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MODELING THE YIELD OF WINTER WHEAT AND CORN
TAKING INTO ACCOUNT HYDROTHERMAL FACTORS IN THE
CONDITIONS OF IRRIGATION OF THE SOUTH OF UKRAINE

Kokovikhin S. V.

INTRODUCTION

The main factors that determine the productivity of a plant organism are
divided into three constituent groups: climatic — light, heat, water, gas
composition of air; edaphysical — soil structure, its chemical composition;
biological — a variety of microorganisms, plant and animal organisms, both
useful and harmful. The certain plant species have a specific requirement for
each of the factors of life, as well as the optimum their combination®.

The consideration of indicators of the crop production process is of a
great importance in the directions of increasing the efficiency of the
agricultural branch and the agrarian sector of the economy. The study of the
impact of the PAR indexes on the yield level allows optimizing the action of
agrotechnical factors and economic conditions in which agricultural
production is carried out, as well as to increase the efficiency of
organizational and economic activities of each enterprise. However, in recent
years, there were almost no analytical studies on the evaluation of the PAR
indexes influence on plant productivity, taking into account their impact on
the yields, qualitative and other indexes?. In addition, the energy balance
allows determining quantitative and qualitative changes in a comparison
with past periods and levels; disclosing through the analysis the causes of
dynamics and the factors that led to differences in the yield levels between
zones, districts, groups of farms; assessment of the effectiveness of different
factors on plant productivity; finding out unused reserves for the yields
increase, etc.’.

Many experiments proved that 90-95% of a crop yield is formed by the
receipt of solar energy and carbon dioxide of the atmosphere. In general
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terms, all agrotechnical measures (irrigation, fertilization, soil tillage, etc.)
should be directed to promote plants with the maximal use of solar energy
and produce the highest amount of organic matter®.

One of the main tasks of the crop industry is to increase the coefficient of
efficiency (CE) of the use of solar energy (ko), which reflects the ratio of the
amount of the energy accumulated in the products of photosynthesis or was
formed in biomass of a crop to the amount of the used radiation. According
to the research of A. A. Nychyporovych, the maximum theoretically possible
PAR efficiency per one molecule of CO, absorption during photosynthesis
requires the range of 8-10 quantum of sunlight®.

Current agricultural production uses only 0.7-2.0% of the PAR for the
formation of yield. In this case, the coefficient of use of the PAR in normal
production conditions is: winter wheat — 0.74-1.12%, grain corn — 0.69-1.63,
green forage corn — 1.23-1.47, sugar beet — 1.34-1.84%, respectively.
According to the researches, the average value of the PAR use is: in hormal
production conditions — 0.5-1.5%, in favorable — 1.0-3.0%, at the maximum
optimization of cultivation conditions — 3.5-5.0%, and theoretically
possible — 6.0-8.0%°. Consequently, the use of the PAR by plants is an
integral indicator of the impact of all other factors on the productivity of a
crop, as any yield increase leads to an increase in its use’.

At the same time, along with the intensity of solar radiation, plant
productivity is significantly affected by the temperature of air and soil. The
impact of thermal factors on the growth and development of crops has a versatile
character: thermal factors in the form of temperature serve as indicator of energy
conditions; the level of thermal regime is determined by the intensity of
biochemical processes in a plant organism, which affects the speed of growth
and development of plants. The requirements of plants for heat at this point of
view is divided into three gradations: biological minimum temperature (min), if
lower than plants stop vegetation; temperature optimum (opt), the greatest
productivity of the photosynthetic activity of plants is provided; biological
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maximum temperature (max) — plants stop biochemical processes due to
overheating, and if higher they die®.

1. Winter wheat productivity depending on hydrothermal indicators

Winter wheat is one of the most important crops of modern agriculture. It
is one of the most important constituent elements of the world market of
agricultural products, the basis of Ukraine’s food security. World economic
crisis adversely affected the development of grain farming and, in particular,
the production of wheat, which significantly affected the export
opportunities of the state. Trends in recent years show that by the present
time the problems of ensuring sustainability of grain production, the
satisfaction of national demand in the high-quality food grain, the insurance
of a high level of the industry competitiveness and profitability have not
been solved®.

There are a number of difficulties occurring at the implementation of
forecasts, which are arisen both due to the natural and economic factors. The
first are manifested in the high amplitude of fluctuations and unpredictability
of weather conditions, which significantly affect the level of yield, even at a
high level of agrotechnology. The second negative factors of plant
productivity prediction are explained by the presence in Ukraine, as well as
in many other countries, of agricultural enterprises of different sizes and
specialization (small farmers, large-scale commercial farms, state farms,
farmers with partial specialization in agriculture, etc.), which have very
different technological and economic opportunities of the systems for
information collection, database processing, access to the Internet, etc..

However, the efficiency of irrigation regimes depends significantly on
the peculiarities of the current meteorological conditions, which determines
the need for adjusting artificial humidification considering these factors
through the forecasting and modeling of the conditions of agrocenosis and
plants productivity.
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The aim of the study was to determine the influence of
agrometeorological factors on the productivity of winter wheat under the
conditions of use of biologically optimal irrigation regime using variational,
correlation-regression and index analysis. of perennial experimental data.

The input materials for modeling and forecasting were the experimental
data of the field experiments with winter wheat conducted at the Institute of
Irrigated Agriculture of NAAS for the period of 1970-2018. Agrotechnology
used in the study was common for the irrigated zone of southern Ukraine. To
establish statistical models and perform index analysis the indicators of
Kherson agrometeorological station located nearby the experimental field of
the Institute were used. The study on this direction was conducted using
special methodology for the use of information technologies in agriculture™.

Generalization of long-term thermal air regime testifies about a steady
trend of annual increase in positive temperatures over the last 48 years.

According to the temperature regime, the difference between the
amplitude of fluctuations is set in temperatures of ten-twenty-year periods,
especially in terms of the sums above 10°C. Thus, the period from 1970 to
1985 years was characterized by significant fluctuations, which averaged to
57-349°C, and the period from 1990 to 2000 years differed by stability with
deviations from the average level of only 12.3-72.8°C. Since 2000 till
nowadays it has also been observed the increase in the amplitude of
deviation of the temperatures above 5 and 10°C, which is similar to the trend
for 1970-1985.

Analysis of the obtained data on the sum of atmospheric precipitation
during the vegetative period of winter wheat testifies about a decrease in
their amounts during the studied period and for the predicted until
2020 period.

Our calculations proved that the process of gradual aridization and the
reduction of humidity coefficient is taking place in southern sub-zone of the
Steppe zone of Ukraine.

On average for the studied period, the HC for the vegetation of winter
wheat was 0.61 with the range of the confidence interval from 0.505 to
0.695. In addition, as it is depicted in the figure, HC has a very large
discrepancy by the individual years (the coefficient of variation in the
investigated period is 49.7%). Prediction by the linear regression equation
indicates reduction of the humidity coefficient in 2010 to 0.39, and in 2015 —
to 0.35, respectively.

" Jlappumenxo 10.0. HaykoBe OGTpYHTYBAaHHS TEXHONOTil BHPOUIYBAHHS KyKYpyI3W
MpU  KparMHHOMY crocobi mnomuBy: Mosorpagis / 10.0. JlaBpunenko, B.b. Py6an,
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According to the settled tasks, we conducted the collection,
systematization and synthesis of experimental data of the field and
laboratory experiments, which were conducted in the zone of irrigation of
the South of Ukraine on southern chernozems and dark-chestnut middle-
loamy soil under the deep level of groundwater by the laboratories of
irrigation, agrochemistry and meliorative soil science, as well as in other
scientific divisions of the Institute of Irrigated Agriculture of NAASY,

According to the results of the mathematical modelling, the correlation-
regression relations between the productivity of winter wheat and amounts
of precipitation, individually or in the sum with the irrigation norm, were
determined. In addition, the patterns of the influence on vyields,
differentiation of nitrogen and phosphoric fertilizers doses were determined.
All the obtained mathematical models are characterized by the moderate and
high degree of closeness of relations with the fluctuations of the correlation
coefficients (R) from 0.6740 to 0.9345.

According to the reports of the laboratory of irrigation of the Institute of
Irrigated Agriculture of NAAS, it was accumulated the information on the
dynamics of winter wheat yields during the period of 1971-2018, with taking
into account the pre-sowing and vegetation watering that were carried out
using the water of the Ingulets irrigation system.

Dependence of the level of agrometeorological conditions of the
vegetation period was defined as the ratio of the actual crop level of a certain
year to its trend value by the formula (1.1)".

1= Ytace! Y trends (1.1)

Where | — Index of evaluation of agrometeorological conditions of
vegetative
period;

Yt — actual yields, t/ha;

Y wend — @annual yield by a trend, t/ha, which is

calculated by the mathematical equation of linear

regression for the zone of Southern Steppe of Ukraine (formula (1.2):

=-0,527x + 1104, (1.2)

Where X — years.

Through the calculations by the specified methodology, it was proved
that the level of agrometeorological favorable conditions for the winter
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wheat yield fluctuates during the studied period from 0.42 to 1.36 with the
average perennial value of 0.98.

A large interval of fluctuations in the level of agrometeorological
conditions, expressed by the index, was caused by significant fluctuations in
individual meteorological indexes.

Theoretically justified plant requirements to the environment gave the
opportunity to use the inertial method to simulate the impact of
agrometeorological conditions on the formation of winter wheat yields
during the vegetation period.

The model for estimation of the index of the favorable
agrometeorological conditions during spring-summer vegetation of winter
wheat consists of the complex of equations of second order multiple
regression (formula (1.3):

I = Zy+ aqTn + byT2 + iRy + diRy2 +e,ThRy (1.3)
where n is the sequence number of the month from 3-7, each year.

Z, — independent argument;

an, by, ¢y, ds, €, — model coefficients calculated through the regression of
the surface response per month;

T, — average monthly air temperature per month, °C;

R, — month sum of precipitation by months of vegetation, mm;

We calculate the annual index of agrometeorological conditions as the
sum of the influences of each individual month with the corresponding
coefficients. And then we determine the projected yield levels by the
formula (1.4):

Yor= I X Yiend » (1.4)

Where Y/, — the predicted yield, t/ha;

I — index of evaluation of agrometeorological conditions of vegetation
period;

Y wrend — @annual yield by a trend, t/ha

The mathematical model obtained allows getting indexes, which are
close to the actual ones, however, as we can see, it looks somewhat
smoothed (Fig. 1).

The accuracy of the predictive models greatly depends on the stability of
the weather conditions, therefore, it was determined that for the zone of the
risky agriculture, to which the South of Ukraine belongs, at the expense of
unstable and insufficient humidification, a large amplitude of daily
temperatures, the models provided slightly less values of grain productivity
for wheat. These features of the developed models require the expansion of
the number of ascending indexes in the selection of the most important
factors influencing the yield during the vegetation period of the studied crop.
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Fig. 1. Actual and predicted (modeled) yields of winter wheat under
the optimum irrigation regime

2. Identification of the patterns of productivity processes in corn plants
depending on the thermal energy conditions in the conditions
of the South of Ukraine

The relationship of the heat supply for agrocenosis on the dynamics of
solar radiation is proved experimentally. Taking into account that these
factors are provided in sufficient quantity for the major crops of Southern
Steppe of Ukraine, there is a need for their maximal usage by the means of
adjustment of elements of cultivation technologies. It should be remembered
that according to the law of interaction of factors, the potential of solar
radiation and thermal regime is used more fully if plants are better supplied
with other factors and, first of all, with water and nutrients. The degree of
use of the PAR and thermal resources strongly depends on the cultivation
conditions of a crop.

The comparison of the duration of the vegetation period and the sum of
biologically active temperatures above 10°C and excluding temperatures
below 10°C revealed a clear correlation dependence between these indexes.

The obtained statistical models allow to carry out the calculations of the
duration of vegetation period based on the actual indexes of the sum of
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biologically active temperatures with the help of the developed linear
regression equations. We must note that the greatest impact on the
vegetation period have the temperatures above 10°C that was confirmed by
the developed correlation-regression models.

In the United States and Canada, the systems of classifying the terms of
ripeness of different hybrids of corn by the units of heat accumulation are
accepted: in the U.S. by the index of the HU (Heat Units); In Canada — CHU
(Crop Heat Units). A Canadian system of determining the ripeness of corn
has a certain scientific and practical interest for the South of Ukraine,
because it was developed by the climatologist Andre Butzman. The
investigations of this scientist proved that climatic factors for Canada and
Ukraine are almost identical, therefore the system of Crop Heat Units can be
used for local determination of ripeness of corn. This system is also suitable
for soybean™.

The results of our studies allowed to identify the significant amplitude in
fluctuations in the level of corn yield by some years, its increase in
moderately humid and wet years and a significant decrease in the moderately
dry and dry. And the smallest fluctuations in the yield were fixed in the
middle-ripening hybrids, and the highest — in the early-ripening ones.

Systematization and grouping of perennial agrometeorological indicators,
total water consumption and irrigation regime during the growing season of
grain corn indicate that they are changing in a very wide range depending on
the hydrothermal conditions of the vegetation period.

Statistical analysis determined a very high difference in variability of
both meteorological and agronomic indexes. Thus, the sum of air
temperature above 5°C for the studied period was characterized by the
minimum range of variation (V was only 7.4%) at the confidence interval
from 1900 to 1999°C.

The variability of the sum of effective temperatures above 10°C slightly
increased — the coefficient of variation increased to 11.2% at the average
perennial value of this index of 1302+23.3°C. In regard to the income of
precipitation, a very high degree of variation (V is 34.7% at the confidence
range of 1730-2198 m?/ha) was determined. This indicates a significant
irregularity of natural humidification and substantiates the use of irrigation
in the conditions of Southern Steppe of Ukraine.

Significant variability in atmospheric precipitation income caused a
significant variation (25.2%) in the volumes of irrigation norms, which
equaled, on average for 1970-2018, to 1924+77.7 m*/ha. However, taking

 Ammpuesckuit C. Kak BbIGpaTh rubpug KYKypy3bl M COKOHOMHTH NPH JTOM HEMaible
nensru. 3epro. 2006. Ne 4. C. 36-39.
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into account the interconnected effect of precipitation and irrigation norms
on the total water consumption, this index was characterized by the moderate
degree of variability (11.5%) in the confidence interval of 4275-4627 m*/ha.

Yield of grain corn, according to the analysis of the long-term dataset,
fluctuated from 3.83 t/ha (in the severely arid 1996) to 13.4 t/ha (in the
humid 1981) at the average value of 8.49 +0.31 t/ha. The variation analysis
proved a high degree of variability (V = 23.0%) of the productivity indexes
of corn under the influence of meteorological factors, even under the use of
optimal irrigation regime, justifying the need to improve the cultivation
technology at irrigated lands in order to increase the adaptability of hybrids
to the irregular precipitation and changes in thermal regime.

Multifactoral experiments, conducted in different soil and climatic zones,
allowed to establish an index link between the crop productivity and
meteorological  parameters. The assessment of the level of
agrometeorological favorable conditions of the growing period for certain
types of crops, including grain corn, is defined as the ratio of an actual level
of yield of an individual year to its trend value.

Our estimates determined that under the optimum regime of irrigation,
the level of agrometeorological favorable conditions for the growth and
development of grain corn fluctuates during the period of 1970-2008 from
0.42 to 1.49, at the average perennial value of 1.0 (Fig. 2).

Significant fluctuations in the index of agrometeorological conditions
assessment are caused by the yearly fluctuations of individual
meteorological indexes. Statistical modeling shows that the most favorable
weather conditions were in the periods of 1980-1983, 1991-1993, 1997 and
2004. In the specified years, there was observed an increased precipitation
and moderate thermal regime.

On the contrary, in 1994-1996, 1998-1999 and 2006-2007 we discovered
a critical decrease in the productivity of corn due to the extremely high air
temperatures, severe deficit of natural humidification, dry winds, etc. In
recent years (2014-2018), due to favorable weather conditions — corn
productivity — rises.

Statistical analysis of meteorological data for individual months for the
period of 1970-2008 indicates that as on the whole for a year, the
temperature regime is marked with stability (V ranges from 3.0 to 4.8%), and
precipitation — with a significant variation (Table 1). The highest variability
(the coefficient of variation — 42.9%) was observed in the precipitation
income in August, from 0 to 120.2 mm, which indicates the need for careful
observance of irrigation regime during this period. Using the index method,
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it is possible to simulate the influence of agrometeorological conditions on
the formation of corn crop during the growing season.

Index of agrometeorological conditions
oassessment
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Fig. 2. The index of agrometeorological vegetation
conditions assessment for Grain corn

Table 1

Statistical characteristics of average monthly air temperature
and monthly precipitation during the growing season of grain corn
(the average for 1970-2018)

Indexes
Temperature Precipitation
Months . Factor . Factor
Min, Max L Min, Max, .
oC oC Variations mm MM Variations (V),
), % %

May 13.42 19.47 3.9 6.3 143.3 22.0
June 18.21 23.66 4.8 4.1 99.5 17.5
July 19.93 26.63 3.0 1.0 138.9 26.7
August 18.46 25.51 3.9 0 120.2 42.9
September | 13.51 20.75 3.7 0.8 120.2 335

At the same time, it is necessary to calculate the index of favorability of
agrometeorological conditions during the entire growing season, which is
based on the evaluation of the indexes of each month by defining the
regression coefficients of their impact on corn grain yields. The statistical
model of the estimation of the index of agrometeorological conditions for
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the growing season of grain corn consists of the complex of equations of the
multiple regression:

ls=Zs+asTs+bsTs +CsRs+0sRs +e5 TsRs;
l6=Ze+asTe+beTs +CsRe+0sRs +65 TeRs;
l7=Z7+a;T7+b, T77+C/R 4R, *+e7TRy;
lg=Zg+agTg+hg Ts +CgRg*+0gRe™+€5 TgRg;

lg=Zg+a9Tg+0gTo™+CoRy+0dgRe*+9ToRy,

where Is_lq — indexes of the evaluation of agrometeorological conditions
during

grain corn cultivation, (5-7 sequential number of the month);

Zs_Z4 — independent argument of the equation;

as_ag, bs— by, Cs— Cq, ds— dg, €5 — €9 — model coefficients;

Ts — Tg — average monthly air temperature, °C by the months of the
vegetation;

Rs _ Ry — monthly amount of precipitation by the months of the
vegetation, mm

To assess the index of the favorability of agrometeorological conditions
of the growing season of grain corn on the whole during the vegetation
period, you can use the sum of the effect of each individual month with the
relevant coefficients of the influence. In addition, the calculated indexes of
agrometeorological conditions of the vegetation of grain corn can be used to
forecast yields using the actual parameters of the average daily air
temperature and precipitation.

The results of our calculations of the projected yield of grain corn and
comparison of it with the actual productivity of the plants testify to non-
significant errors (+ 2.2-3.7%) and the possibility of using the above-
mentioned method for setting the grain yield level in both scientific and
production purposes.

The highest consumption of thermal resources per ton of corn
(T, = 677.8) were in dry 2002 year in the late-ripening hybrids, and in this
variant the minimum efficiency of the PAR use (7= 0.87%) was fixed. This
is explained by very unfavorable weather conditions of this year (high
temperature and low relative humidity of air) during the grain filling stage of
hybrids of the late-ripening group. The most optimal use of thermal
resources (7, = 201.6) and the income of photosynthetic active radiation
(7 = 3.20%) was observed in the late-ripening hybrids in moderately-dry
2006 year.
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The generalization of the obtained fifteen-year results of the field
experiments in the blocks of years by the natural humidification and ripeness
groups allowed to identify the difference in the dynamics of yielding data of
corn in the direction of its sustainable growth from dry years to humid ones
(Table 2).

The highest yield (10.3-12.6 t/ha) of the hybrids of all the ripeness
groups was formed in humid years, and the lowest (5.9-7.0 t/ha) — in dry
ones. The same tendencies were found in the estimation of the temperature
index indicators and the coefficient of the efficiency of the PAR use.

On average for the years of the study, it was established that the heat
energy factors are used best by the early and middle-ripening hybrids, which
have indicators of temperature index of 304.1 and 305.1, and the coefficient
of efficiency of the PAR use — 2.15%. In the late-ripening hybrids, the
increase of 7, by 5.1 and 5.4% was observed under the decrease in #; by
2.4%, respectively.

Variation and correlation analysis allowed to define the different by force
and direction interactions between the yield of corn and the main heat energy
factors (Table 3). Variation analysis of the vyielding data showed their
stability in humid, moderate and moderately humid years, since the variation
factor fluctuates within 9.2-10.4%. However, in the moderately-dry and dry
years there has been an increase in productivity indexes of corn grain in 2.5-
2.9 times (V was 25.8 and 26.6%).

The evaluation of the variation of thermal resources proved the stability
of the sum of temperature during the vegetation period, but also significant
difference in the temperature index, which in humid years has low variability
(V = 5.1%), medium (V = 18.6 and 12.4%) — in moderately humid and
moderate years, significant (V = 23.2 and 33.5%) — in moderately-dry and
dry years. This phenomenon indicates a positive effect of the increased air
temperature in humid years on the intensity of production processes of the
plants.
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Table 2
Grain yield of different by the ripening groups corn hybrids depending
on the natural humidification and thermal energy indexes

Humidification | Group Indexes
conditionsby | ripeness | x|, ST, oC T E,, Q. Qr, s,
the years Hybrids | t/ha ’ Y Glha | Gl/ha | Gl/ha | %
Early 0031 23181 | 2264 | 3301 | 22,245 | 11345 | 2.91
ripening
) Middle
Humid viaa 115 | 2,697.4 | 2349 | 370.4 | 26,889 | 13,714 | 2.72
ripening
rhj’}tneg 126 | 29147 | 232.6 | 4039 | 29,630 | 15,112 | 2.68
Early
=art 77 | 22925 | 302.6 | 2489 | 24,590 | 12,541 | 2.08
ripening
Moderately Middle
humid fipening | 91 | 25866 | 2916 | 2936 | 27,541 | 14045 | 219
r:;tneg 106 | 2,956.9 | 2852 | 3429 | 31,847 | 16,242 | 2.20
Early
art 74 | 21563 | 293.9 | 239.7 | 21,897 | 11,168 | 2.15
ripening
Middle
Moderate viac 80 | 25094 | 317.2 | 2562 | 25115 | 12,809 | 2.00
ripening
rhﬁtneg 8.1 | 2,8395 | 351.8 | 261.1 | 29,141 | 14,862 | 1.76
Barly | 24 | 20020 | 2962 | 237.0 | 21,222 | 10,824 | 221
ripening ) U ) ) ’ ' )
Moderately dry r'l\g:i‘:':]eg 87 | 24161 | 293.8 | 280.4 | 245506 | 12,498 | 2.27
r:ﬁneg 10.1 | 2,706.9 | 281.4 | 324.1 | 27,169 | 13,857 | 2.37
Barly 1 59 | 21249 | 3782 | 1909 | 22,732 | 11,503 | 1.65
ripening ) T ) ) ’ ' )
Middle
Dry fipening | 70 | 24743 | 3682 | 2254 | 25785 | 13150 | 173
r:-;tneg 70 | 2,7595 | 441.0 | 2269 | 28,554 | 14,563 | 1.58
Average for the | Early | 7.5 | 2,181.7 | 3041 | 243.1 | 22,469 | 11,459 | 2.15
years of the ripening
study Middle | 8.7 | 25180 | 3051 | 279.2 | 25808 | 13,162 | 2.15
ripening
Late 95 | 2,8216 | 321.6 | 3065 | 29,104 | 14,843 | 2.10
riping

96




Table 3
Results of statistical analysis of variability and interrelations between
the heat energy factors and the yield of grain corn

Humidification _ Indexes
conditions by the Coefficients x T, T Qs s,
years t/ha °C 4 GJ/ha %
Variation, V, % 9.2 11.4 5.1 13.5 6.5
Humi Correlation, R - 0.90 0.23 0.91 0.49
umid

Deterrglgatlon, _ 0.81 0.05 0.82 0.24

Variation, V, % 10.4 12.4 18.6 19.7 31.6

Correlation, R — 0.31 -0.80 -0.17 0.77

Moderately humid

Detern;{l;atlon, _ 0.10 0.64 0.03 0.59

Variation, V, % 9.2 12.3 12.4 12.6 12.8

Correlation, R - 0.36 -0.41 0.34 0.40

Moderate Determinati

€ e”g'zna on, - 013 | 017 | 011 | 0.16
Variation, V, % 25.8 11.7 23.2 115 26.2
Correlation, R — 0.41 -0.89 0.16 0.90

Moderately dry Determination
R ' - 0.17 0.78 0.03 0.81
Variation, V, % 26.6 12.1 33.5 11.2 26.7
Dry Correlation, R — 0.20 -0.86 0.03 0.92

Determination,

R? - 0.04 0.73 0.00 0.85

The indexes of the income of photosynthetic-active radiation (Qg) had an
average variability with the variation degrees ranging from 11.2 to 19.7%.
The highest efficiency of the PAR use was observed in the humid years
(V = 6.5%), medium level (V = 12.8%) — in moderate ones, while in other —
was distinguished by a high degree of variability (V = 26.2-31.6%).

Interesting results showed a correlation analysis of the natural heat
supply indexes. In the humid years, a very high degree of connection
between the air temperature and the yield of corn was determined with the
correlation coefficient of 0.90 and the determination of the crop level by
81%, which is due to a limiting effect of air temperature under the high
water supply. There is a decrease in the degree of relations in 2.2-4.5 times
in other by the evaporation deficit years.

Similar dependencies of corn productivity were determined in regard to
the index of photosynthetic-active radiation, because only in the humid years
there was a high degree of connection (R = 0.91) at 81% level of the
influence on the grain yield of the studied crop. In other years, there was a
weak positive and negative connection between these indexes at correlation
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coefficients from -0.17 to 0.34, and in dry years — the connection was almost
absent (R = 0.03). It should be noted that the increase in the efficiency of the
PAR use positively affected the grain yield in all the years of the study, but
the highest degree of the connections was determined in moderately-dry
(r = 0.90) and dry (r = 0.92) years, when the effect of this factor determined
the productivity of the plants by 81.0 and 85.0%, respectively.

Correlation-regression simulation of corn yield indexes depending on the
sum of air temperature during the vegetation proved that the best reaction on
the improvement of thermal regime is provided by the middle-ripening
hybrids (Fig. 3).
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Grain yield, t/ha
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00
1500 1800 2100 2400 2700 3000
Sum of air temperature, °C

Fig. 3. Correlation-regression dependence between the temperature in

the period of vegetation and the grain yield of corn hybrids:
1 Early-ripening (y = 0.0336x"%%);
2 — Middle-ripening (y = 0.0125x"834");
3 - Late-ripening (y = 2.0233x"%%)

On the contrary, early-ripening hybrids require less sum of air
temperatures and diminish the yield increase starting with 1500-1600°C.

Late-ripening corn hybrids are distinguished by some stability of the
increase in productivity with the increase in the sum of temperatures, due to
a longer period of vegetation and the decrease of thermal regime at the end
of summer and, especially, in autumn when the plants are in the final stages
of development.
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A negative direction of the connection between the plant productivity
and photosynthetic-active radiation was defined (Fig. 4). The calculations
proved a slow decrease in the yield of hybrids of all the groups of ripeness
under the increase in the income of the PAR, due to the peculiarities of
climatic conditions of Southern Steppe of Ukraine, which is characterized by
high resources of solar radiation and natural humidification deficiency.
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Fig. 4. Statistical model between the parameters of photosynthetically
active radiation and the grain yield of corn hybrids:
1 — Early-ripening (y = — 0.0004x + 11.809);
2 — Middle-ripening (y = — 0.0003x + 12.906);
3 — Late-ripening (y = — 0.0003x + 14.441)

CONCLUSIONS

1. Determination of the indexes of photosynthetically active radiation
(the PAR) is of great importance from the point of view of comparative
assessment of the efficiency of the agricultural land use and the elements of
cultivation technologies in different soil and climatic zones. Also,
information on the PAR indexes is the basis for the programming of yield,
studying the intensity of processes of photosynthesis, agrometeorology and
other fields of agrarian science.

2. The highest grain yield of corn hybrids of all the ripening groups was
formed in the humid years, and the lowest — in the dry ones, and the plants
use the thermal potential of the zone of the South of Ukraine best in the
humid and moderately humid years due to the highest intensity of production
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processes. At the corn cultivation for grain it is possible to simulate the
duration of the vegetation period using different systems (European,
American and Canadian). By the obtained regression equations it is possible
to choose the most optimal hybrid composition for regional and local agro-
climatic conditions. By the results of the study we determined different
degrees of variability for meteorological and agronomic indexes. The use of
statistical methods allowed to assess the years of the study by the
favorability index of agrometeorological conditions and develop the
regression equations of the plant productivity.

3. Statistical analysis of the yielding data of different by ripening groups
hybrids of corn and thermal energy indexes allowed to determine different
by the degrees and directions connections between the productivity of the
plants in the various conditions of natural humidification by the years of the
study. Using the created correlation-regression dependences, it is possible to
simulate the level of yield of different corn hybrids by the actual parameters
of the sum of air temperature and the income of photosynthetically active
radiation during the vegetation period of the plants.

SUMMARY

The article contains the results of the study on the effect of hydrothermal
conditions on the productivity of winter wheat and corn at their cultivation at
the irrigated lands of Southern Steppe of Ukraine. It was determined that
considering the indexes of photosynthetically active radiation income it is
possible to develop the basis for the programming of the crop, to study the
intensity of photosynthesis processes, improve the knowledge in agricultural
meteorology and other fields of agrarian science. It was determined that the
maximum grain productivity of corn hybrids of all the ripening groups was
formed in the humid years, and the lowest one — in the dry ones, and the
plants use the thermal potential of the zone of the South of Ukraine best in
the humid and moderately humid years, which is explained by the highest
intensity of the production processes. At the corn cultivation for grain it is
possible to simulate the duration of the vegetation period using different
systems (European, American and Canadian). By the obtained regression
equations it is possible to choose the most optimal hybrid composition for
regional and local agro-climatic conditions. By the results of the study we
determined different degrees of variability for meteorological and agronomic
indexes. Statistical analysis of the yielding data of different by ripening
groups hybrids of corn and thermal energy indexes allowed to determine
different by the degrees and directions connections between the productivity
of the plants in the various conditions of natural humidification by the years
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of the study. Using the created correlation-regression dependences, it is
possible to simulate the level of yield of different corn hybrids by the actual
parameters of the sum of air temperature and the income of
photosynthetically active radiation during the vegetation period of the plants.
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