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Abstract. The authors developed the methods of managing the agro-
resource potential of agrolandscapes based on the risks of managing
resource-adapted technologies. They established the limits of the
applicability of technologies according to the critical dimensionless risk
indicator. The model of the resource state of the agrolandscape for
managing quantitative indicators of the reclamation state of the soil has
been obtained. They optimized risk indicators using the Harrington
desirability function which allows to make more adequate decisions on
managing the agro-resource potential of agrolandscapes. The desirability
function allows not only to determine the quantitative reclamation state by
the desirability risks, but also find the qualitative change in the resource
over time depending on the technologies used.

1 Introduction

The agro-resource potential of agroandscapes (ARPL) is defined by the land reclamation
status (LRS), which determines fertility and can also serve as a land degradation indicator
[1]. It is important to be aware of the reclamation state of the agro-resource potential of
agrolandscapes, what resource-adapted technologies should be applied and what complexes
of reclamation machines for tillage, e.g. for the construction of mole drains or slits for the
removal of excess water from the soil, should be used [2]. The resource potential of the
agrolandscape, which determines the wintering of winter crops, the timely sowing of
agricultural crops in the spring, the removal of water from crops during heavy rains that
cause waterlogging in the summer, depends on the timely removal of water from the fields.
With the lack of implementation of complex measures on agrolandscapes the producer
faces the risks of not obtaining the planned yield and, as a result, the business turns to
unprofitable [3,4].
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LRS risks should be understood as how the resource of the LRS agrolandscape will be
changed by the application of adapted technologies. When exposed to technologies on the
landscape, the energy change of the substance of the agrolandscape occurs. It is reflected in
fertility change, content of macro-and micronutrients, water salinity, degree of salinity of
arable horizon of the soil. Thus, it is necessary to control ARPL, i.e. to manage the LRS
risks that are inevitable when the adapted technologies are applied to the resources of the
agrolandscape [5,6].

Modern agricultural technologies of precision farming, multi-depth plowing of the soil,
etc., improve yields of agricultural crops [7]. However, there is a degradation of land
fertility in chernozem soils. Humus content has decreased over 40-60 years from about 8 to
4-6 mg/100g. LRS is degraded, which is compensated by the introduction of mineral and
organic fertilizers in doses calculated by the removal of nutrients from the soil [8,9]. The
more intensive the technologies are, the more nutrients are removed from the soil with the
crop. This shows that no matter what precise, adapted or any other technologies have been
applied, the degradation of the soil cover remains the major problem of modern agriculture
[10,11]. To protect land from the negative impact on the fertile soil layer, a method that
allows integrated and systematic management of the reclamation resource of
agrolandscapes has been developed. The LRS system management is based on the risks of
loss of soil fertility which are numerical dimensionless indicators, when exceeded, the
degradation process in the soil from the applied technologies is sure to start. It is followed
by the unstable development of agricultural landscapes. One of the major tasks is to prevent
the beginning of the degradation process or to improve the LRS of the agrolandscape soils.
Therefore, there is such a critical LRS barrier which, when exceeded, leads to the
degradation of ARPL.

2 Method

The methodology is based on the critical reclamation state of the agrolandscape taxon
which, when exceeded, causes conditions for the transition of the LRS to a new reclamation
state, which determines the degradation of the taxon using an integrated risk indicator. This
barrier should be considered as a dimensionless critical integrated risk indicator (KIIR).
The KIIR value includes a set of specific risks that can be managed and thus affect the
fertility of the agrolandscape with resource-adapted technologies. The agrolandscape is
divided into taxa of rectangular or triangular shape with a side length of 50 to 100 m,
depending on the size of the field. At the vertices of taxa, the integrated risk indicator is
determined by the formula:

2 ()

where IIRi is the dimensionless integrated risk indicator at the top of the taxon; Ii is the
dimensionless risk indicators; n is the number of risk indicators.
The reclamation status of the taxon is determined by the formula [1]:
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where IIRk is the dimensionless integrated risk indicator of taxon; KIIRk is the
dimensionless critical integrated risk indicator, above which a stable state of the taxon is
broken; k is the number of integrated risk indicators of the taxon.

The reclamation state of the sustainable agrolandscape development is determined by
the critical integrated risk indicator. The IIRk indicator is taken as the critical parameter of
the risk indicator, at which the agricultural landscape goes into a state of degradation. Let’s
establish the transition of the agricultural landscape from sustainable development to
degradation by IIRk. For this purpose we will develop a "risk safety scale" (SSR), which is
used to control the agro-resource potential of the agrolandscape. The SSR scale is formed
by the IIRi indicators. Each indicator is assigned a numerical parameter to assess the
reclamation state of the resource and its energy state. For "perfect" LRS the indicator of 1.0
is assigned. For example, for 8 indicators that will determine the "perfect" status of the
taxon at IIRi in relative units, it will also equal 1.0, that follows from formula (1).

Table 1. Assessment of risk indicators by the reclamation state of the soil in the arable horizon of
the agro landscape.

. Reclamation state of the agricultural Unit of Indicator score
Indicator Parameter value measurement
landscape LRS
Occurrence of the ground water level in 0.5-1.0 4
. 1.0-1.5 3
1 the agricultural landscape area at a depth m
of 0 and more than 2.5 m 1.5-2.5 2
>2.5 1
4.5-5.5 3
5 Acid-base balance (pH) in the arable 5.5-6.5 ) 2
horizon of the soil 6.5-7.5 1
7.5-8.0 2
6.0-8.0 1
. . . 5.0-6.0 o 2
3 Humus content in the arable soil horizon 40-5.0 % 3
<4.0 4
2.0-3.0 4
Availability of hydrolyzable nitrogen in 3.0-4.0 3
4 the arable soil horizon y 40-5.0 mg/100g 2
>5.0 1
0.5-1.0 4
Availability of mobile phosphorus in the 1.0-2.0 3
5 arable soil }lllorizon prow 2.0-3.0 mg/100g 2
>3.0 1
5-10 4
Availability of mobile potassium in the 10-20 3
6 arable soil }lllorizon ’ 20-30 mg/100g 2
>30 1
70-55 4
7 The content of aggregates in the arable 55-40 % 3
soil horizon 40-20 2
<20 1
Degree of soil salinity in the arable soil
Eggsz;?ﬁe soils Less than 0.13 % ;
8 weak 0.15-0.30 3
medium 0.30-0.40 4
0.40-0.60
strong

Note. Assessments of soil LRS monitoring by risk indicators: 1-2 — good; 2-3-satisfactory; 3-4-
unsatisfactory; >4-soil degradation.
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Agroresource potential assessment is performed by the risk indicators depending on the
energy status of taxon (table 1).

The major risk indicators for resource-adapted technologies for processing the arable
soil horizon, waste disposal by sprinkling on agricultural irrigation fields, irrigation
reclamation include: mechanical composition of the arable soil horizon - 12; availability of
mobile potassium - 12; availability of mobile phosphorus - I3; availability of hydrolyzable
nitrogen - I4; humus content- I5; acid - base balance of the soil (pH) - 16; degree of soil
salinity - I7; ground water level at the agrolandscape area- I8; water-air state of the soil- 19;
flooding area of the agrolandscape - 110; salinity of ground water- I11. Indicators (I1 - I 8)
are used in monitoring and managing the increase of the LRS of the arable soil
horizon.Indicators (I6,] 8 - I11) are used to control the elimination of flooding and
waterlogging of agrolandscapes.

According to rank each LRS is assigned an assessment dimensionless indicator from 1
to 4, depending on the energy state of the taxon. The reclamation state of the agricultural
landscape is considered perfect if each risk indicator is equal to 1. It should be noted that
during the transition of the LRS from 1 to 2, there is a significant deterioration of the
ARPL. It follows that the integrated risk indicator IIRi of 2 is the critical IIRk. Taking this
into account the SSR scale has been developed (Table 2).

Table 2 — (SSR) at IIR

. Risk assessment of
R Reclamation status of the

Technologies risks aprolandscape the agrolandscape
1IR=1 no risks perfect
1 <IIR<2 not exposed to risks "good"
2 <IIR<3 in an unstable state "satisfactory "
3 <IIR<4 in a critical state unsatisfactory
TIR= 4 is degrading degradation

Each ARPA state exposed to technologies is assessed by the IIR on the SSR scale (Table
2). For the "perfect" state, the risk measure is estimated at [IR = 1.0. At 1< IIR i< 2, the
state corresponds to "good". If the state is satisfactory, the risk measure is in the range of 2
<IIR<3. At 3 <IIR<4-the agricultural landscape is considered to be in an unsatisfactory
state (the agrolandscape is in the process of degradation) and at IIR>4.0-degradation
(disaster).

The risk safety scale (SSR) (Table 2) was optimized using the Harrington method. The
Harrington desirability function is applied to optimize indicators and shows that integrated
risk indicators (1), which can be numerous ( I1, 12 ... I n, I n+1 ...), adequately correspond
to the desirability of d1, d2... dn dn+1... [12]. Desirability function d(x) by limitations of

the indicators of reclamation state of soil can be represented as follows:
—(x-2)

dx)=e* 3

(0)<d(x)<1),

where d(x) is the desirability function; x is a dimensionless value linearly related to
indicator 1.
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We set the levels of desirability that the LRS will correspond to on the risk safety scale
(Tables 1, 2). The lower level of desirability is assumed to be equal to 0.2, which
corresponds to the unsatisfactory state of the LRS (it is not desirable in technologies
management), and the upper level is equal to 0.8, which will be responsible for good LRS
in technologies management (2).

Since "x" corresponding to the desirability level of 0.2 takes a negative value, that
causes inconvenience in calculations, then formula (3) will be represented as follows:

e ()

dx)=e @

One or another desired optimization level of the parameter is taken as "desirability" d.

Taking into account the accepted assumptions, the value of d is in the range from 0.2 to 0.8,

and for the risk indicators for (1) there is a range: 1<li<4. Taking this into account, d will

reflect the degradation degree of the LRS of agrolandscapes in Table 3. An optimized risk
safety scale (HSSR) is obtained using the Harrington method.

Table 3. HSSR Security risk scale.

Risk indicator Reclamatilon :ltatus of the Dgradation Risk assessment of the
agrolandscape according to d agrolandscape
=1 no risks >0.8 "perfect"
1<I<2 not exposed to risks 0,6-0,8 "good"
2<[<3 in an unstable state 0,4-0,6 "satisfactory "
3<1<4 in a critical state 0,2-0,4 "unsatisfactory"
L=4 is degrading <0,2 degradation

The data in Table 3 of the HSSR shows that the indicators change in the new optimized d
risk range, which varies from 0 to 1 according to the logarithmic law. Thus, the obtained
upgraded risk scale of the desirability function HSSR allows to increase the accuracy of
determining the LRS by the integrated risk indicator (1).

According to function (3) and Table 1, the dependence of d on Ii is found, which has
limitations on desirability of 0.2<d<0.8 and resources of 1<Ii<4 (Figure 1).
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Fig. 1. Graphical solution for optimizing risk indicators according to the Harrington desirability
function.

The graph shows the risks according to the state of the land resources LRS (the colored
zones). Figure 1 shows not only the quantitative state of the LRS in terms of desirability
risks d, but also defines the qualitative change of the resource over time, depending on the
technology application. So, as illustrated by two indicators (Figure 1) with different
physical entity 11 (the content of soil aggregate fraction, %) and 17 (salt content in soil, %),
by function (3) the "desirability”" d is found. This means that the land resources are in a
good state according to the LRS. For the indicator 11, d1=0.638 and-17, d7=0.754 at
0.6<d(x)<0.8.

The desirability function (3) and the HSSR risk safety scale (Table 3) correspond to the
properties of the resource model, integrate risks using dimensionless desirability d
indicators of different kinds, and monitor changes in resources when technologies are
applied. The complex assessment of the reclamation state of the landscape LRS is
determined by the generalized indicator of the desirability function D:

D= n idiKi
Vi ©)

>

where D is the generalized indicator of the HSSR desirability risk scale; n is the number
of specific assessment i-risks; Ki is the weight coefficient of each i-risk; di is the
desirability of the i-risk in fractions of 1.

The authors developed the assessment methodology for LRS based on the generalized
indicator D. The methodology determines the qualitative state and dynamics of resource
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changes over time, depending on the application of technologies, and allows you to manage
ARPL components.

3 Conclusions

Methods of LRS management that allow to ensure the choice of a set of measures for the
cultivation of agricultural crops by limiting the integrated risk indicator have been
developed. The risk management method is based on the critical LRS of the agrolandscape
taxon, which is determined by a dimensionless integral risk indicator. The value of the
parameter IIRk, at which the agricultural landscape goes into a state of degradation, has
been established.

The SSR risk safety scale was optimized using the Harrington method. The desirability

function is used to optimize indicators and also shows that the integrated risk indicators,
that can be numerous 11, 12 ... I'n, I n+1 ... adequately correspond to the desirability of d1,

d2..

. dn dn+l... The upgraded risk scale of the HSSR desirability function has been

obtained. It allows to increase the accuracy of LRS determination by the integrated risk
indicator (1).

The complex ARPL management is performed according to a generalized desirability

indicator that determines the qualitative state and dynamics of resource changes over time.
It also allows to manage ARPL components depending on the applied technologies.
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