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The article considers the agro-climatic conditions of winter wheat cultivation under different feed options in
Ukraine. It gives a detailed analysis of the air temperature change, precipitation, relative humidity and their mixed
effect on winter wheat productivity for each phase of field crop development, as well as changes in climate fertility
and crop efficiency in the modern climate period (2012-2016). The main sample characteristics of the interaction
results of wheat varieties are found and the multifactor regression of yield dependence on hydrometeorological

factors is formed.
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The reality of nowadays is to find priority areas
and support those industries that will give Ukraine the
opportunity to engage its own niche in the world. One
of these areas is the agricultural sector. Even during
the general crisis, agricultural products will be in
demand. The Food and Agriculture Organization of
the United Nations (FAO) predicts that global food
production should grow to 70% till 2050 to meet the
needs of the nine billion population.

There is a need to study both the benefits and risks
for the agricultural sector. Latest in general include
noticeable climate changes, under the influence of
which, we see that food security in the long term
depends on how it is possible to modernize the
traditional model of agricultural production, due to
possible weather and climate shifts [10, 23].

Climate changes are manifested in an increase in
the average annual temperature on the surface of the
planet, an increase in the level of the oceans, an
increase in the number of natural disasters and
cataclysms (desertification, landslides, hurricanes,
etc.). According to the Institute of irrigated
agriculture of the National Academy of Sciences [3,
4] over the past 35 years in the dry Steppe subzone,
there is a steady trend of increasing the average
annual temperature from 9.3 (1973-1980) to 11.3°C
(2006-2010), that is, by 2°C. At the same time, there
is a tendency to increase precipitation of a storm
nature and increase the wind regime, which leads to
water erosion and soil deflation.

Temperature increases occurs too fast then
compared global rates [21], which are caused by
human-made emissions. The IV Report of the
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Intergovernmental Panel on Climate Change (IRCC)
shows the unprecedented rate of increase greenhouse
gases in the atmosphere over the past 150 years.
According to the latest data, the concentration of
these harmful gases in the Earth's atmosphere
increased by 31% (carbon dioxide) and 149%
(methane) compared to their amount at the beginning
of the Industrial Revolution. About half of all
greenhouse gases produced in the course of human
economic activity remain in the atmosphere [24].

Climate changes pose a real danger to Ukraine,
since due to insufficient moisture reserves in the soil,
it is very difficult to form a crop of agricultural crops.
In addition, strong winds are more often observed,
which interfere with the timely application of plant
protection products and lead to wind erosion of soils.
Together with warming, there is a probability of a 1.5-
2-times increasing the number of insect pests, for
whom these conditions are a favorable factor for
reproduction and spreading [17].

Based on climate change simulations conducted
by Cambridge Group climate scientists from all over
the world, under the auspices of the UN FAO, further
air temperature will increase in the range from 2 up to
6°C 1is predicted up to 2100yr period. Such an
increase in temperature and CO2 concentration in the
air will have a direct impact on the Earth's biosphere,
including the productivity of the agro-industrial
complex, yield and quality of agricultural products.
Negative climate changes in the nearest future
includes rise up in air temperature, rise up in the effect
of droughts, shortage in snow cover, an interruption
of precipitation even flow, which in combination
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leads to the activation of erosion processes and soil
degradation [4].

Question of the dependence of crop yields on
climatic factors was considered by leading scientists
[9; 1; 22]. Generally scientists note, that while recent
years in Ukraine, the work had been done to evaluate
the response of grain crops on climate changes and
growing conditions. For better information support of
agricultural production, it is advisable to provide
forecasting of the productivity of individual crops on
local, regional and state levels [7, 8]. One of the
problems of plant adaptation to local agroclimatic
conditions is the establishment of an optimal level of
heat and moisture.

Under such conditions, according to some
estimates, the global wheat grain production may
soon decrease on 6% with temperature increase for
each Celsius degree [15].

For gathering high vyields, favorable weather
conditions are necessary during plant vegetation, but
the latter depend on natural factors that cannot be
managed or corrected [14]. Winter wheat in the
process of growth and development goes through two
periods, which depend on weather and climatic
conditions. During the first period of plant growth,
vegetative organs are formed mainly, which are
responsible for the main functions in the body such as
supply, respiration, water exchange, etc. The second
period goes with organization of generative organs
(ear, spikelets, flowers and grains).

The most important for winter crops is the first
period passing in autumn, during which plants
actively grow, go through the initial stages of
organogenesis in the growth cone, where the main
productive organs are in their infancy, and sugars
accumulate as protective compounds before
wintering [13].

Despite the large volume of theoretical and
experimental studies, the influence of weather and
climatic conditions on the yield of winter wheat in the
Southern Steppe of Ukraine is insufficiently studied
and it requires constant research. Therefore, there is a

need to build a model of changes in exogenous
indicators (the amount of precipitation during the
vegetation of the crop, changes in the temperature
regime of air and its humidity), which cause changes
in endogenous ones (the yield of winter wheat grain).

Tasks and methods of research. Experimental
studies were conducted during 2011-2016yrs in the
experimental field of the Mykolaiv NAU. The object
of research was winter wheat. The technology of
growing crops, except of the studied factors, was
generally accepted to the existing zonal
recommendations for the Southern Steppe of Ukraine.

The experiment scheme included the following
options:

Factor A - variety: 1. Kolchuga; 2.Zamozhnist.

Factor B — nutrition: 1. control (without
fertilizers); 2. N30P30 — for pre-sowing cultivation -
background; 3. background + Urea K1 (1 I/ha); 4.
background + Urea K2 (1 I/ha); 5. Background +
Escort-Bio (0.5 I/ha); 6. Background + Urea K1 +
urea K2 (0.5 I/ha each); 7. Background + Organic D2
(1 I/na). The rate for the working solution was 200
I/ha. The replenishment of crops with growth-
regulating drugs was done both times at the beginning
of spring vegetation reduction and at the beginning of
going winter wheat into tubing stage. The yield was
measured with the method of total moving from each
reported field part (combine-harvester "Sampo -
130").

The variance and correlation-regression analyses
were performed [5, 12], to estimate the influence of
meteorological factors on the yield.

Research results. Our research shows that yield of
winter wheat grain is changes under the influence of
varietal characteristics, the background of nutrition,
weather and climatic conditions of the growing year,
the supply of plants with moisture during the
vegetation.

Weather and climatic conditions during the
growth and development periods of winter wheat
plants for 2012-2016yrs are shown on Fig. 1-3..
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Figure 1. The amount of precipitation occurred during the interphase periods of growth and
development of winter wheat plants, mm
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According to the analyses of meteorological
indicators, it was pointed that maximum amount of
precipitation (Fig.1), specifically 83.0 mm were
received in 2016 years during the interphase period of
earing-full grain ripening. The lowest amount of
precipitation was in 2013year. So, in the interphase
period "plant tubing - earing", there were no

precipitation at all. During the period "spring tillering
— full ripeness of grain”, 81 mm of precipitation
appeared. It should be noted that in 2012 year, the
lowest amount of precipitation, which is 73mm,
appeared during the interphase period "spring
tillering — full ripeness of grain™, and in 2015 year —
the highest amount of precipitation, which is 188 mm.
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Figure 2. Air temperature, C

In general, temperature regime (Fig.2) had similar
patterns, but it raised up in 2012yr and 2013yr during
the interphase period from earing to full ripeness of
winter wheat grain. The average air temperature in
these years and interphase periods was +21.8 and 22.0
0C, respectively, what topped up the indicators of
studied 2014-2016yrs on 4.6 - 20.6% and 5.5 -21.4%.

The relative air humidity had been changed during
the studied years also, for the interphase periods of
growth and development of winter wheat (Fig. 3). So,
in 2012yr and 2016yr, it was the highest, respectively,
in the interphase period "spring tillering - winter
wheat plants tubing™ and "earing — full ripeness of
grain" — 74%.

80 y

X

260 | Trreer -
S

£ 40

=

=

=20

@

[}

20

(3]

T 2011 2012 2013

2014 2015 2016 201%

Years
— @& ='Plant tubing —earing"

««-.@ .- "Earing — full ripeness of grain"

—&— "Spring tillering — full ripeness of grain"

Figure 3. Relative air humidity, %

Weather and climatic conditions of the years and
factors of research (variety, way of nutrition)
significantly affected on the yield of winter wheat
grain (Table 1).

The lowest yield of winter wheat grain was
formed in 2012yr as 1.71 up to 3.04 t/ha by the
Kolchuga variety and it was 1.86 up to 3.76 t/ha by
the Zamozhnist variety, depending on the way of
nutrition. Favorable weather conditions in 2015yr
and 2016yr during the vegetation of plants ensured
the highest yield of winter wheat grain, regardless of

the factors studied. In average, for both varieties and
way of nutritions, 5.53 t/ha of grain was formed in
2015yr, and it was 5.59 t/ha in 2016yr, what
exceeded their level in 2012yr, which became the
least favorable, by 2.63 up to 2.69 t/ha or 90.7 up to
92.8%.

Over the research years, the positive effect was
shown with main moderate dose application of
mineral fertilizers and foliar feeding procedures
during vegetation of winter wheat varieties. So, over
the research years, 3.44-3.58 t/ha of winter wheat
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grain were obtained with the background of N 30 P
30 application, depending on the variety, which
exceeded the control starting from 0.53 up to 0.55
t/ha and from 17.4 up to 19.0%. More significant
grain growth was formed with the options of crops
fertilizing due to their background with Organic D2

and Escort-Bio preparations. Using of mentioned
before preparations increased the yield of winter
wheat Kolchuga variety staring from 1.53 up to 1.59
t/ha or from 52.9 up to 55.02%; Zamozhnist variety
from 1.91 up to 1.94 t/ha or from 62.6 up to 63.6%,
respectively.

Table 1
Winter wheat yield depending on varietal characteristics and optimization of nutrition, t / ha
Variety Variant of nutrition Years
(factor A) (factor B) 2012 2013 2014 2015 2016
Control 1,71 1,85 2,71 4,02 4,15
N3oP30 (background) 2,23 2,36 3,13 4,71 4,78
& Background +Urea K1 2,73 3,29 3,78 5,64 5,69
g Background + Urea K2 2,79 3,37 3,90 5,78 5,82
E Background + Escort-Bio 3,04 3,49 3,97 5,93 5,99
Background+ Urea K1 + Urea K2 2,91 3,44 3,94 5,82 5,77
Background + Organic D2 2,97 3,42 3,98 5,74 5,98
Control 1,86 1,99 2,90 4,20 4,28
- N3oP30 (background) 2,35 2,47 3,35 4,86 4,89
':__é Background +Urea K1 3,32 3,74 4,21 5,96 5,99
S Background + Urea K2 3,54 3,95 4,42 6,09 6,13
£ Background + Escort-Bio 3,76 4,14 4,55 6,24 6,28
N Background+ Urea K1 + Urea K2 3,71 4,11 4,46 6,21 6,25
Background + Organic D2 3,72 4,20 4,39 6,20 6,31

Essential things to ensure the manufacturing
stability in the Agro-Industrial Complex are crop yield
forecasts, which can provide a significant
improvement in foreign trade activities; reducement of
imports cost and export revenues increasement of
agricultural  products; capacity and structure
optimization of reserve funds and reserves [11, 26, 27].

An outstanding feature of the grain production
process in Ukraine is a sharp increase of yield
variance over last years (Fig. 4 and 5). This trend can
be explained by the influence of meteorological
factors that goes through the similar changes [2, 16,
18, 20].

Using data of the winter wheat yield depending
on the optimization of nutrition and varietal
characteristics, we will test the hypothesis at the
level of significance  —0,05: based on that both

varieties of winter wheat have the same yield.
Let's create a single-factor analysis of variance
using the Excel add-in "Data Analysis" (Fig. 4 and 5).
Analyzing the data in Figures 4 and 5, we can
say that the Zamozhnist variety is more better, since
with some options of nutrition, its yield is higher and
more stable. So for the Kolchuga Variety, the

: - : -~ .S
selective coefficient of yield of variation (v; = =,
Yi

S, variance)  acquires  the  values:
414%<v; <465%, and for Zamozhnist

283% <V, <44,3%. The same time, the highest

average yield y*=4994:v*=283% — is for the
Zamozhnist winter wheat variety, while for
Kolchuga this indicator is: y* = 4,484;v* = 42,9%.

Using the data in the Table of variance analysis
(Fig. 4 and 5), let's calculate how significant the
differences in yields is. Marked F < Fkp, and p > a,
it can be pointed that the hypothesis about the
influence of weather and climatic conditions on the
yield of these winter wheat varieties is not
contradicting real data of research.

To plan the job in the agricultural sector, it is
necessary to have such evaluate performance of
indicators in the annual outlook. The most
successful forecasts are effected when an adequate
mathematical model of the object is created, which
shows timely and consistent information about the
expected levels of crop production [6, 25]. Quite
serious realistic successes in this direction did allow
us to consolidate confidence that mathematical
models can become an effective way of large set
integrating of theoretical ideas about the life of
agroecosystems for solving practical problems [2,
28, 29, 30].

To identify the influence of climatic factors on
the yield of winter wheat, an effective tool is
regression model analysis based on the collected
experimental observations [19]. The most common
technical method in correlation studies is the least
squares method (OLS).
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A B C D E F G
1 |Single-factor dispersion yield analysis (Kolchuga variety )
2
3 |RESULTS
4 Groups Score Sum Mean Dispersion
5 |Control 5 1444 2888 1,34272
6 |NipPsp (background) 51721 3442 1.53377
7 |Background + Urea K1 5 2113 4226 1.86393
8 |Background + Urea K2 5 2166 41332 1.95017
9 |Background + Escort-bio 5 2242 4484 1.92408
Background + Urea K1 +
1p Urea K2 5 2188 4376 1.81093
11 |Background + Organic D2 5 2209 4418 1,86802
12
13
14 |Dispersion analysis
15| Source of variation 55 df MS F P-Value F tabl
16 |Between groups 1127813714 6 1879689524 1070297168 0403520281 2445259395
17 | Within groups 4917448 28 1.756231429
18
19 |Results 6045261714 34
20|
Fig 4. Single-factor dispersion yield analysis of winter wheat variety, - Kolchuga
A B € D E F G
1 |Single-factor dispersion yield analysis (Zamozhnist variety )
2
3 |RESULTS
4 Groups Score Sum Mean Dispersion
5 |Control 3 15,23 3,046 1,34938
6 |N3Pso (background) 5 17,92 3,584 1,53808
7 |Background + Urea K1 5 23,22 4,644 1,57553
& Background + Urea K2 5 24,13 4,826 1,47103
9 |Background + Escort-bio 5 24,97 4,994 1,41388
Background + Urea K1 +
10 | Urea K2 3 24,74 4,948 1,44022
11 \Background + Organic D2 5 24,82 4,964 1,45003
12
13
14 Dispersion analysis
15| Source of variation 55 df M5 F P-Value F tabl
16 Between groups 18,52678857 6 3,087798095 2,111180894 0,083653518 2,445259395
17 |Within groups 40,9526 28 1,462592857
18]
19 |Results 59,47938857 34

N

Figure 5. Single-factor dispersion yield analysis of winter wheat variety, - Zamozhnist

For identifying the dependence of yield on
weather and climatic conditions during the growth
and development of winter wheat, we use a linear
dependence, because research of other scientists had
proved that the dependence of grain yield in a certain
period is linear [12].

It should be noted that in all interphase periods
of the studied varieties of winter wheat, depending
on the nutrition way, the connection became tight,
and the most tight connection is characteristic for the
interphase period "plant going into a tube - earing™.
It should be pointed that in this research weaker

connection is characteristic for the period of “earing
— full ripeness of grain™.

The coefficient of determination R? for both
varieties in the interphase period "plant going into
tube - earing" varies in the range from 0.997 up to
0.999 depending on the way of nutritions, which
indicates that the variation in winter wheat yield of
99.97-99.99% is determined by the variation of
weather and climatic conditions.

The coefficient of determination R? for the
studied varieties for all ways of nutrition in the
interphase period "spring tillering - plant going into
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tube" varies in the range from 0.949 to 0.985, which
indicates that the variation in winter wheat yield
from 94.9% up to 98.5% is determined by the
variation of weather and climatic conditions.

The coefficient of determination R? for varieties
and ways of nutrition of the interphase period
"earing — full ripeness of grain" varies in the range
from 0.845 up to 0.914, which indicates that the
variation in the yield of winter wheat grain from
84.5 up to 91.4% is determined by changes in the
temperature regime of the air and its humidity, as
well as the amount of precipitation. It was found that
Zamozhnist variety got weaker connection in
specified interphase period.

To calculate the dependence of grain yield on
agroclimatic factors and creating regression
equations, based on the analysis of variance and
close connection, we use data of the Zamozhnist
variety with the option of nutrition Background +
Escort-Bio during the period "plant going into tube
- earing".

We identify the variables of the econometric
model: let be y — the yield of winter wheat, t/ha; x; —
temperature, °C ; x» — precipitation, mm; xs —relative
air humidity, %.

A linear multi-factor econometric model of
winter wheat yield has the form:

§ =—12,779—0,049x, —0,054x, +0,283x,

Regression coefficients show how many points
in average the performance attribute Y will be
changed when the factor attributes x,,x,,x, are

changed for one mark. In other words, the
coefficients show the average efficiency of
independent factors and reflect the average increase
in the result per unit factor.

In our case, a coefficient of -0.049 means that
under the same conditions, with an increase in
temperature by 1, the yield will decrease on 0.049
t/ha, with not changed composition of other factors.

The coefficient -0.054 means that under the
same conditions, with precipitation increase for 1
point, the yield will be decreased on 0.054 t/ha, with
not changed composition of other factors.

The coefficient 0.283 means that under the same
conditions, with relative air humidity increase for 1
point, the yield will be increased on 0.283 t/ha, with
not changed composition of other factors.

The coefficient -12.779 indicates the projection
of the regression line on the abscissa axis and the
same time it is a mathematical start point of
calculation. R=0,999- multiple correlation
coefficient, which is a measure of the linear

connection of a dependent variable Y with
independent  variables  x;,x,,x;. Its value

distinguishes a fairly strong relationship between the

appropriate socio-economic indicators.

The value of the coefficient of determination for
this model indicates that the variation in yield on
99.9% is determined by the variation in temperature,
precipitation and relative air humidity.

Partial elasticity coefficients:

oY

The calculated partial elasticity coefficients
show that increase of air temperature for 1% will go
with further decrease in yield on 0.275, as long as
other factors stayed constant. If precipitation
increase for 1%, the yield will decrease on 0.487, as
long as other factors stayed constant. Increase of
relative air humidity for 1% will show an increase in
the yield of winter wheat grain on 6,186, as long as
other factors stayed constant.

Total elasticity is: A:Z:EL:5,425_ Total
=X
elasticity shows that when all counted factors
increase simultaneously for 1%, the yield will
increase on 5,425.

The statistical significance of estimates of model
parameters was checked according to the t —
Student's statistics at the significance level o — 0,05
. The model parameters were found statistically
significant, which means they have a significant
impact on the independent variable Y .

We will use the Fischer criterion to test the
adequacy of the econometric model to actual data,
the hypothesis about the significance of the
connection between independent and dependent
variables.

Consider a hypothesis H,:R?>=0 versus an

alternative  hypothesis H,:R*>0. This is
equivalent to checking the significance of all model
parameters at the same time (hypothesis
H,:4,=4 =8,=4,=0 VS, alternative
hypothesis H, :a, #0, 4, # 0,4, 0,4, #0 ). Let

is determine actual value of F —
F

paxm

Criterion (
=321,768) and compare it with the table
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value. The table value for a given significance level
a =0,05 and the number of degrees of freedom is

k=2 and k,=2 : F,; =Fs0035 =19 . Since
F > Frasn » the null hypothesis is rejected and the

maobn

econometric model can be considered adequate to
the actual data with a given probability p=0.95 ,
which means that hypothesis about the significance
of the connection between independent and
dependent variables is confirmed.

Let is check the accuracy of the econometric
model using the average relative approximation
error, we have

_ 1&y -
g==)|2—211.100% =1,22 <10%
N Y
this indicates the high quality of the model.
Provided research job gives us the conclusion that
the influence of weather and climatic conditions in
different interphase periods of growth and
development of winter wheat plants is quite
significant.
Conclusions. The yield of winter wheat grain is

highly depends and changes under the influence of
weather conditions of vegetation stage, biological
characteristics of the variety and the supply of plants
with nutrients. Despite of cultivation year,
significantly higher grain yield and lower variability
of winter wheat is provided by the cultivation of the
Zamozhnist variety, with applying of mineral
fertilizers background in moderate dose and foliar
feeding with Escort-Bio crops as 4.99 t/ha.

Correlation and regression analysis showed
close connection between yield and temperature,
precipitation, and relative air humidity. Multivariate
regression is created with the significance of A=0,5.
It was shown that under the same conditions, with
an increase of temperature for 1 point, the yield of
winter wheat will decrease on 0.049 t/ha, with not
changed composition of other factors; with an
increase of precipitation for 1 point, the yield will
decrease on 0.054 t/ha, with not changed
composition of other factors, and with an increase in
relative air humidity for 1 point, the yield will
increase on 0.283 t/ha, with not changed
composition of other factors.
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A. M. MorunbHunkas, A. B. [landusnoBa. OneHKa 1 MOAeTUPOBaHUE BIUSIHUA
NMOroAHO-K/IMMAaTH4YeCKHMX YCJIOBUH HAa YPOKAaNHOCTD NMILIEHULbl 03UMOU

PaccmompeHul azpokaumamudeckue yca108us 8blpauwju8aHus COpmoas 03uMoll NeHUuYbl Ha ae YKpauHsl npu
pasaudHbIX eapuaHmax numauus. [as Kaxcdol @asvl paseumus Kyabmypsbl NpoaHAAUIUPOBAHO U3MEHEHUS
memnepamypbl 8030yxa, KOA1u4ecmaa ocadkos, OMHOCUMEAbHOU 8/4AHCHOCMU U UX COBMECMHO20 BAUSIHUS HA ee
npousgodumesibHOCMb 8 COBPEMEHHDLU Kaumamuyeckull nepuod (2011-2016 ze.). HatideHo 0CHOBHblEe 8bI60POYHbBIE
Xapakmepucmuku pe3y/1bmamoe 83aumooeticmaus copmos nueHuysb! U N0CMpoeHa MHO20(haKmopHas pezpeccus
3asucumocmu ypoxcatiHocmu om 2udpomemeopo02uieckux gakmopos.

Kawuesvle csaoea: yposcaliHocmb, azpokauMamuyecKue yca08Us; O03UMAs NWEHUYA peapeccust;
Koppeasyusi.

A. M. MorunbHuIbKa, A. B. [landinosa. OniHKa Ta Mo/Je/Il0BaHHSA BIUIMBY NOroJHO-
KJIIMaTU4YHUX YMOB Ha YPOKaWHICTh NIIEeHULi 03UMO]

Po3z1ssHymo azpokaimMamuyHi yMo8u 8Upowy8aHHs copmie nweHuyi o3umoi Ha nigedHi Ykpainu npu pizHux
sapiaHmax sxcusaeHHs. [l151 KoxucHoi pa3u po3eumky Ky/1bmypu npoaHanizoeaHo 3MiHy memnepamypu nogimps,
Kisibkocmi onadis, 8i0HOCHOI 80/1020cmi ma ix cymicHO20 énugy Ha i npodyKmueHicmsv y CyuacHuli KAimMamuvHuii
nepiod (2011-2016 pp.). 3HatideHo 0CHOBHI 8UGIPKOBI Xapakmepucmuku pe3y/sibmamis 83aemodii copmie nuweHuyi
ma no6ydosaHo 6azamodakmopHy pezpecito 3a1excHocmi ypoxcaiiHocmi 8id 2idpoMemeopo.102iYHUX YUHHUKIB.

Kamouoei cao8a: ypoicaiiHicms, azpokaiMamuvHi ymMo8u; nueHuys 03umd; pezpecis,; Kopeasyis.
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