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Abstract. The article presents the results of studies onirtfieence of mineral, biomodified mineral
fertilizers and BisolbiFit biologics on the balarafebasic nutrients in soil under fallow crops. Aatiag to
the results of correlation and regression analyhis,total removal (grain plus straw) of basic s
strongly depended on the level of grain yield. Therease in grain yield from 2.85 to 3.45 t/ha was
accompanied by an increase in the total removaitodgen from 73.6 to 130.1 kg/ha, phosphorus #fro
30.8 to 68.4 kg/ha, and potassium — from 41.6 tO kg/ha. The balance of basic nutrients dependéd n
only on the grain yield, but also on the dosesedfilizers applied. For all variants of the expezimy the
nitrogen balance was consistently reduced from4-%.-22.1 kg/ha as the yield increased from 285 t
3.45 t/ha. The phosphorus balance decreased fr@d +& —30.8 kg/ha, and its negative balance isega
from background 1 (zero) to background®@ NH4NQO3,). The balance of potassium, as well as the
balance of nitrogen and phosphorus, was negativalfozariants of the experiment, and decreaserh fro
—60.9 to —40.0 kg/ha.

1 Introduction The research was carried out on the experimental
field of the Ulyanovsk State Agrarian University in
Over the past 20 years, there has been a sharpadecr 2013-2018 in the fallow crop rotation: fallow land
in the use of mineral fertilizers in all regions tife winter wheat — spring wheat — barley — oats. Thedo
Russian Federation, which has led to a decreaseein the experimental field is leached heavy loam with a
yield and quality of agricultural products [1]. Bhiesults ~ humus content of 6.43—6.62 %, available phosphorus
from a number of factors with the leading role glayy and potassium compounds (according to Chirikov)
the growth of prices for mineral fertilizers. Bessl an 214-228 and 101-117 mg/kg of soil, pH 6.3—6.8.
additional increase in yield does not always refiay
use of fertilizers. One of the most important sesrof .
increasing the efficiency of mineral fertilizers is 2. Materials and methods
represented with the use of biotechnologies thatwal
for the full realisation of the soil and climatetential of
agro-landscape and the potential of agriculturalpsr
[2-6]. Biologics have long been used for processing
seeds and vegetating plants, and only recentlgaaime
possible to apply agronomically useful bacteriathe
surface of mineral fertilizer granules. Russiarestists
have developed and patented a microbial preparatidn
a method for biomodification of mineral fertilizers
which allows increasing the coefficient of assitida of
nutrients by plants from fertilizers by an averagie

20-30 % [7]. To modify the granules of mineral Th . h isted of 5 .
fertilizers, a dry form of BisolbiFit biologic issed. Its e experiment scheme consisted of 5 variants.

active substance is a strain of rhizospheric bacter ©ertilizers were introduced fo the rows during crop
Bacillius Subtilis H-13. sowing: . 3

In this connection, the research purpose congists i 1.Cpntrq| ywthout ferulgers;
comparative study of the effectiveness of minerad a 2.BisolbiFit — pre-sowing treatment of seeds at a
biomodified mineral fertilizers, as well as Bisgfi ~ 90S€ Of 400-600 gt; _
biologic in the cultivation of fallow crops on ez 3.NPK — NPPF at a dose of 15 kg of active substance

black soil of the Middle Volga region. per 1 ha;

Theresearch objectsinclude:

* nitrogen-phosphorus-potassium fertilizer (NPP
15:15:15), introduced as a near-sown water-soluble
fertilizer with an equal NPK content of 15 % and
ammonium nitrate (N) as a background fertilizer,
introduced for pre-sown cultivation;

 BisolbiFit microbiologic based on a strain of
rhizospheric bacteridacillius Subtilis H-13. Bacteria
have the ability to synthesize substances thabinttie
development of phytopathogenic fungi and bactaag,
well as substances that stimulate plant growth [8].
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4. NPKm - treatment of NPPF granules with a losses of nitrogen fertilizers. This item referslosses
biopreparation at a dose of 15 kg of active sulzstgrer only of nitrogen fertilizers, since they are chaesized
1 ha; by different ways of unproductive losses in theegas
5% NPKm - treatment of NPPF granules with a state and as a result of leaching. The calculatémes
biopreparation at a dose of 7.5 kg of active sutzstger based on the average indicator of 10 % on blait& so
1 ha. Table 1 shows that the amount of alienated nitrogen
A dry form of the microbiologic was used to prepare with the yield of fallow crops varied much — fror3.8
biomodified fertilizers (NsPisKism, %2 NisPisKism Y2 to 130.1 kg/ha, which, first of all, was determirgdthe
NH4NO3,). BisolbiFit was applied to mineral fertilizers level of yield. The lowest removal of nitrogen was
on the day of their application at a dose of 4 &g pton marked in the control variant and amounted to 73.6
of fertilizers. kg/ha; the highest — in the variant with the usefulif
Pre-sowing treatment of seeds with BisolbiFit (dry dose of the modified NPP fertilizer together withe t
form) was carried out 1-2 days before sowing. The introduction of a half-dose of modified ammonium
preparation (at a dose of 400-600 grams per 1 fg&@cta nitrate for pre-sowing cultivation (130.1 kg/ha).

was diluted in water at the rate of 10 liters otevger 1 Calculations show that the use of the studied

ton of seeds and applied to the seeds, thoroughigdn  fertilizers increased nitrogen removal by 8-57 kg i

by hand until the drug was evenly distributed. relation to the absolute control, which is explditey the
The effectiveness of mineral, biomineral fertiliger higher crop yield for these variants.

and biologics was evaluated on 3 backgrounds. e f The nitrogen balance in all variants of the experin

remained as a control one (zero background); on thewas negative and increased from —-22.1 kg/ha (in the
second background, pure ammonium nitrate wasvariant where the seeds were treated with BisdlbiFi
introduced at a dose of 40 kg (NH4NO3); on thedthir before sowing on background 2) to -55.4 kg/ha (when
background, ammonium nitrate was introduced atsedo using a half-dose of the modified NPP fertilizer on

of 20 kg (2 NH4ANORQ), treated with BisolbiFit. background 3).

The registered area of plots is 106 (@x25), the It should be noted that the introduction of thedstd
repetition is threefold, and their location is randzed. fertilizers on zero background increased the tensib
Organization of field experiments, selection ofl soid the nitrogen balance, which averaged
plant samples, observations and laboratory analyses —47.4 kg/ha on the background. Meanwhile, the
carried out according to the relevant state statelar combined use of the NPP fertilizer and the biolsgic
(GOSTs). against the background of ammonium nitrate at & ful

dose in pure form contributed to a significant retchn

. . in the balance tension to —29.2 kg/ha.
3 Results and discussion g

Table 1. Dependence of nitrogen balance on the use of aliner
In our research, calculation of nutrients balance o fertilizers and biologics, kg/ha. Average for 202618

heavy-loamy soil was carried out taking into acadbte =0 :
following sources of their input: mineral fertilieand | & S| Vaa | pomoyal  ppyt | BaANCE  Balance
biologics, precipitation, seeds. Annual nitrogempuin | @ ©| i~ | intensity, %
with atmospheric precipitation is peculiar of trerest- 1. 73.6 26.0 -47.6 35.3
steppe — 10 kg of nitrogen; steppe — 4 kg; foresa and 2. 81.1 36.2 -44.9 44.6
the Carpathian region — 5 kg [9]. This inflow saiis g 3. 90.4 42.0 -48.4 46.5
calculated only for nitrogen fertilizers, since theut of N | 4 101.9 55.3 -46.6 54.6
other elements with precipitation is insignificaifthe S. 88.3 38.8 -49.5 44.0
input of nutritients from seeds is small as compai® Average of the background | -47.4
other sources and is relevant only for the crops filave 1 83.8 600 | -23.9 71.6
a high seeding rate. The calculations were basetthen 3 2. 94.3 72.2 -22.1 76.6
following indicators: the seeding rate and the eohbf Z i' ggg ;g'g :gg'g gg'g
nutrients in seeds. z = 1147 “e0 | 397 651
_ The qqestion of the cpntr_ibution of non-sy_mbiot_ic Av;ar eofthébackgrouﬁd _29_2' :
nitrogen f|_xers to the_ soil nitrogen balance is teyui 1 828 478 350 577
c_o_ntrover5|a!. It is believed that on average, ogiém- & 2 948 61.0 339 64.3
fixing bacteria can accumulate 10-15 kg of nitrogen > 3 106.3 575 488 54.1
1 ha annually [10]. I [ 4 130.1 76.7 | -53.4 59.0
In the inflow items of the balance, the higher sfiec % 5. 118.1 62.7 -55.4 53.1
weight is made up by the input of nitrogen with| ~ Average of the background | -453
fertilizers (16 kg of active substance per 1 ha arfdkg

*1. Control; 2. BisolbiFit; 3. NeP1sK15;

of active substance per 1 ha), as well as the dixh
4. NisP1sKism; 5. ¥2 NsP1sK1sm

molecular nitrogen by microorganisms that are it
the biological product.

The removal of nutrients is the main cause of their
losses. The outflow part took into account the reshof
nutrients with the crop (grain plus straw), unprctilte

Calculation of the balance in kg/ha does not always
make it possible to fully understand the degree of
influence of crops on the state of soil. The batanc
intensity indicator provides a deeper understanding



BIO Web of Conferences 27, 00041 (2020)
FIES 2020

https://doi.org/10.1051/bioconf/2020270004 1

the situation. It is expressed as the percentatie o0&
elements entering the soil to their losses.

The value of the balance intensity shows the
percentage of removed elements which are compehsate
by their input from various sources. The intensiy be
less than 100 % (deficit balance), equal to 100 %
(deficit-free balance), and more than 100 % (positi
balance) [11].

The intensity of the nitrogen balance increased o

the use of microbiological preparations is consdeto
be a promising direction, which, due to the addgio
involvement of the main elements of mineral nuiritin
the agrocenosis, also contribute to increasinggttaén
productivity of the crop [13].

Table 2. Dependence of phosphorus and potassium balance on
the use of mineral fertilizers and biologics, kg/Agerage for

zero background from 43 to 62 %, on the backgroafnd
NH4NO3 — from 74 to 89 %, and on the background o
% NH4NO3, — from 59 to 75 %. The introduction of a
half-dose of the modified NPP fertilizer reducettagen
recovery as compared to other variants due toargel

removal from the final product. Thus, it becomesacl

that only 43—89 % of the element losses are conapeds

by input.

Unlike nitrogen, phosphorus does not have naturd

sources of replenishment in the soil. The removal o

phosphorus from the crop is compensated only whe

applying phosphorus and organic fertilizers. Man

authors believe that the introduction of a feréilizystem

allows for a moderately negative balance of phogpo

which will not change the level of soil fertilityL2].

Table 2 shows that the removal of phosphorus wit

the alienated part of the crop, which varied frod83to

68.4 kg/ha is the main value in the outflow parttlodé

balance. Alienation of phosphorus from cash cnps

closely related to the grain yield, which increasdten

mineral, biomineral fertilizers and biologics wensed

for crop rotation. Introduction of pure ammoniuntraie

or a half-dose of modified ammonium nitrate for -pre

sowing cultivation increased phosphorus alienatidn
crop cultivation.

The phosphorus balance was negative for all vaiant
of the experiment and varied within the range of
—30.8— —52.4 kg/ha. It should be noted that theatreg
phosphorus balance increased from zero backgraund t
the third background (Y2NH4NQ@B — —35.4; —44.2;
—46.5 kg/ha, respectively.

As in the case of the above macronutrients, the
removal of potassium from the soil was also deteedhi
by the yield of a fallow crop. The balance of pstam,
as well as the balance of nitrogen and phosphaovas,
negative for all variants of the experiment, andrdased
from —60.9 to —40.0 kg/ha. The use of a half-ddsthe
modified NPP fertilizer (2N15P15K%) on the studied
backgrounds (Background 1 — zero, Background 2 —
NH4NO3, Background 3 — % NH4N@Breduced the
recovery of potassium due to a large removal from t
final product.

Grain yield is the main indicator in the evaluatioi
the studied methods of plant cultivation. It lasgel
depends on the conditions of growing plants. In the
process of growth and development, certain
requirements are imposed on the conditions of the
external environment, which are associated with the
nature and intensity of the physiological and barofcal
processes occurring in them.

The use of mineral fertilizers is one of the most
effective and fast-acting factors that improve plan
nutrition and increase grain yield. Over the lastatle,

2013-2018
n
g Balance
f = Removal 2 Balance, +/- intensity,
8 = %
- o |8 o & o) <HRe
S| ¢ |fg §] 2| 8¢
1| 30.8 41.6 0 -30.8 -41.6 0
2 34.5 44.3 0 -34.5 -44.3 0
3 | 50.5 55.6 16 -37.5 -40.0 32 28
4 | 516 63.4 16 -34.6 -47 .4 31 25
5 | 47.0 55.7 7.5 -39.5 -48.2 16 13
NAver age of the background -354 -44.3
1| 418 52.2 0 -41.8 -52.2 0 (
2 | 42.3 58.7 0 -42.3 -58.7 0 (
3 | 55.6 66.1 16 -39.6 -50.1 29 24
4 | 634 73.4 16 -47.4 -57.4 25 22
'5 [ 575] 66.1 75| -500] 586 13 11
Aver age of the background -44.2 -55.4
1| 41.1 524 0 -41.1 -52.4 0 q
2 | 47.8 60.4 0 -47.8 -60.4 0
3| 57.0 68.0 16 -41.0 -52.0 28 23
4 | 68.4 74.0 16 -52.4 -58.0 23 22
5| 57.8 68.4 7.5 -50.3 -60.9 13 11
Aver age of the background -46.5 -56.8
*1. Control; 2. BisolbiFit; 3. NisPi1sKis; 4.
Ni15P15Kism;

5. ¥ N15P15Ki1sm

The productivity of crop rotation in our studiesswva
determined by the yield of individual crops, which
depended not only on weather conditions of the grow
season, but also on the type and doses of fersliased
in the experiment (Table 3).

Winter wheat as one of the studied fallow grain
crops, showed the maximum vyield (3.88—4.80 t/hais |
followed by spring wheat (2.68-3.31 t/ha) and gprin
barley (2.67-3.21 t/ha). The minimum productivitasy
demonstrated by oats, whose yield varied from 2dl5
2.71 t/ha over the period of 2016-2018.

Natural fertility of leached black soil providedcceop
yield of 2.85 t/ha. Pre-sowing treatment of seedth w
BisolbiFit, introduction of the NPP fertilizer irupe and
biomodified forms contributed to an increase inimgra
yield by 0.19-0.42 t/ha relative to the controliaat.

After applying 40 kg of ammonium nitrate for pre-
sowing cultivation, the yield on the control vattianade
3.07 t/ha. The highest yield was noted on variant 4
(N15P15K15m) —3.42 t/ha.

The maximum vyield of grain crops on average in this
experiment was formed against the background, where
ammonium nitrate at a dose of 20 kg of active suirst
was treated with BisolbiFit. The yield against this
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background increased from 3.01 to 3.45 t/ha, the
increase in control value made 6.0-15.0 %.

The best conditions for high yields (2013-2018)aver
formed on the variant with the use of the microbgits
together with the mineral fertilizer (®P:isK1ism). The
increase on zero background made 15 %, on backdroun
2 (NH4NO3) — 11.0 %, and on background 3 (%
NH4NOy,) — 15.0 %.

The use of biologics and the NPP fertilizer inatse
form ensured almost the same increase. This isEqu
by the fact that this dose provides plants with the
necessary amount of nutrients, and the biologic
contributes to their fuller use from fertilizer and
mobilizes soil reserves.

Table 3. Yield of crop rotation when using mineral,
biomodified mineral fertilizers and biologics, t/ha

o T 2 P -
= 23| £9 = 8 Average for
5 g 23 a= 3 2013-2018
g ‘= = Fen
X 8 1ol Lo L~ [ 25| ¢35
§°| 28| 28| 88| 88| £ 3¢ stz
Qa| &« a | Q& = ?I 3l £8
1| 388 | 268| 267 | 215| 2.85 - -
J2|420| 3.01| 273 | 220| 3.04| 019 | 7.0
E 3| 419 | 3.04| 293 | 228| 3.11| 0.26 | 9.0
4| 455|317 | 3.05 | 230 | 3.27 | 0.42| 15.0
5| 445|307 | 2.89 | 228]| 3.17| 0.32| 11.0
Aveer 425 | 299 | 285 | 224 | 308 | 029 | 110
11419 | 291 | 276 | 243 | 3.07 017! ~
G2 |442 | 310 | 293 | 250 | 3.24 0 ‘18 6.0
Z{3 |4.30 | 3.07 | 3.03 |261 |3.25 0'35 6.0
% 4 1457 | 325 | 3.15 | 271 | 3.42 0'24 11.0
51454 {318 | 290 |264 |3.31 ) 8.0
Aveer 440 | 310 | 255 | 257 | 316 | 024 | 80
g1 420 | 284 | 276 |225 | 3.01 - -
$2 447 |3.01 | 286 |2.36 |3.18 [0.17 | 6.0
3 |453 (316 | 3.08 | 240 |3.29 | 0.28 | 9.0
Z/4 1480 [ 331 | 321 |249 |345 |044 | 150
N5 |477 |325 | 295 |239 |334 |0.33 110
Aa\éeer 455 | 311 | 297 | 237 | 325 | 031 | 100
0.07 | 0.06 0.06 0.05 LSB(background)
0.08 | 0.10 0.08 0.06 LSEvariant)
0.18 | 0.19 0.13 0.12 LSE{interaction)
2.75 | 148 1.23 2.25 P, %

*1. Control; 2. BisolbiFit; 3. NeP15K1s:
4. NisP1sK1sm: 5. %2 NisP1sK 15m

According to the results of correlation and regiass
analysis, the total removal (grain plus straw) akib
nutrients strongly depended on the level of falignain
yield.

w _ 140
S o120 ‘:y*
£ <100
S o y = 98,401x - 215,63
8L g0 R2 = 0,9092
g = L 2 r=0,95
60 T T T 1
2.8 3 3.2 3.4 3.6
Productivity, t / ha
s 80 1y =60,035x - 142,31
5 < 70 R2 i0,8629 — -
T = r=0,93
2 & 60 1
g2
g 250
T 340
o ©
F & 30 7S
20 T T T 1
2.7 2.9 3.1 3.3 35
Productivity, t / ha
« © 80
SES o
T270
g £ 60 2
g2 y = 57,896x - 125,25
=2 R2 = 0,9264
E 240 1 r=0,96
30 . ;
2.8 3 3.2 3.4 3.6

Productivity, t / ha

Fig. 1. Dependence of the total removal of nutrients @n th
level of fallow grain yields (2013-2018)

4 Conclusion

Thus, we can conclude that the full dose of the NPP
fertilizer treated with BisolbiFit has positive eéft on the
productivity of crop rotation on all the studied
backgrounds. The use of biologics and the NP Plifenti

in its pure form ensured almost the same increasallo
the studied backgrounds.

However, the increase in grain yield from 2.85 to
3.45 t/lha was accompanied by an increase in tla tot
removal of nitrogen from 73.6 to 130.1 kg/ha,
phosphorus — from 30.8 to 68.4 kg/ha, and potassium
from 41.6 to 74.0 kg/ha. The balance of basic aots
depended not only on the grain yield, but also lwa t
doses of fertilizers applied. For all variants dfet
experiment, the nitrogen balance was consistently

~ According to the obtained equations (Figure), the reduced from -55.4 to —22.1 kg/ha as the yieldeiased
increase in grain yield from 2.85 to 3.45 t/ha was from 2.85 to 3.45 tha. The phosphorus balance

accompanied by an increase in the total removalir{gr

plus straw) of nitrogen from 73.6 to 130.1 kg/ha,

phosphorus — from 30.8 to 68.4 kg/ha, and potassium
from 41.6 to 74.0 kg/ha.

decreased from -52.4 to —30.8 kg/ha, and its negati
balance increased from background 1to background 3.
The balance of potassium, as well as the balance of
nitrogen and phosphorus, was negative for all ugsiaf

the experiment, and decreased from —60.9 to —4fitak
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