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Aim. To estimate the influence of contemporary climatic changes to the forming of the cereal crops productivity
(winter wheat and corn) depending on the adaptive measures system (fertilizer, cultivating, crop rotation type) in
the agrocenoses of the Central Left-Bank Ukraine’s Forest-Steppe. Methods. On the basis of long-term (35-40
years) investigations in the multifactor stationary field experience, the dynamics of the cereal crops productiv-
ity depending on cultivation, crop rotation type and fertilizer has been analyzed. The influence of meteorological
indices on the nature of a trends’ temporal movement in the cereal crops productivity has been modeled. Results.
The effective use of an excess heat resource is connected to the introduction of mineral and organic fertilizers sub-
ject to different cultivation methods in various crop rotation types. For the crop rotation with the perennial grass
at treatment with 6 t/ha of manure and average dose of fertilizers, the productivity of winter wheat, independent
of the cultivation method, was 4.69 t/ha, barley — 4.54 t/ha; whereas during 2001-2010 due to replacement of
manure with side-line products — 4.21 and 3.37 t/ha respectively, i.e., less by 0.48 and 1.17 t/ha. The productivity
of spring barley, as compared to the manure treatment period, has reduced in average by 0.66 t/ha, or by 23.8 per
cent; alongside, it remained highest at the deep subsurface loosening of soil. Return from the applied fertilizers
proved to be higher by 123 per cent independent of the method of treating the soil. In five-plot pea-including crop
rotation the average productivity of winter wheat in 2001-2010 decreased by 1.09 t/ha, or by 20 per cent. The most
considerable reduction in the grain productivity has been fixed at both the subsurface and surface loosening of
soil. As for the crop rotation with the perennial grass, on the contrary, a more considerable drop in the productiv-
ity was at ploughing (-0.59 t/ha). The corn productivity in the crop rotation with the perennial grass grew at vari-
ous cultivation methods by 1.71 t/ha average, and in the pea-including crop rotation — by 1.95 t/ha. Conclusions.
Excess heat resource during 2001-2013 in conditions of the Left-Bank Ukraine’s Forest-Steppe zone anticipates in
raising tempos the forecast scenarios of the climatic change until 2025 and needs the introduction of the adaptive
agriculture system: the application of differing-depth cultivating for the chernozems with the precise following of
the postharvest cultivation technological operations in the summer-autumn period together with the simultaneous
basic autumn treatment with both organic and mineral fertilizers, however, without the basic dose treatment with
the mineral fertilizers for spring cultivation, and also applying of green-manured fallows in the structure of planted
areas. Under the contemporary conditions, the climatic change, in particular, an increase in the temperature in the
center part of the Left-Bank Ukraine’s Forest-Steppe favorably affects an increase in the productivity of the exist-
ing hybrids of corn, whereas the descending general trend has been observed during entire exploration period for
the winter wheat and barley productivity because of an increase in the temperature of air to the critical values in the
period of earing and grain pouring. The excess heat resource is effectively used by the contemporary middle- and
of late-ripening corn hybrids, for which the conditions of optimum soil and atmospheric moisture supply in the
“windburn” are created period of ardent and winter ear crops. That contributes to the growth of their productivity.

Keywords: grain crops, winter wheat, heat resource, subsurface loosening, grain-hoeing rotation, organic fertili-
Zers.
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INTRODUCTION

The global warming in the Ukrainian Forest-Steppe
is of no doubts for any more [1, 2] and is considered
as the experimentally proven fact in evidence. The re-
search of this problem started in the pre-vious century
[3]. According to the forecasts [4], a very rapid growth
in the temperature of air during the vegetal period is
provided to the middle of the 21* century, which cor-
responds to the assumed substantial increase in the
population and with respect to the growing need for a
quantity of foodstuff. The forecasted climatic chang-
es must be of the vivid seasonal and regional nature,
which requires the more thorough analysis of the al-
ready existing climatic situation, in particular, in the
Central Left-Bank Ukraine’s Forest-Steppe. Its detail-
ing will make it possible to reveal the anticipating rates
of raise in climatic indices towards the critical levels of
warming. On the one hand, it is necessary to use an ad-
ditional heat resource effectively, decreasing the risks
of an increase in the temperature due to the introduc-
tion of the adaptive measures system [5, 6], and, on the
other, to ensure the regional and national food safety
through the stabilization of grain economy [7, 8] taking
into account the processes of the chernozems progres-
sive degradation [9, 10] in the Ukrainian agriculture.

The aim of the current research consisted in the eval-
uation of the influence of the contemporary climatic
changes upon the cereal crops productivity forming
(winter wheat, spring barley and corn), depending on
the adaptive measures system (fertilizer, cultivation,
crop rotation type) in the agrocenoses of the Central
Left-Bank Ukrainian Forest-Steppe.

MATERIAL AND METHODS

The research has been carried out in the conditions
of the center section of the Central Left-Bank Ukrai-
nian Forest-Steppe by means of the long-term station-
ary experience at the Drabiv experimental plot of the
Cherkassy State Experimental Station NNTS within
NSC “Institute of Farming Agriculture NAAS”. The
experiment has been performed on the typical low-
humus great-dusty light-clay chernozem with the hu-
mus content of 3.8—4.2 per cent, dynamic phosphorus —
12-14 mg in 100 g of soil, dynamic potassium — 8—10
mg in 100 g of soil, PH, iy = 0-8-7.0. Two types of
five-plot crop rotation: 1) pea-winter wheat-sugar beet-
corn-corn (60 per cent — grains, 20 per cent — legumes,
20 per cent — industrial plants); 2) perennial grasses-
winter wheat-sugar beet-corn-barley with grasses so-
wing (60 per cent — grains, 20 per cent — industrial
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plants, 20 per cent — perennial grasses). Treatment sys-
tem: without fertilizers and N, (P, ~K, . per 1 ha of
the crop rotation + 6-7 t/ha of side-line products. Cul-
tivation methods in the five-plot crop rotations: depth-
varying ploughing for 22-25 cm; depth-varying sub-
surface loosening for 22-25 cm and shallow subsurface
loosening for 10—12 cm. The weather data during the
experimental period (1998-2013) were obtained from

the Cherkassy Regional Weather Service.
RESULTS AND DISCUSSION

In last 35 years in the Central Left-Bank Ukrainian
Forest-Steppe, whereto the Drabiv, Zolotonosha and
Chornobayivka Districts of the Cherkassy Region are
geographically located, the average-daily air tempera-
ture reached —2.4 °C in winter, whereas the standard
is 4.2 °C. A quantity of winter sediments was lowered
by 24 mm. Within the winter period, the sum of minus
temperatures grew up warmer by —274 °C, only 69 per
cent of sediments fall out. The average-daily air tem-
perature in spring grew by +0.9 °C, and relative to val-
ues during 1913-1976 — by +1.7 °C. The summer pe-
riod became warmer by +1.8 wasps, and average-daily
temperature reached +20.4 °C, whereas the standard is
+18.8 °C. Autumn grew warmer by +0.5 °C, and entire
warm period of a year — by +0.8 °C. Substantially (by
+987 °C) the sum of efficient temperatures within the
warm period of a year grew, spring grew warmer to
+85 °C; summer — by +802 °C, autumns — by +101 °C.
The sum of effective temperatures increased in summer
by +256 °C.

During 2001-2010 the average annual air tempera-
ture increased by +1.1 °C, and within the warm period —
by +1.4 °C. The greatest increase in the average-daily
air temperature is noted into the summer and autumn
periods — by +1.6 and +1.4 °C respectively, and with-
in the spring period — by +0.5 °C. The sum of active
and effective temperatures during 2001-2005 grew up
by 112 and 103 per cent, during 2006-2010 — by 117
per cent. For 10 years of experiments the sum of effi-
cient temperatures increased by +430 °C, and effective
ones — by +358 °C. That indicates essential worsening in
the weather regime of the warm period of year towards
increase in the aridity. Average annual total precipitation
proved to be above standard by 47 mm, and in the warm
period it remained within the limits of standard. Within
the spring period the sediments fell out by 38 mm less,
in summer - higher by 14 mm, for autumn — higher by 21
mm, while for winter — by 50 mm.

During 2001-2010 the temperature regime at the men-
tioned part of the Central Left-Bank Ukrainian Forest-
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Fig. 1. Averaged trends in the winter wheat productivity increase without fertilizers (control) in the crop rotation agrocenoses

in the Left-Bank Ukrainian Forest-Steppe, 19982013

Steppe exceeded the indices of the efficient temperatures
sum provision (> 5°C) of the Southern Left-Bank Ukrai-
nian Forest-Steppe in 1982-1992 both according to the
normative indices and current ones, and as for the effec-
tive temperatures sum (> 10°C) approached them. Upon
conditions of the Left-Bank Ukrainian Forest-Steppe the
scenario of the change in the weather regime during the
observation period corresponds to the raise tempos of
the temperature conditions (concerning the sum of ac-
tive and effective temperatures) as this is shown in the
dedicated sources [4, 5].

During 1998-2013 an increase in the winter wheat
productivity is established against the background of
natural fertility (control without the fertilizers) (Fig.
1). A more intensive increase in the productivity is
fixed on the systematic subsurface and surface culti-
vating relative to ploughing. That corresponds to the
value of absolute term in the exponential equations
of the trends, which are higher in 1.21-1.33 times.
However, an increase in the productivity at ploughing
is also of high intensity due to higher in 1.56-2.44
times regression coefficients in the exponential equa-
tions of trends. The average productivity depending
on cultivating grew in 2.1 times and reached 3.06 t/
ha. The average productivity of winter wheat since the
beginning of this research was 3.86 t/ha in 1998, that
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is higher by 120 per cent (+0.62 t/ha), and as for the
cultivating methods the harvest of grain was higher
at subsurface one (3.75-3.80 t/ha) as in 1998-2013
(3.14-3.18 t/ha).

For a period of 27 years, since the beginning of the re-
search, the dynamic numbers of a change in the winter
wheat productivity (control, without fertilizers) was
of descending nature, whereas during last 10 years —
of ascending one. However, during entire period
of explorations (38 years) the trends of the winter
wheat productivity appeared to be descending (Fig.
2). The comparative estimation of the equations of
the regression in the productivity trends for the re-
gression coefficients at the variable in the last 10
years stated that the most efficient increase in the
winter wheat productivity was at the subsurface cul-
tivating, then — at the shallow subsurface one, and
finally, — at ploughing (Fig. 1).

At ploughing the productivity was 2.61 t/ha; at the
subsurface cultivating — 2.77 t/ha; at the surface one —
2.91 t/ha. In the crop rotation with the perennial grass
the tendency toward an increase in the productivity
at the subsurface cultivating has been revealed. After
22 years since the beginning of the experiment (until
1998) the winter wheat productivity in the crop rotation
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with the perennial grass in the average at various culti-
vating methods was 3.96 t/ha, and within 2001-2010 —
3.04 t/ha or, by 23 per cent less.

The statistical analysis stated that during 37 years in
the control experiments without fertilizers the maxi-
mum-typical winter wheat productivity in the average
at various crop rotations at subsurface loosening
was 4.04-4.91 t/ha, and at systematic ploughing — in
1.05-1.12 times lower. At the systematic surface cul-
tivating the reduction in productivity was less than at
the ploughing, and in comparison with the subsurface
loosening a decrease composed 1.05-1.08 times. The
minimum-typical winter wheat productivity changed
within: 1.91-2.17 t/ha at the ploughing, 2.34-2.78 t/ha
at the subsurface loosening, 2.41-2.64 t/ha at the shal-
low subsurface loosening. At the ploughing the reduc-
tion in the productivity was 1.23—1.28 times relative to
the subsurface cultivating.

In the first case (ploughing), as for the minimum
and maximum interval of values, the productivity
was lower at the reliable level, whereas in the second
case (surface cultivation) there was a steady tenden-
cy toward decrease. The variability of the produc-
tivity relative to average meaning at the ploughing
was 33-34 per cent, at the subsurface loosening —
24-26 per cent, and finally, at the surface cultiva-
ting — 23-24 per cent.

In the pea-including crop rotation the winter wheat
productivity decreased by 1.21 t/ha or, 23-24 per cent
in average during 2001-2010, while the most consi-
derable decrease proved to be at systematic ploughing
(—0.86 t/ha) and surface cultivating (—1.5 t/ha). Higher
productivity at the subsurface loosening should be ex-
plained not only with additional heat resource, but also
high level of potential fertility formed during 37 years
of subsurface loosening [9].

Grain Crops Productivity (t/ha) in the Five-Plot Grain-Hoeing Rotations Depending on Fertilizer and Cultivation
Method upon Conditions of the Left-Bank Ukrainian Forest-Steppe

) Subsurface Loosening, ) Subsurface Loosening,

Ploughing depth Ploughing depth

Crop Plants 22-25 cm 22-25 cm HIP
Crop Rotations 22-25cm | 10-12cm 22-25cm | 10—12 cm
Manure Treatment Period Straw Treatment Period
Control — neither organic, nor mineral fertilizers

Grains — to 60 %, industrial plants — to 20 %, perennial grasses — to 20 %
Grain crops, including 3.97 4.03 3.85 343 3.85 3.82 0.35
Winter wheat 3.67 4.15 4.07 2.71 3.16 3.25 0.45
Barley 2.51 2.99 2.81 1.96 2.21 2.17 0.55
Corn 5.72 4.95 4.66 5.62 6.16 6.05 1.25

Grains — to 60 %, industrial plants — to 20 %, legumes — to 20 %
Grain crops, including 4.15 4.35 4.38 4.28 4.71 4.57 0.45
Winter wheat 3.74 4.28 4.45 2.88 3.05 2.95 0.35
Corn 4.51 4.35 4.38 5.67 6.35 6.25 1.15
Ny 6Py K,y g, Treatment

Grains — to 60 %, industrial plants — to 20 %, perennial grasses —to 20 %

Crop Plar.lts 6 t/ha of manure 7 t/ha of side-line products HIP
Crop Rotations
Grain crops, including 5.35 5.17 4.75 5.21 5.15 5.02 0.65
Winter wheat 4.85 4.65 4.58 4.29 4.21 4.15 0.46
Barley 4.41 5.16 4.06 3.38 3.41 3.32 0.65
Corn 6.85 5.72 5.65 7.92 7.81 7.62 1.45
Grains — to 60 %, industrial plants — to 20 %, legumes — to 20 %

Grain crops, including 5.77 5.75 5.15 6.07 5.95 5.95 0.65
Winter wheat 5.25 5.95 5.13 4.32 4.38 4.35 0.35
Corn 6.35 5.55 5.18 7.83 7.55 7.55 1.17
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The corn productivity in 2001-2010 grew at both
subsurface and surface treatment by +1.21 and +1.39
t/ha, whereas at the systematic ploughing it had a ten-
dency toward decrease. Within the entire period of
experiment the highest corn productivity was after
the ploughing (6.52 t/ha), at the subsurface loosening
the productivity was reduced to 6.47 t/ha, and at the
surface treatment — 6.03 t/ha (HIP = 0.24 t/ha). The
corn productivity trends were of the increasing nature
independent of the cultivating method. According to
the significance index (R?) of the equation of the trends
regression is reliable. The productivity trend at the sub-
surface loosening is most rapidly-growing. The max-
imal-typical interval of the corn productivity values
at the ploughing was 7.99-10.1 t/ha, at the subsurface
loosening — 8.79-9.55 t/ha, and at the shallow subsur-
face — 8.11-8.83 t/ha. The minimal-typical interval at
the subsurface loosening was 8.82-9.55 t/ha, whereas
at the ploughing — 7.88—10.10 t/ha, and at the shallow
subsurface one — 8.11-8.85 t/ha. The minimal-typical
interval was 4.11-4.75 t/ha, 3.81-5.09 t/ha and 3.72—
4.43 t/ha correspondingly. The variability of producti-
vity relative to the average value at the subsurface loos-
ening was below 30 per cent, whereas at the ploughing
and surface treatment it exceeded 30 per cent (Fig. 3).

The spring barley productivity in comparison with
1980-1990 reduced on the average by 0.66 t/ha or, by
23.8 per cent, and was the highest at the deep subsur-
face loosening. Within the entire period of explorations
the average barley productivity was the highest at the
systematic subsurface loosening (3.75 t/ha), then at the
surface treatment it lowered by 0.06 t/ha, while at the
ploughing — by 0.13 t/ha (HIP =0.11 t/ha). The max-
imal-typical barley productivity was the highest at the
subsurface loosening — 4.55-5.05 t/ha.

Both at the ploughing and shallow subsurface loosen-
ing, the typical productivity was reduced by 1.05-1.12
times. Independent of the cultivating method, the vari-
ability of the barley productivity was below by 30 per
cent, whereas exceeded 30 per cent in control without
fertilizers. The trends of the productivity change were
of the descending nature with the reliable difference
(according to R? index) concerning the cultivating
methods (Fig. 4).

The matter of the excessive heat resource effective
use is connected to the mineral and organic fertilizers
treatment; also taking into account the different culti-
vating methods at the crop rotations of various types
(see Table 1). At the grass-including crop rotation and
treatment with 6 t/ha of manure and average dose of
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fertilizers the average winter wheat productivity in-
dependent of the cultivating method was 4.69 t/ha,
the spring barley — 4.54 t/ha, and during 2001-2010
at replacement of manure with side-line products —
4.21 and 3.37 t/ha respectively, what is by 0.48 and
1.17 t/ha less. At the five-plot pea-including crop rota-
tion the average winter wheat productivity was reduced
by 1.09 t/ha or, by 20 per cent during 2001-2010. At the
grass-including crop rotation, on the contrary, the con-
siderable reduction in the productivity was observed at
ploughing (—0.59 t/ha), whereas the grain productiv-
ity remained higher at deep cultivating. The corn pro-
ductivity at the crop rotation with the perennial grass
grew on the average at various cultivating methods by
1.71 t/ha, and at the pea-including crop rotation — by
1.95 t/ha. A larger increase in the grain productivity has
been noted at the subsurface (+2.09 and +2.0 t/ha) and
surface (+1.97 and 2.37 t/ha) loosening subject to the
crop rotation type.

The spring barley productivity, as compared to 1980-
1990, was reduced on the average on 0.66 t/ha or, by
23.8 per cent, and the highest was at the deep subsur-
face cultivating. The return from the applied fertilizers
proved to be higher in 1982—-1992 by 123 per cent inde-
pendent of the cultivating method. The barley produc-
tivity was reduced at ploughing (—1.57 t/ha), and the
most considerable drop was at subsurface and surface
loosening: -1.60 and -1.60 t/ha respectively.

The cereal crops productivity at the organic-mineral
fertilizer and crop rotation with the perennial grasses
never changed (5.09 and 5.13 t/ha), but at the pea-
including crop rotation it reliably grew up at various
cultivating methods. At the manure treatment against
the background of the mineral fertilizers the addition of
grains was 1.14 and 1.27 t/ha on the average, while at
replacement of manure with side-line products — 1.43
and 1.47 t/ha, depending on the type of crop rotation.
The increase of the grain owing to introduced fertil-
izers in 2001-2010, as compared to 1976—1998 grew
by 1.25 and 1.16 times respectively to the crop rotation
either with grasses, or pea. Depending on the cultivat-
ing method the return from the organic-mineral fertil-
izers treatment (6 t/ha of manure) in the form of the
increase of grains was higher at ploughing and sub-
surface loosening: +1.38 and 1.14 t/ha and 1.62 and
1.40 t/ha respectively to the crop rotation either with
grasses, or pea. At the replacement of manure with
side-line products (6—7 t/ha) the addition of the grain
owing to applied fertilizers proved to be higher at
ploughing for the crop rotation with grasses, and for
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the crop rotation with pea was unchanged independent
of cultivation method (see the Table).

The period of 2011-2013 was critical according to
the indices of temperature conditions: the annual sum
of effective temperatures (> 5 °C) exceeded standard by
+395 °C, during the warm period of year — by +280 °C,
and during the summer period — by +146 °C. As for
the sum of efficient temperatures: during a year in
whole — by +415 °C, during the warm period of year —
by +289 °C, during the summer period — by +150 °C
compared to the standard. The average-daily air tem-
perature since June till July (phase the earing-grain
pouring-ripening of both winter and spring cereals)
exceeded standard by +1,5-1.7°C (the standard is
+20.1 °C), the sum of effective temperatures (> 5 °C)
was above standard by +125 °C, and the sum of active
ones — by +200 °C. That creates conditions, when dur-
ing the critical growing phases both winter and spring
cereals fall into “the windburn” decreasing their pro-
ductivity.

According to the data [4, 5], by 2025 the average
daily air temperature during the vegetal period in
the Central Left-Bank Ukrainian Forest-Steppe must
grow to+17.74 °C, while by the forecast scenario [4] —
to +18.14 °C (until 2050), but in 2011-2013 the
average-daily air temperature in April-October ap-
peared to be +18.5 °C, what is by +2.48 °C higher
than the standard; in the summer period — +21.2 °C,
which exceeds the standard by +1.7 °C, and the
annual average-daily temperature increased by
+2.05 °C, while the standard is by +7.22 °C. Follow-
ing to the temperature indices coinciding with the
scenario by A.G. Tarariko [5] during 1982—-2012 and
the forecasted scenario for 2025-2050 [4], it is simi-
lar to the Central Steppe.

CONCLUSIONS

1. The excessive heat resource observed during 2001-
2013 in the Central Left-Bank Ukrainian Forest-Steppe
anticipates in raising tempos the forecast scenarios of
the climatic change until 2025 and requires the adap-
tive agriculture system introduction. First of all, this is
the implementation of the steppe agriculture methods:
depth-varying chernozems cultivation, soil protective
by its nature, subject to the precise following of the
postharvest cultivation technological operations in the
summer-autumn period with the simultaneous autum-
nal basic treatment with both organic and mineral fer-
tilizers; also denying of the basic dose of the mineral
fertilizers during spring cultivation, as it is common for
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the contemporary agriculture, and also the use of green-
manured fallows in the structure of planted areas.

2. In the contemporary conditions of the climatic
change, in particular, an increase in temperature
to the forecasted rate of 2025 in the Central Left-
Bank Ukrainian Forest-Steppe favorably affects an
increase in the productivity of the existing corn hy-
brids, whereas the productivity of winter wheat and
barley has the descending general trend during entire
period of studies through an increase in the tempera-
ture of air to the critical values in the period of grain
earing and pouring. The excessive heat resource is
effectively used by the contemporary corn hybrids
of middle- and late-ripening groups, for which in the
“windburn” period of spring and winter cultures the
optimal conditions of soil and air moisture supply
are provided contributing to increase in their produc-
tivity.

3. The analysis of the cereal crops productiv-
ity during 2011-2013 acquires the special impor-
tance depending on the crop rotation type, fertil-
izer and cultivating method. The productivity
of winter wheat in the pea-including crop rota-
tion at systematic ploughing is 4.67-5.15 t/ha, at
surface cultivating interrupted by ploughing for
sugar beet — 5.0-5.05 t/ha, at the permanent sur-
face cultivating for all plants in crop rotation —
4.50-4.64 t/ha. In the crop rotation with the peren-
nial grass the winter wheat productivity appeared to
be the highest at surface cultivating —4,89—4.95 t/ha,
and at subsurface loosening and ploughing the
wheat productivity was 4.73 and 4.50 t/ha, what is
reliably lower (HIP = 0.25) relative to systematic
ploughing.

4. The corn productivity in the crop rotation with
pea and grass was highest at ploughing: 9.45-10.0
and 11.3 t/ha respectively. At the subsurface loosen-
ing the corn productivity was reduced by 1.03 and
1.7 t/ha subject to the crop rotation types, and after
surface cultivating it decreased to 8.53-8.85 t/ha.
The cereal crops productivity proved to be the high-
est on systematic ploughing both at the crop ro-
tations with the grass and pea: 6.45 and 8.19 t/ha
respectively. At the subsurface loosening the grain
crops productivity had a tendency towards decrease,
but remained within the limits of the reliable values:
productivity decreased by 0.76 and 0.57 t/ha or 9.3
and 8.8 per cent; at the surface cultivating — to 0.86
and 0.92 t/ha or to 10.5 and 14.3 per cent (reliable
value).
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Meta. OUiHNTH BIUTMB CYYacHUX 3MIiH KJIIMaTry Ha QOpMy-
BaHHS TMPOXYKTHBHOCTI 3ePHOBUX KyNBTYp (TIICHHIN O3H-
Moi Ta KYKypyA3H) 3aJeKHO BiJl CHCTEMH aJalTaliifHUX
3axoniB (ymoOpeHHs, 00poOiTKy, THITY CiBO3MiH) B arpore-
HO3aX IEHTpaJIbHOTO JiBoOepekHoro Jlicocremy Ykpainw.
Metoau. Ha ocHoBi noBroctpoxosux (35—40 pokiB) 6araro-
piUHEX AOCTIKEHb y OararoakToOpHOMY CTalioOHAPHOMY
JIOCTIi/Ii IPOaHAai30BaHO JHMHAMIKY BPOKaWHOCTI 3€PHOBHX
KyJBTYP 3aJICKHO BiJ 0OpOOITKY IPYHTY, THUITY CIBO3MIHHU Ta
yIOOpEeHHsI, a TAKOXK 3MOJIEIThbOBAHO BIUIMB METEOPOJIOTid-
HUX TIOKa3HUKIB Ha XapakTep 3MiHH TPEHIIB BPOKaHHOCTI
3epHOBUX KyJbTyp y 4aci. PesynabraTn. EdexktnBHe BUKO-
PHUCTaHHS HAJJIUIIKOBOTO TETIOBOTO PECypCy IOB’s3aHe i3
BHECCHHSIM MIHEPaJIbHUX Ta OpraHIuHUX JOOPHB 3a Pi3HUX
croco0iB 00poOITKY IPYHTY B CIBO3MIHAX pi3HOTO THITy. Y
CIBO3MIHI 3 TpaBaMH 3a BHECEHHsI 6 T/Ta THOIO Ta CePeHbOT
JI03H JOOPUB BPOXKAHHICTH 03UMOT MIIICHHII HE3AICHKHO BiJl
croco0y 00podiTky craHoBmia 4,69 T/ra, SYMEHIO SPOro —
4,54 1/ra, a 3a 2001-2010 poku mpu 3aMiHi THOK Ha IO-
01uHy mpoaykIito — BianosigHo 4,21 1 3,37 1/ra, mo MeHIie
Ha 0,48 1 1,17 T/ra BianosigHo. BpoxailHICTh SIYUMECHIO SIPO-
rO TOPIBHSHO 3 IEPioIoM, KOJM BHOCWJIM THIiH, 3HU3MIIACS
y cepennbomy Ha 0,66 abo Ha 23,8 %, a HAWBUIIOO BOHA
JIMIIajacs 3a IMOOKOTO OE3IOHIIEBOr0 00po0iTKy. Binnaua
BiJl BHCCCHUX OOpUB Oyia BUIIO Ha 123 % He3alnex)HO BiJ
croco0iB 00poOiTKy. Y I’ SITUIUIBHIA CIBO3MIHI 3 TOPOXOM
CepeIHs BPOXKAWHICTh mieHui o3umoi 3a 2001-2010 poku
suusmiacs Ha 1,09 1/ra abo Ha 20 %. HaiticToTHime naaiHHs
BpOKaiHOCTI 3epHa OyI10 3a OE3MOJIMIIEBOTO Ta TIOBEPXHEBO-
ro 00po6itkiB: —1,57—1,60 i 1,60 1/ra BiamoBigHO. Y ciBO3-
MiHi 3 TpaBaMH, HaBIAKH, CyTTEBIIIE 3HWKEHHS BPOXKalHOC-
Ti BUsiBIIIOCS 32 opaHky (—0,59 1/ra), a BUIIOI0 BpOXKaHHICTh
3epHa JIMIIMIacid 3a MIMOOKMX 00poOiTKiB. BpoxkaiiHicTh
KyKYypy/A3H B CiBO3MiHI 3 0araTopiyHUMH TpaBaMH 3pocia B
cepeaHbpoMYy 10 00po0biTkax Ha 1,71 T/ra, a B ciBO3MiHi 3 TO-
poxom — Ha 1,95 T/ra. BucHOBKHU. HaUTHIIIKOBHIA TETLTOBHIA
pecypc y nepiog 2001-2013 pp. B ymoBax niBoOEepesKHOT
yactiHU JlicocTenoBoi 30HM YKpaiHM 3a TeMIIaMH Hapoc-
TaHHS BUIIEpE/KAE IMPOTHO3HI CIEHApii 3MIHM KJIIMATy IO
2025 poky Ta morpedye 3anpoBaKEHHS CUCTEMH aTallTHB-
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HOTO 3eMJIEpOOCTBa: 3aCTOCYBAHHS PI3HOITIHOMHHOTO 00pO-
OITKy YOpPHO3EMIB 3 YITKHM JOTPHUMAHHSIM TEXHOJIOTIIHHX
orepanii MiCIsHKHUBHOTO 00pOOITKY B JIITHRO-OCIHHIHN TIe-
piox 3 OfHOYACHWM OCHOBHHMM OCIHHIM BHECEHHSIM Opra-
HIYHAX 1 MiHEpalbHUX JOOpPHWB, MO0 POOHUTH HETOUITHHUM
BHECEHHS OCHOBHOI /1031 MiHEpaIbHUX JTOOPHB i1 BECHIHY
KyJIBTHBAIIIIO, @ TAaKO)XK BHKOPUCTaHHS CHICPAIbHHX IapiB
y CTPYKTypi MMOCIBHUX IUIOII. 32 Cy4YaCHUX YMOB 3MiHa KITi-
Mary, 30KpeMa, IiIBUIIECHHS TEMIEepPaTypH B LEHTPATbHIN
yactuHi JliBoGepexxnoro Jlicocteny YkpaiHW TO3UTHBHO
BIUTMBAE HA 3pOCTAHHS BPOXKAWHOCTI ICHYIOUMX HA CHOTONHI
riOpuIiB KyKypyI3H, TOI SIK ISl BpOXKAHHOCTI 03UMOT TIiie-
HHUIII 1 SYMEHIO CIIOCTEPIraeThCsl 3arajbHUN CIaIHUN TPCHT
3a BeChb MEPIOa MOCIHIDKEHb Yepe3 MiABHIICHHS TeMIepa-
TYPH TOBITPS O KPUTHYHHX 3HA4YEHb Y MEPioJl KOJIOCIHHS
i HamMBy 3epHa. HammumkoBuii pecypc Temia e(heKTHBHO
BUKOPUCTOBYIOTh CY4YacHi TiOpHIHM KYKYpYI3H CEepeIHbO- i
MI3HBOCTUINIOT TPYIH, JUISl SIKUX Y Hepioa “3amany” spux i
O03UMUX KYJIBTYP CTBOPIOIOTHECA YMOBU ONITUMAJIBHOT'O IpyH-
TOBOTO 1 arMoc(epHOro BoJIOro3ale3reueHHs], 10 CIIPHSIE
3pOCTaHHIO IXHBOT BPOXKAIHOCTI.

KoarouoBi cjioBa: 3epHOBI KylnbTypH, O3MMa HILIEHUIIS, Te-
TUTOBHH pecypc, Oe3MouIeBrii 00po0iTOK, 3epHO-TTpocarHa
ciBO3MiHa, opraHiuHi 100puBa.

Biusinue u3MeHeHUs! KJIMMATA HA YPOXKAHHOCTH
3ePHOBBIX KYJbTYP HPH Pa3HbIX crocodax o0padoTku
MOYBBI B arPO1IeH03aX 3ePHO-CBEKOJIbHBIX
ceB0000poTOB JieBoOepesxkHoi JlecocTenn YkpauHbl
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Heab. OueHuTs BIMSAHNE COBPEMEHHBIX U3MEHEHUH KITMMa-
Ta Ha (popMHpOBaHUE MPOAYKTHBHOCTH MOCEBOB 3€PHOBBIX
KyJBTYp (IMIICHNIBI 03UMOM U KyKypy3bl) B 3aBUCUMOCTH OT
CHCTEMbI aJanTallOHHBIX MepomnpusTuii (ynoopenue, 00-
paboTKa, THII CEBOOOOPOTa) B arpoleH03ax IEHTPAIbLHON
neBoOepexxHo Jlecocrerm Yipannsl. Metoabl. Ha ocHOBe
JOATOCPOYHBIX (35—40 NeT) MHOTOJIETHUX HCCICOBAaHUHA B
MHOTO()aKTOPHOM CTallMOHAPHOM IIOJIEBOM OITBITE ITPOaHa-
JIM3UPOBaHA IUHAMHUKA YPOKAHHOCTH 3EPHOBBIX KYJIBTYp B
3aBUCHMOCTH OT BO3/EIIBIBAHMUS TOYBBI, THIIA CEBOOOOPOTA
1 ynoOpeHHsl ¥ CMOJICIMPOBAHO BIMSHIE METEOPOIOTHYIeC-
KNX TIOKa3aTeled Ha XapakTep M3MEHEHHS TPEH/IOB Ypo-
JKaHHOCTH 3€PHOBBIX KYJIBTYP BO BpeMEHH. Pe3yiabTarhl.
D¢ pexTHBHOE HCIIONB30BaHNE M30BITOYHOTO TEIUIOBOTO pe-
Cypca CBSI3aHO C BHECEHHEM MUHEpPAJIbHBIX M OPTaHMIECKHX
yAOOpEeHU TpH Pa3HBIX CHOCO0axX BO3/ENIBIBAHMS ITIOUBBI B
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ceB000OpOTax pa3HOTO THMa. B ceBoobopore ¢ MHOTONET-
HUMH TpaBaMU IIPU BHECEHUH 6 T/Ta HaBO3a M CPEIHEH O3B
ya0OpeHUH ypoykaifHOCTh 03UMO¥A MIIIIEHHUITHI HE3aBUCHMO OT
criocoba 00pabOTKH MOYBHI cocTapisiia 4,69 T/ra, SYUMEHST —
4,54 1/ra, a 3a 2001-2010 romsr mpu 3aMeHe HaBO3a HA I10-
00YHYTO TPOAYKINIO cOOTBeTCTBeHHO — 4,21 1 3,37 T/Ta, uT0
menbiie Ha 0,48 u 1,17 1/ra. YpoxkaltHOCTh SIpOBOTO slIMeE-
HS B CPaBHEHUH C [IEPHOJIOM BHECCHHS HABO3a CHU3MIIACH B
cpenneM Ha 0,66 T/ra wnm Ha 23,8 %, a HaWBBICIIEH ocTa-
JIach MPHU TTyOOKOM 0€30TBaTbHOM PBIXJICHHH TOYBBL. OT-
Jlada OT BHECEHHBIX yIoOpeHui oka3anach Beime Ha 123 %
HE3aBHUCUMO OT CIIoco0a 00pabOTKH MOYBbI. B MATHIIONEHOM
CeBOOOOPOTE C TOPOXOM CPEIHSIST YPOXKAWHOCTD ITIICHHUIIBI
o3umoii 3a 2001-2010 rozap! ymenbmmiachk Ha 1,09 1/ra winn
Ha 20 %. Haubonee cymecTBeHHOE CHUYKEHUE YPOXKAMHOC-
TU 3€pHAa OTMCYCHO IIpU 6C3OTBaJ'II>HOM 1 MMOBEPXHOCTHOM
PBIXJIEHHH TI0YB. B ceBO0OOPOTE C MHOTONETHUMHU TPaBaMH,
HaNpoTHB, OoJiee CYIIECTBEHHOE MaJCHHE YPOXKAWHOCTH
o6bu10 nipu Benamike (—0,59 1/ra). YpokaitHOCTh KyKypy3bl B
ceBOOOOPOTE C MHOTOJIETHUMH TPaBaMH BbIPOCIIA B CPEHEM
1o Bapuantam o0paboTku rnousbsl Ha 1,71 1/ra, a B ceBoo-
6opote ¢ ropoxom — Ha 1,95 T/ra. BeiBOABI. 130bITOUHBII
TeruoBoi pecype B nepuo 2001—-2013 rr. B ycIoBHUSX JIEBO-
OepexHol yactu JlecocTenHo 30HB YKpauHbl 110 TEMIIaM
HapacTaHHs OINEepeKacT IMPOrHO3HbIE CIIEHAPHN M3MEHEHUS
ximMata 710 2025 roga u Hy>KJIaeTCsl BO BHEIPEHUH CUCTEMBbI
aJIalITUBHOTO 3eMJIEJCIIHNs: PUMEHEHUH Pa3HONTYOMHHON
00pabOTKKU YEPHO3EMOB C YETKUM COOIFOICHUEM TEXHOJIO-
TMYECKHX OIepanii 1ociieyOOpOYHOTro BO3JEIBIBAHUS B
JIETHE-OCEHHHH IEPHO/T C OTHOBPEMEHHBIM OCHOBHBIM OCEH-
HUM BHECEHHEM OPraHUYECKUX U MUHEPAJIBHBIX Y00peHUI
1 0e3 BHECCHHUS] OCHOBHOM JI03bI MHUHEPAIBHBIX Y0OpeHU
10/ BECEHHIOIO KYJBTHBAIMIO, & TaKKe B HCIIOJIb30BAHUH
CUJIEpAIbHUX T1apOB B CTPYKTYpe IOCEBHBIX ILIomaaei. B
COBPEMEHHBIX YCIIOBHAX M3MEHEHHE KIIMMaTa, B YaCTHOC-
TH, TTOBBIIICHUE TEMIIEPATYPHI B IICHTPAILHONW YACTH JIEBO-
OepexxHolt Jlecoctenmu YKpawHBI MOJIOKUTEIBHO BIUSCT HA
POCT ypOXAWHOCTH CYIICCTBYIOIINX THOPUIOB KyKYPY3bI,
TOrNa Kak JUId YPOXKAHHOCTH O3MMOW IIICHUIBI U STIMCHS
HAOJTIOAeTCs HUCXOMSIINA OOIUN TPEH[ 32 BECh IEPHOM
WCCIICIOBAaHU M3-32 TIOBBIICHHS TEMIICPATyphl BO3IyXa 110
KPUTHUYCCKUX 3HAYCHUH B TICPHOJT KOJIOIICHHS M HAJTUBA 3€P-
Ha. V30BITOUHEI pecypc Temia 3()(GEeKTHBHO HCITOIB3YIOT
COBpPEMCHHBIC THOPUIBI KYKYPY3bl CpeTHE- H O3 THECTIeTION
TPYIIIBL, 7Sl KOTOPBIX B MEpHOA “3amayia” sphIX U O3MMBIX
KOJIOCOBBIX KYJIBTYP CO3IAIOTCS YCIOBHS ONTUMAIBLHOTO T10-
YBEHHOTO M aTMOC(EPHOTO BIAaroo0eCcredeHns, 9To CIIoco0-
CTBYET BO3PACTaHHIO UX YPOKANHOCTH.
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KiroueBrbie c10Ba: 3¢pHOBBIC KYJIBTYPBI, 03MMasl MIIICHUIIA,
TEILIOBOM pecypc, 0€30TBAIBHOE PHIXJIICHHE, 3€PHO-IPOCAIl-
HOW CEBOOOOPOT, OpraHMUYESCKUE YIOOPEHHS.
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