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Abstract. The main objective of the research was to develop scientific and
methodological bases for the development and adaptation of ecologically-
adaptive winter wheat cultivation technologies in the northern Steppe of
Ukraine. The studies were conducted from 1986 till 2005. Winter wheat was
sown after black fallow and corn for silage three times. The main method of
research is the field method. It is proved that in the conditions of the northern
Steppe of Ukraine winter wheat crops after black fallow and corn for silage
are characterized by almost identical indicators of total water transpiration
during vegetation period, which is 3256 and 3293 m*/ha on average. Winter
wheat crops, irrespective of weather conditions, forecrops and sowing dates,
consume the greatest amount of moisture in the northern Steppe of Ukraine
in the early spring and from the ear stage to the firm ripeness of the grain.
On average, the transpiration ratio is 1070 m3/ha in early spring before the
booting of plants after black fallow, and after corn for silage it is 1069 m?/ha,
which is 32.9 and 33.1% of the total water transpiration for the whole period.
Changing sowing period from August 25 to September 25 reduces water
transpiration of winter wheat after black fallow from 3613 to 3303 m*/ha,
and after corn for silage from 3615 to 3303 m*ha. In this case, the most
significant changes in total water transpiration under the influence of sowing
periods are observed in the autumn period. After black fallow, total water
transpiration in autumn decreases from 711 to 374 m?/ha, and after corn for
silage it was from 853 to 446 m*/ha. Sowing winter wheat after non-fallow
forecrop corn for silage reduces water efficiency of the plants. The average
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evapotranspiration ratio for the crops after corn for silage was 95.1 m%/c,
and for black fallow — 71.8 m’/c. After both forecrops, the increase in total
transpiration for the entire vegetation period of the plants has a positive
effect on grain productivity level of winter wheat. The correlation coefficient
between the productivity level and total water transpiration for the entire
period of plant growth and development after black fallow is 0.34, and
after corn for silage is 0.39. There is a close negative correlation between
evapotranspiration and winter wheat productivity, which, when sown after
black fallow, is minus 0.87 and, after non-fallow forecrop is minus 0.79.
Winter wheat sowing after corn for silage, irrespective of sowing time, is
the most dependent on water resources from the time of spring vegetation
renewal until the start of booting. Their influence on the formation of the
crop, depending on the time of sowing is in the range of 38.56-45.62%.
The later sowing time of winter wheat after corn for silage is made, the
more sensitive are the crops to water resources during the period. When
sowing winter wheat after black fallow, the sensitivity of crops to water
resources during spring and summer growing season depends on the sowing
time. Sowing on August 25 is the most sensitive to water resources during
booting of plants. The crop sown on September 10 is the most sensitive to
water resources from the booting stage to firm ripeness, and the crop sown
on September 25 is the most sensitive to water resources from the time of
spring vegetation renewal until the start of the booting stage.

1. Introduction

Water is one of the most important factors in plant life. Its content in
the cells of the vegetative organs is about 85%. It serves not only as the
environment for various biochemical reactions that take place in cells, but
also for the relationship between plants and the environment [1, p. 99].

Numerous studies show that water balance of plants, including field
crops, is extremely variable and depends on weather conditions and agro-
technical methods of their cultivation. At the same time, the effect of one
or another agricultural technique on the efficiency of water use by plants
is largely modified by a large number of natural factors. Therefore, many
studies pay particular attention to the regulation of the plants moisture status
during the growing season or in general crop rotation [2, p. 165; 3, p. 38;
4, p. 18]. The studies can serve as the basis for the development of new
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ecologically-adaptive technologies of growing crops or for the adjustment
of agro-technology in the process of plant vegetation in the conditions of
changing environment.

The transpiration ratio is often used to assess the efficiency of water
transpiration from plants. However, the results of a number of studies show
that this ratio is extremely variable, not only from climatic and weather
conditions, but also from almost all agro-technical techniques that are
part of the cultivation technology [5, p. 146]. Therefore, the total water
transpiration ratio is suggested to use in practice, which includes not only
the transpiration of water from plants, but also physical evaporation from
the soil surface. At the same time, it is suggested to assess the efficiency of
water use by the indicator of evapotranspiration [6, p. 7].

The main objective of the research was to develop scientific and
methodological bases for the development and adaptation of ecologically-
adaptive winter wheat cultivation technologies in the northern Steppe of
Ukraine. Winter wheat was sown in three periods after black fallow and
corn for silage.

2. Transpiration of water by winter wheat crops during vegetation

The results of our research clearly show obvious consistency of
plant consumption by crops of winter wheat under different weather
conditions in the area of the northern Steppe of Ukraine. Regardless of
the forecrops, the largest total plant consumption in winter wheat crops
is observed in the early spring growing season and from the ear stage to
the firm ripeness of grains. The lowest plant consumption is observed in
the autumn growing season, the average plant consumption is from the
beginning of the booting stage to the ear stage (Table 1). On average,
during the years of research, the total plant consumption of winter
wheat crops after black fallow from the time of spring vegetation to the
beginning of booting of plants amounted to 1070 m3/ha with fluctuations
from 691 to 1285 m?/ha in different years. It was 1190 m*/ha during the
ear stage to firm ripeness. However, the variation of indicators during
this period was much larger than in the previously indicated period and
ranged from 148 to 2447 m3/ha. The large total plant consumption in
early spring is mainly due to the physical evaporation of water from the
soil surface.
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Table 1

Indicators of plant consumption by winter wheat crops at one meter
layer of soil after different forecrops, m*/ha (sowing on September 10)

Inter-stage periods
sowin vegetation beginnin
ving renewal — ginming ear stage for the
period — R of booting
beginning —firm whole
stop of . stage — ear . .
. of booting ripeness period
vegetation stage
stage
Black fallow as forecrop
average 366 1070 630 1190 3256
variation 128 — 661 691-1285 352-925 148-2447 | 2361-4694
Corn for silage as forecrop
average 495 1069 600 1128 3293
variation 108 — 1015 | 613-1464 296-1080 151-2118 | 2804-4503

The highest amount of productive moisture in a meter layer of soil in
winter wheat crops in the area of the northern Steppe of Ukraine is observed
at the time of spring renewal of vegetation [7, p. 79], but at the time the
accumulation of aboveground mass of plants is insignificant before booting
stage in comparison with the booting stage or the grain formation period.
At the same time, strongly developed above-ground mass of plants can
cause high plant consumption by crops from the time of the ear stage to firm
ripeness of the grains. A strongly developed above-ground mass of plants
is characterized by high intensity of transpiration and high evaporation of
water from the soil surface. Identification of moisture content in a meter
layer of soil has repeatedly convinced that during favourable years, when
dense crops with more than 750 pc/m? spikes were formed during the ear
stage, despite heavy rainfalls, productive moisture stocks sharply decreased
over the days. The bulk of the water was pumped by the plants in the process
of transpiration, since physical evaporation of water from the soil in dense
crops is much smaller than in thin crops.

The total transpiration during autumn period is much lower and averages
366 m?*/ha after black fallow, with changes in the range of 128-661 m? in the
years with different weather conditions.

It is established that the average water transpiration from winter wheat
cropsafterblack fallow duringthe whole growing seasonaverages 3256 m*/ha.
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In general, there is a direct correlation between water resources and total
water transpiration. In the years with heavy rainfalls, the total water
transpiration of winter wheat plants increases, and in the drier years, on the
contrary, decreases.

When sowing winter wheat after a non-fallow forecrop, the above-
mentioned consistency is generally preserved. The highest water losses are
observed in early spring and from the ear stage to firm ripeness. The lowest
water losses take place during autumn growth period of winter wheat. In
addition, the indicators of total water transpiration by crops after corn for
silage during spring-summer growing season, as well as for the whole
growing season, are close to those of black fallow. For example, the total
water transpiration of winter wheat crops for the whole period after black
fallow averaged 3256 m*/ha, and after corn for silage — 3293 m*/ha. In early
spring period the figures were 1070 and 1079 m?/ha, respectively. In this
case, the data in Table 1 show that in one year, i.e. in the same weather
conditions, the indicators of total water transpiration in spring-summer
period of vegetation of plants after black fallow and corn for silage are close.
This suggests that the total water transpiration of winter wheat crops from
a meter of soil in spring-summer period of plant growth and development
under the same weather conditions is almost independent of its forecrops.
However, the accumulation of the total amount of dry matter by winter
wheat plants in the end is not the same, and therefore the efficiency of water
use after the studied forecrops is different.

The research revealed some differences between winter wheat crops after
different forecrops according to the total water transpiration during autumn
growing season. In most years, it was higher compared to black fallow and
non-fallow forecrops and averaged 495 and 366 m’/ha, respectively. In our
opinion, higher water transpiration in autumn after corn for the silage was
due to its physical evaporation and penetration into the deeper layers of soil.
In none of the years, the above-ground mass of winter wheat plants at the time
of cessation of autumn vegetation after corn for silage was greater than that of
black fallow. Higher water losses of winter wheat crops after corn for silage
are caused by the condition of the surface of the field, in the state of loosening
of soil and the presence of plant residues in the upper layer of soil.

The calculations of the structure of total water transpiration by winter
wheat crops in relative terms confirm the existence of the above-mentioned
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consistencies. After both forecrops, the largest water losses of winter wheat
crops are observed in two periods — early spring and from the ear stage to
firm ripeness of grains. After black fallow, on average, over the years of the
studies, these figures account for 32.9% and 36.5% of the total amount of
water transpired, and after corn for silage — 33.1% and 32.4% (Table 2).

In autumn, total water transpiration of winter wheat crops after black
fallow averages 11.3% of the total, varying from 3.9 to 23.4% in different
weather conditions. When sowing winter wheat after corn for silage,
the proportion of water transpiration in autumn period is slightly higher
than that after black fallow and equals 15.0%. This consistency has been
observed throughout the years of the study, regardless of weather conditions
that are too variable in the area of the northern Steppe of Ukraine.

Table 2
Effect of forecrops on the structure of water transpiration
at one meter layer of soil with winter wheat crops, % of total
(sowing time is September 10)

Inter-stage periods
. . vegetation A
sowing period renewal — begl_nnmg of car stage —
— stop of .. booting stage .
. beginning of firm ripeness
vegetation . — ear stage
booting stage
Black fallow as forecrop
Average 11,3 32,9 19,3 36,5
Variation 3,9-23,4 24,5-40,4 7,7-29,1 6,3-56,8
Corn for silage as forecrop
Average 15,0 33,1 19,5 324
Variation 3,9-31,2 25,8-41,9 4,6-38,5 6,0-58,8

Changing sowing time of winter wheat significantly affects the
conditions of growth and development of winter wheat plants during autumn
growing season [8, p. 61]. The postponement of sowing at a later date
primarily shortens the period of autumn vegetation, and the development
of plants occurs at lower air temperatures and reduced duration of daylight.
The consequence of such conditions is a decrease in tilling capacity of
plants at the time of the cease of autumn vegetation and, accordingly, the
density of the stem of winter wheat crops [9, p. 50].
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Table 3 shows that the shift in the sowing period from August 25 to
September 25 causes identical changes in the total water transpiration of
winter wheat crops after both of the studied forecrops. It is clearly seen that
the later the sowing of winter wheat is, the smaller the indices of water loss
in autumn period and increase from the beginning of booting stage to the ear
stage of plants. Thus, in the variants of the experiment after black fallow with
sowing on September 25, water loss averaged 374 m?/ha, and with sowing on
August 25 it was 711 m*/ha, which is almost twice as much. When sowing
winter wheat on non-fallow forecrop, the sowing shift from August 25 to
September 25 reduced the total water transpiration from 853 to 446 m’/ha.

Table 3
Indicators of water transpiration by crops of winter wheat
at one meter layer of soil depending on the sowing time
(average for 1992-2004)

Inter-stage periods
sowing vegetation beginning
sowing time | period ren'ewztl ~ | of booting ear stage For the
beginning —firm whole
stop of . stage — ear . .
. of booting ripeness period
vegetation stage
stage
Black fallow as forecrop
25.08 711/19,7 943/26,1 746/20,7 1212/33,6 3613/100
10.09 366/10,8 1004/29,7 772/22,8 1240/36,7 3382/100
25.09 374/11,3 981/29,7 772/23,4 1177/35,2 3303/100
Corn for silage as forecrop
25.08 853/23,6 892/24,7 708/19,6 1162/32,1 3615/100
10.09 495/14,7 915/27,3 755/22,5 1191/35,5 3357/100
25.09 446/13,5 903/27,3 799/24,2 1155/35,0 3303/100

— In the numerator, the indicators of water transpiration are in m3/ha
— In the denominator, the share of water transpiration of the total amount for the entire
growing season, %

In the sowing variants on September 10, both after black fallow and
after corn for silage, the total water losses during the period from the
renewal of vegetation to the beginning of the booting stage and from the ear
stage to firm ripeness were higher than the sowing variants carried out on

151



152

Mykola Mostipan, Valeriy Mytsenko

August 25 and September 25. Thus, in case of sowing on September 10,
after black fallow, the total water transpiration during the early spring
period was 1004 m3/ha against 943 m*/ha when the crops were sown on
August 25, and 981 m*/ha when sowing tine was September 25.

It is well known that the transpiration of water through the leaves does
not belong to synthetic processes that take place in plant cells. However, it is
an essential part of the plant's biological and physiological function, which
ensures the normal course of all biochemical reactions in plants. Therefore,
the transpiration productivity ratio is widely used in both scientific and
industrial practices. It correlates the amount of water transpired by the
plant with the amount of solids that have been synthesized during that time.
The performance of transpiration can be judged on the efficiency of water use
by plants. But, like the transpiration coefficient, transpiration performance
in the same plant species exhibits excessively high variability under the
influence of climatic, weather, and agro-technical factors. In agriculture, the
determination of transpiration coefficient and transpiration performance has
considerable complexity. This is due to the inability to identify the volumes
of water that were actually used by the plants from the soil.

Evapotranspiration indicators, which take into account all water
transpiration by crops for crop formation, including physical evaporation
from soil surface, as shown in Table 4, fairly objectively assess the efficiency
of water use by plants. The process of physical evaporation of water from
the surface of the soil at first glance has nothing to do with the formation of
the crop. However, if winter wheat crops with high stem density have the
same amount of rainfalls, the rate of water evaporation from the soil surface
will be less than in thin crops, and therefore the amount of water that will be
absorbed by the plants in such crops will be greater. Accordingly, increasing
the amount of available water for plants will certainly have a positive impact
on improving crop productivity.

It is established that with almost equal amount of water resources, the
efficiency of their use by winter wheat crops after black fallow is much
higher compared to its non-fallow forecrops. On average, during the
years of research, the evapotranspiration coefficient after black fallow
was 71.8 m¥/c, and after corn for silage — 95.1 m*/c. During nine years
out of eleven, evapotranspiration coefficients of winter wheat crops after
black fallow were higher than after corn for silage. In severely dry and
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unfavourable years in winter, the evapotranspiration coefficients after corn
for silage were several times higher than after black fallow crops. So, in
1996, with only 58.2 mm of rainfalls during the entire spring and summer
growing season, the evapotranspiration coefficients of crops after corn for
silage amounted to 201.5 m*/c against 84.0 m*/c after black fallow. In the
conditions of the year 2000, under extremely unfavourable conditions in
winter in combination with arid conditions of spring-summer vegetation
(110 mm of rainfall), the evapotranspiration coefficients of crops after
corn for silage were three times higher than after black fallow and were
455,2 and 152,7 m’/c, respectively.

Table 4
Evapotranspiration coefficients of winter wheat crops after different
forecrops (sowing on September 10)

Black fallow Corn for silage
. = S A = | 5.
5 £ E £E | 55 B 2EE
Years =% = é B SE = é B
FES z 2 g =2EsS z 225
s Z2E S g3 s ZE > £EEs
S £ 2 S E S £ = 23 E
=8 = 2 =8 - ==
s = | 2| ¢ E | 558
A = A <
1993 3263 52,1 62,6 3579 58,0 61,7
1994 2819 67,2 41,9 3011 54,8 54,9
1995 3184 49,4 64,5 2804 40,6 69,1
1996 2361 28,1 84,0 2519 12,5 201,5
1997 4694 40,1 117,1 4503 30,0 150,1
1998 3212 65,8 48,8 3339 41,7 80,1
1999 2552 22,9 111,4 2563 18,3 140,1
2000 2962 19,4 152,7 2777 6,1 4552
2001 3777 68,0 55,5 3578 43,1 83,0
2002 2998 43,7 68,6 2668 23,5 113,5
2004 3554 61,8 57,5 3106 59,9 51,9
Average 3382 47,1 71,8 3357 35,3 95,1
Correlation 0,34 0,39
coefficient —-0,87 -0,79
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All adverse factors that impair the conditions of plant growth and
development lead to the reduction of the efficiency of water consumption
by winter wheat crops. The evidence of this is that the lower the productivity
of winter wheat crops, the higher the evapotranspiration coefficients.
There is a close inverse relationship between the grain productivity and
evapotranspiration coefficients, which is confirmed by the correlation
coefficient calculations. If sowing after black fallow, it is minus 0.87, and if
sowing after corn for silage, it is minus 0.79. The relationship between total
water transpiration and winter wheat crop productivity is positive but much
smaller. It is 0.34 after black fallow and 0.39 after corn for silage.

Sowing periods have significant effect on the productivity of winter
wheat, and therefore the efficiency of water resources use with different
crops is different (Table 5).

Table 5
Evapotranspiration coefficients of winter wheat crops
at different sowing periods, (average for 1993-2004)

Black fallow Corn for silage

) = ) =
g z S g e e
g 3 =E E 3 £E

— o o o] > o
Year as ‘? -] == £ 2]
£ & g2 £ £ 52
Rl 2 | g€ | EF| 2| ££
—_ < 2% _ = 2%
g e s S 8 £ s 3

= &~ s = A =)
25.VIII 3613 38,1 94,8 3615 29,7 121,7
10.IX 3382 47,1 71,8 3357 35,3 95,1
251X 3303 40,5 81,6 3303 36,7 90,0

When sowing winter wheat after black fallow, as can be seen from the
data in Table 5, the shift of sowing time from August 25 to September
25 causes a decrease in the amount of water resources from 3613 to
3303 m*ha. At the same time, the highest grain productivity of winter
wheat was formed at sowing on September 10 and amounted to 47.1 c/ha,
which is 9.0 c/ha more than at sowing on August 25 and 6.6 c/ha more
than the sowing variants on 25 September. Evapotranspiration coefficient
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according to the obtained data amounted to 71.8, 94.8 and 81.6 m’/c,
respectively. After corn for silage, changing the sowing time in these terms
reduced the evapotranspiration coefficients from 12.2 in sowing variants of
25 August to 9.0 m*/c of winter wheat in sowing variants on 25 September.
On average, in the years of non-fallow forecrops, winter wheat sown on
September 25 had most effective water consumption.

3. Winter wheat productivity depending
on water availability during spring and summer

The spring-summer growing season is extremely important for the
formation of winter wheat crop. During this period the potential of crops
planted in autumn and the processes that will positively affect productivity
are realized. In such cases, the losses caused by the negative factors of
autumn growing season are to some extent compensated.

In the northern Steppe of Ukraine, the moisture content of crops in
spring and summer, together with the air temperature, are the determining
factors for the growth and development of winter wheat. Research results
show that during the whole growing season of winter wheat crops, their
highest moisture content is reached in early spring. Due to winter rains, soil
moisture is replenished, but differences among forecrops still remain. On
average, over the years of research, the content of productive moisture at
a meter layer of soil under winter wheat after black fallow was 164.4 mm
against 156.3 mm in crops after corn for silage. However, significant
differences among the crops of different sowing periods within one forecrop
were not observed.

Starting from the time of spring vegetation renewal, the productive
moisture reserves in a meter layer of soil under winter wheat crops,
regardless of their forecrops, are constantly reduced and are minimal at firm
ripeness stage. Rains that occur during the period of active growth do not
change the specified consistency. Even in the years with heavy rainfalls, the
increased soil moisture persists for a short period of time. This is especially
evident with the significant development of aboveground vegetative
mass of plants. Such plants, on the background of high air temperature,
intensively transpired and the amount of available moisture in a meter layer
of soil rapidly decreases. This is also facilitated by the intense physical
evaporation of water from the soil surface at high air temperatures.
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In winter wheat, sown on September 17, both after black fallow and after
corn for silage (at all stages of plant development during spring-summer period),
the moisture content in a meter layer was higher than in the plants sown on
August 25 and September 25. Thus, the reserves of productive moisture in the
variant sown on September 17 after black fallow, from the time of renewal
of spring vegetation to the ear stage varied from 167.1 mm to 79.5 mm,
respectively. And in the variant sown on September 17 the productive moisture
varied from 162.6 mm to 77.2 mm. In some years of study, the difference
between variants with different sowing periods was significantly greater
than the average for the years of study (Table 7). Winter wheat sown on
August 25 and September 25, unproductive moisture losses could be caused
by excessively high evaporation of water from the soil surface.

Table 7

Indicators of content of productive moisture in a meter layer
of soil during growing season of winter wheat crops depending
on the sowing time, mm (average for 1993-2005)

Stages of crops development
S(t)iwn:::lg Indicator a;ft lsl;rtil:;e beagtil:illfng at the ear | 2 .the firm
vegetation | of booting stage ripeness
renewal stage stage
1 3 3 4 5 6
Black fallow
25.08 average 163,4 106,4 76,5 63,9
variation | 124,2-196,8(91,9-142,2| 27,8—-187 | 32,4-128
10.09 average 167,1 1074 79,5 62,1
variation | 133,4—210,0| 71,7 —146,2 | 29,7 —-189,0 | 35,1 — 124,0
25.00 average 162,6 106,3 77,2 63,5
variation | 128,4—199,8|72,5-136,9|22,3-188,0| 23,1 -127,0
Corn for silage
25.08 average 154,3 97,9 66,5 57,4
variation | 125,0 —180,7 | 59,8 — 125,8 | 20,1 — 115,5 | 26,0 — 108,3
10.09 average 158,4 101 69,5 54,8
variation | 137,7-190,4| 60,4 —139,1 | 22,7-173,9 | 17,9 —106,2
25.09 average 156,2 100,3 69,4 56,7
variation | 122,5-187,4| 60,2 — 138,8 | 23,3 -169,9 | 28,2 -107,0
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At the same time, as it can be seen from the data in Table 7 after such
forecrops at the firm ripeness stage on average during the years of research,
such dependence is not observed. Higher moisture reserves in a meter
layer of soil are characteristic of sowing time which was carried out on
August 25 and September 25. On average, during the years of research
in the sowing variants on August 25 and September 25, after corn for
silage, the moisture content in a meter layer of soil was 57.4 and 56.7 mm,
respectively, against 54.8 mm of the variant sown on September 17.

Weather conditions of the spring-summer growing season of winter
wheat crops in the northern Steppe of Ukraine are too variable both in the
amount of rainfalls and the air temperature. These factors are crucial to soil
moisture accumulation as a major source of aquatic nutrition for plants.
Plant consumption of winter wheat crops in spring and summer depends
to a large extent on the state of their development. More powerful crops
require more water than less developed ones.

The regression analysis revealed that there is a fairly complex
relationship between productivity levels of multiple-aged winter wheat
crops and the reserves of productive soil moisture during the main stages
of plant growth and development. The reserves of productive moisture in
soil have different effects on grain productivity of different crops of winter
wheat after different forecrops (Table 8).

After black fallow, the reserves of productive moisture in the soil at
the time of spring vegetation renewal and the beginning of the booting
stage have the greatest influence on productivity level of varied crops of
winter wheat. It is in the range of 39.7-55.2% and 24.8-42.1% respectively.
When sowing winter wheat after corn for silage, the most important for the
formation of the grain productivity of winter wheat are moisture reserves
in the soil at the beginning of spring vegetation renewal and during the
ear stage of the plants. According to the results of the regression analysis,
the share of influence of moisture reserves in a meter layer of soil on
the productivity level of such crops of winter wheat is 49.7-66.4, and
22.3-39.9%, respectively.

At the same time, sowing times within one forecrop can significantly change
the dependence of productivity of winter wheat crops on the reserves of productive
moisture in the soil at different stages of their development. So, for crops sown
on August 25 after black fallow, the main influence on the productivity has soil
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Table 8
Dependence of productivity level of multiple-aged crops

of winter wheat on the reserves of productive moisture in the soil, %
(average for 1993-2004)

Sowing time
Forecrop Stage of crops development 25.VIII 10.IX 250X
Renewal of spring vegetation 39,7 55,2 36,3
beginning of booting stage 42,1 24,8 33,8
Black fall
ack faflow ear stage 9,3 18,7 22,8
remaining factors 8,9 1,3 7,1
Renewal of spring vegetation 49,7 51,3 66,4
. beginning of booting stage 9,8 9,8 10,6
for sil
Com forsilage I~ age 39,9 34,8 23
remaining factors 0,6 0,3 0,7

moisture reserves at the time of spring vegetation renewal and at the beginning
of the booting stage. The share of the influence of soil moisture reserves at the
ear stage does not exceed 10%. Sowing on September 10 is also most dependent
on soil moisture at the time of spring vegetation (55.2%) and early booting
(24.8%), but the share of soil moisture at the ear stage reaches 18.7%. For
sowing on September 25, the importance of productive soil moisture at the ear
stage (22.8%) increases, and at the same time plants’ dependence on moisture
reserves at the beginning of spring vegetation is reduced.

It should also be noted that winter wheat productivity, regardless of the
sowing period after corn for silage forecrop, unlike sowing after black fallow,
is more dependent on moisture content of the soil during the ear stage. On
average, during the years of research, the influence of soil moisture reserves
at the ear stage on the productivity of crops after black fallow varies from
9.3 to 22.8%, and after corn for silage it varied from 22.3 to 85.8%.

During spring-summer period of winter wheat, dry matter accumulates
through crops. At the beginning of booting, their weight intensely increases
to the ear stage. Later, the rate of accumulation of dry matter by plants
decreases. Water requirements for plants during the booting stage are
greatest, which is why this period is considered critical. Water scarcity
primarily causes a decrease in the aboveground weight of plants, which in
turn leads to a sharp decrease in crop productivity.
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The water resources available to winter wheat plants during spring
and summer growing season have a huge impact on winter wheat crop
production process. But according to the results of the research, they are
extremely variable in different years, and therefore winter wheat crop
grows in spring under different conditions of wet crop provision, starting
from severely arid and ending with sufficient wet supply. The data in Table
9 show that, in the spring and summer, water resources for winter wheat
crops average 348.4 mm. They are slightly higher for crops sown after
black fallow (358.1 mm) and smaller for crops on non-fallow forecrop
(336.7 mm). At the same time for crops on black fallow they can vary from
214,3 to 540,3 mm, and after corn for silage — 203,2-438,0 mm.

The calculations of water resources in separate inter-stage periods of
crop vegetation showed that the best conditions for water supply of winter
wheat crops are created in the period from the time of spring vegetation
renewal to the beginning of plant booting. On average, over the years of
research, they are 204.3 mm for the crops after black fallow, and for the
crops after corn for silage (190.1 against 154.1 and 143.9 mm, respectively),
in the period from the beginning of booting to the ear stage.

The above data indicate that the greatest variability of water resources
for winter wheat crops during spring and summer vegetation is characteristic
of the period from the ear stage to firm ripeness of the grain. The least
variability occurs from spring vegetation renewal to the beginning of
booting stage. The variation of water resources during the period from
the ear stage to the firm ripeness for the plants sown after black fallow is
58.1-368.7 mm/ha, and after corn for silage it is 34.0-342.5 mm/ha against
164.4-237,5 mm and 152.5-233.8 mm/ha respectively from the beginning
of spring vegetation to booting of plants.

The sowing time does not significantly alter water resources for winter
wheat sown after black fallow and after corn for silage. Thus, on average
during the years of research water resources for winter wheat crops after
black fallow for the whole spring-summer period depending on sowing
periods make in the range of 354,1-363,7 mm/ha, and for crops sown after
corn for silage is 333,7-341.4 mm/ha.

The main elements of the structure of winter wheat crop are formed
during spring and summer growing season. Among them, the density of the
productive stem, the number of grains per a spike and the weight of grains
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Table 9
Water resources of winter wheat crops during spring and summer
vegetation, mm/ha (average for 1993-2005)

Stages
Vegetation Beginning of
renewal — st g Ear stage — | For the whole
.. booting — ear . R
beginning of firm ripeness period
. stage
booting
Black fallow
Average 204,3 154,1 184,1 358,1

Variations in years | 146,4 —237,5 | 83,0—265,2 | 58,1 -368,7 | 214,3 —540,3
Corn for silage
Average 1439 172,9 338,7 143,9

Variations in years | 73,7-278,8 | 34,0—342,5 | 203,2-438,0 | 73,7-278,8

per a spike are of great importance. Due to the fact that the formation of the
aforementioned elements of the structure of the crop occurs consistently
in different periods of growth and development of winter wheat plants, it
is quite often observed that the achievement of the maximum productivity
level is possible at different levels of their development.

The reasons for the variability of winter wheat agrocenoses according to
the indicators of basic elements of the crop structure are weather conditions
during the vegetation of plants and, particularly, the level of their moisture
supply. The results of the regression analysis convincingly show that
productivity of winter wheat crops after corn for silage depends more
on the amount of water resources from the time of spring vegetation to
the beginning of booting. At the same time, when winter wheat is grown
after black fallow, the sowing time (Table 10) has a significant effect on
the sensitivity of crops to water resources during different phases of plant
development during spring vegetation.

The data in Table 10 show that the impact of water resources from
the time of spring vegetation to the beginning of booting of plants on
productivity level of wheat after corn for silage, depends on the sowing
period and it is 38.56-45.62%, whereas the impact of water resources in the
period from the ear stage to firm ripeness is 13,58-16,12%. Crops of winter
wheat after corn for silage are the least dependent on water resources during
the period from the ear stage to the firm ripeness of plants. In addition, the
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Table 10
Influence of water resources during spring-summer period
on the formation of winter wheat crops, % (1993-2004)

Sowing time

Forecrop Stages 25.VIL | 100X | 251X
Black fallow beginning of booting — ear stage | 32,79 11,01 22,29
ear stage — firm ripeness 27,25 27,44 22,38

remaining factors 18,25 46,73 28,42

renewal of spring vegetation —
beginning of booting

Corn for silage | beginning of booting — ear stage 18,98 13,71 28,02
ear stage — firm ripeness 15,12 13,58 16,12

38,56 41,95 45,62

remaining factors 27,34 30,76 10,24

later the sowing of winter wheat after corn for silage is made, the greater
dependence of such crops on water resources in early spring.

Similar consistency is typical of winter wheat sown on September 25.
The influence of water resources in the period from the ear stage to the
firm ripeness of the plants on the formation of the crop, according to the
results of regression analysis is 26.91%. However, productivity of these
crops is also largely conditioned by water resources from the beginning
of the booting to the ear stage of plants and from the ear stage to their
firm ripeness. Their impact on productivity level is 22.29% and 22.38%
respectively. Early winter wheat crops sown after black fallow on August 25,
which during autumn growing season form a powerful above-ground mass,
are sensitive to water resources from the beginning of the booting to the ear
stage (32.79%) and from the ear stage to the firm ripeness (27,25%).

4. Conclusions
Based on the above-mentioned material, we can make the following
conclusions:
— in the conditions of the northern Steppe of Ukraine, winter wheat
crops after black fallow and corn for silage are characterized by almost
identical indices of total water loss during the vegetation period of plants,
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which average 3256 and 3293 m3/ha, respectively. The difference between
the total water loss in winter wheat crops after these forecrops, depending
on weather conditions, may be in the range of 4.0-11.9%;

— winter wheat crops, irrespective of weather conditions, forecrops and
sowing times, consume the greatest amount of moisture in the Northern
Steppe of Ukraine in early spring and from the ear stage until the grain is
firm. On average, in early spring, water transpiration before booting of plants
after black fallow is 1070 m*ha, and after corn for silage — 1069 m®/ha,
which is 32.9 and 33.1% of the total water transpiration for the whole
period. During the period from the ear stage to the firm ripeness of the grain,
the total water transpiration by crops is respectively 1190 and 1128 m*/ha,
which is 36.5 and 32.4% of the total;

— the shift of winter wheat sowing time from August 25 to September
25 reduces water transpiration of winter wheat after black fallow from
3613 to 3303 m*ha, and after corn for silage from 3615 to 3303 m® ha.
However, the most significant changes in total water transpiration are
observed in autumn. According to its forecrops, black fallow, total water
transpiration in autumn decreases from 711 to 374 m*/ha, and after corn for
silage from 853 to 446 m’/ha;

— sowing winter wheat after a non-fallow forecrop corn for silage
reduces water efficiency of the plants. The average evapotranspiration
ratio for sowing crops after corn was 95.1 m’/c, and after black
fallow — 71.8 m?*/c of grains. After both forecrops, the increase in total
water transpiration for the entire vegetation period of the plants has a
positive effect on grain productivity level of winter wheat. The correlation
coefficient between the productivity level and the total water transpiration
for the entire period of plant growth and development after black fallow
is 0.34, and after corn for silage, it is 0.39. There is a close negative
correlation between evapotranspiration and winter wheat productivity,
which is minus 0.87 when sown after black fallow, and it is minus
0.79 after the non-fallow forecrop;

— winter wheat sowing after corn for silage, regardless of sowing time,
is the most dependent on water resources from the time of spring vegetation
renewal until the start of booting. Their influence on the formation of the
crop, depending on the time of sowing is in the range of 38.56-45.62%.
The later the sowing of winter wheat after corn for silage is made, the more
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sensitive the crops to water resources are in the period from the time of the
renewal of spring vegetation to the ear stage;

— when sowing winter wheat after black fallow, the sensitivity of crops
to water resources during spring and summer growing season depends on
the sowing time. The crops sown on August 25 are most sensitive to water
resources during booting of plants. The crops sown on September 10 are
sensitive to water resources from the booting stage to firm ripeness of the
crop, and the crops sown on September 25 are sensitive to water resources
from the time of spring vegetation renewal until the start of booting of
plants. The impact of the aforementioned water resources on productivity
of different crops is 32.79; 27.44% and 26.91%;

— according to the regression analysis, the productivity of winter wheat
after black fallow depends to a large extent on the content of productive
moisture in the soil at the time of spring vegetation renewal and at the
beginning of booting, and is respectively 39.7 and 42.1% for sowing on
August 25; 55,2 and 24.8% — for sowing on September 10, and 36.3 and
33.8% — for sowing on September 25. The productivity of winter wheat
after corn for silage is most influenced by the productive moisture content
of the soil at the time of spring vegetation renewal and, depending on the
sowing period, ranges from 49.7 to 66.4%, and at the ear stage of plants
it ranges from 22.3 to 39, 9%. The shift of sowing dates from August 25
to September 25 increases the dependence of crops on the content of
productive moisture in the soil at the time of spring vegetation renewal and
reduces the impact of productive moisture in the soil at the booting stage.
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