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The article contains the theoretical justif ication and the
results of comprehensive studies to assess the effectiveness
of biologization of crop rotations in farming in the forest-
steppe zone of the Volga region. The practical
implementation of biologization of farming is possible by
optimally incorporating grain legumes, legume-cereal
mixed crops in f ield crop rotations, with the use of organic-
mineral fertilization systems applying manure, green
manure, and straw as a source of biogenic resources of the
fertility of leached black soil. On the basis of many years of
research, the models of crop rotation with an optimal
combination, which allows one to increase the arable land
productivity and ensuring the greatest economic eff iciency
of its use. In the forest-steppe zone of the Volga region, well-
def ined grain links of crop rotations are recommended,
which, unlike follow links, have higher productivity, the
economic eff iciency and give the possibility to accumulate
additional sources of organic matter for the reproduction of
fertility of leached black soil. We expanded and deepened
the knowledge, that makes it possible to optimize and
develop new models of mixed crops of grain legumes and
perennial leguminous and cereal grasses (as a biologization
factor of crop rotations) with maximum productivity and
economic eff iciency of cultivation. The effectiveness of the
combined system of primary tillage, combining moldboard
and boardless tillage ways with mini-tillin crop rotations,
has been scientif ically substantiated and experimentally
established. The effectiveness of organic and mineral
fertilizer systems with the introduction of manure, straw of
grain crops and green manure in combination with optimal
doses of NPK, increasing the productivity of arable land,
ensuring the cost recovery in the cultivation of agricultural
crops has beenexperimentallyestablished.
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Introduction:
Optimizing farming systems is based on the laws and
principles of ecology, associated with the awareness of the
humanity of limited natural resources and the negative
direction of the general vector of development of modern
environmental management (Moiseev, 1998; Tanentzap

, 2015). The further use of agro landscapes and
contemporary research areas should be focused on the
biosphere paradigm of environmental management,
related to the environmental issues (Kiryushin, 2011; Riehl,
2016; Rai ., 2018).
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Within the framework of this problem, a landscape
contour-land improvement system of agriculture was
developed in Russia (Kashtanov , 1994); ecological-
genetic bases of adaptive crop production (Zhuchenko,
2009), the theory of agro-landscape science, the theory of
adaptive landscape agriculture ( , 2005; Kiryushin,
2018)and otherareas havealsobeen tried toevolved.
The introduction and development of eco-friendly
agricultural technologies are possible on the basis of
ecologization of farming. Kiryushin (2011) in his works
stated that the essence of ecologization of farming is to
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bring it in line with environmental laws, addressing the
tasks of biodiversity conservation, adapting to agro-
ecological conditions, optimizing the balance of natural
and agricultural land, harmonizing farming and animal
husbandry, creating an optimal infrastructure of
agricultural landscapes and biologization of farming,
which serves as the main expression of its ecologi-
zation.The def inition of “biologization of farming” is
interpreted differently. Therefore, the approaches for the
development of biological farming systems in different
countriesand researchcentresaredifferent.

In Russian agronomical scientif ic schools,
biologization is to specify a direction that is based on the
rational use of biogenic intensif ication and biological
factors of the production potential of plants in agricultural
landscapes. In a simple approximation, the essence of
biologization of farming can be expressed as the
strengthening of the role of living organisms and plant
biopotential in the production process and reproduction of
soil fertility (Loshakov, 2012; Nugmanov , 2018).

Many authors consider that the essence of
biologization is to minimize the difference in the
decomposition of organic matter in the soil and its intake
from different sources. The most accessible and effective
source is the use of biogenic resources reproduced in agro
phytocoenoses, as well as manure produced on the farm
(Loshakov, 2015).

The term “biologization” is often used in scientif ic
agronomy, but, according to Parakhin & Lobkov (2000),
there is a confusion in the literature between the concepts
of “biological farming” and “biologization”, which is
unreasonable. In theiropinion, biologizationshould imply
intensif ication and maximum use of biological factors in
farming systems. Biological farming systems are the
highest form of biologization, which involves addressing
the issues of plant satisfaction in the factors of life through
biological factors. They are much more complex than
intensivesystems.

Kiryushin (2011) also stated that the concept of
“biologization” should not be mixed up with ecologization.
Biologization is one of the directions of ecologization of
farming. The latter is understood as the maximum use of
agroecological factors of crop productivity. The key role
belongs to crop rotation in biologization of farming, helps
to diversify production, realizing the economic reasons for
alternation, while increasing the diversity of plant species,
regulating the regime of soil organic matter, stabilizing the
phytosanitarysituation.

One of the central principles of biologization is the
revitalization of soil fertility. The decline in fertility of
cultivated land and soil is almost universally recognized in
the world by many scientists but most of them are
theoretically based (Andreeva , 2011).

Soil organic matter and the processes of its

et al.

et al.

transformation play an important role in increasing the
fertility of the soil, and its reserves are considered from the
point of view of the ecological stability of the soil as a
component of the biosphere. Primary organic matter
entering the soil undergoes complex transformations,
includes the processes of decomposition, secondary
synthesis in the form of microbial plasma and
humif ication.

The decline in soil fertility is one of the main causes to
affect the real productivity of contemporary crop varieties.
The level of the real yield of f ield crops under the
production conditions of our country, as a rule, does not
exceed 30-40% of their potential level laid by breeders
(Zhuchenko, 2015).

At present, the main functions of regulating the regime
of soil organic matter and its overall fertility (water-
physical, agrochemical, biological) under the alternation of
crops in crop rotations. At the same time, the regulation of
the regime of organic matter should be optimized in regard
to biogenic intensif ication, primarily due to the organic
matter created in agrophytocenoses. Along with the
productivity of crop rotation, it is necessary to take account
of their biological productivity (accumulation of biomass
and the supply of nutrient resources of soil fertility),
economic, environmental, economic and energy eff iciency
in order to create an optimal model of links and crop
rotation in general, which determines the importance of
research on the soil fertility reproduction and crop
productivity increase on the basis of biologization of
farming. All the necessitates of the study and practical
development of intensif ication based on biologization of
farming, whichwasthe baseof researchon this issue.

By considering all the above facts and f igures we aimed
study a scientif ic and practical substantiation of
biologization in farming to increase the sustainability and
economic eff iciency of crop production and preserve soil
fertility in theVolga forest-steppe.

The study was conducted in the experimental f ield of
Ulyanovsk State Agrarian University during the year 2003 to
2015. An excessive moisture supply was marked for two
years (2004 & 2011), one year with an increased moisture
supply (2005), fouryears with in-suff icient moisture supply
(2003, 2006, 2007, 2013), two years with a low supply (2012 &
2014), three years with an average level (2008, 2009, 2015)
and oneyearwithaseveredrought (2010).

During the study, the following crop rotations were
studied (Factor A): i) grain-fallow: complete fallow - winter
wheat - spring wheat - peas - spring wheat - spring wheat; ii)
grain-grass with bromegrass: peas - winter wheat - spring
wheat + bromegrass–bromegrass–bromegrass - spring
wheat; iii) grain-grass with alfalfa: vetch for seeds (lupine
for seeds) - winter wheat - spring wheat + alfalfa - alfalfa -
alfalfa - spring wheat; iv) green manure (grain grass): vetch

Methodology:

RESEARCH ARTICLE

Ambient Science, 2019: Vol. 06(2); 21-25
DOI:10.21276/ambi.2019.06.2.ra04

http://www.caves.res.in/Ambient Science (2019) Vol.-06(2):P. 22



+ oats for green manure (peas + lupine for seeds) - winter
wheat - spring wheat + esparcet (bromegrass + alfalfa) -
esparcet (bromegrass + alfalfa) - esparcet (bromegrass +
alfalfa)–spring wheat .

In experimental crop rotations, the main tillage was
carried out with the use of two technologies (Factor B): i)
combined in crop rotation ii) Minimum in crop rotation. As
the control group, the combined tillage was chosen (option
1), combining moldboard and board-less tillage ways with
minimization elements. Minimal cultivation (option 2)
differs from the control in depth and intensity of impact on
the soil. In the f ield experiment, along with mass-produced
equipment, moderncombined tillageunitswereused.

In experimental crop rotations, two types of organic
fertilizer systems were applied (Factor C in the period of
rotation 1): In the 1st, 2nd and 3rd crop rotations manure +
NPK and straw + NPK, in the 4th green manure + NPK,
green manure + straw + NPK.In 2009, changes were made in
the fertilizer system (2 cycles of crop rotation), and each
crop rotation was placed on organo-mineral systems of
fertilization of straw + NPK for 2 levels of the crop rotation
productivity (1 background for 3-4 thousand units: 2
background for4- 5 thousand inunits).

Manure was applied into the 1st f ield of crop rotation
for winter wheat, straw - after its chopping when grain and
leguminous crops and peas were threshed. Fertilizers were
calculated by the balance method for the planned yield
(Mineyev, 2001).

Rotationsweredeployed in spaceand in time. The sown
area of the f irst-order plots was 560 m , the second was 280
and the third was 140 m . Plots were arranged systematically
in triplicate. The studies were conducted according to
generally accepted techniques (Dospekhov, 1985). The soil
of the experimental plot was leached black soil of medium
thickness, mediumclay loam,with the low humuscontent.

Optimization of crop rotations: on the basis of the years of
research, we havedeveloped thecroprotation models based
on biologization with an optimal combination of complete
fallow (40% of the area of winter wheat) and sown fallow of
leguminous phytocenoses (60% of the winter wheat sown
area), which allows us to increase the productivity of arable
land and ensure the greatest economic eff iciency of its use
(Toigildin ., 2016a). Our studies have shown that,
despite the higheryield of winterwheat in complete fallow -
4.22-4.60 t / ha, the yield of grain per 1 ha of the fallow link
was 2.11-2.30 t / ha, whereas in the linkof pea - winterwheat -
2.71-3.10 t / ha (grain units - 3.09-3.58 thousand / ha). By the
output of conventional grain units, the links of crop
rotations can be arranged in the following row: pea - winter
wheat (3.39 thousand / ha) - pea + lupine - winter wheat
(3.29 thousand / ha) - lupine - winterwheat (3.23 thousand/
ha) –complete fallow - winterwheat (2.23 thousand/ ha).

Our study established the conditions of the for Volga
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Resultsand Discussion:

forest-steppe zone, to recommend grain links of crop
rotations with legumes: pea- winter wheat, white lupine-
winter wheat and pea+narrow-leaved lupine- winter wheat,
which unlike fallow units, have higher productivity and
economic eff iciency, allow one to accumulate additional
sourcesof organic matterto increase blacksoil fertility.

the development and introduction of
biologization techniques of crop rotation, grass mixtures of
perennial grasses are seen to be more effective than sowing
with their single-species crops. The f ield experiments
allowed us to develop the models of cropping that show that
the role of alfalfa in the grass mixture is higher than other
crops, as evidenced by the values of beta coeff icients: 0.61 -
alfalfa, 0.53 –bromegrass. The maximum yield of esparcet
mixed with brome grass or alfalfa can be obtained with its
shareof not more than 30% (Fig.-1).

Mixed crops:

y=5,487+0,126x +0,053x -0,001x 1-0,001x x -0,0005x , r= 0,981 2 1 2 2
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ó=3,072+0,055x +0,045x +0,0003x -0,0006õ õ -0,0003õ r= 0,99

ó=1,795+0,041õ +0,013õ +0,0008õ +0,001õ õ +0,0001õ , r= 0,99

Figure-1: Relationship between the collection of dry matter of
perennial grass mixtures (y, t/ha) & the proportion of
components (x,%), y= yield of the mixture; x =proportion of

bromegrass in the mixture,%; x =proportion of alfalfa in the

mixture,%; x = proportionof esparcet in the mixture,%.
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The content of productive moisture in the meter layer
and theamountof precipitation fortheperiodsof formation
of the second mowing is of decisive importance for the
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formation of the first mowing of perennial grasses. The
highest productivity of perennial grasses, especially
legumes, was obtained by the combined tillage with the
organic-mineral fertilization system of manure, green
manure, and straw, which allows one to get 4-8 t / ha of
protein-balanced dry matter.

We found that the yield of peas in the mixture with
lupinewas higher thanasinglespecieswas sown and wealso
gotapatent: the method of growing peas forgrain (Toigildin

, 2016b). The higher yield of the two-component
mixture, inouropinion, could beexplained bythedensityof
the grass stand, which reduces unproductive evaporation of
moisture, increased competitiveness with respect to the
weed component, resistance to lodging. The selected
mixture with a reduced rate of seeding peas in 2 times
excludes the inhibition of lupine plants that support pea
plants, preventing their lodging whengetting ripe.

A detailed study on the development of models of
sowing crops composed of many species is further required
(Avetisyan, 2015; Vasin ., 2018; Kuznetsov , 2018).

the biologization of farming implies the
maximum involvement of symbiotic nitrogen in the
circulation of matter and energy of agro phytocoenoses.
Grain leguminous crops were distinguished by their high
productivity of the symbiotic nitrogen fixation: peas- up to
70 kg/ha, lupine- up to 99 kg/ha, vetch- up to 34 kg/ha. The
greatest amount of bio-nitrogen was accumulated by alfalfa
(up to 352 kg/ha), then esparcet (up to 207 kg/ha) and a
mixture of alfalfa + bromegrass (up to 130 kg/ha). The
effectiveness of biologization of crop rotation due to
leguminous crops was enhanced by the combined tillage in
the organic-mineral fertilization system of straw + NPK and
green manure + straw + NPK. There was a close relationship
between the productivity of the symbiotic nitrogen fixation
and the yield of grain legumes and perennial leguminous
grasses (r= 0.60-0.99).

et al.
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Legumes:

Peas Talovets 70 0,88 y = 38,0x - 23,6
Ulyanovets 0,99 y = 63,6x - 90,1

Vetch Lgovskaya 31/292 0,97 y = 33,4 x - 21,0
Vetch + oats Lgovskaya 31/292 0,60 y = 7,43 x + 0,24

Skakun
Lupine white Gamma 0,94 y = 55,6 x - 41,3
Lupine+ peas Nadezhda+ 0,94 y = 53,6 x - 57,9

Ulyanovets
Alfalfa Kazanskaya 58 0,91 y = 45,5 x1 - 67,8
Esparcet Peschanny 1251 0,70 y = 40,7x1 - 93,9
Brome grass+ Ulyanovsky 1+ 0,85 y = 22,1 x1 - 77,9
alfalfa Kazanskaya 58

+

Energy resources and mineral fertilizers, especially
man-made nitrogen, are expensive, so the use of the

Table-1: Relationshipbetweenthe productivity of the symbiotic
nitrogen fixation (y, kg/hà) and the yield of grains (leguminous
crops) (x, t/hà) and dry matter of perennial grasses (õ1, t/hà)

Crop, mixture Varieties r Regression Equation

biological potential of leguminous perennial grasses is the
only alternative. Perennial leguminous crops, including
alfalfa and esparcet, by symbiosis with nodule bacteria, f ix
atmospheric nitrogen, accumulating protein substances in
the crop and enriching the soil due to post-harvest residues
and root excretions, saving energy resources spent on the
synthesis of nitrogen fertilizers. The accumulation of
nitrogen by the alfalfa biomass equals to 700-930 kg of
ammonium nitrate, and the amount of nitrogen remaining
in the soil with plant residues is equivalent to 350-460 kg of
ammonium nitrate inphysical weight.

In this regard, under production conditions, we
recommend introducing grain-grass crop rotations, which,
through the reduction of nitrogen fertilizers, provide
improved phytosanitary and ecological conditions of crops,
the reproduction of soil fertility and arable land
productivityata level of 3.7–4.6 thousand k. units.

Enzyme activity of the soil: biologization of farming is
closely related to the activity of the soil microbiota. The
microbiological activityof black soil directlydependson the
phytocenosis and the conditions created in biogeocenoses.
As per our result, higher activity of soil microflora is
inherent in crop rotation units with alfalfa, esparcet, and
alfalfa + bromegrass mixture, where there was the largest
amountof organic matterwith a narrow ratioof C: N, having
a positive influence on the increase in enzymatic activity, in
particular catalase, polyphenoloxidase, invertase, urease
and phosphatase, which ultimately had influence on the
indicators of fertility and productivity of subsequent crops.
The main share of carbon in the soil comes from straw and
plantstubbleand rootremnants in f ield croprotations.

Our studies show that in terms of the quality
indicator— the C: N ratio in the crop biomass entering the
soil— the following row can be suggested: alfalfa 19-22: 1,
esparcet 21-24: 1, grain legumes 27-30: 1, spring wheat 55-60:
1, winter wheat 64-69: 1, bromegrass 65-99: 1. In the grain-
fallowcroprotation, the most favorable balanceof nutrients
was formed in the fertilization system of manure + NPK. In
the system of straw + NPK there was a slight def iciency of
nitrogen and phosphorus. In the grain-grass crop rotation
with alfalfa and its mixture with bromegrass in the
fertilization system of manure + NPK and straw + NPK, the
balanceof nutrientswasata non-def icient level.

the effectiveness of the
combined system of primary tillage, combining moldboard
and boardless tillage ways with elements of minimalization
in crop rotations of the forest-steppe zone of the Volga
region was experimentally proved. When reaching
biologization of crop rotations on leached black soil, the
system of primary tillage is recommended as the plowing at
20-22 cm (1-2 times per rotation, under legumes and grass
mixtures), boardless loosening at 20-22 cm (under grain
legumes and complete fallow) and f ine processing at 10-12
cm or 12-14 cm (for winter and spring grain crops). In the

Tillage and biologization:

RESEARCH ARTICLE

Ambient Science, 2019: Vol. 06(2); 21-25
DOI:10.21276/ambi.2019.06.2.ra04

http://www.caves.res.in/Ambient Science (2019) Vol.-06(2):P. 24



future, it would be necessary to pay attention to the
technology of direct sowing, especially for grain crops,
which is a reserve of resource-saving in agricultural
technologies, a factor in protecting the soil from erosion
processes, making eff icient use of arable land and
preserving soil fertility (Anderson, 2017).

A more complete realization of plants’adaptive potential
could be realized in crop rotations as a comparison to a
single crop. Under conditions of the forest-steppe of the
Volga region, the share of complete fallow should be
reduced and crops of grain leguminous crops in crop
rotationsshould be increased, whichwill helptoachieve the
effectiveness of arable land use, protect it from erosion
processesand regulate theregimeof organic matter.
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