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PHOTOSYNTHETIC ACTIVITY OF WINTER RYE (SECALE CEREALE L.) PLANTS IN DEPENDENCE
ON CULTIVATION CONDITIONS IN THE NORTHERN STEPPE OF UKRAINE

M. M. Solodushko, Yu. V. Bezsusidnia
State Enterprise Institute of Grain Crops of NAAS, 14 Volodymyr Vernadskyi St., Dnipro, 49009, Ukraine

Topicality. Today, studying the influence of agrotechnical methods on the photosynthetic activity of
plants and the grain productivity of modern winter rye varieties, depending on the predecessors, sowing
dates and mineral nutrition, allows us to achieve full biological potential of plants and determine the optimal
technological parameters for increasing grain yield in the Northern Steppe of Ukraine. Purpose. To conduct
investigations on the peculiarities of photosynthetic activity of modern winter rye varieties depending on their prede-
cessors against the background of different sowing dates and the mineral nutrition content in the soil and climatic
conditions of the Northern Steppe. Materials and Methods. In 2018-2021, the research was conducted on the
basis of the Experimental Farm "Dnipro™ of the State Enterprise Institute of Grain Crops of NAAS of
Ukraine. There were four factors in the experiment. The winter rye varieties Pamiat Khudoierka and Stoir
were sown after sunflower and spring barley in the early (5-10 September), optimal (20-25 September) and
late (5-10 October) dates. Results. Winter rye, sown after spring barley, had a larger leaf area, leaf index
and higher values of photosynthetic potential compared to the experimental variants where this crop was
sown after sunflower. The maximum values of these parameters were observed in plants of different varieties
when sown on 20-25 September with Ny applied on frozen-thawed soil after both predecessors. Over the
years of research, annual average values of leaf area in the headlng stage of plants grown after stubble
predecessor for Pamiat Khudoierka variety were 50 4 thousand m%ha, Stoir variety — 52.9 thousand m%ha,
and after sunflower — 46.6 and 48.5 thousand m%ha, respectively. These variants also had the highest
photosynthetic potential of the crop, which was 2.59 and 2.76 million m*-days/ha in Pamiat Khudoierka and
Stoir varieties grown after spring barley, and 2.40 and 2.52 million m>-days/ha after sunflower, respectively.
According to our research results, it was found that the highest yield of Stoir variety was obtained by sowing
winter rye after spring barley and sunflower in the most optimal date, namely 20-25 September, and
applying nitrogen at the rate of 45 kg a.i./ha in early spring, which was, depending on the predecessor, 6.47
and 5.03 t/ha, respectively. Conclusions. Therefore, according to the results of the conducted research, it
was found that the maximum leaf surface area (52.9 thousand m2/ha), leaf index (5.3) and photosynthetic
potential (2.76 million m?>-days/ha) were formed by Stoir variety at sowing on 20-25 September after spring
barley and nitrogen fertilisation of 45 kg a.i./ha in early spring on frozen-thawed soil. In addition, the maxi-
mum yield level of Stoir variety was achieved under such conditions after spring barley and sunflower, which
was 6.47 and 5.03 t/ha, respectively.

Key words: winter rye, variety, predecessor, sowing date, photosynthetic activity of plants, leaf area,
photosynthetic potential of crops, yield

Introduction. Winter rye is a promising The size of the leaf assimilation area is deter-

crop for cultivation in Ukraine and around the
world. This is explained primarily by the high
value of its grain, which is widely used as a raw
material for the bread-baking, alcohol, confec-
tionery, medical and brewing industries [1, 2].
Photosynthetic activity of plants is one of
the essential component of the biochemical pro-
cess in the formation of vegetative and genera-
tive organs of winter rye, which determines the
crop productivity and depends on many factors.
In particular, the photosynthetic intensity is
largely conditioned by the leaf assimilation area
formed by plants during the growing season.
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mined by the cultiva-tion conditions [3].

For this reason, the formed leaf area and
the duration of its activity directly affect the
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accumulation by plants.

The study of winter rye varieties listed in
the State Register of Plant Varieties Suitable for
Dissemination in Ukraine showed that all varie-
ties of both domestic and foreign breeding are
highly resistant to abiotic factors. Analysis of
these varieties in terms of productivity and a
number of other characteristics under various
soil and climatic conditions in Ukraine showed

Mykola M. Solodushko, Candidate of Agricultural Sciences, Senior Researcher, Head of the Department
of Agricultural Resources of Cereals and Grain Legumes, e-mail: solodushko.nv@gmail.com, https://orcid.org/0000-

0002-6329-5227
Yuliia V. Bezsusidnia,

Head of the Laboratory for Grain Crops Certification and Providing,

e-mail: sert.prov2021@gmail.com, https://orcid.org/0000-0003-4483-2741

Grain Crops. Vol. 7. No. 1. 2023. P. 127-134

https://doi.org/10.31867/2523-4544/0269 127


http://orcid.org/0000-0002-6329-5227
http://orcid.org/0000-0002-6329-5227
mailto:sert.prov2021@gmail.com

a diversity of their response to growing condi-
tions [4].

According to the studies conducted in dif-
ferent parts of the Steppe zone of Ukraine, the
assimilation area of modern winter crops should
be more than 50 thousand m?/ha to ensure maxi-
mum realisation of the productive potential of
plants [5-7].

During the cultivation of winter grain crops
in the Steppe zone, the plant growth, develop-
ment and grain productivity are significantly
influenced by predecessors, sowing dates and
nutrition level [8, 9].

In the experiments conducted at the
Synelnykove Breeding and Research Station of
the Institute of Grain Crops of NAAS, winter
rye plants formed a larger leaf area compared to
other winter grain crops when grown both after
black fallow and sunflower [10].

According to the research of the Institute
of Agriculture in the Carpathian region, winter rye
crops formed a leaf area of 64.8 thousand m?/ha,
winter wheat — 61.5 thousand m%ha, winter
triticale — 70.2 thousand m%ha, and crop yields
were 5.55-6.32 t/ha, 4.88-5.39 t/ha and 6.45-
6.74 t/ha, respectively [11].

In this regard, the purpose of the research
was to examine the peculiarities of photosyn-
thetic activity and productivity of winter rye
plants depending on the predecessors, sowing
dates and level of mineral nutrition in the soil
and climatic conditions of the Northern Steppe
of Ukraine.

Materials and Methods. The four-factor
experiment was conducted at the Experimental
Farm Dnipro of the Institute of Grain Crops of
the NAAS of Ukraine, and was repeated three
times, with plots located sequentially by a
systematic method. The area of the elementary
plot was 60 m?, the registered plot was 40 m?.

The soil of the research site is ordinary
low-humus slightly eroded chernozem. The hu-
mus content in the arable layer was 3.1-3.3 %,
nitrate nitrogen content — 18.8-29.0 mg/kg, mo-
bile phosphorus — 125-144 mg/kg, exchan-
geable potassium — 69-118 mg/kg of absolutely
dry soil (according to Chirikov).

After harvesting the predecessors (spring
barley and sunflower), the plant residues were
chopped and partially incorporated into the soil
using disc stubble breakers or heavy disc har-
rows. The experiments were laid out on the re-
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commended fertiliser background (NgoPsoKeo),
with mineral fertilisers for both predecessors
applied under pre-sowing cultivation.

Winter rye was sown with a SN-16 seeder
in three sowing dates: early (5-10 September),
optimal (20-25 September) and late (5-10 Oc-
tober). The sowing was conducted using a con-
tinuous row seeding method, with a seeding
depth of 5-6 cm. The winter rye was harvested
by continuous threshing with a Sampo-500
combine harvester at full grain ripeness. The
cultivation technology of winter rye was gene-
rally accepted for the Northern Steppe region of
Ukraine, except for the elements of technology
selected for the study.

Experiments and observations were per-
formed in accordance with generally accepted
methodological recommendations [12-14].

Results and Discussion. During 2018-
2021, the weather conditions were significantly
different and were characterised by substantial
deviations of certain indicators from the long-
term average. For example, with an average
long-term precipitation of 514 mm, 533.5 mm
fell in 2018/2019, 465.4 and 634 mm in 2019/
2020 and 2020/2021, respectively.

During the research period, the variability
of hydrothermal regime parameters and their
deviation from the normative indicators resulted
in the heterogeneous conditions for the
formation of leaf area by winter crops. Not only
the abiotic factors influenced the leaf surface
area, but also significantly depended on the
predecessors, sowing dates, level of mineral
nutrition and varietal characteristics.

It should be noted that the total leaf area
of winter rye crops gradually increased from the
beginning of spring growth resumption to the
heading phase of plants, absolutely in all exper-
imental plots. Further, in the process of plant
maturation, there was a gradual drying out of
the leaves of the lower and then upper tiers. In
the milky-wax ripeness stage, the leaf area of
winter crops was significantly less than in the
heading stage. On average, over the years of
research, when growing winter rye after spring
barley on variants with the application of Nys
nitrogen on frozen-thawed soil, the difference in
the leaf area for the varieties Pamiat Khudoierka
and Stoir at the early sowing date was 28.4 and
27.7 %, at the optimal and late sowing dates —
31.9, 35.6 and 28.3, 27.3 %, respectively.
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The difference in these winter rye varie-
ties sown after sunflower, under the specified
mineral nutrition regime with sowing date of 5—
10 September, was 32.6 and 31.6 %, 35.9 and
38.2 %, 20-25 September, and 33.1 and 36.8 %,
respectively, and 5-10 October, respectively.

A similar pattern was observed in the con-
trol experimental variants without additional
nitrogen fertilisation. In the plots after spring
barley, the leaf area in the milky-wax ripeness
stage of winter rye was lower than in the head-
ing stage, in particular, at sowing on 5-10 Sep-
tember in Pamiat Khudoierka variety — by 21.3 %,
Stoir variety — by 22.1 %, at sowing on 20-25
September — by 31.9 and 35.6 %, and on 5-10
October — by 28.3 and 27.3 %, respectively. On
winter rye crops after sunflower, this difference
was 24.8 and 30.3 % for sowing in the first ten
days of September, 31.5 and 34.6 % for varie-

ties sown in the optimal time, and 26.9 and
29.2 % for varieties sown in the first ten days of
October. The results of the research showed that
the formation of the leaf area of plants was
significantly influenced not only by a set of
technological practices, but also by individual
elements of agricultural technology. Therefore,
the predecessors of winter rye significantly
influenced the size of the assimilation surface
formed by the crops by creating heterogeneous
conditions of moisture supply and nutritional
regime. The leaf area of winter rye, which was
sown after spring barley, was larger in size
compared to crops sown after sunflower. On
average, in 2019-2021, this indicator in the hea-
ding stage of plants grown after the stubble pre-
decessor ranged from 43.1-52.9 thousand m/ha,
while in crops sown after sunflower it was 39.6—
48.5 thousand m%/ha (Tablel).

Table 1. Leaf area of winter rye plants depending on growing conditions, thousand m%ha, (2019-2021)

Sowing date
Stage of plant Variety 5-10 September 20-25 September 5-10 October
development control N, on frozen- control N, on frozen- control N, on frozen-
(no fertilisers) | thawed soil | (no fertilisers) [ thawed soil | (no fertilisers) | thawed soil
Predecessor — spring barley
Spring 1 21.2 22.8 16.6 179 119 13.0
tillering 2 22.3 23.1 175 18.8 127 13.6
Stem 1 32.1 35.5 31.0 34.2 304 331
elongation 2 32.3 35.7 33.7 36.8 31.0 34.2
Heading 1 43.2 475 46.7 50.4 431 46.7
2 441 480 48.9 52.9 440 471
Milky-wax | 1 35.6 370 36.5 38.2 35.3 36.4
Mpeness 2 36.1 37.6 37.0 39.0 35.7 37.0
Predecessor — sunflower
Spring 1 19.7 20.9 15.2 16.1 10.1 11.2
tillering 2 20.2 210 16.0 16.9 10.9 11.8
Stem 1 29.4 32.7 29.0 32.2 28.2 316
elongation 2 305 34.0 31.0 34.1 29.4 32.1
Heading 1 39.7 43.9 426 46.6 39.6 434
2 421 441 447 485 41.2 450
Milky-wax| 1 318 33.1 324 34.3 31.2 32.6
Mpeness 2 32.3 335 33.2 35.1 319 32.9

Notes:* 1 — Pamiat Khudoierka variety; 2 — Stoir variety.

Sowing dates also significantly influenced
the formation of the winter rye leaf area. So,
after both predecessors, the maximum values of
this indicator were observed at sowing on 20—
25 September. On average, over the research
years, when the plants were grown after spring
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barley, the leaf assimilation area of Pamiat
Khudoierka variety in plots without feeding was
46.7 thousand m?/ha, with the application of Nys
on frozen-thawed soil — 50.4 thousand m?ha,
the leaf assimilation area of Stor variety — 48.9
and 52.9 thousand m?/ha, respectively. In the expe-
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rimental variants sown in the early September,
the leaf area of Pamiat Khudoierka variety was
8.1 and 6.1 % less, and in the early October —
8.4 and 7.9 % less. A larger difference in the
size of the formed leaf area between winter rye
crops sown on 20-25 September and 5-10 Sep-
tember was observed in the Stoir variety, which
was 10.9 % in the control variant of the experi-
ment (without feeding) and 10.2 % in the plots
with Nys application on frozen-thawed soil. In
the heading stage, the assimilation area of Stoir
variety crops sown on 20-25 September was
11.1 % larger than that of winter crops sown on
5-10 October in variants without feeding (cont-
rol), and 12.3 % larger with nitrogen feeding of
Nys on frozen-thawed soil.

As noted above, the largest leaf area was
on the plots of winter rye after sunflower, at
sowing on 20-25 September. In the heading
stage, it was 44.7 thousand m%ha in the control
variant of the experiment, 48.5 thousand m*/ha
in the variant with nitrogen feeding in the Stoir
variety, and 42.6 and 46.6 thousand m%ha in the
Pamiat Khudoierka variety, respectively.

For sowing on 5-10 September, this indi-
cator was lower compared to sowing on 20-25
September by 6.2 and 10.0 % in Stoir variety,
respectively, and by 7.3 and 6.2 % in Pamiat
Khudoierka variety.

On average, over the years of research, the
total leaf area during the specified period of
development of winter crops sown on 5-10
October was less than that sown on 20-25 Sep-
tember. In the Stoir variety, this difference in
variants without nitrogen feeding (control) was
8.5 %, with the application of N4 on frozen-
thawed soil — 7.8 %, in the Pamiat Khudoierka
variety — by 7.6 and 7.4 %, respectively.

Varietal characteristics of winter rye also
influenced the formation of leaf area of plants.
Thus, during the entire research period, almost
at all stages of development, plants of the Stoir
variety were characterised by higher values of
this indicator compared to the Pamiat Khudo-
ierka variety.

As is known, the coefficient of land area
use by crops is determined by the calculation of
the leaf area index, the values of which differed
significantly in the studies, depending on the
cultivation conditions of winter rye (Table 2).

The largest leaf area index was observed
in the heading stage of winter rye plants after
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both spring barley and sunflower, when the leaf
area reached its maximum. It should be noted
that regardless of the level of mineral nutrition,
the highest leaf area index was observed in
crops after the stubble predecessor. The value of
this index was also significantly influenced by
the sowing date. On average, over the years of
research, on plots of winter rye sown after
spring barley, the leaf area index was highest in
variants where winter rye was sown on 20—
25 September, and subsequently nitrogen fertili-
sation of plants with N4s was carried out on
frozen-thawed soil. For the varieties Stoir and
Pamiat Khudoierka, it was 5.3 and 5.0, respec-
tively, and for the control variants of the expe-
riment — 4.9 and 4.7.

The maximum values of the leaf area
index were also observed in winter rye crops
sown on 20-25 September after sunflower. In
the varieties Pamiat Khudoierka and Stoir, it
was 4.3 and 4.5 in plots without nitrogen
feeding, and 4.7 and 4.9, respectively, with the
intro-duction of N4s on frozen-thawed soil.

The highest leaf area index among the
studied varieties was observed in rye crops of
Stoir variety, when sown on 20-25 September
after spring barley with the application of Nys
on frozen-thawed soil exceeded the values of
the Pamiat Khudoierka variety by 6 %, and
without fertilisation by 4.3 %. When winter
crops were placed after sunflower, the differen-
ce in the leaf area index between the varieties
was 4.3 and 4.7 %, respectively.

The results of the research have establi-
shed a reliable relationship between the photo-
synthetic potential formed during the spring-
summer growing season and the yield of winter
rye. The obtained results suggest that the value
of photosynthetic potential of the crop was
significantly influenced not only by the prede-
cessors, sowing dates, level of mineral nutrition
and varietal characteristics of plants, but also by
abiotic factors, in particular, hydrothermal con-
ditions in winter rye crops during the entire
growing season.

In these experiments, the value of
photosynthetic potential significantly depended
on the factors studied. Its highest values were
observed in crops placed after spring barley. So,
depending on the level of mineral nutrition and
sowing dates, the photosynthetic potential
of Stoir variety ranged from 2.31 to 2.76 milli-
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Table 2. Leaf area index of different varieties of winter rye depending on the predecessors,
sowing dates and mineral nutrition level (average for 2019-2021)

on m?-days/ha, and of Pamiat Khudoierka variety —
from 2.25 to 2.66 million m?-days/ha, and in
case of sowing after sunflower — from 2.14 to
2.52 and from 2.05 to 2.44 million m2-days/ha,
respectively.

On average, over the years of research, the
highest photosynthetic potential of crops for
both varieties and predecessors was observed
when winter rye was sown on 20-25 September,

Predecessor
. . Spring barley | sunflower
Sowing date Variety Mineral nutrition level
control* | NgonFTS** [ control* | NonFTS**
Spring tillering stage
Pamiat Khudoierka 2.1 2.3 2.0 2.1
5-10 September Stoir 22 23 20 21
Pamiat Khudoierka 1.7 1.8 15 1.6
20-25 Septermber Stoir 18 19 16 17
Pamiat Khudoierka 1.2 1.3 1.0 1.1
5-10 October Stoir 13 14 11 12
Stem elongation
Pamiat Khudoierka 3.2 3.6 29 3.3
5-10 September Stoir 32 36 31 34
Pamiat Khudoierka 3.1 34 2.9 3.2
20-25 Septermber Stoir 34 37 31 34
Pamiat Khudoierka 3.0 3.3 2.8 3.2
5-10 October Stoir 31 34 2.9 32
Heading stage
Pamiat Khudoierka 43 4.8 4.0 4.4
5-10 September Stoir 44 18 41 14
Pamiat Khudoierka 47 5.0 43 4.7
20-25 Septermber Stoir 49 53 45 49
Pamiat Khudoierka 43 47 40 43
5-10 October Stoir 44 47 a1 5
Notes: * — no fertilisers; ** — feeding on frozen-thawed soil (FTS).

followed by nitrogen feeding of Nys on frozen-
thawed soil.

Under these conditions, the Pamiat
Khudoierka and Stoir varieties, which were
grown after spring barley, had a photosynthetic
potential of 2.59 and 2.76 million m?-days/ha,
for cultivation after sunflower — 2.40 and
2.52 million m2-days/ha, respectively (Table 3).

Research results revealed a significant in-

Table 3. Photosynthetic potential of winter rye crops during the spring and summer growing season,
million m*-days/ha (average for 2019—2021)

Sowing date Variety Comml\liineral| nutrition Il\le:;ec!n s
_ P_redecessor — spring barley
510 September Pamlatgtg:]rdmerka gﬂ ggg
20-25 Septerber Pamiat ;(tgiurdoierka ggg g?g
£ 10 October Pamlatg(tgtjrdmerka ggi gg;
_ _Predecessor — sunflower
510 September Paml&té(tgzjrdmerka ggg gjg
20-25 September Pamiaté(tgzjrdoierka 3:1)’2 ggg
= 10 Oclober Pamiatg[g?rdoierka ggi ggg

Notes: * — no fertilisers; ** — feeding on frozen-thawed soil (FTS).
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fluence of predecessors, sowing dates and nutri-
tion level on the yield of the studied winter rye
varieties. In general, the highest yield was ob-
tained when winter rye was sown after spring
barley. After this predecessor, Stoir variety
sown on 20-25 September and fertilised with
Nys on frozen-thawed soil was more productive
with a yield of 6.47 t/ha, and under similar
growing conditions after sunflower — 5.03 t/ha.
Grain productivity of Pamiat Khudoierka varie-
ty in these experimental variants was also the
highest, but slightly inferior to Stoir variety and
amounted to 6.17 and 4.72 t/ha, respectively

(Table 4).

By comparison with the variants of the
experiment without application of nitrogen ferti-
lizers in spring, nitrogen feeding on frozen-
thawed soil of plants sown on 20-25 September
after spring barley provided an increase in the
yield of Stoir variety of 11.2 % and Pamiat
Khudoierka variety of 11.6 %.

Under similar growing conditions after
sunflower, nitrogen feeding increased the yield,
depending on the variety, by 39.7 and 36.0 %,
respectively.

Conclusions. Consequently, based on the

Table 4. Yield of different varieties of winter rye depending on growing conditions, t/ha
(average for 2019-2021)

Yield, t/ha
Sowing date Variety I,
(factor B) (factor C) Plant nutrition level (factor D)
control (no fertilisers) N5 on frozen-thawed soil
Predecessor — spring barley (factor A
Pamiat Khudoierka 5.00 6.05
5-10 September Stoir 5.40 6.19
Pamiat Khudoierka 5.53 6.17
20-25 September Stoir 5.82 6.47
Pamiat Khudoierka 5.21 5.40
5-10 October Stoir 5.42 553
Predecessor — sunflower
Pamiat Khudoierka 3.01 4.42
5-10 September Stoir 3.26 453
Pamiat Khudoierka 3.47 4,72
20-25 September Stoir 3.60 5.03
Pamiat Khudoierka 3.00 4,16
5-10 October Stoir 3.10 4.25
LSDgs, t/ha: predecessor (factor A) —0.11-0.13; sowing date (factor B) — 0.09-0.11; variety (factor C) — 0.10-
0.12; plant nutrition level (factor D) — 0.12-0.15; interaction AB —0.11-0.14; AC — 0.12-0.14; AD — 0.13
0.16; BC-0.13-0.15; BD - 0.15-0.18; CD - 0.13-0.16; ABCD - 0.18-0.21

results of the research, we found that the maxi-
mum leaf area and the highest photosynthetic
potential were observed in winter rye crops
sown after spring barley and sunflower in the
most optimal terms, namely on 20-25 Septem-
ber, followed by nitrogen feeding in early spring
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Conooywirxo M. M., Bezcycionsa I0. B. @omocunmemuuna OiaibHiCmb pociun x>cuma o3umozo (Secale
cereale L.) zanexcno 6i0 ymoe eupowyeannsn ¢ Iliesniunomy Cmeny Ykpainu.

3epnosi kynemypu. 2023. 7 (1). 127-134.

Hepoicasna ycmanosa Incmumym seprosux kymomyp HAAH, eyn. Bepnaocexoeo Bonooumupa, 14, m. [Hinpo,
49009, Yxpaina

AKTyalIbHiCTh. BU3HaUeHHS BIUIMBY TEXHOJIOTIYHMX HPUHOMIB BHPOIIyBaHHS Ha (POTOCHHTETHUHY
JISUTGHICTD Ta PiBEHb 36pHOBOI MPOJYKTUBHOCTI JKHTA 03UMOTO € aKTyanbHUM. OCKIJIbKH MPOBEICHHS X
JIOCHI/DKEHb JI03BOJISIE Yy ONBII TOBHIA Mipi pPO3KpUTH OiOJIOTIYHMN TOTEHIIan POCIHH, BU3HAYUTH
ONTUMAJIbHI TEXHOJIOTIYHI MapaMeTpH 3a SIKUX CYTTEBO MiJBUILYETHCA BPOXKAHHICTh )KHUTa 03UMOT'0 IIPH HOTO
BupoinyBaHHi B 3o0Hi [liBHiuHOoro Crenmy Ykpainu. Mera mpoBeAeHMX JOCTIKEHb TMOJSrajia y BHUBYEHHI
ocobMBoCTel (POTOCHHTETHYHOT iSUTEHOCTI POCIIMH CYYacCHUX COPTIB JKUTa O3MMOTO 3aJISKHO BiJI TOTIEPEIHHKIB
Ha (DOHI pi3HKX CTPOKIB CIBOM Ta piBHS MiHEPATHHOTO YKHMBJICHHS B IPYHTOBO-KIIIMAaTHYHUX yMoBax [liBHIYHOrO
Creny. Marepianu i metoau. [lociimkenns nposoamnucs Bupoaosx 2018-2021 pp. Ha 6a3i mocmigHOTO
rocnogapctea «uinpo» Y Iacturyt 3eproBux kynstyp HAAH Ykpainu. Kinbkicts dakropiB y mocmini —
gotupH. Coptu xkuta o3umoro [lam’ste Xymnoepka ta CToip BUCIBAINCS MICHSI COHSANIHUKY Ta SIMMEHIO SPOTO
y pansiit (5—10 Bepecns), ontumanbHuid (20-25 BepecHs) Ta misHiNA (5—10 >xoBTHS) cTpoku. Pe3yiabTaTm.
XKuro o3ume, po3MilleHe Micisl SYMEHIO SIPOro, MaJI0 OUTBITY 33 PO3MipaMHM IUIONIY JIMCTKIB, JTUCTKOBUH
1HJICKC Ta BMIIlI 3HAYCHHS (POTOCHHTETHYHOIO ITOTEHIIIaTy, IOPIBHSAHO 3 BapiaHTaMH JIOCIILY, A€ IS 3epPHOBA
KyJIbTypa BHUCiBajacsl Micisi COHSIUNHUKY. [Ipu BupomiyBaHHI micisi 000X MONEpPEeIHUKIB MaKCHMalbHI
3HAYEHHS UX MMOKa3HUKIB BiIMIUaJIM y POCIMH Pi3HUX COPTIB 3a ciBOu 20-25 BepecHs 3a BHeceHHs Nys 1o
Mep3JI0TaJIoMy IPYHTI. B cepeHbOMy 3a POKU JOCITIKEeHb, y (Pa3i KOJOCIHHS IUIOIIA JTUCTKOBOI IOBEPXHI
pociuH y copty Ilam’site Xyzmoepka, sIKHii BUPOILyBaBCs MIiCIsl CTEPHBOBOTO MOMEPEIHUKA HAa 3a3HAUYCHHUX
minsHKax cranoswnia 50,4 Tuc.m’/ra, y copry Croip — 52,9 Tuc.M’/ra, micis coHsmuuky — 46,6 Ta
48,5 THC.MY/Ta BinoBiaHO. HaliBuiii nmoka3Huku (POTOCHHTETUYHOIO MOTEHITIAy ITOCIBY TaKOXK BiIMidaIucs
Ha 3a3HAaYCHUX BapiaHTax i cTaHoBWIM y copTiB [lam’sth Xynoepka Ta Croip, sSiKi BUPOIILYBAIHCS IiCIs
SUMEHI0 siporo — 2,59 ta 2,76 muH M*-AHIB/Ta, a micns coHAmHWKY — 2,40 Ta 2,52 MuH M?-gHIB/Ta
BIJIMIOBIIHO. 3a pe3yJibTaTaMu J0CHIIKEHb BCTAHOBJICHO, 1110 CiBOA )KMTa 03UMOI'0 MICJIs SYMEHIO SIPOro 1
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COHSAITHUKY B HaWOLIBIN ONTHMAIbHI CTPOKH, a came 20-25 BepecHs, Ta 3aCTOCYBaHHS a30Ty PAHHBOIO
BECHOIO 13 pO3paxyHKy 45 Kr/ra 1. p., 3a0e3neuyBanu GopMyBaHHs HalBHINOI BpokaiiHocTi y copty Croip,
sKa CKJIaJiajga BiaNoBigHO 10 momepennuka 6,47 i 5,03 1/ra. BucHoBok. Takum 4nHOM, 3a pe3ylibTaTaMH
TIPOBEICHHUX MOCII[PKEHb BCTAHOBIEHO, IO MAKCHMAasbHY IUTOLLY JHCTKOBOI moBepxHi (52,9 Tuc.M?/ra),
mucTKOBHH iHIekc (5,3) Ta GoTrocuHTeTHUHUI ToTeHMian (2,76 miuH M*-aHIB/Ta) hopmyBaB copTt Croip 3a
ciBOn 20—25 BepecHs MICIsI SYMEHIO SPOTO Ta MPOBEACHHS ITiIKUBIICHHS POCIMH a30TOM PaHHBOIO BECHOIO
Mo Mep3JoTaloMy IPYHTI i3 po3paxyHky 45 kr/ra n.p. [o peui, 3a Takux yMmMoB Oylo onep:KaHo i
MaKCHUMaJbHHNA piBEHb BpoOXaitHOCTI y copty Croip, SKHWH 3a BHPOIIYBAaHHS IICI SYMEHIO SPOTO Ta
COHANIHUKY cKJaB 6,47 Ta 5,03 T/ra BimmoBimHO.

Knwuogi cnosa: sicumo o3ume, copm, nonepeoHux, cmpox cigou, omocunmemuyna OisIbHICID
POCTIUH, NAOWA TUCKOBOT NOBEPXHI, (hOMOCUHMEMUYHUL NOMEHYIANL NOCIBIB, YPOICAUHICMb
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