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Abstract

To forecast the possible harvest of spring barley for the future, the harvest characteristics obtained from the «Agrogeos»
database were used. The database «Agrogeos» contains information about field experiments with barley Agrochemical
service and Geonetwork, collected for the period 1966-1996 on the territory of the northwestern part of the Oka basin,
where there are 5 regions: Moscow, Oryol, Kaluga, Smolensk, Tula. Information was collected on the yield of barley on the
fertilizer-free option (control), on the fertilizer application (maximum yield) and on the variant with barley yield increase
(the average value between the control and maximum yield). Since the experiments were initially not coordinated, we
were forced to do it ourselves in the Google Earth program, knowing the name of the collective farm, the location of the
central manor, you can roughly determine the location of the field. To create a linear model, you need to have data on the
3 main factors affecting ecosystem change: terrain, climate, and soils. Knowing their characteristics, it is possible to
identify the main predictors that influence the yield of a possible crop and build a forecast map with a detailed

description of yield yields for different methods of cultivation.
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Introduction

Quantitative analysis of the relationship between the
characteristics of the earth's surface and soil
characteristics was used by many authors. A study was
made of the relationship between the characteristics of
the earth's surface, for example, water content in soils and
other hydrological characteristics, with the particle size
distribution in the soils, with the thickness of the soil
horizons, with the productivity of vegetation [1-21]. A
number of studies have attempted to classify soils and
landscapes on this basis [5,8,12,15,19,22,23]. But, for
example, the evaluation of the thermal regime of the
slopes with the help of morphometry has not been
practically studied. In addition to the thermal regime, we
also considered the influence of the microclimate on the
yield of agricultural crops.

The entire historical experience of agriculture shows
that in each, even a relatively small area, there are areas
most favorable for the cultivation of a particular group of
crops. Harvest in the agrolandscape is determined by the
interaction and mutual influence of a common set of
factors. Changes in hydrothermal, microclimatic and soil
factors in agrolandscapes are difficult to predict.
Depending on characteristics of the relief - height,
steepness, slope exposition - soil fertility, thermal and
water regime significantly changes, ie, basic abiotic and
biotic parameters of the environment.

The relief changes with time slowly enough, i.e. is a
constant, and its characteristics - morphometric values
(MV) that vary in space, are easily accessible to
measurement. However, it is impossible to describe the
whole variety of processes and phenomena in the
agrolandscape, defined by the relief, with only three of its
characteristics. They do not reflect, for example, the
important hydrological features of the relief, described by
the drainage area, the main reasons for the differences in
the thermal regime of slopes, which depend
simultaneously on the steepness and exposition,
dissection of relief etc.

An extended set of 18 basic morphometric values (MV)
was first introduced along with a description of the
meaning of each MV in the work [24].

The aim of this work is to study the influence of
illumination and other morphometric values, as well as
the climatic index (the average multi-year temperature in
april - august) on the spatial distribution of various
indicators of the winter wheat crop in the agro landscapes
of the Oka River basin-ecosystems within the watershed,
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with the interaction and
components.

interdependence of its

Methods

For processing, the results of field experiments with
fertilizers of Agrochemical service and Geonetwork of
Russia with spring barley, conducted in different years in
the territories of five administrative regions of the
Russian Federation located within the northwestern part
of the Oka River basin were selected (Figure 1).

For the calculations, the productivity of spring barley (a
centner per hectare) was used, taking into account the
landscape, climatic features of the territory or both.
Indicators of the data on the variant without applying
fertilizers, on the variant with obtaining the maximum
yield and the average for variants with fertilizers. For
each field experiment we had found its own geographical
coordinates in Google Earth.

The NASA SRTM30 altitude matrices were transformed
into a matrix in the Kavraisky projection with a resolution
of 600 meters, which was used to calculate morphometric
values, determine and analyze statistical relationships by
correlation and multiple regression, qualitative and
quantitative characteristics of the crop [25]. Matrices of
the WorldClim database of mean multi-annual
temperatures and precipitation from April to August
(1966-1996) were created with the same resolution [26].

Multiple regression gives the imposition of maps
(matrices) with values calculated from the statistical
comparison of the measured characteristic of the
agroecosystem with the selected morphometric values for
sites with known planned coordinates. Three
morphometric values, which correspond to the highest
rank correlation coefficient of Spirman rS, are the main
predictors, the change in space which first of all follows
the given characteristic of the agroecosystem.

All calculations and the construction of cartographic
schemes were completed with the computer program

"Analytical GIS Eco".

The list of morphometric values is presented in Table
1.

Conclusions

N. M. Sibirtsev noted that the slope of the more heated
sunlight, ceteris paribus, the closer the downfall of these
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rays to the perpendicular position, that is, the heating
depends on the steepness and exposure at the same time
[27,28]. This perpendicular is described by the
illumination F (a, b), depending on two angles: the
declination of the Sun above horizon a and the azimuth of
the Sun b. The values of F (a, b) vary from 100%
(perpendicular to the sun's rays) to 0% (shadow slopes).
It is clear that ignoring the difference between heating
steep and gentle slopes (as well as shadows) makes the
results on the relationship of exposure A0 with the
characteristics of the landscape difficult to reproduce. For
these reasons, instead of exposure, this paper uses the
illumination F(a, b).

In statistical comparisons, the dependence of the
correlation coefficient rS on the angle of inclination of the
Sun is weak, compared with the dependence on the
azimuth. In the Oka basin in the South azimuth of the Sun
(near 180 degrees) exhibits the greatest values of rS for
the quantitative indicators of the crop (total yield content
of grain and straw), but in the South-West the azimuth of
the Sun (near 225 degrees) exhibits the greatest values of
1S for the qualitative characteristics of the crop (protein
content in the grain and collecting the protein from 1
hectare). Since the heating of the soil at a depth of several
tens of centimeters occurs with a delay due to the inertia
of the heat penetration deep into, the greatest heating in
the summer in the Northern hemisphere corresponds to
the azimuth angles of the South-Western direction
(North-Western in the southern hemisphere).

Thus, the yield of spring barley depends on the lighting
of the slopes, and the indicators of crop quality-on the
warming of the slopes. In many situations, the maximum
value of rS in the selection of the program of GIS ECO
efficient azimuth of the Sun is useful for the detection of
such features of the spatial distribution of different
characteristics of agroecosystems.

It is found that the formation of productivity is most
affected by the relative position of the field on the slope,
the steepness of the slope and its illumination. The
potential of the crop is reduced on steeper slopes,
illuminated from the South-West.

When entering into calculations of long-term average
data of temperature and precipitation from April to
August, the dependence of the quality and quantity of
spring barley harvest on the microclimatic characteristics
of the territory becomes obvious, since the relief acts as a
distributor in the space of light, heat and moisture.

Thus, the regression equation for the control variant
(without fertilizers), where the predictors are both the
terrain and climate:

X = -551 x M/MCP + 9.41 x T4 + 1.70 x P7 - 452 x
F(35.220) + 81.19 (rS=0,64; P<10-3), ()]

and on variant with fertilizers -

X =211253.17 x kmin + 10.83 x T4 + 3.14 x P7 - 3.05 x
F(35.220) -130.37 (rS=0,70; P<10-3). (2)

Results

The result of the resulting linear models in the form of
maps of the potential yield of spring barley is reflected in
Figures 2 and 3 with different cultivation technologies.
Yield is indicated in hundredweights per hectare.

Practically for all studied quantitative characteristics of
the spring barley harvest in the agroecosystems of the
Oka basin, the illumination of the slopes from the
southwest and the weather conditions are among the
leading predictors, which reflects the importance of the
spatial variability of the hydrothermal regime of the
terrain for agroecosystems.

Ne | Name of MV | Symbol | What describes
MYVs describe surface runoff
0 Exposion * of slopes Ao Flow direction
1 Steepness of slopes GA Flow rate
2 Horizontal curvature kh
3 Drainage area MCA The 1st accumulation mechanism
4** Dispersive area MDA
5 Vertical curvature kv The 2nd accumulation mechanism
6 Difference curvature E Compares the 1st and the 2nd accumulation
mechanisms
sk Full accumulative curvature KA Identifies areas of relaqv.e accumulation and
demolition
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MVs describe the dissection of the relief

gk Full ring curvature KR Tortuosity of flows
9 Horizontal excess curvature khe These two MVs split the tortuosity of the flows
10** Vertical excess curvature Kve Into two components
11** Rotor rot Direction of rotation of streamlines
MVs describe memory in landscapes
1% Nonsphericity M Difference in the shape of the'rellef at the point
from the spherical
13% Average curvature H Egu}llbrlum (mmlmal.) surface, havuﬁ f
minimum area at the given boundary
14* Maximum curvature kmax Crest forms of relief
15%* Minimal curvature kmin Keel forms of relief
16** Full Gaussian curvature K Does not change when the surface is bent
MV describes the thermal regime of the slopes
17** Slope illumination F Intensity of direct solar radiation
MYV describes the altitudinal zoning
18 Height of the earth's surface 7 Change in temperature and pressure of the
atmosphere

* The exposition was not used in the work for statistical comparisons.
** MVs, which were not used for analysis in the works of other authors.
*#* The average curvature also describes both mechanisms of accumulation.
Table 1: Extended system of basic morphometric values.
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Figure 1: Administrative areas located in the north-western part of the Oka basin.
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Figure 2: Potential yield with extensive technology of cultivation (without fertilizer application).
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Figure 3: Potential yield with intensive cultivation technology (with application of fertilizers).
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