTepUasIbHBIX KIeTOK aJire3BHbIe aHTUTeHbI 1 00/1ajafo11Iie BEICOKUMHU
MPOTEeKTUBHBIMU U TIPeBEHTUBHBIMU CBOMCTBaMU. VI3BECTHO, UTO BaKLIMHbI, COCTOSIIIIVE
13 BBICOKOMMMYHOT€HHBIX KOMITOHEHTOB OaKTeprabHOM K/IeTKU, He TONBKO Oostee 3¢-
(eKTUBHBI, HO Y MeHee PeaKTOreHHbI, YeM BaKL[MHbI U3 Lie/IbIX K/1eTOK. BO3MOXXHOCTh
WH/IYKIIM IMMYHHOTO OTBETa TPY BBeJIleHWH B OPTaHW3M BOCTIPUMMUYMBBIX )KUBOTHBIX
TOJIBKO CTieL{urueCcKUX MPOTeKTUBHBIX CyOCTaHLMI, MAaKCHMAaTbHO 0CBOOOXKIEHHBIX
OT COMYTCTBYIOMIMX 0a/IaCTHBIX KOMIIOHEHTOB, OTKPBIBAeT IyTH [/ TIOJTyYeHusT ape-
aKTOTeHHbIX U CTaH/ApPTHBIX BaKLIVH.

Mosi03uBHBIE aHTUTEIa UMMYHHU3UPOBAaHHBIX KUBOTHBIX TTOKPHIBAIOT C/TM3UCTYHO
000J10YKy TOHKOTO OT/jeJla KAIIIeUHNKA HOBOPOJK/I€HHBIX U MPEeMsSTCTBYIOT NIPUKpeTLie-
HUIO Y pa3MHOKeHMI0 nartoreHHbIX E.coli.

Bak1uHaruio npoTHUB 3111epuxro3a MPOBOASAT BO BCEX Pa3BUTHIX CTpaHax MUpa.
Pa3paboTKO# 1 COBepIIeHCTBOBaHMEM BaKL[MH MIPOTUB KOMMOAaKTepro3a 3aHUMAaeTCst
psiJ, BeAyLUX GUPM T10 ITPOU3BOACTBY OHOIIperapaTos.

Ilens paboThl — M3YUUTH CBSI3b MKy UMMYHOTEHHOM M aHTUT€HHOW aKTUBHOCTBEO
BaKIMHBI TIPOTHUB KO/IMOAKTepHro3a JKMBOTHBIX B OTHOLLIEHHH a/ire3UBHBIX aHTUTEHOB B
OTIbITe Ha Ta00pPaTOPHBIX )KUBOTHBIX.

MaTepVIaﬂbI n MeTo bl

Bo ®panuum, Hugepnangax, Ucnannm, CIIIA KOHTPOJIb BaKL[MH NPOTHUB KOJIU-
OakTepro3a OCyIIeCTB/sIeTCsT Ha Oe/bIX MbIllIaX, MOPCKUX CBUHKAX WU/IA KPOJTHKAX T0
VIH/IEKCY OTHOCHUTEe/IbHOW aKTHBHOCTH — PasHULe MeX/y CPeJJHUM TUTPOM aHTUTe K
a/iTe3UBHBIM aHTUI'eHaM U SHTePOTOKCHMHAM B CbIBOPOTKe KPOBU BaKL[MHMPOBAaHHbIX U
KOHTPOJIbHBIX XKUBOTHBIX [1, 14]. [laHHBIN MeTo/ KOHTPOJISl I03BOJISIeT KOIMYeCTBEHHO
yCTaHaBIMBaTh IMMYHOT€HHYI0 aKTUBHOCTD Iperapara B OTHOLLIEHUH (DAKTOPOB BUPY-
JIEHTHOCTH 31LIePUXUM.

B P® KOHTpO/Ib IMMYHOT€HHOW ¥ aHTUT€HHOM aKTUBHOCTU BaKLIMH IIPOTUB KO-
mbaKTepro3a Tak>Ke TPOBO/SAT Ha OesTbIX MbIIIaX, MOPCKUX CBUHKAX WM KPOJTUKaX.

[To HaleMy MHEHMIO, TOJIbKO KOMILJIEKCHBIN KOJIMYeCTBEHHbIN KOHTPOIb UMMY-
HOTeHHOM M aHTUIeHHOM aKTMBHOCTH BaKL|MHBI TTO3BOJIUT JOCTAaTOUHO [JOCTOBEPHO
OLIeHUTH ee 3((HEeKTUBHOCTE.

Pabora BheIro/iHeHa B j1abopaTOpUU KauecTBa M CTaHAApTHU3aLUN OaKTepUITHBIX
JIeKapCTBEHHBIX CPe/ICTB Bcepoccuiickoro rocy1lapCTBeHHOrO LieHTpa KauecTBa U CTaH-
JlapTU3aliy JieKapCTBEeHHBIX CPeJICTB /151 )KUBOTHBIX U KOpMOB (PT'BY «BI'HKWN»).

B pabote ucrosnb3oBanu mrtammbl Escherichia coli, fuarHoctuueckre CbIBOPOTKHY,
MUTaTe/IbHbIe CPe/Ibl, BaKI[UHBI, Ta00paTOPHBIX KMBOTHBIX, a TaKXKe OaKTeprosioruye-
CKHe, CepoJIornyecKrie, UMMYHOJIOTYeCKe MeTO/Ibl KCC/IeJ0BaHuUM, He0OX0qUMbIe /1St
TIPOBeZIeHHsI KOHTPOJIsI KaueCTBa BaKLMH MPOTUB KoyiMbaKTepro3a.
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LIImammbl. Bl vcnonb3oBaHbl 4 mitamma Escherichia coli (manee — smepuxun),
MPOAYLEeHTHl aAre3uBHbiXx aHTUreHoB K88, K99, 987P, F41. IlltamMbl XpaHuIu
Ha T0/TY>KHZIKOM MsiCO-TiennToHHOM arape (MITA) nnu B TMOGUIM3MPOBaHHOM COCTOSIHUM
npu Temrneparype 2...4 °C.

JuazHocmuueckue cblgopomku. [1ns onpepesieHUs afire3VBHBbIX aHTUT€HOB
HCTI0J/Ib30Ba/IM HAOOP aHTHUCHIBOPOTOK K a/[T€3UBHBIM aHTUTeHaM 3iepuxuii K88, K99,
987P, F41, A20 (konu-aZire3vH TeCT) MPou3BoAcTBa MHCTUTYTa SKCIeprMeHTa bHOU
BetepuHapuu uM. C.H. Beimenecckoro (Pecry6sivika Benapych).

ITumamenbHble cpedbl. Msico-TienToHHBIN OyiboH (MITB), MITA, arap u Gy/iboH
XotTtuHrepa v cpefia MuyHKa.

B skcrniepriMeHTaIbHOM paboTe UCT0Ib30BaHO:

OesbIX MbIIIei maccoi 18...20 r— 680;

KPOJIMKOB Maccoit 2,5...3,0 kr— 10.

Bcex BBDKMBILUX B OMBITe Oe/bIX MBIIIel MoJBepraayd 3BTaHa3uu MyTeM
unransiur CO,, KposMKaM BBOAWIHM AJIUTUH-CYTIED B [I03€ 4 MI/KT.

PesynbTaTbl u 06CcyXaeHue
VIMMyHOTeHHY10 aKTUBHOCTb BaKIMHbBI UccieoBany Ha 400 Ge/ibIx MbIIIax MacComi
18...20 r. JKUBOTHBIX UMMYHHW3UPOBAJIM MOJKOKHO OJHOKpaTHO B fo3ax 0,0625; 0,125;
0,25 u 0,5 cm?, ncrionb3ys o 20 Gestbix Mblield Ha 103y, 80 0cobelt CTy>KUT KOHTPOJIEM.
Uepes 28 CyTOK ONBITHBIX U KOHTPOJIbHBIX KUBOTHBIX 3apaka/ld BUPYJIEHTHbIMU
LITaMMaMH 3LLIePUXUH, IPOAYLiIeHTaMU aAre3nBHbIX aHTUreHos 0115:K88, 0141:K99,
09:K103:987P, O101:F41, B no3e 3JI/150. Pe3ysibTaThl OMbiTa MPUBEJEHbI B Ta0/1. 1.

Tabnuya 1
MMMyHOreHHast akTUBHOCTb BaKLUHbI B OMNbITe Ha 6eNbIX Mblluax
HaumeHoBaHwue 1033 BaKLMHBI, CM3 KonunyectBo | [Jo3a Ansa 3apakeHus, PesynbraTthbl na..,
WwTaMmma YKMBOTHbIX MIPA MUKP. K. YXuBbl | Manwu cm®
Benbie Mmbiwmn
0,0625 20 7 13
0,125 20 15 5
0115:K88 025 20 1,0 20 - 0,08342
0,5 20 20 =
0,0625 20 2 18
0,125 20 14 6
0141:K99 0,25 20 1,25 20 - 0,1006
0,5 20 20 =
0,0625 20 4 16
0,125 20 14 6
09:K103:987P 0,25 20 1,5 20 - 0,09361
0,5 20 20 =
0,0625 20 5 15
0,125 20 14 6
0101:F41 0,25 20 1,0 20 - 0,08879
0,5 20 20 =
KoHTposib
0115:K88 = 20 1,0 - 20 -
0141:K99 = 20 1,25 - 20 -
09:K103:987P - 20 1,5 - 20 -
0101:F41 = 20 1,0 - 20 -

204 BETEPVHAPWS



Galiakbarova A.A. at al. RUDN Journal of Agronomy and Animal Industries, 2020; 15(2):200-209

Table 1
Immunogenic activity of the vaccine in the experiment on white mice
. . 5 |Number of | Dose for infection, billion Results ID50
Strain Dose of vaccine, cm ) . - - 3
animals mic. cells Survived | Died cm
benble MbiLn
0.0625 20 7 13
. 0.125 20 15 5
0115:K88 025 20 1.0 20 - 0.08342
0.5 20 20 -
0.0625 20 2 18
. 0.125 20 14 6
0141:K99 025 20 1.25 20 _ 0.1006
0.5 20 20 -
0.0625 20 4 16
i X 0.125 20 14 6
09:K103:987P 0.25 20 1.5 20 _ 0.09361
0.5 20 20 -
0.0625 20 5 15
. 0.125 20 14 6
0101:F41 025 20 1.0 20 _ 0.08879
0.5 20 20 -
Control
0115:K88 - 20 1.0 - 20 -
0141:K99 - 20 1.25 - 20 -
09:K103:987P - 20 1.5 - 20 -
0101:F41 - 20 1.0 - 20 —

W3 panHbIX Tabs. 1 cremyerT, uTo BakijuHa 00/1aziana BbICOKUMHA UMMYHOT€HHBIMHU
ceoiictBamu. M/1. BapeupoBana B npegenax ot 0,08342 no 0,1006 cm® nipu 3apaskeHuu
BUpY/IeHTHbIMK [iTaMmMamu E. Coli, mpogyiieHTamMu afre3uBHbIX aHTUTeHOB, B fo3e 3LD,

AHTUreHHYI0 aKTUBHOCTb BaKLIMHBI Mcc/iefioany Ha 10 kpomkax maccoi 2,5...3,0 KT.
JKVBOTHBIX IMMYHH3UPOBA/IM BHYTPUMBIIIIEYHO OZJHOKPATHO B /103e 1 cm®. Uepes 7-14-
28-35-49-77 CyTOK y KPOJIMKOB U3 YIIIHOM BeHbI Opaji KPOBb, TIOTyU€HHYH0 ChIBOPOTKY
WCC/IelOBa/IM B peakLWM arrITAHALMA CO [ITaMMaMU TTPOAYLIEHTaMHU afire3MBHBIX
antureHoB O115: K88, 0141: K99, 09: K103:987P, O101: F41. OcraB11ytocs 4aCTb
CBHIBOPOTKH UCIIO/Ib30BAJIH [I/IsSI OTIpe/ie/IeHusi ee TIPeBeHTUBHOW aKTUBHOCTH Ha OesbIX
MbIlIax. Pe3ybTaThl OMBITOB MPUBE/IEHbI B Ta0/1. 2 1 3.

Tabnmya 2
AHTUreHHasi akTUBHOCTb BaKLMHbI B OMbITe Ha KpOMKax
HaumeHo- HaumeHo- CpefiHuii TUTP aHTUTEN B CbIBOPOTKE KPOBU Kponunkos (PA) Ha AeHb nocre
BaHue BaHune BakUMHaumm
BaKLMHbI aHTureqa 7 14-i1 28-ii 351 48-i1 77-i
BakuuHa
MPOTHE 0115:K88 |1:89,89+1445| 1:200,1250,5 | 1:355,6+580 | 1:5552+74,2 | 1:4650+956 | 1:62,63£12,5
swepuxvosa | O141K99 | 1:7065+80 |1:1203+249 | 1:31900 | 1:486,0+986 | 1:366,6+550 | 1:51,78+11,6
cenbcko- | 09:K103:987P | 1:49,78+11,5 | 1:100,5+22,2 | 1:276,6+356 | 1:366,6£580 | 1:3700%+0 | 1:4395+7,25
xo3AncTBeHHbIX | O10T:FA1 | 1:100,5£23,0 | 1:266,6234,6 | 1:476,0+97,6 | 1:647,0+21,0 | 1:556,2+74,2 |1:92,89+14,48
YXXUBOTHbIX
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Table 2

Antigenic activity of the vaccine in the experiment on rabbits

. . The average titer of antibodies in serum of rabbits (RA) on the day after vaccination
Vaccine Antigen

7 14 28 35 48 77

BakumnHa
npoTuB 0115:K88 |1:89,89+1445| 1:200,1+50,5 | 1:355,6+580 | 1:5552+74,2 | 1:465,0+956 | 1:62,63+12,5

aLIepmxmosa 0141:K99 1:70,65+80 | 1:120,3+249 | 1:319,0+0 | 1:486,0+986 | 1:366,6+550 | 1:51,78+11,6
cenbcko- | 09:K103:987P | 1:4978+11,5 | 1:100,5+22,2 | 1:276,6+356 | 1:366,6+580 | 1:3700+0 | 1:4395+7,25
xossaicTBeHHbIX |  O10T:F41 | 1:1005+230 | 1:266,6+34,6 | 1:4760+97,6 | 1:6470+21,0 | 1:5562+74,2 |1:92,89+14,48
XXUBOTHbIX

HauHble Tab/1. 2 CBUETENBCTBYIOT O TOM, UYTO HaUuOOJIbILINN YPOBEHb aHTUTET
B ChIBOPOTKE KPOBU BaKL[MHUPOBAHHBIX )KUBOTHBIX JOCTUTaICA K 35-My [JHIO MOCIIe
MMMYHU3aL[M1 U COCTaBJIs/I B cpefHeM u1s aHTureHa O115:K88 — 1:555,2; anturena
0141:K99 — 1:468,0; anturena 09:K103:987P — 1:366,6; anturena O101:F41 —
1:647,0, caukasncs K 77-My JHIO B 7...9 pa3 U COCTaB/IsA/ B CpeIHEM /11 aHTUTeHa
0115:K88 — 1:62,63; anturena 0141:K99 — 1:51,8; anturesa 09:K103:987P —
1:43,95; antureda O101:F41 — 1:92,89.

B panbHeliemM vuccseioBav IPeBeHTUBHYIO aKTHUBHOCTh MOMY4YeHHbBIX ChIBOPOTOK
B OIbITe Ha Oe/1bIX MbliaX. CHIBOPOTKY BBOAM/IU TIOAKOXKHO, OTHOKPATHO B J03e 1o 0,2
cM®, ucrosb3ys 1o 40 OeJTbIX MbIIIel Ha KaXKAYI0 ChIBOPOTKY (110 10 Ha Ka)KAbIH [ITaMM).
UYepe3 24 yaca nocJie BBe/leHHsI CbIBOPOTKM UMMYHH3UPOBaHHBIM YKUBOTHBIM U TaKOMY
)Ke KOJTMUeCTBY HEMMMYHH3UPOBAaHHBIX (KOHTPOJIbHBIX) BBOJW/IA BHYTPHUOPIOIIIMHHO
MOATUTPOBAHHYIO CMEPTEeIbHYIO 103y YeThIpeX BUPYJIEHTHBIX LITAMMOB 31I€PUXUN
ceporpymm O115:K88, 0141:K99, 09:K103:987P, O101:F41 B nose 3LD, . Kaxasim
IITaMMOM 3apaka/i 1o 10 UMMyHHU3UPOBaHHBIX U 10 KOHTPOJIbHBIX O€JTbIX MBILLIEH.

Tabnuua 3
npeBEHTVIBHaﬂ AdKTUMBHOCTb CbIBOPOTOK
CbIBOPOTKM KPOJIMKOB, NOJTyYeHHbIE Ha AAeHb nocne KoHTpomb
MMMYHU3aLnn
Sapaxatouii Kogt;;i?;Bo 7-i 14-i 28- 35-i 48-n 77|
a =
et wowed | 3| E|E|E|B|E|8|E5|&|5|8|E|3| @
S © s © S o S o} S © S © X c
X|E|X|E|X|EBE|X|E| X |E|X)|E
0115:K88 10 2 8 4 | 6 8 2 |10 0 9 1 1 9 - 10
0141:K99 10 1 9 131782 |10[0]9]]1 0 |10 =1 10
09:K103:987P 10 1 9 3 7 6 4 9 1 9 1 0|10 ]| — 10
0101:F41 10 2 8 4 1 6 9 1 10/ 01]10] 0 2 8 - 10
Table 3
Preventive serum activity
Serum of rabbits obtained on the day after immunization Control
Infectious Number of —= 7 5 14 5 2 5 3 S 48 5 7 3 S
strain whitemice | £ | g | £ g | 2|3 | S g | S 3| g% 2
1 HE IR
(2] (2] n n n n
0115:K88 10 2 8 4 6 8 2 [10] 0 9 1 1 9 — |10
0141:K99 10 1 9 3 7 8 2 {10 ] 0 9 1 0 [ 10 10
09:K103:987P 10 1 9 3 7 6 [ 4 ]9 1 9 1 0 [10]| —1]10
0101:F41 10 2 8 4 6 9 1 10| 0 10| 0 2 8 — [ 10
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3 matepuasioB Tabs1. 3 BUIHO, UTO CHIBOPOTKA, ToTyueHHast Ha 28, 35 u 48-ii ieHb
MOC/Ie UMMYHH3aLUM KPOJIMKOB Y UMeBIIasi TUTPLI aHTUTe N, npesbiiatomue 1:300,
3amuiasaa 80...100 % GesbIx Mblllel OT 3apa)kKeHUsI BUPY/IEHTHBIMH IIITaMMaMH,
MPOJYLIEHTaMM aJire3UBHBIX aHTUTeHOB. B TO >ke BpeMsi CbIBOPOTKa, MOJTy4YeHHast
Ha 7 ¥ 77-1 [leHb Toc/ie BaKIMHALUK KPOIUKOB, 00ecrieunBara 3aluTy O6embIx Mbiiei
oT 3apakeHus muiib Ha 10...20 %.

3aknioyeHue

Ha ocHOBaHWM BUPYTEHTHOCTU W (DeHOTUTTMUECKUX XapaKTePUCTHK aBTOPbI OTHOCST
KO/TMOaKTepH03 K OCHOBHBIM MPUUHWHAM WH(EKIIMOHHOM JUapeH y )KUBOTHBIX.

O0630pHast cocTap/IsIIOIas UCC/IeJOBAaHUI TI0Ka3asa, uTo mrammbl Escherichia coli
SIBJISFOTCST 0COOEHHBIMU MaTOr€HHBIMHA MUKPOOPTaHW3MaMH, BbI3bIBAIOIIUMU Pa3/IUuHbIe
3a00/1eBaHMS He TOJBKO Y JOMAIITHUX >KUBOTHBIX U MTULIBI, HO U Y Jifofield. bakrepuu
Escherichia coli siBisirorcst Hanbosee pacripocTpaHeHHBIMU TIPUUMHAMHE IMAPEH U Cercuca
y TesiaT. Kpome Toro, Tesiita 06pa3yroT 0CHOBHOM pe3epByap /I/Is Tiepe/iaud aToreHHOH
KUIIIeYHOM Talouku uesioBeKy. MHGeKI1Y, Bbi3bIBaeMble STUMU IaTOreHaMU, YacTo uepe3
TIPOJIYKThI TITHUI[EBOZICTBA, TAaK)Ke SIB/ISIFOTCS CepPhe3HOM Mpo01eMoii 00111e CTBEHHOTO
3apaBooxpaHeHusi. TH(MeKIK B )KUBOTHOBO/ICTBE, a TaKKe MTHUL[eBOJCTBE CTAaHOBSITCS
KOHOMUYECKOW ¥ MeJUITMHCKOM mpobieMoii B EBporie 1 BO BceM MUpe.

Pe3ynbTaThbl MCC/IeJOBAaHMIM TT0Ka3asii, UTO CBSI3b MEXKAy UMMYHOTe@HHOMN 1 aHTUTeHHOM
AKTMBHOCTBIO BAKIMHBI IIPOTHB KOMOAKTepH03a )KUBOTHBIX B OTHOITIEHUH a/IT€3UBHBIX
AQHTUTeHOB, W3yUeHHas B OMbITaX Ha J1ab0paTOPHBIX KUBOTHBIX, 3aK/TFOUAETCS B TOM,
YTO C yBeJIMUEHWEM TUTPa aHTUTe/T B CIBOPOTKE KPOBU BaKI[MTHUPOBAHHBIX KUBOTHBIX
BO3pacTaeT 3allliTa )KUBOTHBIX OT KOHTPOJILHOTO 3apakeHus BUPY/IEHTHBIMU IIITaMMaMH.
[TpeBeHTHBHAs aKTUBHOCTh CHIBOPOTOK KPOBH BAaKIJMHUPOBAaHHBIX KPOIMKOB JJOCTHTA/Ia
100 % u 3aniiana 6ebIxX MbIiliel OT 3apaXeHNsT BUPY/IEHTHBIMU ILITAMMaMU SIIePUXHH.
[TosyueHHBIe pe3y/IbTaThl COOTBETCTBYIOT JaHHBIM JPYTHX OT€UECTBEHHBIX U 3aPy0eXKHBIX
aBTODOB.
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BeTepuHapHO-CaHUTapHasA XapaKTepUCTUKa MAca KPYMHOro
poraToro ckoTa npu capkouucTose

I.I. Ceperun’, E.C. Bapanouu', B.E. HuKuTueHko?,
J.B. Hukutuenko> 3, E.O. PoicjoBa**

"Poccutickuii ToCcyapCTBeHHbIN arpapHsbiii yauBepcuteT — MCXA um. K.A. TumupsizeBa,
2. Mockea, Pocculickasi @edepayus
*PoCCUIACKUI YHUBEPCUTET APY>KObI HAapofioB, 2. Mockea, Poccutickas ®edepayust
30AO «OcTaHKMHCKHU MsicoriepepabaTbiBaroLuii KoMOHHaT», 2. Mockea, Poccutickas @edepayus
*rystsova-eo@rudn.ru

AmnHoTarus. V3yueHa yacToTa BBISIB/IEHUS CAPKOLIICTO3a MPX yO0e KPYITHOTO poraToro cKora. JKCTeH-
CUBHOCTbH TIOpPa’KeHUs1 yOOUHBIX )KUBOTHBIX cOCTaB/sia B cpeaneM 0,38...2,11 % oT umc/ia uccjieyeMoro
riorosioBbsi. Omipe/iesieHa JIoKanr3arysl CapKOIMCT B PAa3/IMYHBIX MBIIII[AX TyIIH. V3yueHbl B CPaBHUTETHLHOM
acriekTe OpraHoJieNTHyecKye, HU3NKO-XUMUYeCKHe 1 MUKPOOHOIornuecKye 1oKa3aTeny TOBsiIUHbI 0T 6071b-
HBIX U 37]0POBBIX KMBOTHBIX. YCTAHOBJIEHO B MsICE TTOPaKEHHOTO CAPKOL[ICTO30M CKOTa CHIDKEHHE CeHCOPHBIX
riokasaresiei Ha 0,14...0,34 6amna, nosbiienue pH Ha 0,34 eUHULIBI, YBeJTMUeHUe JTeTYUNX )KUPHBIX KUCIOT
(JDKK) Ha 0,4 mr/KOH u conep>kaHue aMuHo-aMMuauHoro asora (AAA) va 0,09 mr/%. B TakoMm msice oT™me-
YeHO CHIKeHHe cofepykaHus 0enka Ha 0,92 %, xxupa — Ha 1,04 % u yBermuenue Biaard Ha 2,90 %. [Tpu atom
B OMbITaX Ha UH(Y30PHSIX BbISBIEHO TIOHWKEHHE TI0Ka3aresield OTHOCUTE/TbHOW OUOIOTHYeCKOM L[eHHOCTH
B Msice OOJIbHBIX )KUBOTHBIX Ha 10,7 % u rokasareJieii 6e3BpeaHoCTH Msica— Ha 19 % I10 CpaBHEHUIO C MSICOM
3[J0POBOTO CKOTa. BBISIB/IEHO YMeHbIlIeH e CPOKOB XPaHEeHHs OX/IaXKJeHHOTO Msica OOBbHBIX CapKOL[FICTO30M
JKMBOTHBIX Ha 1-2 cyTok. Ha ocHOBaHMY TO/TyUeHHBIX /JaHHBIX pa3paboTaHbI Mpe/|/I0KeHHsI TI0 COBEPIIeHCTBO-
BaHHIO BeTepPUHAPHO-CAHUTAPHOM OLIEHKH MsICa U JIPYTHX TIPOJYKTOB YOSt KUBOTHBIX TIPY CAPKOLIUCTO3€ JIIst
BK/TI0UeHHs B [TpaBra BeTCAaHIKCIIEPTHU3bI MsiCa U MSICHBIX TTPOZYKTOB.

KitroueBble c/10Ba: KPYITHBINA POraThli CKOT, MsICO, CAPKOLIMCTO3, OpPraHOIeNTHYeCKUe TTOKa3aTestd, Ghu-
31KO-XVMHUeCKHe CBOMCTBa, MUKPOOHBIH cTaTtyc, 6e3BpejHOCTh, BeTCAHOLIeHKa

3asiB/IeHHe 0 KOH(IMKTe HHTepecoB: ABTOPbI 3asiB/ISIOT 06 OTCYTCTBMY KOH(IMKTA MHTEPECOB.
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Veterinary and sanitary characteristics
of sarcocystosis infected cattle meat
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Abstract. The rate of sarcocystosis detection in slaughtered cattle was studied. The infection rate for
slaughtered animals averaged 0.38...2.11 % of studied livestock. The location of sarcocysts in various muscle
tissues of the carcass was determined. Organoleptic, physical& chemical and microbiological characteristics of
beef from sick and healthy animals were compared. Detected was a decrease in sensory indicators by 0.14...0.34
points, an increase in pH — by 0.34 units, an increase in VFA — by 0.4 mg/KOH and in amino-ammonia nitrogen
concentration — by 0.09 mg/%. The content of protein decreased by 0.92 %, fat—by 1.04 %, and moisture level
increased by 2.90 %. At the same time, a decrease in relative bioavailability by 10.7 % and safety by 5.1x104 of
meat infected with sarcocystosis as compared to meat of healthy cattle was detected. It was found out that the
shelf life of chilled meat from animals infected with sarcocystosis is 1—2 days less than that of healthy ones.
Based on the data obtained, proposals were developed for improving the veterinary-sanitary evaluation of meat
and other products of slaughtered animals infected with sarcocystosis in order to be incorporated into the Rules
of Veterinary Sanitary Examination of Meat and Meat Products.

Key words: cattle, meat, sarcocystosis, organoleptic characteristics, physicaland chemical properties,
microbial status, harmlessness, veterinary-sanitary evaluation
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BeBepeHue

CapKoLMCTO3 CUATAeTCs IMUPOKO PaclpOCTPaHEHHBIM, Uallje XpPOHUYECKH MpOoTe-
KaroIKM, TTPOTO30iHBIM 3a00/IeBaHeM MHOTHX BH/IOB KMBOTHBIX, TITHL] U Ue/IOBeKa.
Bo30yauTenu capkoLMCTO3a XXUBOTHBIX U MTULIBI OTHOCUTCS K Pa3/IMYHBIM BUJaM
MPOCTeHIINX pozia Sarcocystis.

CapKoLMCTO3 KPYITHOTO POraToro CKOTa peruCTpUpyOT BO MHOTMX CTpaHaxX MHUpa,
B T.U. B pa3HbIX pernoHax Poccuiickoit ®epepariv. IKCTEHCUBHOCTb CAPKOLIMCTO3HOM
VMHBA3WH Y )KBAYHBIX )KUBOTHBIX B HEO/IAaroMoyYHbIX X03HCTBAaX MOXKET J0CTUTaTh
80...100 % morosioBbs. IHTEHCMBHOCTD MOPa’KEHUS! JKUBOTHBIX CapPKOLIUCTO30M TIOJ-
pa3iensieTcs Ha TpH cTereHy. [TopakeHreM c1aboli cTereHy curMTaeTcst Hanuume 10 10
CapKOLUCT, cpefHel — 10 30 CapKOLIMCT, CUJTbHO BhIpaXKeHHOU cTereHu — Oosee 30
CapKoLMCT B 1 T mMsica. Y TesdT CapKOLMCTO3 MMPaKTUUYeCKX He BbIsB/seTCs. [lopaxkeHne
CapKOLIMCTO30M MOJIOJHSKA 3...6-MeCsSyHOro Bo3pacra oTMevaeTcs pefko. C BO3pacTom
MPSIMO MPONOPLIMOHATBEHO TOBBILIAKOTCS SKCTEHCUBHOCTh U MHTEHCUBHOCTh WHBA3WUU
SKUBOTHBIX [1, 2].

OCHOBHBIMH PaCIIPOCTPAaHUTE/ISIMUA BO30yIUTe ISl CAPKOLIMCTO3a SB/ISFOTCS COOAKU
Y KOIIKW. 3apayKeHHOCTh COOAK ¥ IBOPOBBIX KOIIIEK CAPKOL[MCTO30M B HEKOTODBIX IPH-
POJIHBIX Y aHTponyprudyeckux ouarax gocrturaet 80...90 %. [Ipu 3TOM TONBKO OfHa
3apa’keHHasi coDaKa MOXKeT B OKPY>KalOL[yI0 Cpe/ly BbIeMUTb 0Koo 30 MJTH OOLUCT,
YTO CO3/iaeT Yrpo3y 3apa’keHHs TPaBOSIAHBIX JKUBOTHBIX, B T.U. KPYIIHOI'O pOraTtoro
ckoTa. Bo30yauTe b CapKoLMCTO3a YCTOWUMB BO BHEIITHEH Cpefie K MOKET COXPAHSATHCS
JKM3HECTIOCOOHBIM Gostee 3 JieT, A/TUTebHOe BpeMsi He TorubaeT Ipy 3aMOpPaKHBaHUU
Y pa3MOpa)KuBaHUM OUOJIOrMuecKux 00beKToB [3].

CapKoLMCTO3 y KMBOTHBIX U MTHUL[bI 00yC/IOBTUBAIOT HECKO/ILKO BHZIOB TlapasuTa.
KaxzipIi1 BUJl CApKOLIMCT aZlalTHPOBaH K OIpe/e/IeHHOMY IIPOMEXXYTOYHOMY XO35HHY.
KpyTiHbIi poraThbiii CKOT CUMTAeTCsl TPOMEKYTOUHBIM X03MHOM BO30yauTe el BUIOB
Sarcocystis bovicanis (cruzi) u Sarcocystis bovifelis (hirsuta). OTmMeueHbI ciyuau
TMOpa)keHHs KPYTTHOT'O poraToro ckota Bo3byaureneM Buza S. bovihominis (S. hominis).
[edbUHUTUBHBIMH X03sieBaMH 3TUX BO30yAuTeNel CapKOLIMCTO3a SIB/ISIOTCS Co0aKHy,
KOILIKH, IUKHe TUIOTOSITHbIE )KUBOTHBIE U UeI0BEeK, KOTOPbIe 3apa’KatoTCsl CapKOL[MCTO-
30M, yrioTpe0isisi Msico, cofiepKaliiee 3peJible [IUCThI capKoLUCT. [Ipu 3TOM Msico oBelj,
riopakeHHoe S. ovicanis (tenella), canraercs fjisi yesioBeKa He OTIACHBIM.

B ToHKOM OT/ZIE/1e KUllIeuHUKa [1e(DMHUTUBHOTO X035MHA MPOTeKaeT raMeTOroHus U
CIIOPTOHUS U B pe3ysibTare 00pa3yroTCs 3Ur0OThI, TIPEBPALAOLINeCs: B OOLUCTHL. Yepe3
7—38 fiHeii mocsie 3apa)keHusi YKMBOTHOT'O OOLIUCTbI BbIZIEJISIIOTCS C (heKabHBIMU MacCaMu
B OKDY>KarloL[yI0 CpeJly, CO3/laBasi yrpo3y 3apa’keHusl IPOMeKyTOUHbIX X03seB. VIHora
060/10UKa OOLICTHI B KMIIIEUHUKE Pa3pylIaeTcs U C heKasbHBIMA MacCaMU BbIJeJISTFOTCS
OJJHOBPEMEHHO OOLIUCTHI ¥ CTTIOPOLIUCTEL.

K rpoMexyTOuHBIM X03sieBaM BO30yAUTe s OTHOCST TPAaBOSIAHBIX U BCeSTHBIX
JKUBOTHBIX, @ TAK)Ke TPbI3yHOB U NTHL]. KpyIHBIN poraTblii CKOT, KaK MPOMeXXYTOYHbIN
XO03$I1H, 3apa’kaeTcsi [PU MPOIVIaThbIBAHUU C KOPMOM WM BOZOM OOLIMCT WU CITIOPOLIMCT
co criopo3oruTaMy. CTIOPO30UTHI TPOHMKAIOT U3 KUIIIEYHUKA B SHAOTE/INH KPOBEHOCHBIX
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KalUISIPOB BHYTPEHHUX OPTaHoOB, I7le Pa3BUBAIOTCS ITyTeM MHOXKeCTBEHHOTO 6ecrionoro
pa3MHOXKeHHs1 (IIM30rOHUN) U 0Opa3oBaHue MKU30UTOB 1, 2 1 3-i1 reHepauyu. 11IM30UThI
1, 2-¥i reHepaLvy JIOKa/IU3YIOTCS B TeyeHue 24...33 JHel B 3H0Te/ MM KPOBEHOCHBIX
COCY/I0B, a IIM30TOHUS 3-U reHepaljuu ¢ obpa3oBaHNeM MepO30UTOB ITPOUCXOAUT
B muM¢oLMTaX KPOBU. Mepo30rThl 3aHOCATCS B KJIETKU CKeJIeTHOW MYCKY/aTypbl, Ie
Pa3MHOXKarOTCsI ITyTeM MPO/I0IBHOTO Jie/ieHHs] Ha /iBe jouepHue 0CoOH, COXpaHSIOLeCst
B OJJHOH 00I111eli MaTepUHCKOH 000/10UKe B MeCTaX CKOIUIEHHUS CapKoriia3Mbl. KieTkuy,
rpu/eraroie K capkojeMMe MbILLIeYHOTO BOJIOKHA, BBICTU/IAIOT MOJIOCTh LIUCTHI, a
yZAa/ieHHble OT CapKOJIeMMBbI B >kesie0bpa3HOM MPO/YKTe pacrazia MUuopuOpuIbl, mo-
CTeTIeHHO pa3rpaHUUMBAIOTCS MeXKAY co0O0¥ reperopofkamu 1 00pasyroT KaMepel, rze
JleJISIlrecst K/IeTKY MPeBpalialoTcst B 0aHaHOBUHOM (opMbl TPOGO30UTHI (IHI030UTHI).
Llucra, HanosHeHHas Tpodo3oUTaMu, uepe3 3 Mecsilja Moc/e 3apaXkKeHus >)KUBOTHOTO,
criocoOHa 3apa)kaTh e(PMHUTUBHBIX X03s1eB. [le(DUHUTHBHBIE U TTPOMEXKYTOUHBIE XO-
3s1€Ba, B T.U. YeJIOBEK, MOT'YT ObITh MHBAa3MPOBaHbI HeCKOJIbKUMU BU/IaMU BO30yaUTe st
capkonucrosa [4, 5].

[Tpeny6oiiHast AUarHOCTHUKA CApKOL[MCTO3a Y KPYITHOTO POraToro CKOTa ellle HeZo-
CTaTOYHO XOPOLLIO h3yvyeHa. OTMeuaroTCs MOBBILLIEHHE TeMIlepaTypbl TeJla, yTHeTeHue,
c1aboCTh, MPU3HAKK Jiapey, aHeMusi, OTeKH TOJUe/IFOCTHOTO IPOCTPaHCTBa, c1aboCcThb
CepZleuHbIX MBIIIL] U BO3MOXKHBIE Tlape3bl KOHeYHOCTel, CHU)KeHWe YITUTaHHOCTU U
MPOAYKTUBHOCTH, 3K30(TasibM U abopThl. [Tocse ybosi y >)KUBOTHBIX MOTYT 0OHapy-
JKUBAThCSI IOTeXHa/IbHble KDOBOM3/IUSIHMSA B OPraHax M B CKeJIeTHOM MYCKYJ/aType,
CapKOLIMCThI — B cep/iLie, Anadparme, MuileBoje, si3blke, B )KeBaTe/IbHbIX U CKeJIeTHBIX
MbIax. LiucTel, BUgMMbIe HEBOOPY>KEHHBIM T71a30M, Yallle BbISIB/ISIIOTCS B MBbILLIL[AX
KOHeuHocTel 1 quadparmel [3].

CapKo1MCcThl, 0OHapy>XKeHHbIe B MBIILI[aX, OBa/IbHbIe UM HEMHOTO Y/IJTUHEHHbIE,
UMerOT OeJiblid, CepOoBaThIM WM JKeJITOBAThIM 1iBeT. B MecTax jioKanu3alyy 00JIbIIoro
KOJIMYeCTBa CApKOILMCT MbIIIeYHasi TKaHb MOKeT OBbITh TUApeMUYHAast C TIPU3HAKaMH
auctpodum [6].

Y MoJ10fiHsIKa O C/Ie 3apaykKeHUsl CApKOLIMCTO30M OTMeYaroTCsl USMEHeHUs! He TOJIbKO
B MBIIIIEYHOM TKaHW, HO U Ha C/IM3UCTOM 000/I0UKe TOHKOTO OT/Zesia KUIIeYHHUKa (T10-
KpacHeBIIast, HabyXx1asi, CO C/IM3bI0 U KDOBOW3/USHUSAME). BpbDKeeuHble U MOpTasbHbIe
nUMQOy3/ibl YBeMUeHbl, cep/iLie BapeHOro BU/a C Mpu3HakamMu Auctpoduud. B nerkux
OTMeYaroT TMIIePEMUIO U OTeK, B [TeUeHH U MOYKaX — AUCTPOPUIO MapeHXUMBI.

Y HeTerell 1 KOPOB yallle BISB/ISIOT UMMYHOMOP(OJIOrMUecKre peakliii OpraHi3ma,
COMPOBOXKZAIOLIMeCs: Mpoudepalield BOKPYT MapasuTa 303MHO(UI0B, MaKpodaros,
T/1a3MOLIUTOB, UTO YaCTO 00yC/IOB/IMBAET abOPTHI.

CapKOLMCTO3 Y )KUBOTHBIX MOC/Ie YOOSsI JIeTKO JMarHOCTUPYEeTCS, TaK KaK CAPKOLIUCTHI
XOPOILIO MPOCMAaTPUBAIOTCA Ha MPOZ0AbHOM pa3pe3e MBbILIIL U PU TPUXHUHE IO CKOITUU
HOXeK AiraparmMbl. B COMHUTENBHBIX C/TyUasiX UCIO/IB3YIOTCS TabopaToOpHbie METOAbI
vccnef0BaHUs (MUKPOCKOIIHSI MBILIEYHbIX BOJIOKOH, cepojiorudeckue peakiuu: PCK,
POCK, UDA, TTLP u ap.). MakpoLMCThI B BU/ie PUCOBOIO U/IM OBCSHOTO 3€pHa yalije
00HapY>KMBAIOTCS Ha TIUIIEBO/Ie U B CKeJIETHOM MyCKysaType (puc.).

VETERINARY SANITARY INSPECTION 213



Cepeeun U.I. u dp. Bectauk PYJH. Cepusi: ArpoHomust 1 )KMBOTHOBOZCTBO. 2020. T. 15. Ne 2. C. 210-224

a 6
CapKoUMCTbI B CKEIETHOM MYyCKynaType KPYMnHOro poratoro ckoTa:
a — BHYTPU MblLLLbI; 6 — Ha MOBEPXHOCTHbBIX CNOSIX MbILLL,
Sarcocyst in cattle’s skeletal musculature:

a — Intramuscular sarcocyst; 6 — Sarcocyst on superficial muscles

Ipu auddepeHIIaNIBHOM JUArHOCTHKe HEOOXOAUMO HIeHTU(ULPOBATE LMCTULIEPKO3
OT MaKpOCapKOLUCT U TPUXUHE/I/Ie3 0T MUKPOCAPKOLIMCT (MUILIEPOBBIX MEILIOUKOB),
KOTODbIe TaK)Ke BbISIB/IIIOTCS Y YOOMHBIX )KUBOTHBIX [7].

Takum o6pa3om, aHa/nIU3upysl COOOIeHNs MHOTUX HCC/IeioBaTesneii, MOXXHO
3aK/IF0YUTh, YTO OCHOBHbIE BOIIPOCHI TIPOTO30MHOT0 3a00/1eBaHNs — CapKOLMCTO3a —
XopoIio u3y4eHsl. OffHaKo, TI0 HallleMy MHEHHIO, ellle He[0CTaTOYHO OCBelL|eHbI ITPo61eMbl
Haubosiee parjioHaILHOTO 1 6@30TIaCHOTO UCTIOTb30BaHUS MsiCa KUBOTHBIX, IIOP&)KEHHbIX
CapKOLIMCTO30M B pPa3HOW CTeleHW UHTeHCUBHOCTU. VIMeroluecs: peKoMeHZaluu
10 BeTepUHAPHO-CAHUTAPHOU OI[€HKe MPOAYKTOB y0Os }KUBOTHBIX, B KOTOPBIX
JionycKaeTcs cBoOOZHas peanu3aLusi Msica, HeZIOCTaTOYHO HayuHO 000CHOBAHBL. JTO
MOKET CIIOCOOCTBOBATh TOBBILLIEHHUIO SMM300THUECKOMN HAMPSPKEHHOCTH TI0 CapKOLIMCTO3Y,
yBeJIMUEHUI0 S5KCTEHCUBHOCTH U MHTEHCHBHOCTH 3apa’keHUs )KUBOTHBIX U UesioBeKa
B OYyarax MHBa3Wu.

Kpowme Toro, Bo30yuTenb CapKOLMCTO3a [P Pa3BUTHH B OPraHU3Me JKUBOTHBIX,
BbIZIeJIsIeT CAPKOTOKCHH U JIPyTHe BPeHbIE BEIl[eCTBa, KOTOPbIe CIIOCOOCTBYIOT Pa3BUTHIO
JMCTPO(UUECKHX TTPOLIECCOB B OKPY>KAIOLMX MbILLIEUHbIX BOJIOKHAX U B OT/l€/IbHBIX
opraHax, uTo J0JDKHO 00yC/IOB/IMBATE OTIpe/ie/ieHHbIe OrPaHUYeHUs B UCTIOb30BaHUU
Msica GOJTBHBIX )KUBOTHBIX. JTO MOC/IY>KAIO OCHOBAHUEM /I/IsI HALLIMX HMCC/Ie/JOBaHUH.

Ilenb gaHHOW PadOTHI — U3YUUTD B YCIIOBUSX OOEHCKUX MPEATIPUS TN MOPaXKeH-
HOCTb KPYITHOT'O POraToro CKOTa CapKOLCTO30M 1 BeTepUHapHO-CaHUTapHble I10Ka3aTe/Iu
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Msica GOJTbHBIX )KUBOTHBIX, UTO TI03BOJIUT HAyUHO 000CHOBATh BETCAHOLIEHKY TOBSIJUHbBI
TIPY IaHHOW TIPOTO30MHOM 00/1e3HM.

MB&I peliany Cyieiyroiiye 3a/jaum:

OTIPe/Ie/TUTH PACIIPOCTPAHEeHHe CAPKOIMCTO3a Y YOOWHOTr0 KPYITHOTO POraToro CKoTa
Pa3HBIX BO3PACTHBIX TPYIIIT;

W3YUUTh OPraHoJIeNTHUeCKUe CBOMCTBA MsiCa KPYITHOTO pOraToro CKoTa Ipu ropa-
YKEHMH CapKOLIMCTO30M;

W3YUUTb B CDABHUTEILHOM aclieKTe XUMUUYECKUH COCTaB, (PU3MKO-XUMHUUECKUE U
MHUKPOOHOIOrHUeCKHe 1T0Ka3aTe/i Msica KPYITHOTO POraToro CKOTa, TOPaKeHHOTo U
HeropakeHHOTO CapKOLMCTO30M;

OTIPe/IeIUTh OTK/IOHEHUSI B OTHOCUTE/TBHOUM OMO/IOrMYeCKOM 1IeHHOCTH U Oe3Bpeji-
HOCTH TOBSIJUHBI TIPU ITOPA’KEHHUH CapKI[UCTO30M;

Ha OCHOBAHWU TIOJTYYeHHBIX JIaHHBIX pa3paboTaTh Mpe/IoXKeHus o Haubosiee
parMoHaIbHOMY 1 6e30MacHOMY HCII0/Ib30BaHHUIO TIPOYKTOB y0Ost KDYITHOTO POraToro
CKOTa TPH CapKOIIUCTO3e.

MaTtepuanbl 1 MeTOAbI UCCNIef0BaHUSA

VicciieioBaHYs BBITTOJIHSIIA Ha MSICOKOMOWHATax B pa3/IMuHbIX pernoHax Poccuw,
I7ie B TIOC/IeJHHe TOfbI ObIT 3aperucTpUpPOBaH CapKOLMCTO3 Y cobaK WM Kolrek. Vicce-
JIOBAHHIO T0/[Bepraay OpraHbl U TYIIM KPYITHOTO POraTtoro CKoTa B 1jexax ybos. Bet-
CAHAKCIIePTH3Y MPOAYKTOB YOOsI CKOTa OCYIECTB/ISIA B COOTBETCTBHU C «IIpaBuiamu
BeTePUHAPHOTO OCMOTPA YOOWHBIX )KUBOTHBIX Y BETCAHIKCIIEPTH3bI MsiCa U MSICHBIX
npoAykToB» (1988 r.). OpraHosienTHYeCKYIO OL[eHKY TOBSIMHBI TIPOBOJV/IN 110 9-0asiib-
HOWU 11Kase, pa3paboranHoit BHUMMII (1993 r.). JlTabopaTopHbie UCCIeA0BaHUS Msica
OCYIIeCTBISTA OOIeNPUHSITEIMU METOJAMH COTJIaCHO TPeOOBaHUSIM COOTBETCTBYHOLIX
['OCT [8].

[Tpo6ei Msica fyist 1TabOpPaTOPHOTO MCCIeA0BAHKUS OTOMPATH OT TYIII, TIOPaXKeHHBIX
LIUCTULIEPKO30M U 37l0POBOT0O CKOTa 3TOM ke rnaptuu. OToOpaHHbIe 00pasibl Msica B
3aBUCHUMOCTH OT CTelleHW MHBa3WH1 pacripe/iesisuii Ha 3 rpyribl. O6pasifel 1-3 ObU1H 0TO-
OpaHBI OT TYIII )KUBOTHBIX, KOTOPbIE UMe/TA C/1a0yt0 CTereHb TIOpa)keHHsl CApKOLIMCTO30M,
o06pas3iibl 4-6 — OT TYIII CO CpeZiHel CTereHbI0 MHBa3WH, 00pa3Libl Msica 7-10 — oT Ty
C CW/ILHO BBIp@)XeHHOM WHBa3uel. KoHTponeM ciy»xumu obpasiipl (11-13), orobpaHHbIe
OT TYLU 3/I0POBBIX )KUBOTHBIX TAKUX >Ke BO3PACTHBIX TPYIIIL.

Pesynbratbl 1 06cyXxaeHus
Ha nepBom 3tarie paboTsl Obl1a M3yueHa yacToTa 0OHapy>KeHHsl CapKOLIMCTO3a Y
y6OIHOT0 KPYITHOTO POraToro CKota. JTH JaHHbIe MpHBe/ieHbI B Ta0I. 1.

Tabnmya 1
YacToTa BbiiBNeHUsA CapKouncTo3a y KpynHoro poratoro ckorta
Konuuectso CTeneHu MHBasuu Nno rpynnam
Ipynna nccnepyembix Konuyectso 3apaKEHHbIX

XUBOTHDbIX nccnegyemMblix Tyl CapKOLMCTO30M Cnabas Cpep‘H;m CunbHas
TensaTta fo 3 Mecsues 272 1(0,38 %) 1(0,38 %) - —
MonogHsak o 1 roga 233 41,71 %) 3 (1,28 %) 1(0,43 %) —
MonogHsak o 2 net 1768 32(1,81 %) 14 (0,80 %) 16 (0,90 %) 2 (0,11 %)
BblyKu 1 HeTenu 1324 28 (2,11 %) 16 (1,21 %) 9 (0,68 %) 3 (0,22 %)
KopoBbl BbiGpak. 296 4(1,35%) 2 (0,67 %) 1(0,34 %) 1(0,34 %)
Bblku-nponssoaMTENU 47 0 (0) 0(0) 0 (0) 0(0)
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Table 1
Frequency of cattle’s sarcocystosis indication
Number of carcases Invasion degree
; Number of - .
Animal group carcases infected with iah
sarcocystosis Low Moderate Hig

Calves up to 3 months 272 1(0.38 %) 1(0.38 %) — -
Young cattle up to 1 o o o _
Joar old 233 4(1.71 %) 3(1.28 %) 1(0.43 %)
Young cattle up to 2 1768 32 (1.81 %) 14(0.80%) | 16(0.90%) | 2(0.11%)
years old ’ ’ ’ ’
Steers and heifers 1324 28 (2.11 %) 16 (1.21 %) 9(0.68 %) 3(0.22 %)
Culled cows 296 4(1.35%) 2(0.67 %) 1(0.34 %) 1(0.34 %)
Servicing bulls 47 0 (0) 0 (0) 0 (0) 0 (0)

[anHble B Tabm. 1 CBUIETENILCTBYIOT, UTO B PETMOHAX, T7Ie PETUCTPUPYIOT CAPKOLICTO3
y KollleK ¥ co0ak, BbISIBISIOTCS )KBauHbIe )KHBOTHbBIE, ITOpPayKeHHbIe CapKOL[MCTO30M /10
0,38...2,11 % ot uncna obcieyeMoro norosioBbs. [1py 3TOM MopakeHHe CapKOLMCTO30M
TeJISIT /10 3-MeCSIUHOTO BO3pacTa BhISIB/IEHO TOMBKO B OTHOM C/Ty4ae, UTo COCTaBJIsieT OKOJIO
0,38 %, monoxHsika— B 36 cayyasx (1,71...1,81 %), 6pIUKOB U HeTeseill — 28 rosoB
(2,11 %), y BbiOpakoBaHHBIX KOpOB — 4 ciyuas (1,35 %). Y ObIKOB-TIPOU3BOAMTE N
CapKoLCTO3 He 0OHapyxuBau. [Tpu 3ToM c1abasi cTerieHb TIOpayKeHHst CAPKOLIICTO30M
otmeueHa y 0,92 % obcieryeMoro rnorosioBbsi, cpeansis — y 0,68 %, cuibHasi CTerneHb —
y 0,15 %. 13 69 ciyuaeB 06Hapy KeHusi TOPaKeHUsI )KUBOTHBIX CapKOLIMCTO30M WHBA3Ms
cnaboii crerenu cocrapssia 52,2 %, cpeaHert — 39,2 %, cunbHOM — 8,6 % OT uncia
BCEX BbISIB/IEHHBIX CTy4yaeB MHBa3UU. KomnuecTBO MOPa)KeHHOT0 CapKOLIMCTO30M KpYTI-
HOT'O POTaToro CKOTa B pa3HbIX perrnoHax P oObICHSNIOCH HAMPSPKeHHOCTHI0 04aroB
JlaHHOM MHBa3uu. Yallie CapKOLMCTO3 BBISAB/IS/IM Y MOJIOJHSIKA KPYITHOI'O pOraToro CKoTa
(1,81...2,11 %). Y OGBIKOB-IIPOM3BOAUTE el ITOpa’keHHe CapKOL[FICTO30M He BBISIBJISUIH,
YTO, 10 HallleMy MHEHHIO, CBSI3aHO C COZlep>KaHUeM MX KPYITIOCYTOYHO Ha MPUBSI3H, UTO
MIpeAyTIpesk/iaeT MPSIMOM KOHTAKT )KUBOTHBIX C 00beKTaMy MHBa3UPOBAHHOU OKpY»Ka-
folLelt cpesibl (Boza, Tpaga U ip.).

Ha cnepyromem starie Mbl U3y4r/IM BeTepUHapHO-CaHWTapHble [T0Ka3aresu Msca
KPYMHOI'0 pOratoro CKOTa, opa’keHHOr0 CapKOLMCTO30M, B CPABHEHUU C MSCOM 3/l0-
POBBIX KUBOTHBIX TaKUX ke BO3PACTHbIX IPYMIT.

[laHHbIe OpraHO/IenTHYeCKOW OLIeHKH UCCIeyeMbIX 00pa3LioB roBsJUHbI TIpHBe-
JleHbI B Ta0/1. 2.

Tabnuya 2
MokasaTenu opraHonenTquCKoﬁ OLLeHKN MsACa Npu capKoLUucTtose
Mpynna MccnefoBaHHbIX KonudecTso OpraHosenThyeckas oLeHKka Msaca
uccnefoBaHHbIX
KNBOTHBIX Tyw Bua | UBet | KoHcucTeHuus | 3anax | Bkyc |B cpegHem

TensTta fo 3 mec. 1 8,2 8,3 8,1 8,2 8,3 8,22
MonogHsk go 1 roga 3 8,3 8,4 8,2 8,3 8,4 8,32
MonogHsk oo 2 net 3 8,3 8,4 8,3 8,3 8,4 8,34
Bbluyku n HeTenu 3 8,4 8,3 8,4 84 8,3 8,36
KopoBbl BbI6paKkoB. 3 8,3 8,2 8,3 8,1 8,2 8,26
B cpeaHem 13 8,3 8,32 8,26 8,26 8,32 8,30
?}ﬂ;ﬂﬁﬁ)}“””””b'e 15 85 | 86 8,6 89 85 8,52
OTKNOHEHMne 28 -0,20| -0,28 -0,34 -0,14 | -0,18 -0,22
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Table 2
Indicators of meat organoleptic evaluation in cases of sarcocystosis
. Number of Meat organoleptic evaluation
Animal group
carcases Type | Colour | Consistency | Smell | Taste |Average
Calves up to 3 months 1 8.2 8.3 8.1 8.2 8.3 8.22
Young cattle up to 1 year old 3 8.3 8.4 8.2 8.3 8.4 8.32
Young cattle up to 2 years old 3 8.3 8.4 8.3 8.3 8.4 8.34
Steers and heifers 3 8.4 8.3 8.4 8.4 8.3 8.36
Culled cows 3 8.3 8.2 8.3 8.1 8.2 8.26
Average 13 8.3 8.32 8.26 8.26 | 8.32 8.30
Control (healthy animals) 15 8.5 8.6 8.6 8.9 8.5 8.52
Deviation 28 -0.20 | -0.28 -0.34 -0.14| -0.18 | -0.22

W3 paHHbIX Tabs1. 2 BUHO, UTO TI0 OPraHO/IeNTHYeCKIUM CBOWCTBAM MsICO )KUBOTHBIX,
3apaXeHHBIX CApPKOLMCTO30M B C/1a00 U Cpe/iHel CTereHr WHBA3WH, UMeeT He3Hauu-
TeJ/IbHble OTKJIOHEHHUs OT Msica 3[0pOBOro ckoTa. OLjeHKa Msica 10 BHEILLIHEMY BUAY
cHIWKanack Ha 0,1...0,3 6asia Mo CpaBHEHMIO C MSICOM 37I0POBBIX )KUBOTHBIX, OIIeHKa
1[BeTa Msica Oblna Hke Ha 0,28 6asna, KoHcucteHiuu — Ha 0,1...0,5 6anna, 3araxa —
Ha 0,1...0,3 6aa, Bkyca—Ha 0,1...0,3 6ania. Takoe He3HAUUTE/ILHOE CHU)KEHHE
OpraHojienTHUeCKUX IMoKa3aresiel MpakTUueCcKu He OTpe/iesisieTCs ToTpeOuTensiMu,
M03TOMY coriacHo [IpaBriam BeTCaH3KCIepTU3bl, [IPU CApPKOLIUCTO3€e MSICO MOCJ/Ie 3a-
YKMCTKH JOMYCKaeTCsl K MCTIOMb30BaHMIO B TMUILEBBIX 1e/isix 0e3 orpannyenusi. OfHaKO
TPY CUIBHOM MOpaykeHUM Msica OpraHojienTUUecKas OL[eHKa CHIKaIuch Ha 1,42...1,51
0as1a, YTO 3aMeTHO CHIJKAJIO CEHCOPHBIe M0Ka3aTesy TOBSJUHBI.

[yt HayuHOro 000CHOBAHUSI BeTCAHOLIEHKH TYII KPYITHOTO POTaToro CKOTa IpH
capKoLMcTo3e 00pa3iibl MBIIIL TIOABePI/N TabopaTropHOMY aHasu3y. [ToyyeHHBIE
JIaHHbIe TIpUBeZIeHbI B Tab/I1. 3—5.

[To ganHbIM Tabs1. 3 BUAHO, UTO 10 PU3MKO-XUMHUUECKUM CBOMCTBAM MSICO )KUBOTHBIX
nipy c/1ab0¥ 1 cpefiHel CTerneHu 3apakeHHsl CapKOLMCTO30M OT/IMYAeTCs OT Msica 370~
poBoro ckota. Takoe Msico UMeeT ToBbILIeHHYHO Ha 0,3...0,4 equHuLel pH, koryecTBO
neTyunx KupHbix kucaoT (JIXKK) —m#a 0,3...0,4 mr KOH u KonvuecTBO aMHUHO-aMMU-
ayHoro asora (AAA)—na 0,04...0,15 mr%. I1o noka3aressimM npobel Bapkoi, peakLjyu
C CepHO-KHC/IOM Me/IbI0 U Ha MepOKCHa3y MsiCO OObHBIX U 37,0POBBIX KUBOTHBIX
3HAUMTe/IbHBIX OTJIMUKI He uMeso. [Ipy CTbHOM Mopa)keHUH B MsiCe 0TMeuasiu Oosee
BbIpa)KeHHbIE OTK/IOHEHUsI OT HOPMBI psifia (PH3HMKO-XUMHUUeCKHX MoKa3aresiei.

Tabnuya 3
PesynbTaTbl uccnepoBaHust GU3NKO-XMMUYECKUX NoKasaTenemn Msca
npu capkouucTose

BospacTHble Konuyectso DUBNKO-XMMMYECKME NoKasaTenu

rpynnel UCCNEAOBAHHDIX py | Peakuns | PeakuusiHa |Copepxanue JIKK, | Conepxarme

cKota Tyw ¢ CuS0, | nepokcupasy mr KOH AAA, Mr%
TensTa no 3 mec. 1 6,2 - + 2,8 0,89
MonogHsk go 1 3 6.3 _ + 2.7 0,85
roga
MonogHsik fo 2 net 3 6,3 - + 2,9 0,92
Bbluku n HeTenun 3 6,2 - + 29 0,96
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OKOHYaHwe Tabn. 3

BospacTHble Konuyectso DUsnKo-xMMUYeckue nokasaTenu
rpynnbl UCCNeAoBaHHbIX py | Peaxuus | Peakuus Ha |Copepxanue JIKK, | Conepxarme
cKota yw c CuSO, | nepokcupasy mr KOH AAA, Mr%
KopoBbl BbI6paKoB. 3 6,2 - + 2,7 0,91
B cpenHem nms 13 6,24 - + 2,8 0,90
3poposbie 15 59 - + 24 0,81
XXUBOTHbIE
OTKJIOHEHNE 28 +0,34 HeT HeT +0,4 +0,09
Table 3
Results of meat physico-chemical indicators research in cases of sarcocystosis
Physico-chemical indicators
Animal Number of y
nimal group carcases H Reaction | Reactionto |VFA content,| Ammonium and
PR T with CuS0, | peroxidase | mgKOH |nitrate nitrogen, mg%

Calves up to 3 months 1 6.2 _ + 28 0.89
Young cattle up to 1 year old 3 6.3 _ + 27 085
Young cattle up to 2 years old 3 6.3 _ + 29 0.92
Steers and heifers 3 6.2 - + 2.9 0.96
Culled cows 3 6.2 - + 2.7 0.91
Average of 13 6.24 - + 2.8 0.90
Control (healthy animals) 15 59 - + 2.4 0.81
Deviation 28 +0.34 no no +0.4 +0.09

AHanusvpys 3TU JaHHble, MOXKHO 3aKJ/IFOUWTh, UTO MPU MOpPakKeHUH KUBOTHOTO
CapKOLIMCTO30M HauboJiee BbIpa’keHbl OTK/IOHEHHS OT Msica 3/l0POBOTO CKOTA I0JTy-
yeHbI B Moka3saressx pH, B copepykanuu JDKK u AAA, uTo CBUIETE/ILCTBYET O Oosiee
WHTEeHCUBHOM IIpPOIiecce pacriazia 0e/TKOBBIX BEIL[eCTB B MBILLIEYHON TKAaHHU MTOPa’KeHHBIX
CapKOLIMCTO30M KUBOTHBIX.

Ha cnepytoriem stare O6bU1 M3ydeH XMMUUECKUI COCTAaB MBIIIL] MPU TIOPa’KeHUHN
KPYIHOI'0 pOraToro CKoTa CapKOLIMCTO30M. [laHHbIe TaKKMX WCC/el0BaHUM MPUBe/eHbI

B TaOI. 4.
Tabnuya 4
X1MMYecKunit CocTaB MbiLLL, MPU CapKOLUCTO3e
BoapacTHble rpynnbi XuMunyeckun coctaB Mbiwl,%
XUBOTHBIX Boga Benok Xup 3ona 3KCTpaKTUBHbIE BelecTBa

TensTa fo 3 mec. 73,84 17,60 2,68 0,98 4,94
MonogHsk go 1 roga 72,90 17,76 2,86 0,99 4,90
MonogHsik fo 2 net 73,10 18,02 3,08 1,04 5,49
Bbluku u HeTenun 73,20 18,24 3,09 1,02 4,95
KopoBbl BbI6GpaKoB. 72,60 18,01 4,26 1,07 4,46
B cpegHem 73,10 17,76 2,99 1,02 4,55
?}iﬁ%‘i‘;ﬁ)’“”mmb'e 70,20 18,08 4,03 1,07 5,02
OTKJIOHEHNe +2,90 -0,92 -1,04 -0,01 -0,47
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Table 4
Chemical composition of muscles in cases of sarcocystosis
Animal group Chemical composition of muscles,%
Water Protein Fat Ash Extractive substance
Calves up to 3 months 73.84 17.60 2.68 0.98 4.94
Young cattle up to 1 year old 72.90 17.76 2.86 0.99 4.90
Young cattle up to 2 years old 73.10 18.02 3.08 1.04 5.49
Steers and heifers 73.20 18.24 3.09 1.02 495
Culled cows 72.60 18.01 4.26 1.07 4.46
Average 73.10 17.76 2.99 1.02 455
Control (healthy animals) 70.20 18.08 4.03 1.07 -5.02
Deviation +2.90 -0.92 -1.04 -0.01 -0.47

[anHHble Tabs. 4 CBUETENbCTBYIOT, UTO 10 XUMHUUECKOMY COCTABY MsICO 3apaKeHHbIX
CapKOLIMCTO30M JKUBOTHBIX 3aMeTHO OT/IMYaeTcsl OT MsiCa 340POBOT0 CKoTa. B Hem
OTMeyYaeTCs TIOBbIlIIeHHe Biar Ha 2,9 % u CHKeHHe coziepkaHusi 6esika — Ha 0,92 %,
>)xupa — Ha 1,04 %, skcTpakTUBHBIX BelecTB — Ha 0,47 %. KomuecTBO 30/1bHBIX
3/IeMEHTOB COXPaHs/IOCh Ha OJMHAKOBOM YPOBHE Y BCeX OINBITHBIX U KOHTPOJ/IbHBIX
JKABOTHBIX.

CrefioBaTeIbHO MSICO KPYITHOT'O POraToro CKOTa, NOPa’kKeHHOI'0 CapKOLICTO30M,
cofiep>XuT Oosblile Bfaryd, HO MeHblile 0eska, >KMpa U SKCTPAKTUBHBIX BEIlleCTB, UTO
MOJKeT OTpa)kaTbCsl Ha TeXHOJIOTMYHOCTU TAKOT'0 MSICHOTO ChIPbsl U Ka4eCTBe MSICHBIX
MPOLYKTOB.

st onipefeneHyss MUKpOOHOIT 6e301acHOCTH Msica U ero 6e3BpesHOCTH ObLIH
MpOBe/IeHbl MUKPOOMO/IOTHYeCKHe NCC/Ie0BaHUS U OMbITHI Ha HGYy3o0pusix Tetrachi-
mena pyriformis. ITosiyueHHbIe JaHHbIE TIPHUBE/IEHBI B Ta0/. 5 U 6.

Tabmya 5
PesynbraTbl MUKPO6MOIOrMYECKUX UCCIEf0BaHUI MsAICa NPU CapKoOLUCTO3€e
BblaeneHHble MUKPOOPraHM3Mbl
BospacTHblie rpynnbl
YKMBOTHbIX KOE/r BIKM Pop, Pop, Pop, Juctepun Canpod
canbMOH. | KnocTpua. | cradun. | MoHouucT ’
TenaTa Ao 3 mec 2,4%10? + + _ + _ i
MonogHsik o 1 roga 2,8x10? + - - - _ +
MonogHsik fo 2 net 2,4x10?2 - - - - - +
Bblukn u HeTenn 2,7x10? - - - - _ +
KopoBbl BbI6Gp. 2,1x10? - - - - _ +
B cpeaHem 2,5x102 + - - - _ .
3p0poBble XUBOTHble | 1,2x10? - - - - - +
OTKNOHEHMne -1,3x10? + - - _ _ _
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Table 5
Results of meat microbiological research in cases of sarcocystosis
Microorganisms
Animal group idi iatari
CFU/g | Coliforms Salmonella | Clostridium |Staphylococcus Listeria Saprophytes
spp. spp. Spp. monocytogenes
Calvesupto3 2 4x1 02 + + _ + _ +
months
Young cattle up 2 8x102 + _ _ _ _ +
to 1 year old ’
Young cattle up ) _ _ _ _ _
to 2 years old 24<10 *
Steers ) _ _ _ _ _
and heifers 2.7x10 *
Culled cows 2.1x10% - - - - - +
Average 2.5x10? + - - - - +
Control (healthy 1.2%107 _ _ _ _ _ +
animals) ’
Deviation -1.3x10? + - - - - -

AnHanm3upys fiaHHbIe Tabs1. 5, MOXKHO 3aK/THOUUTh, UTO IPU CapKOLIMCTO3e MUKPOOHOE
obcemeHeHHe Msica TTOUTH B 2 pa3a MpeBbIllIaeT TaKOBYIO MsICa 3[J0POBLIX KUBOTHBIX.
B Msice Opa)keHHBIX )KUBOTHBIX BbIsAB/IsHN 2,1...2,8 X 10> KOE/T, B Msice 30pOBOro
ckoTa — He bosee 1,2x10% T.e. Ha 1,3 x10?, win Ha 49 % MeHblile, ueM B Msice O0JIbHBIX
JKMBOTHBIX. Bo BCex citydasix BBIZIE/SIN U3 Msica CaripoUTHbIE MUKPOOPTaHHU3MBbI M TOJTKO
y MOJIOZHSIKA B Bo3pacTe /0 1 rojja BEISBU/IM OAaKTepUU TPYIITbI KUILIEUHBIX Masiouek U
MHKpOOPraHu3Mbl pojia Staphylococcus aureus. 113-3a moBbIiiieHHONM MUKPOOHO# 06ce-
MEHEHHOCTH MsICO JKUBOTHBIX, TTOPa’KeHHBIX CapKOLIUCTO30M, MPY XPaHEeHWH B OXJIaXK-
JIEHHOM COCTOSIHUM Ha 1-2 /iHs1 ObIcTpee mproOpeTasio MpU3HAKK TIOPUYX M CTAHOBU/IOCh
TIPUTO/IHBIM /1JI51 MCII0/Ib30BaHUs B MUILEBIX LIeJIIX TOJIBKO MOC/Ie TpeJBapuUTe/IbHOM
TepMUUeckor 06paboTKu. UeM BbIllle MHTEHCUBHOCTD TIOPaXKeHUsI CAapKOL[MCTaMU »KU-
BOTHOTO, TeM ObICTpee pa3BUBa/IMCh NPU3HAKHU TOPYU MsiCa.

OTH JaHHbBIE TIOATBEPXKJAIOT, UTO MSICO )KMBOTHBIX, OO/IbHBIX CapKOLIMCTO30M, T10
MHUKPOOHOIOrHUeCKUM TI0Ka3aTesisim, TIPe/ICTaB/IsIeT ONpe/ie/ieHHbIN PUCK /171t IOTpebu-
Tesield, TT03TOMY OHO He MOJKeT HarlpaB/IsATLCSI B CBOOOIHYIO peasu3aliuio. Takoe Msico
HeoOXOAMMO Harpas/IsITh Ha TTpoMIiepepaboTKy ¢ UCTIOIb30BaHUEM TeMIlepaTypHOTO
obe33apaxuBaHusi, obecreunBaroiero rubens BI'KIT 1 Koaryia3ornonoKUTeTbHbIX
CTa(UIOKOKKOB, T.e. B KOJI0aCHOe W/ KOHCEePBHOEe TTPOU3BOZICTBO.

[ocTaTouHo 1jeHHY0 WH(POPMAIUIO TPe/ICTaB/ISIOT UCC/IeI0BAaHUS TI0 OTHOCUTE Tb-
HOU OMOJIOTHUYeCKOU 1LIEHHOCTH U Oe3BpeTHOCTH MsiCa KPYITHOTO POraToro CKOTa MpH
CapKOILIMCTO3e. DTH JIaHHbIE TTPUBE/IEHbI B Ta0/1. 6.
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Tabnuia 6
Pe3ynbTaTbl OonbITOB Ha UH(Y30pUAX MO onpeaeneHnto 6e3BpegHOCTU MAca
npu capKouucTose

BospacTHble rpynnbl PesynbTaThbl OMbITOB Ha UHDY30pUsX
XUBOTHbIX OBL, B % K KOHTponto | KonuuyecTBo UHdy30puit | MoaBUXKHOCTb UHPY30pHUit
Tensita fo 3 Mec. 90,0 42,6x10* MoHmxeHa
MonogHsik o 1 roga 90,3 42,8x10* MoHuKeHa
MonopgHsik fo 2 net 88,2 41,8x104 MoHmxeHa
Bblyku n HeTenn 87,7 41,6x10* MoHmxeHa
KopoBbl BbI6P. 90,1 42,7x10* MoHwxeHa
B cpeaHem 89,3 42,3x10* MoHmxeHa
300p0oBble XXUBOTHbIE 100,0 47,4x10* Xopoluas
OTKNOHeHue -10,7 -5,1x10*(=19,0 %) CHWXeHune
Table 6
The results of experiments on ciliates to determine meat safety in cases
of sarcocystosis
Results of experiments on ciliates
Animal group Relativoe biological value, Number of ciliates Motility of ciliates
% to control

Calves up to 3 months 90.0 42.6x10* Low
Young cattle up to 1 year old 90.3 42.8x104 Low
Young cattle up to 2 years old 88.2 41.8x10* Low
Steers and heifers 87.7 41.6x104 Low
Culled cows 90.1 42.7x104 Low
Average 89.3 42.3x104 Low
Control (healthy animals) 100.0 47.4x10* Good
Deviation -10.7 —-5.1x10%(-19.0 %) Decline

W3 naHHbBIX Tabsl. 6 BUJHO, UTO B IMUTATEIbHOM Cpejie C I00aB/IeHHeM 3KCTpaKTa
13 MsiCa KMBOTHBIX, MOPa’KeHHbIX CapKOLIMCTO30M, HAaKOTJIeHUe K/IeTOK MH(Y30pUil
6bU10 HIKe Ha 5,1x10% uam Ha 19,0 % 10 CpaBHEHMIO C MSICOM 3/]0POBbIX )KUBOTHBIX.
Ecsu nipu orjeHKe Msica 60bHBIX KMBOTHBIX Pa3HBIX BO3PACTHBIX TPYII HAKOTI/IEHHEe
O/THOKJ/IETOUHBIX MPOCTeHINX cocTasiio 41,61x10%...42,8x10%, msica 30pOBBIX YKH-
BOTHBIX — 47,4 x10%.

CHwKeHHe 00111el OM0IOrUueCKOM [IEHHOCTH MsICa TPY CapKOI[MCTO3€e OTMEUEeHO Ha
10,7 % u cocrasnsno 87,7...90,3 % 1no OTHOLLIEHHIO K MsICY 3J0POBOro CKoTa. Kpome
TOT0, B TIMTATe/IbHOM CpeJie C IKCTPAKTOM Msica OO/TbHBIX )KUBOTHBIX KT€TKU UH(DY30pUH
VMIMeJii MeHee BbIpaKeHHYIO MOABWXHOCTD M0 CPaBHEHUIO C MH(Y30pUsIMU B Cpejie C
9KCTPAKTOM MsiCa 37I0pOBOTO CKOTa. Takoe cHIKeHHe 0011eli OMo/IornuecKoM [IeHHOCTH
Y ypOBHs Oe3Bpe[HOCTH MsiCa MPHU CapKOLIMCTO3€e MOKHO 000CHOBATh BhI/le/IEHUEM
CapKOLIMCTaMU TOKCMHOB M HaKOTIJIeHWe UX B MbIILIEYHOU U )KUPOBOM TKaHSX, UTO He-
00X0/IMMO YUWTBIBaTh NP BeTePUHAPHO-CAHUTAPHOM OLIeHKe MsICa U UCII0J/Ib30BaHUN
ero /1Jisi MUILEeBbIX Lie/iel.

3akoyeHue
CapKo1[MCT03 KPYIMHOI'0 POraToro CKoTa B pa3HbIX perdoHax Hallleil CTpaHbI
numMeert Ol'lpe,E[EJ'IEHHOE paCHPOCTpaHEHI/Ie. y JKUBOTHBIX pa3HbIX B03paCTHbIX rpynn,
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TMOCTYTIAOIIMX Ha O0E€HCKUe MPeATPUSTHS U3 HeO/1arornoyYHbIX PerHoHOB (TIPUPOAHBIX
W aHTPOIYyPruyecKuxX oUaroB), capkoructo3 BoisBsiercs B 0,38...2,11 % ciyuyasx,
13 KOTOPBIX MOpPa)keHue B c/1aboii cTereHu coctaeisieT 52,2 %, cpeaneit — 39,2 %,
CUJIbHOM cTerieHr — 8,6 % OT 0011]ero urc/Ia 3apakKeHHBIX )KUBOTHBIX.

N3BecTHO, UTO CapKOLIUCThI, PA3BUBASICh B MBILLIL[AX, BbIe/SI0T TOKCUHBI (CapKo-
LIUCTHH U [IP.), KOTOPbIe CHIKAIOT TTPOAYKTUBHOCTD JKUBOTHBIX U ITOTPEOUTE/TbCKHE
cBoiicTBa Msica. [Tpy MopakeHWH )KUBOTHBIX CAPKOL[CTAMU B C/1ab0M 1 CPeiHel CTerneHu
OpraHoJielThYecKasi OlleHKa Msica 10 OT/le/TbHbIM MoKa3aressiM cHikaeTcs Ha 0,14...0,34
6asa (1o 9-6a/IbHOM 11IKase), WK B 1ie/ioM Ha 1,14 6asia, py CU/IbHOM TTOPayKeHUH
OLleHKa CHIKaeTcs Ha 1,42...1,51 6anna.

Mo ¢hur3UKO-XUMHUeCKUM TT0Ka3aTesIsiM MsICO 3apaKeHHBIX CAPKOLIMCTO30M YKUBOT-
HBIX HE3HAUUTE/bHO OT/TMYAeTCs OT Msica 3I0pOBOro ckota. OfHaKoO B HEM OTMeUaeTCst
noBeIleHHbIM pH Ha 0,34 egunulibl, yBenuueHue cogeprkanusi JDKK —na 0,4 mr KOH
n AAA —mna 0,09 mr%.

[Tpu 3TOM MSICO )KMBOTHBIX, OOJTBHBIX CAPKOI[UCTO30M, COAEPXKUT BO/bI Ha 2,9 %
OoJbIIIe, UeM MSICO 3I0POBOTO CKOTA, UTO CBHIETE/ILCTBYET O BPEJHOM BO3/IeICTBUH
CapKOIMCT Ha opraHu3M. B TakoMm Msice coziepkutcsi 6esika MeHblIiie Ha 0,92 %, »kupa —
Ha 1,04 %, 5KCTPaKTHUBHBIX a30THUCTBIX U 0e3a30TUCTHIX BelecTB — Ha 0,47 %.

B Msice )KMUBOTHBIX, 00/IbHBIX CapKOL[MCTO30M, 0OHapY>KMBAeTCsI MOUTH B 2 pa3a
00/bIlle MMKPOOPTaHHU3MOB, a B OT/Ie/TbHBIX Cy4asiX BBISB/ISIOTCS OAKTEpUN TPYTITIBI
KUIIIeYHBIX Majsouek v poga Staphylococcus aureus, uto cunTaetcsi Hebe30macHbBIM /1/1s1
yesioBeKa U JIPyrux MoTpebuTeneil. OTH Moka3aTe/d 00yC/IOBMBAIOT OTpeie/IeHHbIe
OrpaHWUEHUS B UCIT0/Ib30BAHUU MSICHOTO ChIPbSl U PEKOMeH 1alliy TepepaboTKK ero
TOC/Ie 3aUMCTKU B KOJIOACHBIE MJTH KOHCEPBHBIE U3/Ie/THS C TIPUMEHEHHEM TTOBBIITIEHHBIX
TeMIiepaTypHBIX PE)KHMOB.

OO1as 6uosoruyeckast IeHHOCTh Msica TIPU CapKOIMUCTO3€e Y KPYITHOTO POraToro
CKoTa cHmkaetcst Ha 10,7 %, 6e3BpeAHOCTh TaKOro Msica MoHmwkKaeTcs Ha 19,0 %, uto
MOXKET B/IUSATH Ha KaUeCTBeHHbIE TI0Ka3aTe/u MSICHBIX TTPOAYKTOB. [ToaToMy MsICO XKu-
BOTHBIX, TTOPa’KEHHBIX CapKOLIMCTO30M, LiejiecooOpa3Hee MCI0/Ib30BaTh B BUe (dapiiia
C oOs13aTesTbHBIM Pa30aB/IeHUEM €r0 MSICOM 37I0POBOTO CKOTA.

Ha ocHoOBaHMY BbIIIIe CKa3aHHOTO CUUTAaeM HeOOXOJUMbIM BHECTH U3MEHEHHs B
nyHKT 3.2.12 «[TpaBusi BeTepPUHAPHOTO OCMOTPa YOOMHBIX KUBOTHBIX U BeTepUHAp-
HO-CaHUTAPHOU 3KCIePTH3bl MsiCa M MSICHBIX MPOAYKTOB» U U3/IOXKUTH NepPBbIi ab3al] B
criepyroreid pefakiyu: «IIpyu 0OHapy>KeHUH B MBIIIIAaX CapKOLMCT U OTCYTCTBUM B HUX
BU/IUMBIX TIaTOJIOTMYECKUX U3MEHEHWH Ty U OpPraHbl NOC/e 3a4UCTKH HarpaBJsitoT
Ha rpoMIiepepabOoTKy WX Ha U3rOTOB/IEHNE KOJIOACHBIX UM KOHCEPBHBIX U3/Ie/TUH C
MIpUMEeHEeHHEeM TeMTepaTypHbIX Pe)KUMOB, FapaHTUPYIOIIUX rMbesib GakTepyil rpyTIbl
KUIIIEYHBIX a/I04eK, KJeTOK CTapUIJIOKOKKOB U CapKOIUCT. [Ipy MHTeHCMBHOM TOpaXke-
HUM TYIIX CaPKOLIMCTaMU U BbISIB/IEHUM M3MeHeHHH B MbIILax (AUCTpodusi, TupeMus,
o4yaroBoe 0OBI3BECTB/IEHHE B MBIIIIEUHOW TKAHH) TYIIY ¥ OpraHbl YTHIU3UPYIOT. KpoBb
Y 3H/IOKPUHHO-(DePMEHTHOE ChIPbe /11l TIMIIEBbIX U MEeULIMHCKUX 1]eJieid He COOMpaAroT.
JKup, KMIIIeUHUK 1 TIKYPhl UCTIOMB3YIOT 0e3 OrpaHuYeHusD».

BHeipeHre TakvX MpeisioyKeHU B TIPAKTUKY TIO3BOJTUT CHU3UTh S3KCTEHCUBHOCTD U
WHTEHCHBHOCTD TIOPayKeHUs Zie(PMHUTHUBHBIX 1 TIPOMEXXYTOUHBIX X035€B CapPKOLIMCTO3HOU
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MHBa3Mel B Pa3/IMUYHBIX pErMOHAX CTPAHbI, a TAKXKe TMTOBBICUT OMOJIOTHUeCKYt0 [IeHHOCTh
1 6e30MacHOCTb MSICHOTO ChIPbS [i/1sl IOTpebuTereii.
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