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Abstract

In a long-term stationary field experiment of the
Novozybkovsky State Agricultural Experimental
Station of the All-Russian Research Institute of
Lupine on sod-podzolic sandy soil contaminated
with ¥7Cs 526-666 kBq / m2. the effectiveness of
chemical means for cultivating winter rye
Pukhovchanka was studied. It was established
that the use of organic-mineral (aftereffect of
manure 40 t / ha + N7zoP3Ke) and mineral
N140PeoK1oo fertilizer systems in combination
with chemical plant protection products and a
humistim biological product can increase the
yield of winter rye grain by 4.1 - 4.4 times
compared to control. The complex use of
fertilizers. pesticides and humistima contributed
to a significant increase in the physical and
baking indicators of grain quality relative to
control. The use of fertilizer. both separately and
in combination with chemical plant protection
products and humistim. reduced the accumulation
of ¥¥Cs in winter rye grains by 1.95 - 5.60 times
compared with the control. which ensured the
production of normatively clean products in
technologically polluted areas. The greatest

AHHOTAINA

B miuTeNnbHOM CTAalMOHAPHOM IIOJICBOM OITBITE
HoBo3zb10koBCKOM roCyAapCTBEHHOU
CEJIbCKOXO3IMCTBEHHOM  ONBITHOM  CTaHIMU
BHHUWN gronuHa Ha JAEpHOBO-NIOA30JIMCTOU
necuaHoil mouse 3arpasHenHoil ¥'Cs 526-666
kbk/M?, u3ydeHa 95(QEKTHBHOCTL CPEICTB
XUMH3AIAA TIPH BO3ACTBHIBAHIH O3MMOM KU
copra IlyxoBuanka.  YCTaHOBICHO, 9YTO
IpUMEHEHHE OpraHOMHHEPATHHOMN
(mocneneiictBue HaBo3za 40 1/ra + N7oP30Keo) 1
MuHepanbHOU N140PsoKi120 crucTemblr ymobpenus
B KOMIUIEKCE C XUMHUYCCKUMH CpPEACTBAMHU
3aIUTHI PACTCHUN U OHOTpPEnapaTOM FYMUCTUM
MO3BOJSIET  MOBBICHTH  YPOXKAHHOCTH  3epHA
03UMOI1 PKH, TIO CPAaBHEHUIO C KOHTpoJieM, B 4,1
— 4,4 paza. KoMmImeKkCHOE WCIIOJIBE30BaHHE
ynoOpeHnsi, TECTUIMIOB H  TYMHCTHMa
CrocoOCTBOBAJIO JIOCTOBEPHOMY ITOBBIIICHUIO
(u3MYecKHX ¥ XJICOOMEKapHBIX TIOKazaTeleit
KayecTBa 3€pHA, OTHOCHTEIBHO KOHTPOIIS.
[IpumeneHnne ynoOpeHus, Kak OTICIbHO, TaK U B
COYCTAaHHH C XHUMHYCCKHMH  CPEACTBAMHU
3AMATHl PACTCHUH W TYMHCTHMOM, CHHIKAJIO
gakomnenue ¥'CS B 3epHE 03UMON DKM, IIO
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energy and economic efficiency was noted in the

organic-mineral fertilizer system in combination
with pesticides and a humistim biological

product. where the profitability level of winter

rye grain production was 92.6%.

Key words: Winter rye. fertilizers. pesticides.
humistim. productivity. quality. *3’Cs. efficiency.

Introduction

Winter rye is one of the most widespread and
most important grain crops that affect human
vital activity and significantly determine the food
security of the country (Gamzikov. Ankudovich.
2018; Belous et al. 1987). It surpasses other
winter crops in winter hardiness and adaptability.
it is also able to form a crop on various types of
soils. including sandy ones; the share of sandy
soils in the European part of the Non-Black Earth
Zone of Russia is more than 5 million ha or about
22% of the total arable land (Belous and
Kharkevich. 1999; Malyavko et al. 2000; Sysuev.
2012).

With extensive radioactive contamination of
soils in the south-west of the Central region of
Russia. characterized by a low level of natural
fertility. the priority task facing agricultural
science is the development and implementation
of winter rye cultivation technologies. based on
the integrated use of protective agricultural
methods. ensuring normatively clean products
(Bogomolova et al. 2018; Pilipenko.

Dneprovskaya. 2012; Kosyanchuk et al. 2004).
The agroecological. energy and economic
assessment of the effectiveness of the integrated
use of chemicals in the conditions of radioactive
contamination of agrocenoses is relevant in a
market economy. with constant disparity in
prices for energy. chemicals. seeds and planting
stock (Belous et al. 2017; Pakshina et al. 2017;
Belous et al. 2016).

The purpose of the research is to study the effect
of various fertilizer systems. plant protection
chemicals. and the humistim biological product
on the efficiency of growing winter rye on
radioactively contaminated sod-podzolic sandy
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CPaBHEHHIO C KOHTposeM, B 1,95 — 5,60 pasa, uro
00eCeynIIo MPOU3BOICTBO HOPMATHBHO YHUCTOM
NPOAYKIIUM HA TEXHOTEHHO 3arps3HEHHON
Tepputopud. Haubonblnas sHepreTHueckas u
9KOHOMHYECKass 3(P(HEKTHBHOCTH OTMEYEHa IO
OpraHOMHMHEpAILHON cHucTeMe ymoOpeHus B
KOMIUIEKCE C MECTUIMIAMU U OuompenaparoM
TYMHCTHM, TJ€ YPOBEHb pPEHTAOEIBHOCTH
TPOM3BOJICTBA 3€PHA O3WMOW PKH COCTABHII
92,6%.

K.i0ueBble ci10Ba: 03UMast POXKb, yA00peHus,
HECTHULIIBL, TYMHCTHM, YPOKAHHOCTH,
kagectBo, **'CSs, 3(()eKTHBHOCTS.

soil in the south-west of the Central region of
Russia.

Materials and methods

The studies were carried out in 2003-2013 in the
stationary  field experiment  of  the
Novozybkovsky State Agricultural Experimental
Station of the All-Russian Research Institute of
Lupine established in 1993. Winter rye of the
Pukhovchanka variety was cultivated in a four-
field fruit crop rotation: potatoes - oats - lupine
for green mass - winter rye. The soil of the
experimental plot is sod-podzolic. sandy and was
characterized by the following indicators:
organic matter content 2.4—-2.5%. pHkcL 6.7-6.9.
mobile phosphorus and exchange potassium
content 385-413 and 69-96 mg / kg respectively.
The density of ¥’Cs soil contamination ranged
from 526-666 kBq / m?.

The experience was laid in four repetitions. the
size of the accounting plot is 45 m2 The
allocation of plots is systematic. Winter rye
cultivation agricultural technology generally
accepted for the zone.

The experimental design included the following
options: control (without fertilizers); aftereffect
of manure 80 t / ha; aftereffect of manure 40t /
ha + + NzoP3oKeo; N7oP30Keo; N14oPsoKizo;
N210PgoKiso; aftereffect of manure 40 t / ha +
N7oP30Kso + pesticides; N70P30K60 + pesticides;
N140P60K120 + pesticides; N210P90K180 +
pesticides; aftereffect of manure 40 t / ha +
N7oP30Kego + pesticides + humistim; N7oP20Kgo +
pesticides + humistim; N14oPsoK120 + pesticides +
humistim; N210PgoK1go + pesticides + humistim.
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Cattle manure. containing on average (%):
moisture - 77.2. nitrogen - 0.53. phosphorus -
0.25. potassium - 0.57 were introduced under the
first crop rotation crop (potato). Ammonium
nitrate.  double granular  superphosphate.
potassium chloride were used as mineral
fertilizers. Phosphorus fertilizer was introduced
in the fall in pre-sowing cultivation of the soil.
Nitrogen and potassium fertilizers were applied
fractionally: NeoKeo (N3oK3o before sowing in the
fall + N3oKso in spring when the growing season
resumes). NiaoKizo (N3oKszo before sowing +
N70Kgo spring renewal of vegetation + N4o phase
of entry into the tube); N21oKigo (N3oKso before
sowing + NooKiso spring resumption of
vegetation + Ngg phase of exit into the tube).

We used chemical plant protection products
against diseases and pests: foundationazole 50%
wp(wettable powder) - 0.6 kg / ha in the fall
during the tillering phase; camposan M - 4 1 / ha
in the exit phase into the tube; bayleton 25% wp
- 0.6 kg / ha at the start of heading phase. decis
25% wp - 0.3 1/ ha in the flowering phase.

Winter rye crops were treated with a humistim
biopreparation in the spring in the phase of
complete tillering — the beginning of the release
into the tube at the rate of 6 | / ha. The humistim
biopreparation manufactured by Ginseng
Specialized  Agricultural  Enterprise LLC
contains all the dissolved vermicompost
components: humins. fulvic acids. natural.
phytoharmones.  vitamins. macro-  and
microelements in the form of bioavailable
organic compounds. The fungicidal and
bactericidal properties of the drug are due to the
presence in its composition of natural fungicides
and antibiotics secreted by the intestinal
microflora  of the earthworm  during
vermicultivation.

We were guided by the following methods when
conducting laboratory and analytical studies:
humus content according to Tyurin; pHKCL -
ionometric. the content of P,Os and KO
according to Kirsanov. Grain quality analysis
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was carried out using standard methods:
sampling. extraction of samples — GOST
13586.3-83. total nitrogen by the indophenol
method — GOST 13496.4-93. crude protein.
recalculated N total x 5.7; fall number -
according to the Hagberg - Pertin method -
GOST 27676-88. grain nature - GOST 10840-64.
1000 grain weight - GOST 10842-89. grain
moisture - GOST 135-86.5-93. The specific
activity of 2¥7Cs in the grain was determined on a
measuring complex by the Gamma + USC
(universal  spectrometric  complex)  with
Progress-200 software in Marinelli geometry.

The experimental data were mathematically
processed by the method of analysis of variance.
Energy assessment was carried out according to
methodological developments (Nikiforov et al.
1995). The economic efficiency of winter rye
cultivation  technologies was  calculated
according to the methodology of the All-Russian
Research Institute of Agricultural Economics on
the basis of standard technological maps
(Dmitrenko. 1988).

Results and its discussion.

Productivity is the most important integrating
indicator of the degree of favorable external
environment and plant development. The
minimum yield of winter rye grain on average
over the years of research was noted in the
control variant (0.60 t / ha). which is typical for
the natural fertility of the sandy soil of the
experimental plot (Table 1).

The fertilizers used had a statistically significant
effect on the value of this indicator. Thus. the use
of litter manure of 80 t / ha in the third crop
provided an increase of 0.29 t/ ha in relation to the
control. the organomineral fertilizer system
increased the yield of winter rye grain to 1.42 t/
ha. The increase in relation to control was 0.82 t /
ha. The introduction of an equivalent amount of
nutrients (N14oPeoKi20) in the mineral fertilizer
system contributed to an increase in productivity
by 3.1 times; the increase was 1.24 t / ha.
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Table 1. Productivity and grain quality of winter rye. average for 2003-2013

Mass
Indicator Producti  of Grain . . Amylogra  Fall -
vity. t/ 1000 nature Glai/sm protein m height. number ?;’;tg't)éc}f/
ha grains. .g/l ess. % co(/)ntent ea. . Sec. s- B4
. .70 kg
Option g
1. Control
(without 0.60 35.8 653 15 11.8 626 185 84
fertilizer)
2.
Aftereffect
of manure
80t/ha
3.
Aftereffect
of manure 1.42 37.5 671 17 12.7 633 193 33
40t/ ha
+N70P30Ke0
4. N7oP3oKeo  1.34 37.1 665 17 12.5 633 193 29
5.
NisoPeoK 120 1.84 38.9 677 18 12.9 637 196 28
6.
N210PooK1e0
7.
Aftereffect
of manure
40t/ ha
+N70P30Keo+
pesticides
8.
N70P30Kso+ 1.50 375 671 16 12.5 633 192 28
pesticides
9.
N140PeoKi20t 2.08 38.9 685 18 12.8 638 198 23
pesticides
10.
N210PooKigo+ 2.19 38.7 689 18 13.3 638 199 22
pesticides
11.
Aftereffect
of manure
40t/ 2.47 38.9 696 18 12.8 637 202 17
ha+N70P30Ksg
ot pesticides
+ humistim
12.
N70P30Kgo+
pesticides +
humistim
13.
N140PeoK 120+
pesticides +
humistim
14,
N210PgoK 180+
pesticides +
humistim
15. HCPgs 0.21 15 8 3 0.28 5 6 5.2

The The specific

0.89 37.0 658 17 12.5 633 191 43

1.58 37.7 684 18 13.1 637 198 29

2.04 38.9 682 17 12.7 634 196 27

2.01 39.3 699 18 12.7 636 200 16

2.63 40.0 700 19 13.0 639 205 15

2.51 39.8 698 19 13.3 640 206 15
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An increase in the dose of mineral fertilizer to
N210PgoKigo did not lead to an increase in
productivity. which is explained by the depressing
effect of a high dose of NPK. especially with a
deficit of soil moisture during the growing season.
grain yield in this variant formed at the level of
1.58t/ ha.

The use of fertilizer in combination with chemical
plant protection products increased the yield of
winter rye by 0.90-1.59 t / ha compared with the
control. with the highest background value of
N210PgoK1s0 and pesticides. which is explained by
a decrease in the degree of lodging and a decrease
in the susceptibility of plants to diseases and pests.
The highest increases (1.42-2.03 t / ha) were
observed in the case of complex use of fertilizer.
pesticides and humistim. Analysis of variance
confirms the highest reliable effect of the
complex interaction of fertilizers. pesticides and
humistim. The maximum yield in the experiment
was 2.63 t / ha using the NisPeoKizo mineral
fertilizer system in combination with chemical
plant protection products and a humistim
biological product.

The minimum weight of 1000 grains of 35.8 g
was noted in the control variant. The use of litter
manure of 80 t / ha in the aftereffect and the
N7oP30Keo mineral fertilizer system provided only
a tendency to increase the value of this indicator.
According to the organomineral and mineral
fertilizer system NiaoPsoKi20 and N2ioPgoKiso. a
significant increase in grain size by 1.7-3.1 g was
noted in comparison with the control. The
highest weight of 1000 grains of 38.9-40.0 g was
formed with the combined use of fertilizer.
chemical plant protection products and humistim
biological product. which indicates the content of
a large supply of reserve nutrients in the grain
and the best technological indicators. since grain
processing a significant part of the grain is
represented by its most valuable part -
endosperm.

The nature of winter rye grain ranged from 653
to 700 g / | with a minimum value of this
indicator in the control. Under the influence of
fertilizers. it increased by 1.0-4.7%. fertilizers
and pesticides - by 2.8-5.5%. fertilizers and
pesticides and humistim - by 6.6-7.2%.

The glassiness of winter rye grains varied from
15 to 19% according to the experimental
variants. The use of N140PsoK120 and N210PgoKiso
fertilizers both in pure form and in combination
with pesticides had a significant effect on this
indicator. The complex use of fertilizers.
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chemical plant protection products and humistim
contributed to the increase of this indicator to 18-
19%.

The protein content in the grain of winter rye
varied from 11.8 to 13.3%. The use of fertilizer.
both in the aftereffect and in direct action.
provided a statistically significant increase in
protein in winter rye grain. It should be noted that
the protein content in winter rye grain increased
under the influence of increasing doses in NPK.
With the integrated use of chemicals in the
experiment. the processes of synthesis and
metabolism in plants were activated. which
contributed to the strengthening of the
photosynthetic activity of the leaf apparatus and
its longer operation. which predetermined an
increase in the protein content of winter rye
grain.

The height of the amylogram according to the
experimental variants ranged from 626-640 ea.
The highest value is 637-640 e.a. noted in the
case of the integrated use of fertilizers with
pesticides and humistim. The state of the
carbohydrate-amylase complex by the number of
drops was in the range of 185-206 s with a
minimum indicator in the control. High-quality
bread is baked from grain with a falling number
above 200 s (Malyavko. 2009; Sysuev et al.
2010; Ermolaeva et al. 2014). In our
experiments. high-quality grain was formed in
variants with the integrated use of intensification
means.

The specific activity of *3’Cs in winter rye grain
against the background of natural fertility
(control) was 84 Bq / kg. with a standard of 70
Bq / kg. The use of fertilizer both with separate
application and in combination with pesticides
and humistim allowed us to produce normatively
pure products with the content of *¥’Cs of 1.95-
5.60 times lower than in the control. The use of
pesticides and a biological product of humistim
against the background of the used fertilizer
systems contributed to a maximum decrease in
the concentration of ¥’Cs in winter rye grain by
4.9-5.6 times. compared to the control. which
occurred due to biological dilution due to
increased yield. as well as due to additional
introduction of potassium humates as a part of
humistim.

Energy analysis indicates that the energy yield
with the grain yield varied from 8.03 GJ / ha to
35.22 GJ / ha. that is. the range of variation of
this indicator was 439%. The maximum was
provided by the NioPeoKizo Vvariant with
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chemical plant protection products and humistim
(Table 2).

As the doses of mineral fertilizers increased.
energy consumption increased 1.87-3.45 times.
mineral fertilizers and pesticides 2.1-3.7 times.
the integrated use of intensification agents 2.2-
3.7 times. compared to control.

The specific costs of total energy per 1 ton of
main production or energy “cost” varied from 7.3
to 18.2 GJ / t. with a minimum indicator of the
variant using an organomineral fertilizer system
in combination with pesticides and humistim and
a maximum of Fertilizer N21oPgoK1so.

An increase in energy or a net energy income of
more than 10 GJ / ha ensured: the organomineral

fertilizer system in combination with pesticides.
the same fertilizer system in combination with
pesticides and the humistim biological product.
and the NuoPsoKi20 mineral fertilizer system in
combination with chemical plant protection
products and the humistim biological product. A
negative increase in energy from 1 ha (loss) was
noted in the control. as well as in the test variants
with the use of N210PgoKigo both in combination
with pesticides and without the use of chemical
plant protection products.

The highest coefficient of energy efficiency of
0.59 and 0.83 is noted in the variants with the use
of the organomineral fertilizer and pesticides
system and this fertilizer system with the
integrated use of intensification means.

Table 2. Energy and economic efficiency of winter rye cultivation

Option
_ 2 3 4 5 6 7 8 9 10 11 12 13 14
Indicato
.
Producti 0 5
\éity.t/ o 089 140 134 184 158 204 150 208 219 247 201 263
a
Receive
Svﬁﬂetrﬁg’ 8. 119 187 179 246 211 273 200 27.8 293 330 269 352 ?’63
opGy 03 2 5 4 4 6 2 9 5 2 7 1 2 )
/ ha
Energy 31
expende 8. .. 156 155 223 287 17.1 168 238 304 180 173 243
G/ 3 “F o 1 6 4 6 8 4 7 9 6 5 ¢
ha
Net )
energy - 10.1 - 14.9 10.8 2.
et g.l 336 315 243 228 .o o 321 401 .. g 95 o
GJ/ha
Energy 13 12
CostG] 9 o962 111 115 121 181 4, 112 114 139 .4 561 926 3
4 7 5 9 5 6 1

It 0 7
Energy - ) ) 0
efficienc 0. 039 020 016 010 ,,. 059 019 017 .., 083 055 045
y ratio 04
Bioener
y 0. 1.
sowing o, 139 120 116 110 074 159 119 117 096 183 155 145 .o
coefficie
nt
Costs of
winter 12
e 2 595 3904 381 651 696 751 661 869 -0 705 811 193 3
producti 84 7 1 8
on.
thousan
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A4

d rubles.

/ha

The cost

of gross
output 3.
thousan
d rubles
/ha
Cost of
1 ton of
grain
thousan
d rubles
Net
income.
thousan
d rubles
/ ha
Profitabi

lity 86.5 (1320' 118'
level. %

11.4

552 869 831 9.80

333 281 284 354 441

256 475 450 490 284

753 40.8

12.6

3.68

5.15

68.6

931 129 135 153 124 163 5

441 418 546 322 403 392

270 421 161 737 436 6.01

40.8 484 134 926 534 583

In the control. as well as in variants using high
doses of mineral fertilizer (N210Pg0K1s0). both in
combination with pesticides and without
protective measures. the coefficient of energy
efficiency was negative.

A similar trend persists in determining the
bioenergy sowing coefficient (BPC). which
indicates how many times the energy
accumulation by the crop exceeds energy costs
and allows us to estimate the cost recovery of
anthropogenic energy when cultivating winter
rye. The bioenergy seeding coefficient in our
studies varied from 0.74 to 1.83. This indicator
was the smallest in the variant using N210PgoK1so.
and the variant with the organomineral fertilizer
system in combination with pesticides and the
biological product humistim had obvious
advantages.

An economic analysis shows that. as a whole. the
indisputable advantages of the experiment were
the organomineral fertilizer system in
combination with pesticides and humistim.
where the net income was 7.37 thousand rubles /
ha with a profitability level of 92.6%.

Conclusion
The results of studies conducted on
technologically  contaminated  sod-podzolic

sandy soil indicate that the use of fertilizer can
increase the yield of winter rye grain by 0.29-
1.24 t/ ha. fertilizers and pesticides by 0.90-1.59
t / ha. fertilizers. pesticides and biological
product humistim at 1.42-2.03 t / ha compared
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with the control. The highest value of this
indicator (2.63 t / ha) is achieved against the
background of the organomineral fertilizer
system in combination with chemical plant
protection products and the biological product
humistim. The complex use of intensification
means increased the weight of 1000 grains by
8.6-11.7%. the nature by 6.6-7.2%. the vitreous
by 3-4%. the protein content by 1.0-1.5% relative
to control. High baking indicators characterized
the resulting grain - the height of the amylogram
is 636-640 units. amylograph. drop number 200-
206 s.

Fertilizers. both with separate application and in
combination with chemical plant protection
products and  humistim.  reduced the
accumulation of *¥’Cs in winter rye grain by 2.0—
5.6 times as compared to the control. The
maximum effect was noted in the N14oPsoK120 and
N210P90K1go Variants in combination with
pesticides and humistim.

It is most economically and energetically
profitable to cultivate winter rye against the
background of an organomineral and mineral
fertilizer system with medium doses of
N140Ps0K120 in combination with chemical plant
protection products and humistim.
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