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Abstract. It is impossible to achieve the planned yields, product quality, and economic efficiency in agricultural production
using only organic fertilizers. joint application of organic and solid mineral fertilizers solves the problem of replenishing
the soil content of nitrogen, phosphorus and other elements used by plants. The authors have carried out the research of
new methods of variable-rate application of mineral fertilizers in plant growing, allowing to increase the profitability of
agricultural production. (Research purpose) is to develop new methods of variable-rate application of mineral fertilizers
in crop production, which will allow increasing the profitability of crop production as compared with the conventional
methods of applying fertilizers basing on average field indicators. (Materials and methods) The authors have developed
a calculation technique implemented in the VBA Excel computer program for determining the main indicators: gross
output, fertilizer saving, profit, etc. The main variable to change in the calculations is the planned yield based on average
field parameters. At the end of the calculation process, the values of the best result for gross harvest output and profit are
displayed on the screen. The research objects for the calculation were represented by elementary areas of crop areas of
three farms — “Prodresurs”, Agropoligon VIUA, and “Murminskoye” with different soil types: chernozem, loamy, and
sandy-loam. (Results and discussion) The method of proportional variable-rate application of fertilizers on three types of
soils gives a stable increase in profit as compared with the application of fertilizers basing on the average field indicators.
(Conclusions) Calculations have shown that under the specified conditions and at the equal yield of 30 c/ha the application
of organomineral fertilizers is the most effective, profitability has accounted for 40 percents — on mesopodzol sandy-loam
soils; 8.7 percents — on sod-podzolic soils; and 1.3 percents — on black soils. The method of proportional variable-rate
application of mineral fertilizers accompanied with variable-rate application of organic fertilizers makes it possible to
reduce the amount of mineral fertilizers applied by half.
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odern agricultural technologies consist of
M complex technological operations for managing

farm crop production processes to achieve
the planned yields, product quality, economic efficiency
and environmental safety.

The use of only organic fertilizers contributes to
the production of environmentally friendly products,
but does not satisfy the emerging need in nutrients for
plants. Joint local application of organic and solid
mineral fertilizers helps to solve the problem of efficient
use of resource-saving elements of precision farming
technologies with obtaining a positive economic effect
[5, 7]. To increase the soil fertility and ensure its
conservation, it is necessary to introduce manure in
rates inversely proportional to the content of soil
nutrients or basing on the calculation of the planned
yields in separate plots; to obtain an economic effect,
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mineral fertilizers should be introduced in proportion
to the indicators of the natural soil fertility.

THE RESEARCH PURPOSE is to study new methods of
differentiated application of mineral fertilizers in crop
production, which allow increasing profit from crop
production as compared with average field input rates
and [1-3]:

- proportional variable-rate application of solid
mineral fertilizers;

- variable-rate application of solid mineral fertilizers
taking into account three statistical intervals of soil
nitrogen values as compared with other methods;

- introducing fertilizers according to average field
indicators basing on the planned yield;

- variable-rate application of mineral fertilizers in
separate areas basing on the planned yield; the total
amount of nitrogen introduced should be equal to the




amount of nitrogen introduced according the average
field indicators.

MAaTERIALS AND METHODS. The authors have applied
amethod of calculating the introduced fertilizers taking
account of three statistical intervals of soil nitrogen
values (the method is described in the report «The
program for determining optimal fertilizer rates taking
into account the statistical parameters of soil nitrogen»
in the proceedings of the International Scientific and
Technical Conference «Intellectual machine technologies
and technology for the implementation of the State
Program for the Development of Agriculture» held in
Moscow on September 15-16, 2015). The calculation
methodology implemented in the computer program
VBAExcel is developed to determine such main
indicators as gross yield, fertilizer saving, profit, etc.
[4-7].

The main variable in the calculations is the planned
yield based on the average field indicators. Since the
planned yields were calculated for nitrogen, a three-
component ammonium nitrate phosphate fertilizer
was used to compensate for the lack of nitrogen,
potassium and phosphorus in soil [8, 9].

To determine the rate of nitrogen application, the
proportionality factor for the fertilizers applied (KITP)
is used for the planned yield:

_ Y
K =2 M
where ¥y —the planned yield;
Vi — planned yield based on the average field
parameters without applying fertilizers.
The planned yield for separate plots is calculated
using the formula

YVimngs = Kp - Venyw @
where Vi, — the yield of Nth site without applying
fertilizers.

In the program, the following agrochemical parameters
of the plots were used as initial data: acidity, phosphorus,
potassium, according to which the fertilization rates
were calculated.

Input data for calculations:

- organic fertilizers — manure content of 0.5%;

- mineral fertilizers —ammonium nitrate phosphate
fertilizer (16% of nitrogen);

- the crop — winter wheat;

- the price of gross harvest — 12500 rubles per ton;

- manure price — 475 rubles per ton;

- the price of mineral fertilizers — 25.8 rubles/kg;

- fuel price — 50 rubles per liter;

- fuel consumption — 50 1/ha;

- costs of obtaining information — 14,000 rubles/ha;

- costs of purchasing a GPS navigator for parallel
driving — 140,000 rubles;

- costs of purchasing dosing devices with a controller —
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300,000 rubles;

Calculations were carried out for field sections with
a total area of 100 ha.

The following indicators were determined:

- planned yield based on the average field indicators,
c/ha;

- an average yield per a plot, c/ha

- arate of nitrogen application in the active substance
basing on average field parameters, kg/ha;

- an average rate of nitrogen application in the active
substance in separate plots, kg/ha;

- the maximum rate of nitrogen application in the
active substance in separate plots, kg/ha;

- the content of nitrogen in soil based on the average
field parameters, mg/kg;

- planned yield based on the average nitrogen content
in soil, t/ha;

- gross output, %;

- saved fertilizers, %;

- profit, %;

- profit per unit area according to average field
indicators, thousand rubles / ha;

- average profit for separate plots, thousand rubles/ha;

- excess profit per total area, thousand rubles/ha,

Formulas for calculating profit basing on the average
field indicators:

100
Iy =1y, Yy Sy = Dyl S 4
%
_HroppropSH _3HH(1)SH _unp _UKOHTp ’ (3)

for separate plots:

N 100
qu = Z(Hyp yiyq Siyq_DiBqu Uyz[ Siyq -
i=1 Ay,

_UropPropSiyl{ _3I/IH¢JSile )_Unp _UKOHTp 5 (4)
where /1, — profit based on the average field indicators,
rub.;

11, — profits from separate plots, rub.;

I, — the price of grain, rub./t;

1], — the price of nitrogen fertilizers, rub./kg;

A% — nitrogen content in the ammonium nitrate
phosphate fertilizer;

1], — the price of fuel, rub/l;

P,,, — fuel consumption, l/ha;

3. — the costs of obtaining information, rub./ha;

L., — the price of a GPS-navigator, rub.;

L ourp — the price of a controller, rub.;

V.. —yield on soil nitrogen, t / ha;

S, — the field area, ha;

Siy. — the plot area, ha.

According to the acidity index of the plot (field),
we can calculate nitrogen content in soil [7, 8]:

In( V)= 49801 In(pH )~ 6,713, ®)

According to the soil nitrogen and the amount of
nitrogen fertilizers introduced, we can determine the

AGRICULTURAL MACHINERY AND TECHNOLOGIES * Volume 12 + N4 + 2018



-
yield:
In(Y)=In(N,1.5+Np,,5,2)1,47454 —1,385487, (6)

where ¥y — planned yield based on soil nitrogen
expressed through soil acidity;

N,u —nitrogen content in soil expressed through
soil acidity;

N3, — active substance introduced with mineral
nitrogen.

In the program, the input data is a variable parameter.
At the end of the calculation, the values of the best
result for gross harvest and profit are displayed on the
screen. The form of the software interface is shown in
Fig. 1.
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Fig. 1. Type of software interfrace
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The objects of research and calculation were elementary
plots of crop areas of three farm enterprises - Prodresurs,
Agropoligon VIUA, and Murminskoye with different
types of soil: chernozem, sod-podzolic loamy soil, and
medium podzolic sandy loam soil.

The Prodresurs farm enterprise. The soil type is
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chernozem. The field area is 28 hectares. 56 plots.
Average soil indicators: humus 6.4%; pH 6.3; phosphorus
9.5 mg/100 g; potassium 9.3 mg/100 g. All plots have
an optimal and high content of soil nitrogen.

The Agropoligon of the Department of Long Field
Experiments at VNIIA. The soil type is sod-podzolic
loamy. The field area is 0,4 hectares. 400 plots. Average
agrochemical indicators: humus 1.95%; pH 5.9; phosphorus
18.3 mg/100 g; Potassium 14.5 mg/100 g. All plots are
divided according to the content of soil nitrogen into
areas with a low, optimal and higher content.

The « Murminskoye» farm enterprise. The soil type
is medium podzolic sandy loamy. The field area is 1832
hectares. 268 plots. Average agrochemical indicators:
humus 1.1%; pH 5.5; phosphorus 19.1 mg/100 g; Potassium
8.1 mg/100 g. Half of the plots are characterized with
low content of soil nitrogen.

REsuLTs AND DiscussioN. Tab. 1-3 show the calculations
of gross harvest, profit, average and maximum fertilizer
application per hectare, depending on the application
method.

The Prodresurs farm enterprise. The calculations
are based on the yield of 24.08 c/ha counted proceeding
from the average field indicators. From 7ab. I it can
be seen that a variable-rate application of fertilizers
for the planned yield, we have an increase in the average
and maximum fertilizer application per hectare.

Agropoligon VNIIA. In Tab. 2, the yields were
calculated basing on the average field indicators of
23.9 c/ha.

The Murminskoye farm enterprise. In Tab. 3, the
yields of 24 ¢c/ha were calculated basing on the average
field indicators.

With the uniform fertilizer application rate, the
profit is obtained by means of increasing the gross
harvest. With a variable-rate application for the planned
yield, the average application of fertilizers is greater,

PACYETHI BANNOBOrO CEOPA YPOXAS, NPUBbIN, CPELHEN Y MAKCUMATILHOM 103 BHECEHUSI YOEPEHUN
CALCULATIONS OF GROSS HARVEST, PROFIT, AVERAGE AND MAXIMUM APPLICATION OF FERTILIZERS
MaxcumaibHas
Baunosoii coop | [Tpu6buib, | Cpennsisi 103a BHece- | /1032 BHECEHHsI
Cnioco0 BHeceHHsI y100peHnii ypoxasi, i/ra | ThbIC. py0. | HUsI y1oOpeHwmii, Kr/ra | ynoopeHnmii, kr/ra
Method of applying fertilizers Gross harvest, | Profit, Average application | Maximum doses
centner/ha ths. rub. of fertilizers, kg/ha of fertilizer
application, kg/ha
ITo CPEAHUM ITOKA3aTECIIAM I1OJIA
Application of fertilizers on average values of the field 24,8 7,34 11,55 11,5
HuddepeHnmpoBaHHOE BHECEHUE IO/ IUTAHUPYEMYIO
YPpOXAWHOCTH
Differentiated application of fertilizers to the planned 2L 822 Ll s
yields
IIponopunoHanbHo-TUdGEepeHIInpOBAaHHOE BHECEHUE
Proportional-differentiated application of fertilizers il e 55 16,225
HuddepeHnnpoBaHHOE BHECEHHE HA 3 CTATUCTHYE-
CKHX MHTEpBaJIa IOYBEHHOI'O a30Ta
The differentiated application of fertilizers to three 24,31 7,63 11,55 16,26
statistical intervals of soil nitrogen
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because the gross harvest should be less than the From Fig. 2 it follows that with a variable-rate
planned yield. A comparison of the profit amounts for application of fertilizers, taking into account the three
the three soil types in four ways is shown in Fig. 2. statistical intervals of soil nitrogen values and proportional

variable-rate application, the profit obtained is
2 approximately the same; Proportional variable-rate
application of fertilizers on three soil types gives a
stable excess of profit as compared with the application
of fertilizers according to the average field indicators.
Further, this method is used for joint application of
mineral fertilizers and manure.

Prafit the. rub

TpuSein, T, g6,

< | In proportional variable-rate application of mineral
| fertilizers together with variable-rate application of

" e manure for the planned yield, the nitrogen rates are
T SRR, e SR e SRS | halved so that the total amount of nitrogen added is
N S Se T equal to the total amount of nitrogen introduced basing

on the average field indicators. The amount of applied
Fig. 2. Comparison of profits on three types of soils in four ways ~ organic and mineral fertilizers was calculated for the
planned yield of 30.5 c/ha.

Ta6nuua 2 Table 2

PACYETbI BANOBOIO CEOPA YPOXAS, MPUBbINN, CPEAHEA U MAKCUMAJIbHON 03 BHECEHUS YAOBPEHUN
CALCULATIONS OF GROSS HARVEST, PROFIT, AVERAGE AND MAXIMUM APPLICATION OF FERTILIZERS

MaxkcumaibHast
Baunosoii coop | [Ipn6suis, | Cpennsisi 103a BHece- | 1032 BHECEHHS
Crnioco0 BHeceHMsl y100peHHii ypo:xkasi, i/ra | TbIC. py0. | HUsI ynoOpeHuii, krira | ynoopenwuii, kr/ra
Method of applying fertilizers Gross harvest, | Profit, Average application | Maximum doses
centner/ha ths. rub. of fertilizers, kg/ha of fertilizer
application, kg/ha
Ilo cpenHUM Moka3aTensiM Most
Application of fertilizers on average values of the field 23,98 3,84 23,98 23,98
HNuddepeHnnpoBaHHOE BHECEHUE IO IUTAHUPYEMYIO
YpOXXaltHOCTh
Differentiated application of fertilizers to the planned 23,98 569 =5tk 99;90
yields
[IponopuronaTbHO-TUGGEPEHIIPOBAHHOE BHECCHHE
Proportional-differentiated application of fertilizers 218 Sl S BEED
HAuddepeHpoBaHHOE BHECEHNE Ha 3 CTaTUCTHYe-
CKUX HHTEPBaJa IIOYBEHHOTO a30Ta
The differentiated application of fertilizers to three 2ol S Sl St
statistical intervals of soil nitrogen

Ta6nuua 3 Table 3

PACYETbI BANOBOIO CEOPA YPOXAS, MPUBbINN, CPEAHEA U MAKCUMAJIbHON 03 BHECEHUS YAOBPEHUN
CALCULATIONS OF GROSS HARVEST, PROFIT, AVERAGE AND MAXIMUM APPLICATION OF FERTILIZERS

MaxkcumaibHast
Banosoii coop | [Ipn6buib, | Cpennsisi 103a BHece- | 1032 BHECEHHS
Crnioco0 BHeceHMsl y100peHHii ypoxas, n/ra | TbIC. py0. | HusI y100peHwmii, kr/ra | yno0penmuii, kr/ra
Method of applying fertilizers Gross harvest, | Profit, Average application | Maximum doses
centner/ha ths. rub. of fertilizers, kg/ha of fertilizer
application, kg/ha
Mo cpeHIM MOKA3aTEISIM OIS
Application of fertilizers on average values of the field 2106 6,09 44,67 44,67
HNuddepeHnnpoBaHHOE BHECEHUE IO INTAHUPYEMYIO
YpOXaHOCTH
Differentiated application of fertilizers to the planned 2,06 3,93 i 96,17
yields
IponopuuoHanbHO-Iu( HepeHHPOBAHHOE BHECCHHE
Proportional-differentiated application of fertilizers 20 1.4 7 122
HuddepenurpoBaHHOE BHECEHUE HA 3 CTATUCTUYE-
CKHX HHTEpBaJIa IOYBEHHOI'0 a30Ta
The differentiated application of fertilizers to three 202 f Ainllo 2y
statistical intervals of soil nitrogen
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The profit accounted for:

- 0.17 thousand rub./ha (or 1.36%) for the Prodresurs
farm enterprise;

- 1,56 thousand rub./ha (or 8,7%) for the Agropoligone
VNIIA

- 2.8 thousand rub./ha (or 40.6%) for the Murminskoye
farm enterprise.

Concrusion. Calculations have shown that the
application of organic and mineral fertilizers is most
effective on medium podzolic sandy loamy soils, in
this case the profit was 40.6%, with the application of
nitrogen in the amount of 63 kg a.m./ha basing on the
average field indicators. On sod-podzolic soils, the
percentage of profit was equal to 8.7%, when nitrogen

- M MACHINERY FOR PLANT GROWING

was applied in the amount of 51 kg a.m./ha basing on
the average field parameters. On chernozems, the
amount of profit is the smallest (1.3%), with the introduction
of nitrogen in the amount of 29 kg a.m./ha basing on
the average field parameters.

Among numerous calculations kept in the database
there are also less profitable options. The method of
complex joint variable-rate application of mineral and
organic fertilizers for all three types of soils: (black
earth, sod-podzolic loamy, and medium podzolic sandy
loam) allows to reduce the amount of solid mineral
fertilizers by half, increase the gross harvest output
and obtain a positive economic effect.
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