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Aim. To determine the main regularities in the formation of soil moisture potential, the accumulation and exploita-
tion of soil resources of productive moisture by agricultural crops under the cultivation in the ecosystems of dif-
ferent crop rotations in t he Forest-Steppe of Ukraine. Methods. Field, permanent, laboratory, analytic, statistical
methods. Results. During a short-term grain-row crop rotation, the total loss of available moisture without the
introduction of mineral fertilizers was 317 mm, and in the variant with fertilizers it increased by 107 %. The total
loss of moisture under different ways of tillage in the variants without any fertilizers was the lowest for the surface
tillage and increased 1.05 times for ploughing and 1.08 times for deep tillage. After the introduction of fertilizers,
the total loss of moisture increased by 23.0 mm or 107 % on average. In case of long-term (10-36 years) surface
tillage, the effi ciency of using the reserves of productive moisture increased by 25-40 % and the coeffi cients of
water consumption of crops decreased by 35-40 %. Conclusions. Short-term crop rotations were found to be more
productive, and the relation between energy accumulation in dry matter, the yield of fodder and cereal units and
energy accumulation in the yield per 10 t of used productive (available) moisture was at the level of strong direct
correlation (R>+0.70). Regression coeffi cients for the variables: dry matter, fodder and cereal units, dry matter per
10 t of moisture in dependence equations were 3.06, 1.25, 7.25, and 2.89 times higher, respectively, as compared
with long-term crop rotations, which demonstrated 2.59-fold increased productivity and use of the total moisture
circulation in short-term crop rotations as compared with long-term ones.

Key words: crop rotations of different duration, predecessors, rotation norms, moisture provision, soil properties,
evaporation, agrotechnical measures, cultivation culture.
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INTRODUCTION measures, aimed at maximal fi xation of atmospheric

Due to unstable moisturization in the Forest-Steppe ~ Precipitation, rational use of soil moisture and pre-
zone of Ukraine, the level of water availability for soil ~ CiPitation to increase the effectiveness of agricultural
and crops is one of the decisive factors of productiv- crops in modern crop rotations (Konoplin MA et al,
ity formation in modern agrophytocenoses. Zonal sys- 2008). The rotation of crops in the combination with
tems of agriculture are based on the implementation resource-preserving and soil-protective systems of soil

of the complex of agrobiological and agrotechnical tillage and fertilization ensures enhanced effi ciency of
moisture accumulation in soil and its more effective

© 0O.V.DEMYDENKO, S. Yu. BULYGIN, V. A. VELYCHKO, use by crops, which is one of the main ways to mitigate
V. E. KAMINSKY, M. A. TKACHENKO, 2021 negative consequences of drought (Cherkasov HN et
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al, 2016; Novikov VM, 2014; Krasilnikova TM, 2016)

The study of the regularities of the ascending move-

ment of soil moisture during evaporation is necessary

to substantiate and elaborate rational crop rotations
and soil tillage systems, aimed at reducing the losses

of soil moisture for physical evaporation which would
facilitate the evaluation of soil conditions of available
moisture and nutrients (Litvinov DV, 2015). The de-
terioration of aqueous-physical properties of typical
chernozem is directly related to the loss of humus and
thus aridization of soil conditions for the growth of

(1965-2018), located in the Prydniprovska lowland
in the Central-Left-Bank-Prydniprovsky agroecologic
district of Ukraine (Konishchuk VV, Yegorova TM,
2018), which is a moderately wet and humid forest-
steppe subzone (Polupan M, Velychko V, 2002), ac-
cording to soil-ecologic zoning, and during the perma-
nent experiment of the Department of Soil Science and
Soil Conservation of the National University of Life
and Environmental Sciences in the moderately wet for-
est-steppe soil-ecologic subzone.

The soil of Panfi Iska Experimental Station, NSC In-

field crops and soil formation in agrocenoses (Panov gtie of Agriculture, NAAS (50°13°22” north latitude,

VI, 2016).

One of the most important factors for the formation
and increase in the yield of agricultural crops under un-
stable moisturization in the Forest-Steppe of Ukraine is
the accumulation and effi cient use of the moisture from
atmospheric precipitation which is a relevant abiotic

34°44’46” east longitude, 128 m above the sea level)

is typical low-humus heavy-loamy light-clay cherno-
zem on forest-like clay (Zaryshnyak A et al, 2016). The
humus content in the arable layer is 3.08-3.15 %, in

the subarable layer — 2.72-2.90 %, and this amount de-
creases with depth down to 1.33 % in the 70-110 cm

factor, limiting the productivity of field crops; water layer and to 0.97 % at the depth of 110-115 cm.

defi ciency in soil during the vegetation of fi eld crops
leads to the decrease in the effi ciency of the mineral
fertilizers, the system of plant protection from pests,
etc. (Ivashchenko OO, 2018). Taking into consider-
ation the specifi cities of climatic conditions in the re-
gion, biological peculiarities of crops in terms of wa-
ter consumption and the regime of soil moisturization
under crops, one may defi ne the directions of the most
effi cient use of soil moisture and atmospheric precipi-
tation by fi eld crops in the process of their cultivation
in crop rotations of different duration (Boiko PI, 2016).
In the subzone of unstable moisturization, the manage-
ment of intake and loss of moisture in soil should be
done via optimal selection and rotation of crops in the
rotations which would ensure the most effi cient use of
available moisture and replenishment of its resources
(Akimenko AS, 2015, 2018, 2019; Soderbaum P et al,
2011; Fredlund DG et al, 1993; Pidgeon JD et al, 2001;
Richter GM et al, 2001; Ober E.S et al, 2002; Ham-
lyn GJ, 2007; Baigy MJ et al, 2012; Konishchuk VV
et al, 2018).

THE AIM OF THE STUDY

To determine the main regularities in the formation
of soil moisture potential, the accumulation and exploi-
tation of soil resources of productive moisture by agri-
cultural crops in the systems of different crop rotations
in the Forest-Steppe of Ukraine.

MATERIALS AND METHODS

The study was conducted on Drabiv experimental
fi eld (1965-2015) and Panfi Iska Experimental Station

50

The soil of the Drabiv experimental field of Cher-
kasy State Agricultural Experimental Station of NSC
Institute of Agriculture, NAAS (50°13°22” north lati-
tude, 34°44°46” east longitude, 128 m above the sea
level) is typical low-humus light-clay chernozem on
carbonate forest layer. The structuredness index (SI)
is 25-38 %. The ratio between physical sand (PS) and
physical clay (PC) is 1.76-2.52. The factor of potential
aggregation (FPA) is 0.25-0.27.

By soil-ecologic zoning, Poltava lowland of the
South-Poltava agroecologic district is in the forest-
steppe of moderate moisturization on typical medium
humus chernozem (5.55-5.65 %). By the content of PC
and PS, chernozem may be referred to light-clay soil:
PC =62.9-64.0 %, PS = 35.0-37.1 %. The study was
conducted in 1982-1992 during a multifactor perma-
nent experiment of the Department of Soil Science and
Soil Conservation of the National University of Life
and Environmental Sciences in 10-fi eld cereal-beet
crop rotation on typical medium-clay chernozem: cere-
als — up to 40 %, technical crops — up to 30 %, grain
legumes — up to 10 %, forage crops — up to 20 %, where
three technologies of soil tillage were investigated:
deep ploughing for 22-32 cm, surface tillage for 22—

32 cm, subsurface tillage for 10-12 cm with the intro-

duction of 15 t/ha of manure + NP K.

To determine the change in aqueous-physical indices
and moisturization regime, soil samples were taken
from the layers of fi eld soil every 10 cm according to the
schemes of experiments. The analyses of soil samples
and plant material, registration and calculations were
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done according to specifi c methods: humidity — using The structure of crop rotations in the objects under
the thermogravimetric method, by the main periods of  observation for the moisturization regime is presented
crop growth, the density of composition (structure) — in Table 1. The generalization of productivity of crop

by the method of cutting rings in the modifi cation of rotations, indices of soil moisturization regime, climat-
N.A. Kachynsky during the periods of intense growth; ic parameters and calculations of study results was con-
moisture reserves — by calculations, up to the depth of  ducted using Statistica program with non-parametric
150-180 cm. methods of statistics, correlation, and factor analysis.

Table 1. The structure of crop fi elds and the productivity of crop rotations in the experiments

Productivity of crop rotations, t/ha

Structure of crop rotations Fodder Cereal digest-
units units ableprotein

Drabiv experimental fi eld (typical low-humus light-clay chernozem on carbonate forest layer),
average for 1965-2015
10-fi eld crop rotation (N40P40K40 + 6 t/ha of humus), average for 1965-1968

50 % — cereals; 10 % — grain legumes; 20 % — 6.62 5.19 -
sugar beet; 20 % — fodder crops

10-fi eld crop rotation (N56P58K58 + 7 t/ha of by-products), average for 2010-2015

50 % — cereals; 10 % — grain legumes; 20 % — 8.44 6.39 -
sugar beet; 20 % — fodder crops

5-fi eld crop rotation, average for 2010-2015

Soil tillage technology
30 % — cereals; 20 % — grain legumes; 20 % — ploughing 5.95 5.07 -
sugar beet (without fertilizers) surface 6.38 5.46 -
subsurface 6.61 5.41 -
30 % — cereals; 20 % — grain legumes; 20 % — ploughing 9.32 8.15 -
sugar beet (N62P66K81 + 6 t/ha of manure) surface 9.66 8.55 -
subsurface 9.32 7.99 -

Panfi Iska Experimental Station (typical low-humus heavy-loamy light-clay chernozem on forest-like clay layer),
average for 2016-2018

8-fi eld crop rotations

62.5 % — cereals; 25 % — soybeans + sunfl ower; 8.32 7.26 0.76
12.5 % — fodder crops
62.5 % — cereals; 25 % — sugar beet + soybeans; 11.34 8.73 1.08

12.5 % — fodder crops

7-fi eld crop rotation

57.2 % — cereals; 42.8 % — soybeans + sunfl ower|+ 7.22 6.73 0.75
+ rape

6-fi eld crop rotation

66.8 % — cereals; 33.4 % — sugar beet + soybeans 9.85 8.25 1.02

66.8 % — cereals; 16.7 % — soybeans + sunfl ower 7.27 5.83 0.65
5-fi eld crop rotations

80 % — cereals; 20 % — sunfl ower | 9.63 8.17 0.81
4-fi eld crop rotations

100 % — cereals (no fertilizers) 6.98 6.98 0.56

100% — cereals (N,.P, K,) 10.1 10.1 0.81

100% — cereals (by-products + N, P, K, ) 10.7 10.7 0.84

100 % — cereals (by-products) 8.76 8.76 0.67
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RESULTS OF STUDIES

In 1965-1969, the weather conditions in the Drabiv
experimental fi eld were close to average perennial val-
ues by parameters of average daily temperature (Ta-
ble 2). The period of March-May exceeded the norm
by +1.1 °C. In terms of atmospheric precipitation at an
annual rate, the norm of precipitation was exceeded by
+20 mm. During a cold period, there were 53 mm more
precipitations, and in summer there were 43 mm less
precipitation, which reduced the amount of precipita-
tion during the warm period by 72 mm. In 2010-2015,
the annual amount of precipitation was 1.15 times less
as compared with the initial period of the study, the de-
crease in which occurred due to 1.29 times less amount
of precipitation during a cold period of the year. There
was 1.09 times less spring precipitation, 1.2 times less
summer amount of precipitation which reduced the to-
tal amount of precipitation during a warm period 1.09

times.

In 20102015, the temperature background increased
by +1.6 °C on average for the year — during a cold pe-
riod of the year — by —1.9 °C, in spring — by +1.6 °C,
in summer — by +2.4 °C, during a warm period of the
year — by +1.8 °C. During 20102015, a considerable

change in climatic parameters occurred regarding av-

erage perennial indices in terms of average daily air
temperature towards its increase, and in terms of pre-
cipitation — towards the decrease. Perennial climatic
parameters for 1913-2000 include the period of 1965—
1969, so the regularity of the established change was
preserved.

In 2016-2018, the climatic conditions in the Panfi I-
ska Experimental Station deviated by the temperature
background towards the increase regarding the aver-
age perennial parameters. The average annual daily
temperature increased by +2 °C, during a warm period
of the year —by 1.8 °C, in summer — by +2.4 °C, in
spring — by +2.3 °C. During the cold period of the year,
air temperature increased by +1.7 °C. The amount of
precipitation for the year was 91 mm less, during the
warm period of the year — 76 mm less, d uring sum-
mer — 60 mm less. On average for 2016-2018, the cli-

matic conditions were characterized by the increase in

Table 2. The amount of atmospheric precipitations and average daily air temperature during the study

the average daily temperature both generally for the
year, and during the periods of the year: the increase
exceeded the norm 1.13-1.3 times or by +1.8-2.4 °C.
The amount of atmospheric precipitation was regularly
decreasing both for the year and during summer and

Years of observations

Period of the year

XI-II -V IV-VIII III-X For the year
Drabiv experimental fi eld

1965-1969 -3.7* +8.2 +19.2 +12.9 +7.4
189 124 181 367 554

Perennial for 1913-1960 -3.6 +7.1 +19.1 +12.4 +7.0
136 121 224 439 574

2010-2015 -1.8 +9.8 +21.6 +14.7 +9.0
147 99.0 151 338 484

Perennial for 1913-2000 -3.4 +7.4 +19.2 +12.6 +7.2
132 114 205 401 533
Panfi Iska Experimental Station

2016-2018 -1.5 +9.8 +20.9 +13.8 +9.2
110 126 132 349 465

Perennial observations 1990-2010 -3.3 +7.6 +18.7 +11.9 +7.3
109 100 158 333 442

On average for 2010-2018

2010-2018 -1.7 +9.8 +21.3 +14.3 +9.1
121 100 155 344 +463

Perennial observations 1913-2010 -3.4 +7.5 +18.9 +12.5 7.1
121 107 215 420 554

Note. The numerator — average daily air temperature (t °C); the denominator — amount of atmospheric precipitation, mm.
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warm period of the year: by 60, 76 and 91 mm respec-
tively, which formed insuffi cient conditions of moistur-
ization for the growth and development of agricultural
crops in agrocenoses.

In 1982-1992, there were different weather and cli-
matic conditions for the studies in South-Poltava re-
gion. The sum of average daily temperatu res for the
vegetation per iod was +2,842°C, which was 17 %
high er as compared with the average perennial values.
The sum of precipitations in terms of crop vegetation
phases in crop rotations was within the norm. In April-
June, the amount of precipitation exceeded the norm
by 6 %, though during this p eriod the mentioned years
had 6-60 % less precipitation. During other years, the
sum of precipitations exceede d th e norm by 2-7 %.
During the d riest summer period (July-August) the
average amount of precipitation exceeded the norm
by 5 mm, but in some years (1989—-1990) the amount
of precipitation was 13-44 % under the norm. In Sep-
tember-October the precipitation for 1989—-1992 was
within the norm.

In general, the vegetation period (April-October) for
10-fi eld crop rotations was characterized by 7 % in-
crease in the amount of precipitation.

On average during the years of the study, the amount
of precipitation s was within the norm and exceeded the
average perennial observations by 6 mm, though in 1989
there was maximal amount of precipitation — 532 mm.

In 1989-1992, the values of hydrothermal coeffi -
cient, which corresponded to very dry conditions
of moisture supply, were registered less frequently:
HTC = 0.38 was noted only in July 1989. In other cas-
es, the conditions of growth and development of plants
corresponded to weakly drought-affl icted and drought-
affl icted conditions. A warm period of the year was
¢ ha racterized by weakly drought-affl icted and drought-
affl icted conditions.

The study of the productivity of 10-fi eld grain-row
crop rotation started in the Drabiv experimental fi eld in
1965. In 1965-1969, the average resources of produc-
tive moisture in the one-meter-deep layer of soil prior
to winter in the grain-row crop rotation was 75 mm,
and 88 mm — by the median. The amplitude interval
was 70 mm and the typable normalized interval of the
change in moisture reserves — 60 mm. The coeffi cient
of the variation in the change of moisture reserves in
soil was 35 %. In the modern period, in 2010-2015 the
average reserves of productive moisture in one-meter-
deep soil layer were 2.0-2.2 times poorer (Table 3).

AGRICULTURAL SCIENCE AND PRACTICE Vol.8 No.2 2021

The coeffi cient of the variation in the reserves of pro-
ductive moisture prior to winter was 2.1 times lower,
which indicated the stability of drying the one-meter-
deep chernozem layer during the vegetation period
in the crop rotation. In 1965-1969, the percentage of
fi xing atmospheric precipitation in the cold period of
the year was 31-34 % with the amplitude interval of
21-49 %. The typical interval of fi xing atmospheric
precipitation coincided with the amplitude interval. In
2010-2015, the percentage of fi xing atmospheric pre-
cipitation by the average value and median increased
1.55 and 1.14 times, and the amplitude interval was at a
much higher quantitative level. The typical normalized
interval of fi xing atmospheric precipitation had higher
values as compared with the initial period of observa-
tions (see Table 3).

In 1965-1969, the productive moisture reserves in
the one-meter-deep soil layer in April, prior to field
work, was 175-177 mm with the amplitude interval
from 160 to 185 mm and normalized interval of values
of 168—-180 mm. The variation coeffi cient was 45 %. In
2010-2015, the reserves of productive moisture in the
one-meter-deep soil layer were 10 mm smaller, and the
amplitude interval and normalized interval of moisture
reserves was at a somewhat lower quantitative level.
The variation coeffi cient was at the level of 5.1 %
which indicated the stabilization in the level of accu-
mulating the productive moisture reserves in April.

The saturation of the one-meter-deep typical low-hu-
mus chernozem layer with productive moisture in the
5-fi eld grain-row crop rotation during the initial period
of the study was 97-98 % from the lowest fi eld mois-
ture capacity (LM). The amplitude interval was 89—
101 % LM, and the normalized interval — 93—100 %
LM which demonstrated the formation of optimal sta-
ble moisture reserves in the one-meter-deep chernozem
layer in April.

In 2010-2015, the saturation of the one-meter-
deep typical low-humus chernozem layer was lower,
amounting to 90-92 % LM by the average and median
values. The amplitude interval by the minimal value of
saturation was 83-100 % LM, and the normalized in-
terval shortened to 86-94 % LM which indicated the
formation of smaller reserves of productive moisture
in April. This may be explained by the reduction in the
amount of atmospheric precipitation for the cold peri-
od, which was 35 mm less as compared with the initial
period of the study.

In 1965-1969, the reserves of productive moisture
in the third decade of June was 80-90 mm on average
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with the amplitude interval from 40 to 150 mm and at
the typical interval of values of 46-120 mm. The varia-
tion coeffi cient was 51 %. In 2010-2015, the reserves
of productive moisture during this period were 10—
15 mm smaller.

In 1965-1969, the reserves of productive moisture
were at the level of 44-50 % LM, in terms of the am-
plitude interval — 22—-83 % LM and normalized interval
of values — from 23-25 to 78-79 % LM. During the pe-
riod of observing the saturation of the one-meter-deep
layer with productive moisture, in June a considerably
insuffi cient saturation with productive soil moisture
was detected by both the average values, and the am-
plitude interval and normalized interval of values. For
instance, the minimal saturation with moisture was
14-19 % LM which corresponded to moisture reserves
at the withering point (WP) whereas the moisture re-
served in June exceeded WP and approximated the dis-
continuous capillary moisture (DCM).

During 1965-1969, in April-June, 85-97 mm, or 49—
55 %, of productive moisture reserves were spent in the
grain-row crop rotation, which was 38—-122 mm or 21—

72 % by the typical interval value. During the modern
period of studies, the losses of the productive moisture
reserves increased up to 95-100 mm or 58 % from the
reserves in April, and by the typical interval of values it
was 45-125 mm or 27-80 % which demonstrated more
intense use of productive moisture reserves from soil
during April-June.

On average, as of the end of September, during the
initial period of the study the productive moisture re-
serves were 52-59 mm with the amplitude interval of
45-88 mm and normalized interval of 50-60 mm. The
variation coeffi cient was 11 %. Modern determination
fi ndings of moisture reserves at the end of September
demonstrated 65 mm with a 1.87 times wider amplitude
interval and 4.4 times larger normalized interval. The
variation coeffi cient for productive moisture reserves
as of the end of vegetation period increased 8.4 times
which demonstrated the instability of forming moisture
reserves in the grain-row crop rotation as of the end of
crop vegetation (Table 4). The loss of moisture from
the one-meter-deep typical low-humus chernozem
layer during the vegetation period of 1965-1969 was

Table 3. The moisturization regime in 10-fi eld grain-row crop rotation (Drabiv experimental fi eld)

Reserves of productive moisture
Years of Mlnlmal, Maximal, - L
. By the min max 0.25 0.75 Coef. var., %
observations Medium yt
median Amplitude interval, Normalized interval,
Aa = max—min AN=L _-L ..
Moisture reserves prior to winter — 0—100 cm
1965-1969 75.0 88.0 40.0 110 50.0 110 35.0
2010-2015 35.0 40.0 25.0 30.0 35.0 45.0 17.0
Percentage of atmospheric precipitation fi xation by one-meter-deep soil layer
1965-1969 34.0 31.0 49.0 21.0 48.0 20.0
2010-2015 48.0 44.0 58.0 36.0 47.0 35.0
Moisture reserves in spring — April — 0-100 cm
1965-1969 175 177 160 185 168 180 4.5
2010-2015 165 167 150 165 155 170 5.1
Heading-up on winter cereals, closing of sugar beet lines — June — 100 cm
1965-1969 90.0 80.0 40.0 150 46.0 142 51.0
2010-2015 75.0 70.0 35.0 120 30.0 125 40.0
Losses in April-June
1965-1969 85.0 97.0 120 35.0 122 38.0 -
49.0 55.0 72.0 21.0
2010-2015 95.0 97.0 115 45.0 125 45.0 -
58.0 58.0 80.0 26.5
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110-117 mm at the amplitude interval of 78-160 mm
and the normalized interval of values of 85-155 mm,
and the variation coeffi cient was 28.5 %.

In 2010-2015, the loss of productive moisture reserves

and normalized interval of the values of moisture loss
during the vegetation. The calculations demonstrated
that the total loss of moisture per 1 t of the main prod-
uct in the dry matter (Cw-c, water consumption coef-

from soil increased 1.15-1.23 times at a considerablyfl cient) was Cw-c =9.1-10.6 at the normalized'i.nterval
reduced amplitude fl uctuation and normalized intervalof values of Cw-c =10.6-11.5. In modern conditions,

of values and a 1.68 times lower variation coeffi cient.

It demonstrated more active absorption of productive

moisture from the one-meter-deep soil layer.

In 1965-1969, the total loss of moisture from soil
and precipitation during the vegetation of crops in the
grain-row crop rotation was 400—410 mm at the am-
plitude interval of 335-525 mm. During the modern
period of the observations the loss of moisture was 10—
15 mm higher, and by the normalized interval — 15—

35 mm higher. It should be noted that during the initial
period of the study (1965-1969), the average fraction
of moisture loss from the soil was 28-29 % from the to-
tal loss whereas in the modern period it was 32-35 %.
A similar increase was noted for the amplitude interval

the value of Cw-c decreased 1.31-1.42 times. There
was a similar decrease in the total loss of moisture per
yield of fodder and cereal units — 1.24-1.58 and 1.20—
1.43 times respectively, which demonstrated more eco-
nomic loss of moisture due to the formation of the har-
vest of crops in the grain-row crop rotation.

The comparative assessment of the productivity of
10-fi eld grain-row crop rotation demonstrated that in
2010-2015 the dry matter yield of the main product
increased 1.35 times, the yield of fodder units —1.28
times, and that of cereals — 1.23 times. The increase
in the productivity of grain-row crop rotation occurred
due to the 2.7-fold increase in the yield of corn. The
fraction of the dry matter yield was 12 % from the to-

Table 4. The formation of autumn reserves of productive moisture and the coeffi cients of water consumption in the grain-row

crop rotation (Drabiv experimental fi eld)

Reserves of productive moisture
Years of Mmqnal, Maximal, - - .
. By the min max 025 075 Coef. var., %
observations Medium yt
median Amplitude interval, Normalized interval,
Aa = max—min AN=L -L ..
Moisture reserves in September — 0—-100 cm
1965-1969 59.0 52.0 45.0 88.0 50.0 60.0 11.0
2010-2015 65.0 65.0 30.0 110 35.0 79.0 70.0
The losses of productive moisture from one-meter-deep soil layer during vegetation
1965-1969 117 110 78.0 160 85.0 155 28.5
2010-2015 135 135 85.0 169 125 152 17.0
General losses of moisture from soil and precipitation
1965-1969 410 400 335 525 345 505 19.3
2010-2015 420 415 330 529 380 492 18.0
Total loss of moisture per 1 t of the main product in dry matter, Cw-c (water consumption coeffi cient)
1965-1969 9.1 10.6 16.5 5.44 10.6 11.5 -
2010-2015 6.9 7.51 11.6 4.65 9.38 6.51 -
Total loss of moisture per 1 t of fodder units
1965-1969 6.18 7.58 12.1 3.78 6.96 6.36 -
2010-2015 4.99 4.79 8.14 4.14 6.69 4.33 -
Total loss of moisture per 1 t of cereal units
1965-1969 7.89 9.59 11.1 3.65 10.4 7.70 -
2010-2015 6.57 6.68 8.35 4.45 9.78 5.59 -
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tal yield which was 2.3 times higher as compared with
1965-1969. In July a direct correlation between the
dry matter yield and moisture content in the one-me-
ter-deep layer was established at the average level of

R =0.50 + 0.03, which demonstrated the dependence of
productivity of the 10-fi eld crop rotation on the amount
of atmospheric precipitation during the vegetation pe-
riod. During the initial period of the study, moisture
supply in the crop rotation was equally ensured by soil
reserves and precipitations, whereas during 2010-2015
the formation of crop rotation productivity was mainly
dependent on the amount of atmospheric precipitation
for the vegetation period.

The regularities of forming productive moisture re-
serves in the soil for agricultural crops in the system of
crop rotations of different duration were also studied at
the Panfi Iska Experimental Station of NSC Institute for
Agriculture, NAAS. It was determined that at the be-
ginning of fi eld work, the productive moisture reserves
in the one-meter-deep layer were 168—170 mm regard-
less of the duration of crop rotations. When long-term
crop rotations were introduced, the amplitude interval
of moisture reserves was 1.6 times smaller as compared
with short-term crop rotations. Therefore, the normal-
ized interval was 1.8 times reduced for the benefi t of
short-term crop rotations, the variation coeffi cient for

spring reserves of productive moisture was 2.1 times
lower (Table 5).

The losses of productive moisture reserves from soil
during the vegetation period were almost the same —
126-127 mm, but the amplitude interval and the nor-
malized interval after the introduction of short-term
crop rotations was 1.39 and 1.45 times larger, and the
variation coeffi cient increased 1.55 times as compared
with long-term crop rotations. The total losses of mois-
ture with the consideration of atmospheric precipita-
tion for the formation of dry matter, the yield of fodder
and cereal units were 295-301 mm at the 1.3-fold in-
crease in the amplitude interval and 1.52-fold increase
in the variation coeffi cient for the total loss of mois-
ture in long-term crop rotations. The dry matter yield
in long-term crop rotations was 1.48 times higher, and
the amplitude interval — 2.22 times higher as compared
with short-term crop rotations which affected the varia-
tion coeffi cient for the dry matter yield which increased
1.34 times at the formation of productivity of long-term
crop rotations.

The yield of fodder units in long-term crop rotations
was 1.2 times higher with the 1.28-fold decrease in the
variation coeffi cient. There was a similar change in the
yield of cereal units, which was 1.16 times higher as
compared with the 1.3-fold increase in the amplitude

Table 5. The parameters of moisturization regime for crop rotations with different duration at the Panfi Iska Experimental

Station, average for 2016-2018

Reserves of productive moisture, mm
Perlod.s . Mlnlmal, Maximal, L - Coef. var.,
of determining q By the min max 0.25 075 %
i Medium .
moisture reserves median Amplitude interval, Normalized interval,
Aa = max—min AN = LOJS—LOA25

7-8-fi eld crop rotations
Start of fi eld work 168 168 119 198 161 172 9.32
Losses from the soil 126 125 98.3 167 116 134 13.1
*Total loss 295 299 193 378 279 324 14.8

4-6-fi eld crop rotations
Start of fi eld work 170 164 128 254 152 172 19.5
Losses from the soil 127 123 94.0 187 110 136 20.3
*Total loss 301 294 232 377 278 324 13.4

Average values for crop rotations

Start of fi eld work 169 166 119 254 159 172 13.6
Losses from the soil 126 124 94.0 187 116 135 15.7
*Total loss 297 297 193 378 279 325 14.17

Note. *Total loss: soil reserves+precipitation.
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interval, and that of the normalized interval — 2.45
times as compared with short-term crop rotations. The
1.15-fold decrease in the variation coeffi cient for the
yield of cereal units demonstrated the stabilization of
the conditions of productivity formation for long-term
crop rotations (Table 6). There was average direct cor-
relation between the dry matter yield, the amount of
precipitation during the vegetation period of crops and
total losses of moisture — R = 0.55-0.63 + 0.03. 0.06
precipitation units and 0.05 units of the total moisture
losses per vegetation period corresponded to one unit
of the dry matter yield. The yield of fodder units per
crop rotation, the amount of precipitation, and total
productive moisture loss correlated at the level of av-
erage direct correlation (R > +0.70); 0.05 mm of pre-
cipitation and 0.04 mm of total moisture loss from soil
corresponded to 1 t of the yield of fodder units.

There was strong direct correlation between the yield
of cereal units, precipitation, and total moisture losses:
R =+0.71-0.75 £ 0.02, R2 = 0.50-0.56. 0.06 precipi-
tation units and 0.04 units of the total moisture losses
corresponded to one unit of the increase in the yield of
cereal units.

There was strong direct correlation, observed be-
tween energy accumulation in the dry matter and
the yield of fodder units in long-term crop rotations;

and the dry matter yield, fodder and cereal units and
energy losses per 10 t of moisture at the level of strong
direct correlation — R = 0.85-0.90 + 0.02, R2 = 0.73—
—0.81 in short-term crop rotations, and regression coef-
fi cients with variables (dry matter, fodder units, cereal
units, dry matter per 10 t of moisture) in dependence
equations were 3.06, 1.25, 7.25, and 2.89 times higher
as compared with long-term crop rotations. It demon-
strated higher effi ciency of productivity formation and
use of the total moisture circulation, which was 2.59
times more effective.

The average dry matter yield in the control vari-
ant without fertilizers was 4.03 t/ha with the 3.1-fold
increase in case of introducing fertilizers (Table 6).
After ploughing, the increase in the dry matter yield
was 318 %, and after surface and subsurface tillage —
265 and 299 %, respectively. The energy reserves in the
dry matter changed according to the established regu-
larity, when the introduction of fertilizers promoted the
1.46-fold energy increase as compared with the control
variant without fertilizers. In case of introducing fertil-
izers, the energy reserves in the dry matter per 10 t of
the total loss of moisture were 1.36 times more effec-
tive as compared with the control variant without any
fertilizers. After ploughing, the effi ciency increased 1.4
times, and in case of surface and subsurface tillage —

0.072 tha and 0.081 t/ha of the yield of fodder and 1-33-1.35 times.

cereal units corresponded to 1 gigajoule/ha of energy
increase in the dry matter. There was strong direct cor-
relation between energy accumulation in the dry matter

Table 6. The productivity of crop rotations with different
2016-2018

In case of introducing mineral fertilizers, water con-
sumption coeffi cients decreased by 18.0 % on average
as compared with the control variant without fertilizers,

duration at the Panfilska Experimental Station, average for

Statistical parameters of productivity
Productivity indices Mml.m al, Maximal, *Ly o *Ly s Coef. var.,
. Bv the min max : : o
of crop rotations, tha | \fedium yi %
median Amplitude interval, Normalized interval,
Aa = max—min AN=L _-L ..

7-8-fi eld crop rotations
Yield 12.3 5.66 2.74 58.3 4.59 7.66 143
Dry matter 5.50 4.50 1.53 13.7 4.04 6.08 54.9
Fodder units 6.70 6.17 1.83 14.6 4.47 7.99 45.9
Cereal units 6.42 5.63 0.76 15.2 4.22 8.70 47.1

4-6-fi eld crop rotations
Yield 8.52 4.62 2.27 55.3 291 5.96 174
Dry matter 4.02 4.04 1.95 7.44 2.55 5.12 40.7
Fodder units 5.78 5.54 1.59 14.4 4.00 7.15 58.3
Cereal units 5.80 5.06 3.18 14.4 4.13 5.96 51.9
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but after ploughing, the decrease was 6.2 %, after sur-
face tillage — 31.0 %, subsurface tillage — 13.6 %. Water
consumption coeffi cient for the yield of fodder units in
the control variant without fertilizers was Cw-c (f.u.) =

= 50.0 on average, with the decrease by 20.5 % after the
introduction of fertilizers. After ploughing, the decrease
was 30 %, and in case of surface and subsurface tillage —
27-28 % with lower values of coeffi cients.

Water consumption for the yield of cereal units with
the introduction of fertilizers decreased by 31 %, after
ploughing — by 32 %, and in case of surface and subsur-
face tillage — by 30-31 % with lower water consump-
tion coeffi cients.

Noteworthy is the increase in the productivity of
10-fi eld grain-row crop rotation in 2010-2015 as com-
pared with the initial period of the study, when the NPK
sum increased 1.4 times and the introduction of 6 t/ha
of humus in the crop rotation was substituted with 7
t/ha by-products of plant cultivation. In conditions of
unstable moisturization of the Forest-Steppe zone, the
dry matter yield increased by 35.8 %, that of fodder
units — by 27.5 %, that of cereal units — by 22.0 %. The
variation coeffi cient for the dry matter yield during the
years of study decreased by 13.0 %, fodder units — by
20.5 %, cereal units — by 24.6 %.

The moisture supply for soil formation in the agro-
cenosis was improved due to 20-25 % more effi cient
consumption of summer precipitations due to the
formed layer of plant mulch and a high level of ag-
rophysical properties of the humus horizon in case of
surface tillage. In summer, during long-term crop ro-
tations (10-15 years) the atmospheric precipitations
moisturized the humus horizon with surface tillage for
a higher depth as compared with ploughing — 25-28 cm
on average, which prolonged the period of biological
activity (PBA) of chernozem in summer by 20-25 days
due to the layer of organic mulch on the surface of cher-
nozem. Under surface tillage, soil profi le of chernozem
is enriched with humus: the value of the coeffi cient of
relative accumulation of humus (CRAH) reaches 1.15—
1.19 (enhanced hydrophilization), whereas in case of
ploughing — 1.03-1.05 (aridity increase).

Long-term (10-36 years) surface tillage promotes the
increase in the hydrophilization degree for the depth
of typical chernozem in the seasonal and annual cycles
and enhanced humus accumulation which is diagnosed
by the darkening of transitional horizons in soil profi les
of typical chernozems (Demydenko OV, Velychko VA,
2013). In 10-15 years, the humus content in the typi-
cal chernozem layer (0-180 cm) increased by 0.23-
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—0.24 %. Surface tillage for 25 years in conditions of

the production enriched the chernozem layer with hu-
mus by 0.22-0.25 %. At the same time, in 10 years,
the value of the coeffi cient of relative accumulation
of humus was 1.08 against 1.02 for ploughing and af-

ter 15 years this coeffi cient amounted to 1.10, which
was 105 % higher as compared with ploughing. In 25
years the CRAH value increased up to 1.31. The coef-

fi cient of profi le accumulation of humus (CPAH) in the
one-meter-deep layer (humus content per 1 % of PC or
CRAH per 10 % of PC) was 105-111 % as compared
with ploughing (0.85-0.98 against 0.78-0.88).

DISCUSSION

During the recent decade the problems of climatic
changes in the Forest-Steppe of Ukraine have been
discussed more frequently, as this factor has a consid-
erable impact on the formation of the harvest of ag-
ricultural crops in agrocenoses with crop rotations of
different duration. There are different forecasts regard-
ing the consequences of global warming for the Forest-
Steppe of Ukraine, thus, there are several scenarios for
the development of agricultural industry, based on the
acceleration of the development of plants, the change
in productivity and stability of the production, the
change in arable fi elds, the set of agricultural crops and
specialization of agriculture, transformation of agro-
technology, etc. In addition, the global climate change
is a complex problem, which covers different aspects
of the development of the Forest-Steppe — ecological,
economic, and social.

Two aspects are distinguished during the analysis of
the “climate—agriculture” system: “climate as natural
resources” and “climate as risk for producers”. Thus,
two approaches of studies have been formed: one of
them is related to the assessment of slow changes in
the average values of climatic parameters, and the
other — to the assessment of the impact of changes in re-
peatability of climatic extremes which present a consid-
erable source of risks for agriculture. Long-term changes
in temperature or precipitation are known to be less rel-
evant for agriculture than such extreme phenomena as
droughts, severe frosts, excessive moisturization of soil,
etc. The impact of these rather rare phenomena on the
yield leads to economic stress which accelerates the ad-
aptation of agriculture to climatic changes. The concepts
of “slow changes” and “changes in risks” do not exclude
but rather supplement each other while solving the task of
identifying new functions of yield distribution and gross
production of cereals, conditioned by climatic changes
(Krakovska SV et al, 2008; Jacob DB et al, 2001).
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The productivity of agricultural crops in agrocenoses
with crop rotations of different duration in the Forest-
Steppe zone is considerably dependent on agroclimatic
factors (warmth, moisture, illumination), which are
rather varied in time and space due to global climatic
changes. The dynamics of agroclimatic resources in
the Forest-Steppe zone had a positive impact on the
productivity of many agricultural crops. The increased
temperature background by the sum of active tempera-
tures (+230-510 °C, on average +180 °C) and the in-
crease in the amount of precipitation during the critical
period of crop development conditioned the increase
in the productivity of winter wheat, corn, sunfl ower,
and soybeans. There were relevant changes in the dy-
namics of agroclimatic resources in the territory of the
Forest-Steppe, namely: the increase in the sum of ac
tive and effective temperatures on average by +180—
200 °C, the increase in the average annual air tempera-
ture (>+1.8°C), the increase in the frequency of extreme
temperatures in summer by +4.0-5.0C, the increase
in summer duration up to 5 months, the decrease in the
intensity of snow cover and duration of its occurrence
led to the increase in the productivity of warm-weather
crops with long-term vegetation and its insignifi cant de-
crease while cultivating spring grain crops.

Systematic soil-protective tillage promoted the opti-
mization of water availability regime for the crops of
grain-row crop rotation: during critical phases of crop
development, the amount of soil moisture in the one-
meter-deep soil layer increased by 25-35 mm as com-
pared with ploughing. The optimization of water avail-
ability regime was based on reasonable and thoughtful
ratio of the simultaneous effect of capillary and con-
vective-diffuse mechanisms of soil moisture transition
which ensured the highest content of productive mois-
ture in chernozem of the Forest-Steppe zone during the
critical phases of crop development. Soil formation in
agrocenoses should be perceived as enhancing the cu-
mulative effect of the biological factor of soil forma-
tion under agricultural use of typical chernozem due
to improvement in hydrothermal soil conditions in the
seasonal and annual cycles under systemic soil protec-
tive technologies, based on surface tillage, which en-
sured the process of managing functional-ecologic and
facial regularities of humus accumulation in typical
chernozems of agrocenoses in the Left-Bank Forest-
Steppe of Ukraine (Demydenko A, Velychko V, 2013).

CONCLUSIONS

The accumulation of soil degradation processes dur-
ing crop rotations of different duration due to systemat-
ic deep ploughing decreases the on-balance-sheet items
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of moisturization regime: infl ow — due to incomplete
(by 20-25 %) consumption of winter precipitation, and
the increase in the outfl ow — due to the increase (by 25—
30 %) of physical evaporation which leads to the ag-
gravation of quantitative indices of moisturization and
a considerable increase in the depth of active moisture
circulation which shifts to May-July, conditioning deep
summer drying (aridization) of typical chernozem layer
in the agrocenoses of different crop rotations. In case of
long-term (10-36 years) surface tillage, the effi ciency
of the use of productive moisture reserves increased by
25-40 % and the coeffi cients of water consumption by
crops decreased by 3540 %.

The comparative assessment of the productivity of
10-fi eld grain-row crop rotation demonstrated that
‘on average for 2010-2015 the dry mass yield of the
main product increased 1.35 times, the yield of fodder
units — 1.28 times, and that of cereals — 1.23 times. The
increase in the productivity of grain-row crop rotation
occurred due to the 2.7-fold increase in the yield of
corn. The fraction of the dry mass yield was 12 % from
the total yield which was 2.3 times higher as compared
with 1965-1969.

Short-term crop rotations had higher productivity:
there was strong direct correlation between energy ac-
cumulation in the dry matter and the dry matter yield,
fodder and cereal units and energy accumulation per
10 t of spent moisture — R > 0.70, and the regression
coeffi cients with variables (dry matter, fodder units,
cereal units, dry matter per 10 t of moisture) in depen-
dence equations were 3.06, 1.25, 7.25 and 2.89 times
higher as compared with long-term crop rotations. It
demonstrated higher effi ciency of forming productivity
and using the total moisture circulation, which had a
2.59-fold increase.
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Meta. Bu3HauuTH OCHOBHI 3aKOHOMipHOCTI (opmyBaH-
HSl BOJIOTOPECYPCHOTO TMOTeHllialy, HarpoMaJpkeHHsl Ta
BUKOPMCTaHHSI IPYHTOBUX 3araciB NMpOAYKTHBHOI BOJIOTH
Ci/IbCHKOrOCIOZIapPCHKUMU  KY/IbTYPaMH 3a BUPOLYBaHHS B
CUcTeMaxX pi3HOPOTAIlifHKUX arporieHo3ax ciBo3miH Jlico-
creny Ykpainu. Metoau. [Tosb0BYH, cTaljioHapHUH, 1abo-
paToOpHUM, aHaliTUUHUM, CTaTUCTUYHUI. Pe3yabraTu. Y
KOPOTKOPOTAl[iliHi}i 3epHO-TIpocarnHiii CiBO3MiHi BUTpaTh
JoctynHoi Bosiord 6e3 BHeceHHs MiHepasbHUX J00OpUB
craHoBwIM 317 MM, a y BapiaHTi 3 J0Op1BaMu BOHU 3pOCTa-
v Ha 107 %. 3araibHi BUTPATH BOJIOTH 3a Pi3HMX CIIOCOOIB
00po6iTKy 6e3 BHeceHHsI [OOPUB HAWHWKUAMU Oy/H TpU
3aCTOCYBaHHI MOBEPXHEBOro 00pobiTKy Ta 3poctanu y 1,05
pa3u 3a opaHku Ta y 1,08 pasiB 3a Oe3rnosmieBoro riubo-
KOro 00pobiTKy. 3a BHeceHHsi J0OpUB 3arajibHi BUTpaTH
BOJIOTU Y CepeJiHboMYy 3pocTtanu Ha 23,0 MM abo 107 %. 3a
nmoBroctpokoBoro (10—-36 pokiB) Ge3mnosuiieBoro 06podiTKy
edeKTUBHICTH BUKOPUCTAHHSI 3aracy MpOyKTHBHOI BOJIOTH
3poctasia Ha 25-40 %, a KoedillieHTH BOOCITOKHUBAHHS
KyJ/bTYp 3HWKYyBanucs Ha 35—40 %. BucHoBku. CiBO3MiHU
3 KOPOTKOIO poTaLjieto Oy OibLI NPOAYyKTUBHUMHY, a MiXK
HarpoMa/iKeHHsIM eHeprii B CyXiii peuoBHHi, BUX0O/IOM KOp-
MOBHUX i 3€DHOBHUX OJMHHULIb Ta HarpoMa/pKeHHsSM eHepril
B ypoxai Ha 10 T BHUTpaueHOI NMPOAYKTUBHOI ([OCTYIIHOI)
BOJIOTH 3B’30K OYyB Ha piBHi TpSIMOi CUJIBHOI KOpeJsLii
(R > +0,70). Koediujientu perpecii npu 3MiHHHUX: cyxa
peuoBMHA, KOPMOBi Ta 3epHOBI OJMHUII, CyXa peuoBHHa
Ha 10 T BOJIOTH y PIiBHSHHSX 3a/I€XKHOCTI Oy/M BUILMMHU
BiagnoBigHo y 3,06, 1,25, 7,25 Ta 2,89 pa3u MOpiBHSIHO
i3 ciBo3MiHaMK 3 [JOBIOK pOTaLli€t0, W0 CBIAUUTH IIPO
3pOCTaHHs MPOJYKTUBHOCTI Ta BUKOPHUCTaHHSI 3arajabHOrO
06iry Bosioru y 2,59 pa3u B KOPOTKOPOTAL[iiHUX CiBO3MiHaX
TIOPIBHSHO 3 CIBO3MiHaMHU 3 JJOBIOO POTAL|i€tO.
KirouoBi cs1oBa: pisHopoTalliiiHi ciBo3MiHH, rorepeHUKH,
HOPMAaTHBH UepryBaHHs, BOJIoro3abesneueHicTb, B1aCTUBOC-
Ti IPYHTY, BUIIaPOBYBaHHSI, arpOTEXHIYHI 3aX0/1, Ky/IbTypa
BHPOILyBaHHS.
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