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Abstract. The negative balance of the reproduction of soil energy indicates a deep ecological and energy crisis in
agriculture. Analyzed: indicators of the use of biological factors, such as solar energy and the energy of soil fertility,
affect the ecological and economic efficiency of agricultural production; the efficiency of using solar energy and the
coefficient of its efficiency. The required level of productivity has been determined to maintain the annual deficit-free
soil balance in the western region of Kazakhstan. The necessity of state regulation to determine the critical threshold
of the yield level to compensate for the deficiency of soil energy at the expense of other sources of organic matter has
been substantiated. For the modernization and ecological optimization of agriculture, a bio-energetic model of individual
crop rotations was built, which also includes indicators of crop yield, the degree of mineralization of soil organic matter
and some other standard indicators.
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optimization of agriculture, bioenergy model.

JEL codes: Q14, Q40, Q15

AxpnaTtna. Tonblpak 3HeprusacbiHbiH yOanbl ©HAIPICIHIH Tepic canb4oChl aybin  LWapyalwblnbifblHOafbl Teper
aKonorusAnblk-aHepreTUkanbolK AaFaapbiCTel kepceTeni. buonornsnblk gaktopnapabl nanpganaHy KepceTkilTepi,
Mblcarnbl, KYH 3HEPTUSIChI )XaHE ToMbIpaK KYHapIbINbiFbIHbIH 3HEPTUSACHI aybiN WapyaLlblfibiFbl ©HAIPICIHIH 3KONOrnSAnbIK
KOHEe 9KOHOMMKanbIK TUIMAINIriHE acep eTefi; KyH 3HEpPrusiCbiH navganaHy TWIMAiNIri XKeHe OHbIH, TUIMAIniK
koacbpuumneHTi TangaHraH. KasakctaHHblH 6aTtbic aiMarblHAarbl Kbl CalblHFbl TaMLWbILIKCLI3 ToMblpaK 6anaHcbiH
cakTay YLWiH KaXXeTTi eHiMAinik AeHreni aHbikTanabl. Tonbipak SHEPTUSACHIHbIH TanLWbIbIFbIH OPraHUKarnbIK 3aTTapablk,
bOacka ke3gepi ecebiHeH eTey YLWiH LWbIFbIMAbBINbLIK AEHreNMiHiH LIeKTi WeriH aHblKTayabl MeMIekeTTiK peTTeyaiH,
KaxKeTTiniri genenaeHdi. Aybin WapyallblblfFbiH XXaHFbIPTY XXOHE 3KOMOrMANnbIK OHTannaHabIpy YLUiH Xeke aybicrnansl
erictepaiH OuosHepreTUkanblk Modeni canbiHObl, OFaH COHbIMEH KaTap AakbingapablH eHiMAiniriHiH, kepceTkiwTepi,
TOMbIPaKTbIH OpraHuKanblk 3aTTapblHbIH, MUHEpPanaaHy Aapexeci xaHe kenbip 6acka ga cTaHgapTTbl KepceTkiTep
Kipeni.

TyniH ce3pep: KyH 3Heprusicbl, TonblpaK KyHapPbIbIfblHbIH 3HEPIUSChl, 3KOMOMMANbIK 3KOHOMMUKAnNbIK TUiMAinik,
ToMbIpak-aHepreTMkanblk 6anaHc, 3KONOrMAnbIK aybin WapyallbifbifbiH OHTaknaHabIpy, 6Uo3aHepreTUkanblk MOAeNb.

JEL koaTap: Q14, Q40, Q15

AHHOTaumsa. HeratvBHbii 6GanaHC BOCMPOM3BOACTBA MOYBEHHOW 3HEpPrun CBUMAETENbCTBYEeT O rnybokoM
3KONMOrMYECKOM U 3HEPreTMYEecKOM Kpuauce 3emnegenvsi. AHanmMsMpyroTCcs: MNokas3aTenu  UCMOMb30BaHUSA
6uonornyecknx akTopoB, Kak COMHEYHas 3HEPTUs U SHEPIUst MOYBEHHOIO MIOAOPOANst BO3AENCTBYET Ha 3KOMOro-
3KOHOMMUYECKY 3PEKTHOCTb CEMNBbCKOXO3SINCTBEHHOIO NPOM3BOACTBA; 3h(EKTUBHOCTL UCNONb30BaHNS CONTHEYHOW
aHeprun 1 koadduumneHT e€ nonesHoro Aencteusa. OnpeneneH HeoOXoOMMBIN YpPOBEHb MPOAYKTUBHOCTU Anis
nopaepxaHua exerogHoro 6e3pgedwuunTtHoro GanaHca nouBbl B 3anagHom pervoHe Kasaxctana. O6ocHoBaHO
HeOOX0AMMOCTb rOCY4apCTBEHHOrO PEerynmpoBaHusa AN onpenerieHnst KPUTUYECKOro nopora YpoBHS YPOXamHOCTU
Ons KoMneHcauun AeduumT MOYBEHHOW 3HEPTrUM 3a CYET MHbIX MCTOYHMKOB OpraHvku. [Ona mopepHusaumm u
3KONMOrMYECKO OMNTMMM3AUUM  CENbCKOrO  XO3ANCTBA MNOCTPOeHa OuoaHepreTnyeckass Mogenb  OTAENbHbIX
CceBOOOOPOTOB, KOTOpas Takke BKMYAET MOKasaTeNu YPOXaAMHOCTb CEIbCKOXO3AWCTBEHHbIX KynbTyp, CTENEeHb
MWHepanM3aLumM opraHM4eckoro BeLecTBa NoYBbl U HEKOTOPbIEe ApYyrie HOpMaTMBHbIE NokasaTenu.

KnioueBble cnoBa: cornHeyvHasi 3HepPrusi, S3Heprust MOYBEHHOMO MIOAOPOANSI, SKOMOro-aKOHOMMYeckast 3PPeKTHOCTb,
NOYBEHHO-3HEPreTMYECKNiA 6anaHc, akornornyeckas onTMMM3aLmMmn cenbCcKoro Xo3ancTea, bMosHepreTuyeckas Moaernb.
JEL koabl: Q14, Q40, Q15

Introduction updated by analyzing the degree of
Assessment of the efficiency of ecological and energy feasibility of this agro-
agricultural production in the context of ecological system.
applying the principles of a green economy is In this regard, it should be emphasized
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that the main energy factors of agricultural
production were, are and will remain in the
foreseeable future solar energy, soil energy
potential and anthropo-technogenic energy.

Based on the calculations carried out,
the ratio of the energy of each factor in the
conditions of  Western Kazakhstan,
respectively, is approximately 630: 300: 1. In
other words, every year in the agriculture of
the region for 1 wunit of energy of
anthropogenic origin, consumed in the
production process, there are 630 units of
incoming solar energy; in this case,
respectively, the total potential of soil energy
in the amount of 300 units is involved.

Each of these factors has its own
ecological functions in the process of energy
functioning and reproduction of agro-
ecological systems. It should be emphasized
that the direction and efficiency of the
implementation of these functions has a
direct economic interpretation. So, any
increase in the efficiency of using solar
radiation or soil energy, which does not
require additional costs of technogenic
resources, leads to an increase in the
efficiency of the entire agriculture. And vice
versa, ecologically unjustified agriculture,
accompanied by the degradation of the soll
cover and soil energy potential, leads to a
decrease in  productivity, agricultural
productivity, makes it necessary to attract
ever increasing amounts of technogenic
energy, which ultimately results in a sharp
decrease in the overall efficiency of the
industry.

The energy of the sun (photosynthetic
energy) is the only external planetary source
that, in a broad sense, generally determines
the flow of energy to the Earth's surface and
the very possibility of the functioning of all
biological systems.

Soil energy is traditionally referred to
as the secondary energy factor of agro-
ecosystems. It is traditionally considered as
the fundamental ecological basis of
biological systems based on photosynthesis
of organic matter. Any alternative energy
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sources that enable the functioning of
agriculture in the near future are, in principle,
impossible.

Man-made energy is the only social
factor fully regulated and controlled by man.
The limiting social aspects of such
governance are economic motivations. At
the same time, the ecological factors of the
existence of society also in all cases have a
certain  economic  basis. Efficiency,
ecological feasibility, and the degree of
reproduction of the energy of soil fertility and
testifies to the level of perfection and
ecological development of civilization.

Methods and Materials

The analysis of indicators of the use of
biological energy of solar energy and energy
of soil fertility, revealed the possibility of
assessing the ecological and economic
efficiency of agricultural production in
western Kazakhstan.

Published data indicate that the annual
input of solar energy in the region is 2.1-2.2
x 107 MJ / ha. It is well known that in the
process of photosynthesis, up to 95-98% of
organic matter is formed. At the same time, it
is believed that certain limitations determine
the fact that only about 40% of direct solar
radiation actually participates in
photosynthesis (Bulatkin, 2019; Lebedko,
2020; Kussainov, 2000; Machneva, 2019;
Sadanov, 2019; Khlestkina, 2020).

The structure of effective
photosynthetically active radiation (PAR)
under the conditions of western Kazakhstan
is presented in Table 1. As you can see,
during the active period of agricultural work
in the region - from May to October - more
than 70% of the total PAR is received.

The analysis of the dynamics of the
efficiency of using solar energy was carried
out by us according to such an indicator as
the efficiency of the PAR or the coefficient of
its efficiency (efficiency of the PAR),
determined by the ratio of the energy of the
crop and the incoming effective PAR.

Table 1 — PAR inflow in western Kazakhstan during a calendar year, MJ / m2

Month

Value

January

55

February

90

March

150

April

220

95
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May

295

June

320

July

315

August

270

September

210

October

125

November

65

December

35

Total for the year

2150

Let us consider the regularities of the
dynamics of the efficiency of the use of solar
radiation, adhering to the differentiation with
respect to individual, most characteristic (as
we have already established in the process
of analyzing the dynamics of productivity and

costs) chronological stages of the
development of agriculture in western
Kazakhstan. These stages include the

beginning and middle of the 50s, the middle
of the 60s, the middle of the 70s, the middle
of the 80s, as well as the end of the 90s. and
early 2000s. The data obtained in this case
are presented in Table 2.

The table was compiled by the author

First of all, it should be noted that
throughout the entire study period, there was
a fairly active dynamics of the studied
indicator.

So, in general, the efficiency of the
PAR increased from (beginning - mid-50s) to
0.5 (mid-60s), 0.6 (Mid-70s) and 0.7% in the
mid-80s. x years. The overall growth was, as
we can see, 150%. The agricultural crisis of
the 90s - early 2000 led to a sharp
deterioration in the efficiency of solar energy
use to the level of the beginning - mid-50s,
i.e. before the start of active development of
virgin and fallow lands (Table 2).

Table 2 — The efficiency of using PAR in agriculture in the West Kazakhstan region

Time periods Efficiency, PAR, %
Beginning 50s 0,3
Mid 50s 0,3
Mid 60s 0,5
Mid 70s 0,6
Mid 80s 0,7
End 90s-early 2000 0,3

It should be recognized that, to a large
extent, the dynamics of the PAR energy
efficiency indicators was also characterized
by discrete fluctuations caused, as we have
already noted, by the influence of extreme
weather conditions in certain years.

Results (classification)

Consequently, the data obtained give
us sufficient grounds to believe that the more
than 2-fold increase in the efficiency of
photosynthesis and the use of solar energy
in general in crop production in the West
Kazakhstan region is a direct result of the
intensification of agriculture in the mid-50s -
80s and in particular, the general growth in
the use of man-made costs in production.
Such a qualitative transformation of
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agriculture determined the general increase
in the efficiency of agricultural production by
the period of the 70-80s.

Based on these patterns, we believe
that the prospects for agriculture in the region
are in the growth of the efficiency of using
solar energy. At the same time, the factors
that determine such growth should be based
primarily on a biological rather than on a

technogenic nature, which will make it
possible to achieve truly intensive
development. These factors are new

varieties and breeds of animals, soil-saving
farming systems and certain technologies in
crop production, the widespread use of
science-intensive ("high") technologies.

At the same time, we believe that the
development of national agriculture should
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provide for both the qualitative and
guantitative growth of its technical potential.
These factors include the creation and
implementation of modern, more productive
and resource-saving technology, the optimal
use of chemicalization and protection
means, etc. It should be emphasized once
again that progress in agriculture is
unthinkable  without the creation of
appropriate economic incentives that could
determine the appropriate motivation for
active entrepreneurship, innovation, and
justified economic risk.

In this regard, it is advisable to focus on
the following circumstance. If we analyze the
data obtained once again, it should be
recognized that the factor of the qualitative
transformation of agricultural production in
the economic sense was quite noticeable in
the region during the 50-80s. At this time
agricultural productivity grew faster than the
dynamics of costs. Recall that in this case,
production increased 6.8 times, while costs -
less than 5 times.

The problem of preserving soil fertility
arose simultaneously with the emergence of
active farming. At the same time, modern
agriculture provides for the alienation of a
significant amount of energy from
agroecosystems in the form of basic and
valuable by-products. At the same time, the
process of mineralization (decomposition) of
soil organic matter is sharply accelerated,
which upsets the stability of the balance in
the negative direction.

As shown by the results of our
ecological and energy analysis, traditional
farming in Kazakhstan does not ensure the
proper preservation of soil fertility.
Apparently, taking into account world
experience, such problems are universal for
all agricultural regions, regardless of the
degree of technogenic intensification of
production, both for extensive low
mechanized agriculture and the industrial
agrarian sphere. It should be emphasized
that it is this circumstance that is the main
one in the process of developing further
optimization measures in the national
agriculture.

Soils that are prone to water and wind
erosion are characterized by extremely low
fertility. On such deflated soils, the yield is
60-70% lower than on non-deflated soils.
Unfortunately, the area of such lands has a
steady tendency to increase. Soil fertility
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studies indicate that practically all soils used
in agriculture on the territory of the West
Kazakhstan region need to replenish the
reserves of organic matter and improve their
agrophysical properties.

The value of the internal energy of soll
organic matter is a universal indicator for
assessing potential fertility. This
methodology provides for the analysis of the
efficiency and reproduction of soil energy
potential through the ratio of the processes
of synthesis and decay of organic matter.
This ratio for a certain period of time
characterizes the humus regime of the soil
and is considered the main parameter of the
intensity of the  accumulation or
mineralization of organic matter.

Thus, the ecological perfection of the
farming system and the efficiency of the
reproduction of the potential of soil fertility
are assessed by the achieved degree of
maintaining a deficit-free energy balance of
the soll.

When constructing a general balance
of the reproduction of the soil energy
balance, we used the difference between the
input of energy flows (in the form of actual
volumes of humified organic matter of plant
residues and organic fertilizers) and their
standard losses (energy of humus
mineralization in the soil) per 1 ha of arable
land. This approach has been fundamentally
tested and recommended for studies of
changes in the content of soil organic matter

in intensive farming under production
conditions. At the same time, most
researchers suggest abstracting from

calculations of humus losses due to erosion
(Alkhasov, 2020).

The construction of such a balance
involves the analysis of outgoing and
incoming energy vectors. The factor of
mineralization of soil organic matter should
be considered such a negative (outgoing)
vector. The positive (incoming) factors of the
soil energy balance should include the intake
of organic matter in the form of plant
residues, agricultural crops, green manure,
as well as traditional and non-traditional
types of organic fertilizers.

Table 3 shows some of the energy
characteristics of modern technologies in
crop production, published in the scientific
press and which, in our opinion, can be used
as standard indicators in the analysis of the
ecological and energy efficiency of
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agriculture in Kazakhstan. Analyzing the
given tabular data, they show that the
ecological character of modern agriculture
has a generally negative energy orientation
in relation to maintaining a deficit-free
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balance of soil energy potential. This point of
view is based on the fact that in most cases
the required yield at the current technological
level of agriculture for most crops is
unattainable even in theoretical terms.

Table 3 — Ecological and energy characteristics of growing major crops

| . Compensating energy Yield level
ntensity of ;
. o - volumes of plant required to
mineralization of Coefficient of ; X . S
: : e residues, which, taking maintain a
soil organic humification : -
Crops into account the deficit-free
matter, of plant e
' humification balance of
t/ha/thous. residues . .
MJ / ha coefficient, shc_)uld energy soil
enter the soil potential, t / ha
Winter - wheat 0,70/ 16,1 0,20 80,7 4,2
and rye
Barley 0,70/16,1 0,22 73,3 54
Peas 0,80/ 18,4 0,23 80,2 6,7
Corn for grain 1,56/36,0 0,20 180,0 11,8
Silage corn 1,47/33,9 0,17 199,3 89,0
Sunflower 1,39/ 32,0 0,14 228,8 11,2
Annual herbs 0,70/ 16,1 0,22 73,3 20,0
Perennial herbs 0,60/13,8 0,25 55,3 7,2
Black steam 2,20/50,0 - 210,0 -

The data in Table 4 make it possible to
judge the extent to which the required level
of productivity has been achieved in modern

The table was compiled by the author

agriculture in  Western Kazakhstan to
maintain an annual deficit-free soil energy
balance.

Table 4 — The level of ecologically sound productivity of the main agricultural crops

in the West Kazakhstan region

Average(70-80s) Small indicators

L Degree of realization - Degree of realization

Cultures Productivity, of tghe required yield, Productivity, t of tghe required yield,
t/ha % / ha %
Winter wheat 1,2 29 2,6 62
Winter rye 1,0 24 1,8 43
Spring wheat 1,0 20 2,0 40
Spring barley 1,1 20 2,0 37
Peas 0,7 10 1,1 16
Millet 1,1 20 2,0 36
Oats 1,1 21 2,2 42
Silage corn 8,0 9 16,0 18
Annual herbs 7,5 38 11,0 55
Perennial herbs 6,7 93 8,1 113

As you can see, even the highest
indicators are clearly insufficient from an
environmental point of view. In this case,
from 18% (when growing corn for silage) to
62% (when growing winter wheat) of the
annually consumed soil energy was
reproduced. If we take into account the
average yield indicators, then the degree of
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realization of ecologically necessary
productivity was most often from 10 to 30%.

It should be emphasized that the most
significant influence on the achievement of a
deficit-free balance of the use of soil fertility
energy was and is still exerting motivation for
an all-round increase in the vyield of
agricultural crops. Until now, this has been
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done most often without any environmental
focus. We Dbelieve that the factor of
productivity can be rightfully attributed to the
decisive factors in achieving an expanded
reproduction of the energy potential of soil
fertility. Obviously, this is how this aspect
should be viewed in the future.

Government regulation is needed to
create the "ideal" agriculture of the future. A
certain level of productivity should become a
critical threshold, otherwise, when
conducting low-productive agriculture, the
farmer must necessarily compensate for the
shortage of soil energy at the expense of
other sources of organic matter. Such
agriculture will objectively have significantly
lower efficiency, firstly, due to low yields, and
secondly, due to the increased costs of using
organic fertilizers, which will determine
economic motivation to achieve high
productivity and, consequently, economic
efficiency. Only such a combination of
administrative and economic levers can
ensure the real global environmental safety
of agriculture, which is the goal of the
national project for the development of the
agro-industrial complex of the Republic of
Kazakhstan for 2021-2025.

The analysis of the use of losses and
reproduction of soil organic matter energy in
agriculture of the West Kazakhstan region
made it possible to draw the following
conclusions:

As can be seen from the data
presented in Table 5, in general, it can be
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argued that the fundamental indicators are
conservative. In particular, the negative
balance of the reproduction of soil energy
traditionally took place throughout the entire
second half of the 20th century and the
beginning of 2000. This pattern practically
did not change. It has not changed at the
present time. The negative balance of soil
energy in different years ranged from 13.1 to
15.1 thousand MJ per 1 hectare of arable
land and was 3-4 times higher than the
volume of incoming energy.

According to our calculations, in the
agriculture of western Kazakhstan in the
second half of this century, only 21 to 320%
of the soil energy consumed by agriculture
was restored. Non-renewable losses ranged
from 68 to 79%, respectively. Thus, out of 4
units of consumed soil energy, 3 units are
annually consumed irretrievably. At the same
time, for the production of 1 unit of energy in
the form of the main product in the agriculture
of the region, an average of 173-1 units of
anthropotechnogenic energy is required, as
well as approximately the same amount,
from 1.2 to 1.5 units, in different years - the
energy of soil fertility. Such data are
undoubtedly ineffective and indicate a deep
ecological and energy crisis in agriculture in
the West Kazakhstan region. This
circumstance is one of the main reasons for
the current crisis in agricultural production.
Moreover, it can legitimately be attributed to
the main global world contradictions of
modern agriculture.

Table 5—-The balance of the energy potential of the soil in the agricultural landscapes
of the West Kazakhstan region (excluding the effect of erosion), thousand MJ per hectare

of arable land

Loss of soil Energy input to the soil in the form
energy of:
Periods Energy of . Balfamce
. . . . Organic (s +)
mineralized soil Plant residues o
. fertilizers
organic matter
1950 18,5 3,7 0,1 -14,7
1955 19,1 4.2 0,1 -14,8
1960 20,3 5,1 0,1 -15,1
1970 20,2 5,8 0,2 -14,2
1980 20,5 6,2 0,3 -14,0
1990 20,0 5,9 0,3 -13,8
1998 18,9 4.8 0,1 -14,0
2000 19,2 5,3 0,2 -13,7
2010 19.1 5,5 0,2 -13,4
2018 19.0 5,7 0, -13,1
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The analysis of the components of this
balance shows that due to the yield of
agricultural crops in the agriculture of
Kazakhstan, from 20 to 30% of the annually
mineralized energy of soil fertility is restored,
while due to the use of organic fertilizers -
only from 0.5 to 1.5%. As can be seen from
the data in Table 5, such a ratio was
generally traditional for agriculture in western
Kazakhstan in the second half of the 20th
century.

It should be recognized that the latest
crisis in the national agricultural sector has
led to some deterioration in the energy
balance of the reproduction of soil fertility
potential. A decrease in crop yields and the
use of organic fertilizers led to an increase in
the negative balance compared to the
indicators of the early 90s. At the same time,
the level of reproduction of soil energy
decreased from 31 to 26%.

The situation of a sharp imbalance in
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the reproduction of the energy of soil fertility
in agriculture in Kazakhstan led to a
decrease in the energy potential of the soil.
The constant consumption of energy sources
in the absence of a sufficiently complete and
reasonable replacement of them leads to the
degradation of the system (agroecosystem),
which actually happens in practice.
Therefore, the main condition for ecologically
sound farming is simple reproduction of soll
energy potential. It is on this basis that the
ecologically optimal agriculture of the future
should be modeled.

The bioenergetic model of individual
crop rotations, constructed by us, includes
such indicators as the yield of the main
crops, the degree of mineralization of soll
organic matter and some other standard
indicators. In the course of the analysis, we
used data from stationary studies (Table 6),
which allow us to draw the following
conclusions.

Table 6 — Economic and ecological-energy efficiency of crop rotations per 1 ha of

crop rotation area

Crop rotations
Values 4-field 5-field grain | 10-field grain-

grain steam steam-herbal
steam

1. Grain yield, tones 0,9 0,9 0,5

2. Profitability, % 18 21 27

3. The total energy consumption, thousand MJ 13,5 14,0 10,0

(with the recommended fertilization system

4. Energy productivity, thousand MJ / ha 14,8 15,3 18,9

5. Energy efficiency, rel. 11 11 1,9

6. Mineralization level, thousand MJ 25,0 23,0 18,3

7. Balance of soil energy potential, thousand -20,1 -18,5 -8,1

MJ (-,4)

8. Efficiency of PAR, % (for main products) 15 1,6 2,0

So, from the point of view of the priority
of increasing grain production per unit of
arable land, respectively, the highest
indicators were obtained in grain-fallow crop
rotations. At the same time, the increase in
the share of grain crops in the crop rotation
from 75 to 80% was not accompanied by an
increase in grain yield. It seems important
that the increase in the proportion of black
fallows in crop rotations (from 10 to 25%)
was practically ineffective (see Table 6).

At the same time, as we can see, all
other criteria - both economic and
environmental - were significantly higher in
grain-steam-herb crop rotations.
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So, in the latter case, there was an
increase in profitability by 1.3-1.5 times; total
energy costs in the production process
decreased per unit area by 26-28%; energy
productivity increased by 24-28%; the
efficiency of technologies increased by more
than 1.7 times; the level of mineralization, or,
in other words, the loss of soil energy
potential decreased by 20-27%; solar energy
efficiency increased by 25-33%. At the same
time, about 56% of the mineralized organic
matter of the soil was reproduced annually in
grain-steam-grass crop rotations, while in 4-
5-field grain-fallow crops - only no more than
20% (see Table 6).
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The ecological and economic
assessment of the feasibility of various crop
rotations is more indicative in the following
comparison. So, for 1 unit of the main
product in grain-fallow crop rotations, it was
necessary to spend 1.1 unit of energy of
anthropotechnogenic resources and from 1.5
to 1.7 units of soil energy, with 80% of the
latter being lost forever. In crop rotations with
the share of grain crops up to 40%, perennial
grasses - 50%, fallow - 10%, the production
of 1 unit of the main product required only 0.5
units of technogenic energy and less than 1
unit of soil energy. At the same time, only
about 44% of the soil energy was
irreplaceable.

As you can see, the differences are
more than significant and allow us to draw
some practical conclusions.

Discussion and conclusions

All of the above testifies, in particular,
to the fact that the concentration of sown
areas of grain crops and black fallows is a
fundamentally erroneous direction in the
development of agriculture. With all the need
for the culture of black fallows in the
conditions of agriculture in the region, the
proportion of the latter should be much -
almost 1.5-2 times less than at present in
practice. The main task is to increase the
productivity and efficiency of technologies,
and, thus, the growth of productivity and
production efficiency per unit area. Only on
this basis is it possible to intensively develop
agriculture in Kazakhstan.

How can the balance of soil energy be
stabilized in modern agriculture? We believe
that this is based on three main factors.

Factor 1. Yield growth

Due to this factor, it is impossible to
fully compensate for the loss of organic
matter in the soil, taking into account the real
level of productivity. According to our
calculations, at this time, the energy of plant
residues in the process of growing crops in
western Kazakhstan does not exceed 25-
30% of the total energy balance. This
indicator fluctuates significantly in different
years, but such a ratio should still be
considered fundamental.

As evidenced by the results of our
research, with the implementation of an
active, scientifically grounded agricultural
policy aimed at increasing the efficiency of
agriculture in every possible way, it is quite
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realistic to increase the productivity of
agriculture in the West Kazakhstan region by
2.2-2.5 times. Moreover, to ensure the
required level of competitiveness of the
industry, there is simply no other way out.

This growth potential allows increasing
the specific weight of the yield factor up to
65% of that required to achieve a positive
energy balance. The main role in this will be
played by the economic and technological
aspects of the problem: the creation of
motivations for the growth of production, the
optimization of technologies, the
improvement of resource and energy supply
and the qualitative modernization of the
technical state of the industry.

Factor 2. Improving the structure and
culture of agriculture

The problem is to find the optimal ratio
of crops in crop production, as well as ways
to improve the culture of agriculture itself,
which will ultimately lead to a decrease in the
level of mineralization of soil organic matter
and thereby ensure an increase in the
ecological safety of agriculture.

Recall that the use of black vapors
(and the need for this is currently practically
not refuted) requires increased
compensation for losses of biological energy.
Maintaining a black fallow culture for 1 year
is accompanied by almost 4 times more
energy consumption of soil organic matter
than, for example, in crops of perennial
grasses.

Thus, there is a certain prospect for a
reduction to possible limits of black fallows
and crops, which are characterized by
increased mineralization of soil organic
matter, as well as an increase in the
cultivated areas of perennial grasses. The
experience of modern agriculture in western
Kazakhstan shows that the above changes
are potentially very limited and can only to
some extent affect the overall solution to the
problem. In general, according to the
calculations carried out, due to the above
optimization measures, it is possible to
compensate for up to 15% of the energy
losses of soil fertility.

At the same time, the positive role of
the introduction of soil protection
technologies, expanding the area of green
manure crops, and reducing soil erosion
through the implementation of a set of soil
protection measures is very significant, i.e.
factors that reduce the negative dynamics of



MEMINEKETTIK BACKAPY XXOHE MEMINEKETTIK KbISMET

XanblkapanblK fblfibIMU-Tangay XypHarbl

the content of organic matter in the soil.
According to the calculations, the potential
for using the above measures will provide up
to 5% of the renewable soil energy. It should
also be emphasized that it is on the basis of
such factors that the soil conservation
agricultural policy is being built today in the
leading countries of the world. This direction
is reflected in the "Green Kazakhstan"
national project.

Factor 3. Use of non-traditional
sources of biological energy

The problem of reproduction of soil
energy from traditional sources of organic
matter - and this is primarily manure - lies
both in the limited amount of this source
itself, and in the relatively high economic
costs of its introduction.

According to our calculations, at the
moment, due to traditional types of organic
fertilizers in the region, it is possible to
compensate for no more than 2-3% of the
annually consumed soil energy.

At the same time, there is a much more
accessible and cheaper source of biological
energy. This is a by-product of crop
production, primarily grain straw. Now this
source of organic matter is practically not
used to maintain soil fertility in the region or
is used on an extremely limited scale.

As the evidence of developed
economic countries shows, the prevailing
trend in intensive agriculture is an increase in
the use of crop by-products in order to
achieve an expanded reproduction of sail
fertility. In particular, in countries such as the
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