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Summary

This article describes the quantitative assessment of productivity of agricultural crops,
depending on hindrances and restrictions to farming. A simple mathematical model of
the plant-environment system was offered by Prof. V. Shabanov. On the basis of
experimental research and theoretical studies, the general dependencies relating
environmental conditions and crop productivity were obtained. The parameters of the
models are shown to be functions of the different stages of plant development.

The factors influencing productivity of land are considered. These include salinization,
sensitivity to erosion, level of drainage, sensitivity to flooding, clogging with stones,
overgrowth of scrub, abundance of mounds, and reforestation. Of these, salinization of
land is considered in detail. It results in disturbance of the gaseous exchange and
oxidation-reduction functions of biota, resulting in reduction of its geo-chemical cycling

and purification capacity. Actual dependencies of relative crop capacity U_S = Us/Umax
are given.

It is shown, that a special program of re-cultivation should be used for each level and
type of pollution. Scenarios of decrease, stabilization or increase of the level of
pollution, from different sources, are considered.

It is emphasized, that it is necessary to create engineering-ecological systems in terrain
with an extreme ecological situation.
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1. Quality of lands and productivity.
The factors restricting productivity of soils and plants are as follows:

excess moisture content in the root layer of the soil;
poor aeration of the root layer;

excess acidity;

poor availability of moisture in the root layer;

low soil moisture;

low content of humus and available nutrients;
thermal regime unfavorable for the crop species;
salinization of soil;

pollution;

unfavorable physical-mechanical properties of soil.

1.1. Change of productivity depending on environmental factors.

Quantitative description of change of productivity, as a dependency on environmental
factors, can be described in many ways. The simplest form of mathematical model of a
plant-environment system was offered by Prof. V. Shabanov. On the basis of
experimental research and theoretical generalization, general dependencies were
obtained between environmental conditions and productivity of plants. The different
stages of crop production are relevant parameters of these models.

So, for the i-th instant the change of relative productivity S; depending on environmental
conditions (factor ?; ), can be written in the following form:

P ks((o_(oopt)
dp (p+a)(p-a,)

dsS;

1)

Where kis a coefficient; ¢,y is an optimum value of j-th factor at i-th instant of time;

oy and a, are corresponding functions of minimum and maximum values of factors
@min and @ax» at Which the plant can exist; and S; is relative productivity.

The solution of this equation for i-th instant of life of a biological object and for j-th
factor at ¢,;, =0 can be written in the form:

7 Popt 7 (Pmax ~Popt )

S(p)=| 2| | Pmet @

¢opt Pmax — ¢opt

Presented in graphical form, this function has a dome-shaped form. The “width” of the
dome depends on parameter y, and the position of its maximum depends on the

©Encyclopedia of Life Support Systems (EOLSS)



AGRICULTURAL LAND IMPROVEMENT:AMELIORATION AND RECLAMATION - Vol. I - Hindrances and Restrictions to
Farming - V.V. Shabanov and A.l. Golovanov

optimum quantity of o, factor which varies in dependence on the kind of plant and its
age.

Eqation (2) permits calculation of the boundaries of ecological niches at different levels
S. Where there are two factors, such a niche can be contoured by an ellipse, and, where
it is three-dimensional, by an ellipsoid.

If we consider water (W) and thermal (t) factors as variables, for a fixed level S=const,
the equation will be written in the form:

’ 2
(W —Woj _2r(W W )(t-t) J{t _tOJ = const (3a)
3, G 4

Where W and W), are current and average reserves of soil moisture content of, 4, is
the norming factor of soil moisture content, t and t; are current average temperatures

of soil, & is the norming factor of temperature, I _is quantity, related to the angle of

symmetry of axes of ellipses which defines the degree of dependence of one factor on
another.

The general view of equations S((p) shows, that, beginning from S < 0.8, there is a

sharp decrease of productivity at a small deflection of the value of the factor from the
optimum, i.e. beginning from level S < 0.8, there is a considerable increase of the
absolute value of the derivative.

Averaging values S; during the vegetation period can be realized on the following
relations:

S(p)=r—ron==2Si() 3

Where Uj is productivity of the autotrophic link in j-th year; U . (R) is maximum
productivity, which could be obtained under optimum conditions and at maximum (for
this region) sum of active radiation of photosynthesis R; S; () is a degree of factor
optimality at i-th instant of time; n is the number of registration moments.

Or

S(p)=2mSi(9) (4)

Where 77; is the contribution of ¢ factor at the i-th moment into the final productivity.
Or

S_((o)z/\(\/Si) (5)
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Where A is operator “AND” of obligatory sequence of advancing through all phases of
development, v is operator “OR” of advancing through a phase at the optimum
moment.

For transition from single-factor relations S; ((o) to multi-factor Si(z) (go) where z is

the number of factors, it is possible to synthesize the impact of all the factors proceeding
from “the law of minimum?. It can be noted as follows:

55 (p)=3Si(#)g(1) ©)

Where

a(l)= (7)

0, =min
At % _ I

With allowance for this record, the multi-factor dependence over the period of growth
of an autotroph can be written in the form:

$*(¢)= %”isi(z”(co) ©®)

For determination of losses of productivity AS(Z) due to temporary non-optimum
conditions, it is possible to write expression (8) in the form:

AS1?) =1-51) () ©

The submitted models are one of the optional versions of description of productivity of
autotrophs, and in particular, of agricultural plants, as a dependence on conditions of the
environment.

On the basis of the indicated dependencies, it is possible to write the expressions for
estimation of crop productivity in the form:

U :Umax(R)S_:Umax(R)Zn(wmm)si(q)mm) (10)
i=1

Where U . (R) is an estimation of maximum productivity of an autotroph as a

(¢min)

function of solar radiation; 7 is the contribution to productivity of the i-th

moment under the minimum factor, and Si(wmi”)

moment under the minimum factor.

is the degree of optimality at the i-th
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A similar approach can be used for description of soil biota or biotic of elements of
water bodies.

Depending on which factor is limiting, i.e. constraining the growth and development of
a plant, the land reclamation technologies can be selected. First of all, the conditions
under the first limiting factor are improved, then those under the second factor, etc., and
the process continues until crop productivity reaches the necessary level.

Applying optimal hydro-thermal conditions not only for agricultural plants, but for
biotic constituents of the soil, it is possible to make up the loss of organic matter in the
humus horizon. The humus horizon is the layer of soil with the highest content of
organic matter (usually 0-20 cm). Humus is part of the organic matter of soil. The
contents of humus in the basic types of soils (according to 1.\VV. Tyurin) varies from 2 to
12%, as follows:

e dernovo-podzolic soil — 2-4%;

e gray forest podzolic soil - 4-6%);

e chernozem: southern - 4-6%, ordinary — 6-8% leached — 7-8 %, potent — 10-12
%);

e dark-chestnut soil — 3-4 %;

e desert soil - 1-2 %;

e red-earth — 5-7%.

Between 600 and 700 kg of humus are mineralized annually per hectare in dernovo-
podzolic soils. As for chernozem, the process involves about 1000 kg per hectare. These
figures represent 1% and 0.5 % of the total of organic matter, respectively. Mineral
compounds of nitrogen are formed in the process of mineralization, and these are
accessible to plants. In order to obtain 1 part of nitrogen, it is necessary to mineralize 20
parts of humus.

The role of various elements of nutrition in the life of plants is very important. So, for
example, nitrogen is a constituent part of all amino-acids, proteins, nucleic acids,
chlorophyll, and other organic compounds in plants. Phosphorus enters the structure of
nuclear albumens (nucleoproteins), and potassium promotes progression of
carbohydrates from leaves into other parts of plants, and strongly influences the water-
filling of vegetative colloids.

If the element of mineral nutrition is a limiting factor, methods of regulation of nutrition
mode are applied.

However, the efficiency of use of improved lands can be significantly decreased if there
is a danger of soil erosion, if the level of natural land drainage is insufficient, if soil
hydraulic properties are unfavorable, if the soils are clogged with stones, if agricultural
holdings are overgrown with shrubs, and if agricultural holdings are subject to flooding
and inundation (see Natural Resources and Food and Agriculture)
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