
44

, 
, 2

02
0.

 –
 

3(
40

)
DOI 10.52260/2304-7216.2020.3(40).5

UDC 68.75.91
SCSTI 631.1

S. Tokenova*, senior lecturer1

A. Aitkhozhina, master, senior lecturer2

S. Seifullin Kazakh  AgroTechnical University1

Nur-Sultan, Kazakhstan
Kazakh University of Economics, Finance
and International Trade2

Nur-Sultan, Kazakhstan
e-mail: alia_eleusizovna@mail.ru

ECONOMIC EFFICIENCY FROM THE IMPLEMENTATION
OF NEW TECHNOLOGIES FOR CROPS

Transformations in the food sector are primarily associated with technological reform of the
industry. Currently, society is beginning to understand the priority role of high-performance production
as a strategic factor for achieving the competitiveness of domestic agribusiness, but the tools of economic
analysis and assessment of the effectiveness of innovation, namely for the introduction of progressive
technologies that are adequate to modern market conditions, are currently absent in agricultural
economic science, which does not allow to single out separately and accurately the influence of
technology on productivity growth.

he article discusses the decision on whether the introduction of newtechnology in agriculture is
rationally sound is made in terms of cost advantages representing the combined savings of all operating
resources (human labor, materials, capital investment) that agricultural enterprise receives as a result
of using advanced technologies in organic farming and soil management and which ultimately results
in increasing income in agricultural planning and economic.

It was also revealed that the economic efficiency of the measures depends on the ratio of the
values   of the stored crop, taking into account its quality and the cost of using plant protection products
soil protection products.

It is quite fully determined by indicators of net income, cost and labor productivity and. But each
of these indicators highlights only one side of the business process. Therefore, the economic efficiency
of plant protection measures can be characterized only by a set of indicators.

Keywords: economic process, economic efficiency, zero technology, minimal technology, agri-
cultural planning, wheat production, labor productivity, complex tractor, environmental situation, the
cost of production.
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Introduction. The economic efficiency of
technologies depends on the ratio of the con-
served harvested crops, taking into account its
quality and the cost of using crop protection

agents. It is quite fully determined by the indi-
cators of net income, cost of production, and
labor capacity. But each of these indicators
highlights only one aspect of the economic
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process. Therefore, the economic efficiency of
measures to introduce technologies can only
be characterized by a set of indicators.

The theory and methodology of this thesis
are based on the problems of evaluating the
effectiveness of the application of one or ano-
ther innovative technology for the cultivation
of grain in general and grain in particular.

The information base for research includes
the statistics of Mongolia, immediate informa-
tion from the Ministry of Agriculture, scientific
publications on the studied issue and other sources.

The following methods have been used for
conducting this research: abstract-logical, sta-
tistical-economic.

Literature review. Based on the research
results, published in [1] Social and educational
project L’Association 1901 «SEPIKE» to improve
knowledge in the field of economics. ISSN
(print): 2196-9531, Index Copernicus ICV 5.15,
2019; [2] in the IOP conferences: Earth and
Environmental Sciences doi: 10.1088 / ISSN:
1755-1307, vol. 341, 2019 (SciVerse Scopus);
[3] Topical issues of modern science and edu-
cation: materials of the XVII international scien-
tific and practical conference (Kirov, April 17-
20, 2018) / Kirov branch of the Moscow Financial
and Law University MFLA. – Kirov: MFYuA,
2018. – 897 p. ISBN 978-5-94811-286-2 (RSCI);
[4] Eurasian international scientific-analytical
journal «Problems of modern economics», 2011.

The existing domestic methods of asse-
ssing the effectiveness new agricultural techno-
logy’s introduction analyze only the economic
aspect of problem. They are applied only to
the conditions of the planned economy. The
existing domestic methods for assessing the
effectiveness of the introduction of new agri-
cultural technologies do not allow to provide
separately and accurately the influence of tech-
nology on the increase in productivity. In addi-
tion, the applied methods of economic asses-
sment of technologies require improvement.

Research on the development of grain
production (wheat). The country’s economy
has developed a steady price disparity for

agricultural products and the resources needed
for wheat production. Tariffs for energy resour-
ces are increasing, prices for farming machi-
nery, equipment, and fuel are rising, and prices
for crop products remain low. In these condi-
tions, it is necessary to increase production per
unit area at a minimum cost.

There is an increasing need for the use of
advanced scientific developments, where high
productivity of crop production will be achie-
ved mainly due to the technologies used and
with the limited use of herbicides.

The evaluation of economic efficiency of
wheat cultivation is based on the computation
of yield, upon which the volume of sales de-
pends, and therefore the net income and the
level of profitability [4].

The lower the cost of grain production is,
the higher is the economic efficiency of grain
growing and production. The performance
indicators reflect the use of all inputs of pro-
duction: land, labor, and material resources. The
main indicators are the manufacturing costs,
profitability, net income per unit of area, and
costs per unit of production.

Regardless of the yield level, there are con-
stant expenses that the farmer bears on each hec-
tare of crops: plowing, cultivation, harrowing,
seed rolling, seeding, sowing, seeds, harvesting,
etc. These are unavoidable expenses. You can
reduce them using ‘low-cost technologies’ for a
certain, short time or at the expense of the qua-
lity of crops, which will inevitably affect the pro-
ductivity of the fields over time. Moreover, it will
affect them downwards. Thus, the larger is the
hectare, the higher are the costs. Conclusion: to
look for ways to reduce fixed costs [5].

The technology of minimum tillage has
gained global significance due to its environ-
mental and economic advantages, which inclu-
de limiting wind and water erosion of the soil, as
well as a significant reduction in production costs.
The positive elements of the minimum techno-
logy are reduction of production costs, as a rule,
by 25-30%, a decrease in the impact of chemi-
cal and mechanical agents on soil, leading to
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soil degradation and unfavorable environmental
situation. The disadvantages of such technolo-
gy are as follows: small-scale cultivation does
not create the optimal soil structure in the plough-
layer, necessary for plants; does not provide
meltwater absorption into a low level, especially
with heavy snow; does not cope with the destruc-
tion of rhizomatous and offset weeds [5].

The yield of winter wheat and the cost of

grain when growing it with minimal and zero
tillage is slightly lower than with traditional
technology with all tillage operations. Howe-
ver, due to lower costs for its cultivation, the
cost of grain is much lower with minimum and
zero technology.

Let us consider the scale of implementa-
tion at enterprises in the central region of Mon-
golia (table 1).

Table 1

The scale of advanced technologies introduced in the central region
 of Mongolia 2009-2019 *

 Indicators Number of 
enterprises 

1. The total number of enterprises, units  1400 
2. The number of enterprises with the introduction of new technology, units 496 
3. Coverage of agricultural enterprises with new technologies, % 35,4 

* Based on statistics entral ongolia 

According to the table, by the end of
2019, the coverage of agricultural enterprises
with new technologies in the central region was
35,4%, that is, 496 enterprises out of a total of
1,400 enterprises. If we take into account ‘Gat-
suurt’ LLP, the company used traditional tech-
nologies until 2012, but since 2012 the scale
of implementation was 72,5%, and from 2015-

2019, its coverage had already been 100%. In
the central region of Mongolia, the scale of in-
troducing crop acres using resource-saving
technology was 257,714 thousand hectares of
the entire crop acreage in 2012. That is, only
19% used resource-saving technologies; by
2017, the percentage of introducing new tech-
nologies reached only 38% [6].

Table 2

Economic efficiency indicators of wheat cultivation depending
on the applied technologies for 2009-2019 *  

Indicators Unit of 
measurement 

Traditional Minimum Zero 
 

'Gatsuurt' LLP, Mongolia: USD / Tugrik exchange rate as of 2019 (2440.63) 
Average prices, per ha tugrik/ USD 420 000 

/$172 
420 000/ 

$172 
420 000 
/$172 

Costs, per hectare tugrik / 
USD 

295 192.7 
/$120.9 

268 998.4 
/$110,2 

267 549.8 
/$109.6 

Yield capacity C / ha 15.6 16.0 17.6 
Profitability % 42.27 56.13 56.98 

* Based on company data «Gatsuurt» [7]
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Table 3

The cost structure for wheat production (on average) for 2009-2019*

traditional minimum zero  
Cost items Price, 

tugrik 
Price, 
USD 

Propor
tion % 

Price, 
tugrik 

Price, 
USD 

Propor-
tion % 

Price, 
tugrik 

Price, 
USD 

Propor-
tion % 

'Gatsuurt' LLP, Mongolia, on average for 1 ha, Tugrik 
Fuel and 
lubricants 89 800 36.79 30.42 80 860 33.02 30.22 80 600 33.13 29.96 
Salary for 
operating 
personnel 43500 17.82 14.74 32790 13.44 12.19 32870 13.47 12.29 
Deprecia-
tion  18810.4 7.71 6.37 18678.9 7.65 6.94 18245.6 7.48 6.82 
Equipment 
maintena-
nce 5930 2.43 2.01 4760 1.95 1.77 3190 1.31 1.19 
Electricity 192.3 0.08 0.07 171.66 0.07 0.06 168.9 0.07 0.06 
Other 
expenses 8320 3.41 2.82 2645 1.08 0.98 3456 1.42 1.29 
Seeds 96000 39.33 32.52 91928.5 37.67 34.17 89579.3 36.70 33.48 
Pesticides 19440 7.97 6.59 23424.4 9.60 8.71 25180 10.32 9.41 
Fertilizers 13200 5.41 4.47 14000 5.74 5.20 14000 5.74 5.23 
Total  
average: 295,192 120.95 100 268,998.4 110.22 100 267,549.8 109.62 100 

 * Based on company data «Gatsuurt» for 2009-2019

The use of advanced scientific deve-
lopments increases labor productivity, which
means that it is possible to produce the necessa-
ry amount of material goods with fewer labor
costs and, accordingly, with fewer people en-
gaged in material production, which is a good
reason for studying the economic efficiency of
the use of new technologies (table 2).

As it can be seen, the greatest economic
efficiency from the introduction of new techno-
logies is obtained by zero treatment of grain
production – the profitability reaches from 37,5
to 56,98% at the least costs. According to the
table, the cost of 1 centner of grain under tra-
ditional technology is 5593,5 tenge (USD 17,4),
the cost of 1 centner /ha in Mongolia under the
traditional technology is 18922 Tugrik (USD
7,8), under the minimum – 16812,4 Tugrik (USD
6,9) and under zero – 15201,6 Tugrik (USD
6,2), which is confirmed in the above model.

Let us calculate the impact of crop pro-
ductivity (x1) and the share of areas tilled under
new technologies (x2) on the prime cost (y).

As a result of the correlation and regres-
sion analysis, the following equation is obta-
ined: y = 2120 - 1,82 1 – 161,5x2 - ‘Gatsuurt’
LLP which shows that the connection between
the indicators is reversed: with an increase in
the percentage of the area by 1% with advanced
technologies introduced, the cost is reduced to
161.5 tugriks (USD 0,06), and with the incre-
ased yield by 1 centner /ha, there is a decrease
of  cost  in  the  amount  of  1.82  tugriks  (USD
0,07), provided that the factors act simulta-
neously.  The index of correlation was R=0.92,
the connection is strong [8].

Let us look at the evaluation of costs per 1
ha, tenge for wheat production, including direct
expenses under the flow process chart (table 3).
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According to table 3, it can be seen that
there is a saving on fuel and lubricants. If under
the traditional technology the share at ‘Gat-
suurt’ LLP is 30%, under zero soil treatment
the share is about 20%, 6.7% respectively. The
analysis of the economic efficiency of wheat
production with the use of zero technology allo-
wed to save fuel by 27 l / ha, taking into account
that the reduction of equipment running
through the field, the cost of equipment and
personnel with zero technology are lower than
under the traditional by 24.4% - ‘Gatsuurt’ LLP.

Since plowing is an energy-consuming
approach, it leads to high wear of equipment:
with zero technology, depreciation is reduced
by 3% for ‘Gatsuurt’.

The cost of herbicides is reduced almost
at 48.8 % compared to traditional technology,
as under zero soil treatment stubble remains
(plant residues) are not carried from the field,
organic substances remain in the soil, which
reduces the need for using fertilizers, so the
costs of fertilizer are reduced in Kazakhstan,

whereas in Mongolia, on the contrary, there is
an increase by 6% since the plant remains are
eaten by cattle. The growth of pesticides by
29.5% at ‘Gatsuurt’ LLP is motivated by the
fight against pests and weeds. In general, when
comparing the zero technology with the traditi-
onal one, there are cost savings of 9.3% at
‘Gatsuurt’ LLP [9].

The costs associated with their use at the
first stage of the phytosanitary situation deterio-
ration may increase due to the content of spring
cereals impurities with oatgrass, which invol-
ves the use of special anti-oat herbicides, as
can be seen on the example of ‘Gatsuurt’ LLP.

However, these calculations do not take
into account the fact that the cost escalation
for plant protection in resource-saving agricul-
ture is observed only at the first stage of such
systems implementation, in the future, the need
for pesticides is significantly reduced. 

Let us consider the additional expenses on
the efficiency of grain cultivation technology
(table 4).

Table 4

The operational and economic indicators (on average) of grain (wheat)
cultivation per 1 ha of crops *

Type of technology 
traditional minimum zero 

 
Indicators 

 
Unit of measurement 

John Deere 8353 
Useful swath width metre 8.0 8.0 8.0 
Depth of cultivation cm 17-18 10-12 - 
Speed of operation km / h 6.7-6.9 8.1 14.2 
Production rate ha / hour 2.66 2.66 8.18 
Fuel consumption kg / ha 18.6 12.4 6.2 

 

To analyze the main indicators of soil
cultivation when comparing the three techno-
logies, we used the John Deere – 8353 system,
whose useful swath width is 8 m in terms of
technological parameters.

The depth of cultivation in traditional soil

treatment involves autumn cultivation (autumn
plowing), the depth of which is 17-18 cm.
When using this technology, there is also spring
cultivation with an average depth of 10-12 cm.

When using minimum technology, pre-
sowing treatment is applied to a depth of 10-

* Based on company data «Gatsuurt»
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Table 5

 Reserves of productive moisture in steam and grain fields depending on the system of
tillage in ‘Gatsuurt’ LLP, Mongolia (2012-2019) *

Productive moisture, mm Soiltechnology 

Before sowing Before harvest time 
Traditional 19.8 17.9 
Minimum 39.8 25.1 
Zero 

On average by 
crop rotation 

47.2 44.8 

   * Based on company data «Gatsuurt» 

12 cm. Replacing deep cultivation with more
yielding, smaller, or surface ones, using wide-
cut implements with active tools that provide
high-quality cultivation per one running of the
unit. In this regard, the least number of complex
tractor units running across the field is achieved
during the entire process of crop cultivation as
the most important condition for preserving
potential fertility and protecting the soil from
erosion, improving the balance of humus, re-
ducing the loss of soil nutrients and moisture.

When using zero technology, soil treatment
is used for direct seeding combining operations
in one work process, where seedbed combination
used, allowing several technological operati-
ons to be performed in one work process.

This is effective both in agrotechnical and
economic terms. To analyze the main indicators
of soil cultivation when comparing the three
technologies, we used the John Deere – 8353
system, whose useful swath width is 8 m in
terms of technological parameters.

The depth of cultivation in traditional soil
treatment involves autumn cultivation (autumn
plowing), the depth of which is 17-18 cm.
When using this technology, there is also spring
cultivation with an average depth of 10-12 cm.

When using minimum technology, pre-

sowing treatment is applied to a depth of 10-
12 cm. Replacing deep cultivation with more
yielding, smaller, or surface ones, using wide-
cut implements with active tools that provide
high-quality cultivation per one running of the
unit. In this regard, the least number of complex
tractor units running across the field is achieved
during the entire process of crop cultivation as
the most important condition for preserving
potential fertility and protecting the soil from
erosion, improving the balance of humus, redu-
cing the loss of soil nutrients and moisture [10].

When using zero technology, soil treat-
ment is used for direct seeding combining ope-
rations in one work process, where seedbed
combination is used, allowing several techno-
logical operations to be performed in one work
process. This is effective both in agrotechnical
and economic terms.

For all types of new grain sowing units
(sowing machines), there was a steady decrease
in fuel consumption by a comparable scope of
work from 42.1% in comparison with the tra-
ditional technology, as well as the higher speed
of 7.3 km/h with traditional and 4.7% km/h
with zero technology, although all the consi-
dered options for new sowing units (machines)
are effective, see table 5.

At ‘Gatsuurt’ LLP, according to the mini-
mum and zero technology, water availability is
close to 39.8-47.2 mm before sowing, 25.1-44.8
mm before harvesting. The lowest water avai-

lability by traditional technology before so-wing
is 19.8 mm and before harvesting - 17.9 mm.

According to all the conducted ratios, it is
clear that the acceptable and most profitable
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One of the most important ways to impro-
ve crop production is to optimize current costs,
that is, to reduce the cost of production. High-
efficiency resource-saving technologies are of
primary importance here.

They not only partially reduce the environ-
mental impact throughout the country, but also
are very profitable from a financial point of
view for the agricultural enterprises themsel-
ves. The less fuel, electricity, fertilizers, seeds,
labor hours, and other resources are spent on
the unit of production, the lower its cost, and
the higher the profit from its sale.
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