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Germination of millet genotype seeds under
the influences of PEG 6000 solution on the 3¢ and 6" days
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Purpose. To determine the drought resistance of five millet varieties (‘Omriiane’, ‘Kharkivske 57, ‘Konstantinivske’, ‘IR 5',
‘Slobozhanske”) “using PEG 6000 as osmotic stress. Methods. To obtain the effect of drought, five concentrations of PEG
6000 solutions were used: 0.0% (control), 11.5%, 15.3%, 19.6%, 23.5% and 28.9%, which corresponds to 0.0, 115, 153,
196, 235 and 289 g of solute in 1000 ml of distilled water or 0.0, -1.9, -3.1, -4.8, -6.6 and -9.7 bar. Results. Osmotic stress
strongly suppressed the germination of millet seeds at -3.1 bars (46.8%) and at -4.8 bars (28.66%) on the third day, but on
the sixth day the number of germinated seeds increased to 92.8% and 84.0% respectively. The millet genotypes of differed
significantly in the percentage of germination at various concentrations of the PEG 6000 osmotic solution. The minimum
germination capacity was observed in variety ‘Omriiane” at -3.1, -4.8, -6.6 bars. ‘IR 5, ‘Konstantynivske” and ‘Kharkivske 57
showed higher germination potential at the different concentrations of water stress. A decrease in root elongation in all
genotypes compared to control was observed in -1.9 bars osmotic stress and then at -3.1 and -4.8 bars of osmotic stress the
root length had the same value from 6.6 mm to 13.5 mm on the 3¢ day and from 25.3 mm to 34.7 mm on the 6% day. Variety
‘Slobozhanske’ showed higher mean root length at -3.1 and -4.8 bars of water stress induced by PEG on the 3¢ day (8,7 mm-
12,5 mm) and on the 6% day (35.7 mm-32.3 mm). It is not observed shoot of millet at -9.7 bars on the 3¢ and on the 6% days.
‘Kharkivske 57’, ‘IR 5’, ‘Slobozhanske” showed higher individual shoot length of 23.1 mm, 25.5 mm, 25.6 mm, respectively
at -4.8 bars of PEG 6000 on the 6% day. At -6.6 bars of osmotic stress ‘Konstantynivske” and ‘Slobozhanske” had lowest root
length/shoot length ratio 2.58 and 2.61, respectively. Variety ‘Omriiane’ (3.54) and ‘IR 5 (3.31) had the maximum deviation
from unity (3.54 and 3.31, respectively). Conclusions. Genotypes ‘Konstantynivske” and ‘Slobozhanske’, which showed a
high level of drought resistance, were selected as a result of this study in breeding for drought resistance. Variety ‘IR 5,
‘Konstantinivske” and ‘Kharkivske 57" were characterized highest seed germination percentage at the different water stress.
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let contains raw protein 8.8-19.3%, starch —
51-65%, oil — 3.8-5.0%, sugars — 1.5-2.5% [1].
These indexes depend on the varieties and condi-
tions of cultivation. 19 amino acids were found

Introduction

Millet (Panicum miliaceum L.) is one of the
main cereal crops in Ukraine due to its drought

resistance, high production ratio, the ability to
form a high yield and straw yield, and resis-
tance to disease in a short growing season. It
has become the main food and feed crops in
Ukraine because of its wasteless uses of pro-
ducts of millet processing. According to re-
search provided by scientists, the grain of mil-
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in the millet. Grain also contains mineral salts
of potassium, calcium, magnesium, sodium,
phosphorus; a large number of trace elements:
zinc, cobalt, manganese, bromine, copper; vita-
mins: thiamine, riboflavin, niacin, tocopherol,
provitamin A [2]. The main practical value of
millet is that it is the source of nutrients for
humans. The millet grain contains various en-
zymes. Due to the high activity of amylase, mil-
let is a valuable raw material for malt production
at distilleries. They use millet in starch, brewing
and distillery production. Grain waste products
are used for manufacturing of building supplies,
as well as in the paint and varnish industry [3].

Of all the cultivating crops, millet has been
known well about the high properties of
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drought resistance [4, 5]. However, drought is
one of the main stress factors that limit plant
growth and millet development. The main wa-
ter-saving cultivating techniques include agri-
cultural technology: land consolidation, sa-
ving-water irrigation, saving-water planting,
water-fertilizer coupling and the use of drought
resistant varieties [6]. The Most drought-sen-
sitive stage is during sowing to elongation and
the grain filling stage. Plant height, number
of leaves per plant, weight of 1000 seeds of
millet were diminished with increase in water
deficit [7]. Drought resistance is a complex
trait, expression of which depends on action
and interaction of different morphological,
physiological and biochemical characters. Mor-
phological mechanisms of drought resistance
are earliness, reduced leaf area, leaf rolling,
wax content, efficient rooting system, stability
in yield [7-10].

The territory of Ukraine is in unstable cli-
matic conditions. Water-limiting period of
sowing and germination inhibits the growth
and development of millet plants and delays
seed germination. Although millet is drought
resistant, different varieties have different re-
sistance to water deficit. The study of the in-
fluence of the water stress using osmotic solu-
tions is one of the methods in the study of
resistant varieties during the germinal phase
[11]. Early and rapid elongation of roots is im-
portant indication of drought resistance. Abi-
lity of continued elongation of root and shoot
under situation of water stress was remarkable
character of millet to drought condition. Ear-
lier studies of effect of polyethylene glycol
(PEG) on seed germination percentage, on root
length, on shoot length and other the drought —
resistance indexes of different crops were done
by many scientists [9, 11-13]. Chines scientists
studied the relationship of morphological in-
dexes and physiological and biochemical index-
es with drought resistance of millet with simu-
late water stress by 0.25 g/mL PEG 6000.
Their results showed that leaf water loss de-
stroyed the water balance of cell inside and
outside, increased cell membrane permeability
resulting to membrane lipid peroxidation and
the reduction in leaf photosynthesis efficiency.
The protective enzyme activities were inhibi-
ted, which prevented the cell membrane lipids
from injury and strengthened the ability of
membrane lipid oxidation [9]. Other scientists
proved in their research that the use of os-
motic stress PEG for the experimental control
of external water potential is very effective
method for studying the effect of water stress
on seed germination and seedling growth cha-
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racters [11, 12]. Their study revealed that
drought stress (PEG 6000) can negatively af-
fect germination percentage, followed shoot
and root length of pearl millet. The genotypes
of pearl millet can germinate even in a poten-
tial of -10.0 bar [11]. Effect of PEG-induced
osmotic stress on growth of sorghum was stud-
ied at 2.5%, 5%, 10%, 15%, 20% concentra-
tions [13]. The only plants of sorghum in the
20% PEG group suffered significant physio-
logical stress.

Our research was aimed to assess the effect
of osmotic solution polyethylene glycol on root
and shoot trait in seedlings of millet varieties
and to identifying the superior germplasm for
drought resistance.

Materials and methods

This study was done during January-March,
2019 in Plant Production Institute named by
V. Ya. Yuriev of NAAS. Experimental mate-
rial comprised of five Ukraine millet varie-
ties: ‘Omriiane’, ‘Kharkivske 57’, ‘Konstan-
tynivske’, ‘IR 5’, ‘Slobozhanske’. Water stress
was applied through six concentrations of
PEG (6000 MW) (0,0% (control), 11.5%,
15.3%, 19.6%, 23.5% and 28.9%), with os-
motic stress 0.0 (control) -1.9, -3.1, -4.8, -6.6
and -9.7 bars, respectively. 115, 153, 196, 235
and 289 grams of PEG 6000 were dissolved
in 1000 ml of distilled water respectively ac-
cording to tables provided by Michel and
Kaufmann [15] and placed in a shaker bed for
16h. Fifty randomly chosen seeds of each
germplasm were placed on filter paper in
Petri dishes. After three and six days of in-
cubation in dark at a temperature of 25 °C,
the shoot and the root length of seedlings
were measured. The experiment was designed
as a completely randomized design with three
factors. The first factor was the germplasm,
the second factor was days and the third one
was the drought stress treatments. Data were
analyzed with ANOVA, and means were sepa-
rated by an LSD using P<0.05. All the analy-
ses were done by using «Statistica 13 Trail».

Results and discussion

Results of this study revealed that different
levels of water stress had significant negative
effects on seed germination percentage on the
3¢ and the 6% days (fig. 1). However, germina-
tion of these genotypes did not show diffe-
rences between 0.0 and -1.9 bars on the 3¢ and
the 6 days (germination was 100%). On the 3¢
day at -3.1 bars it was observed sharp drop
germination. Level of water stress induced by
PEG 6000 -9.7 bars reduced germinations per-
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centage to zero as on the 3¢ day so and on the
6" day. At water potential from -3.1 to -6.6 bar
it was observed smoother drop germinations
percentage of millet on the 6% day. Thus, de-
spite on that fact, PEG solution strongly sup-
pressed seed germination on the 3¢ day but on
the 6" day the number of germinated seeds

increases (at -3.1 bars common seed germina-
tion on the 3¢ day was 46.8% and on the 6%
day was 92.8%; at -4.8 bars common seed ger-
mination on the 3¢ day was 28.66% and on the
6% day was 84%; at -6.6 bar common seed ger-
mination on the 3¢ day was 14.17% and on the
6" day was 43.6%).
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60%

40%

Germination, %

20% +

0% +

-20%

0 -1.9 -3.1

Level of osmotic stress, bars
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—4— on the 3¢ day
-8 - on the 6 day

Fig. 1. Germination capacity seeds genotypes of millet on the 3¢ and on the 6% days

(LSD, ,, genotypes x treatment (G x T) on the 3 day - 3.3; LSD

LSD, s

The minimum germination capacity was ob-
served in variety ‘Omriiane’ at water stress
induced by PEG 6000 -3.1 and -4.8 bars (seed
germination — 22.0%, 16.0% on the 3¢ day;
92.7%, 79.83% — on the 6 day) (table 2). Vari-
ety ‘IR 5’ of millet is characterized high level
drought resistance of seed germination in sac-
charose solution [16] and it showed the highest
seed germination in this researches (seed ger-
mination percentage 36.0% in -4.8 bars and
16.0% in -6.6 bars — on the 3¢ day; 90.0% in
-4.8 bars, 56.0% in -6.6 bars — on the 6% day).
Among the genotypes tested varieties ‘Kon-
stantynivske’ (at -3.1 bars — 62.6%; -4.8 bars —
38.0% on the 3¢ day; -3.1 bars — 98.0%; -4.8
bars — 86.0%; -6.6 bars — 43.3% on the 6" day)
and ‘Kharkivske’ 57 (-3.1 bars — 97.3%; -4.8
bars — 87.6% on the 6% day) showed better
germination potential at the different water
stress. The lowest germination percentage was
observed in varieties ‘Slobozhanske’ and ‘Om-
riiane’ (at -3.1 bars -92.7% and 92.0%; at -4.8
bars — 79.3% and 78.0%; at -6.6 bars — 44.7%
and 37.3%, respectively on the 6 day). At wa-
ter potential -9.7 bars germination percentage
was the lowest on the 6 day and only variety
‘Kharkivske 57’ had the highest mean of ger-
mination — 18% that showed high drought re-
sistance of this variety to strong limiting of

156

(G xT) on the 6 day - 3.0;

0.05

(G x T) beatween on the 3 day and on the 6 day - 2.27)

water in soil. As our results showed in bree-
ding of millet there are genotypes significant
differenced to water stress and can get new
varieties with high level to drought resistance.
Drought resistance is a complex trait, which
expression depends on efficient rooting system.
Root elongation and root numbers of crop
plants are controlled by dominant alleles and
thick root tip by recessive alleles [8]. Early and
rapid elongation of root system is important
indication of drought tolerance. The root
length is also the main character of resistance
to water-limiting condition. That is why in the
present investigation we studied ability of con-
tinued elongation of root under different levels
of water stress [11]. In moisture condition (in
control) in seedling of millet varieties ‘Kon-
stantynivske’ and ‘IR 5’ formed the longest
root system (63.33 mm and 63.0 mm, respec-
tively on the 6% day) and variety ‘Omriiane’
characterized by weak formed root length
(47.0 mm). Thus, the length of the root system
of millet is determined by varietal features.
Although at -1.9 bars all genotypes had 100%
germination but significant reduction in root
elongation was observed in all varieties at this
low osmotic stress (table 3). Only the root
length of ‘Kharkivske 57’ less than others va-
rieties changed this index and this value was
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Table 2

Germination of five genotypes on the 3¢ and on the 6* days at osmotic stress

Genot D Seed germination, % at osmotic stress, bar

enotypes s 00 | 1.9 | 31 | 48 | -66 | -9.7
‘Omriiane’ on the 3¢ 99.3 100.0 22.0 16.0 10.3 0.0
onthe 6 | 99.3 100.0 92.7 79.3 44.7 8.6

‘Kharkivske 57" onthe 3¢ | 100.0 | 100.0 49.3 27.3 13/5 0.0
on the 6% | 100.0 | 100.0 97.3 87.6 36.6 18.0

‘Slobozhanske’ on the 3¢ 98.6 100.0 55.3 26.0 10.6 0.0
onthe 6 | 98.6 100.0 92.0 78.0 37.3 12.6
‘Konstantynivske’ onthe 3¢ | 100.0 | 100.0 62.6 38.0 11.3 0.0
on the 6% | 100.0 | 100.0 98.0 86.0 43.3 4.0
IR 5 onthe 3¢ | 100.0 | 100.0 44.7 36.0 16.0 0.0
onthe 6 | 100.0 | 100.0 95.3 90.0 56.0 10.0

LSD on the 3¢ - - 1.97 2.78 1.94 -
0.05 on the 6% - - 2.56 2.82 2.29 1.56

the highest. At higher water stress induced by
PEG 6000 -9.7 bars, seedlings were not ob-
served on the 3rd day, they appeared only on
the 6 day, and their length was the same for
all genotypes (10.38-12.0 mm).

In this research at different concentration of
PEG 6000 (-3.1 and -4.8 bars) on on the 6%
days root length of varieties ‘Omriiane’,
‘Kharkivske 57’ and ‘Slobozhanske’ was charac-
terized the highest indexes and varied in the
same value from 35.77-29.70 mm.

Interesting, that all studing genotypes de-
creased significantly root length at osmotic stress

-1.9 and -3.1 bars on the 6 days but ‘IR 5. Root
length of variety ‘IR 5’ was 27.0-27.9 mm at
these osmotic stresses, they reduced the -6.6
bars on the 3¢ day at -1.9 bars osmotic stress
and then the means of root length at -3.1 bars
osmotic stress.

Genotype ‘Omriiane’ showed higher velues
at -6.6 bar of water stress induced by PEG —
25.0 mm on the 6 day.

Thus, root length of genotypes of millet is
low variable and in breeding for drought re-
sistance is need further investigation to find
germplasms with higher mean root length.

Table 3

Root length of seeds on the 3¢ and on the 6* days at different concentration of PEG 6000

Root length of seeds (mm) at osmotic stress, bar

Genotypes Days SDoos 00 [ 10 | 31 | 48 | 66 | 97
‘Omriiane’ on the 34 2.61 27.40 | 20.00 | 10.15 6.63 5.89 0.00
on the 6% 2.91 47.00 | 34.40 | 29.70 | 34.70 | 25.04 | 10.38
‘Kharkivske 57’ on the 3¢ 2.55 40.80 | 23.20 | 13.50 8.27 7.29 0.00
onthe6® | 2.75 56.00 | 51.00 | 30.70 | 33.47 | 19.31 | 11.07
‘Slobozhanske’ on the 3¢ 2.42 34.80 | 12.17 | 12.50 8.68 6.47 0.00
onthe 6t | 2.43 56.67 | 41.00 | 32.31 | 35.77 | 22.07 | 11.37
‘Konstantvnivske’| °" the 3¢ 2.31 26.40 | 17.40 | 10.37 8.81 5.18 0.00
y onthe 6 | 2.69 63.00 | 22.14 | 25.30 | 30.43 | 16.17 | 11.17
IR 5 on the 3¢ 2.53 41.60 | 31.67 9.77 10.24 5.65 0.00
on the 6% 2.67 63.33 | 27.00 | 27.90 | 31.77 | 21.12 | 12.00

LSD on the 3¢ - 2.64 2.53 2.24 1.65 2.45 -
0.05 on the 6% - 3.20 3.03 2.98 2.76 2.55 2.46

The shoot as well as aerial parts of the plant
is affected to drought condition too [8, 11].
The shoot parameters will also help the breeder
while selecting the drought resistance geno-
types. Indicating that, the drought stress in-
duced by PEG had inhibited shoot elogation of
pearl millet at higher rate than the root growth
[11]. These results of studies were similar to
our researches. Shoot length of millet is more
affected by osmotic stress than root length (tab-
le 4). In this investigation, shoot length was
decreased with an increasing in external water
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stress. At -9.7 bars of PEG on the 3¢ and on
the 6 days it is not observed shoot. At -6.6
bars osmotic stress shoot appeared only on the
6 day and their length was from 4.77 mm to
6.2 mm.

Under optimum (water-stress-free) condi-
tion all varieties had the same mean of shoot
length from 26.20-22.40 mm on the 3¢ day.
But ‘Konstantynivske’ which is a early ripe
variety, had more quickly development root
and shoot system then others on the 3¢ day
(shoot length — 26.20 mm). ‘Kharkivske 57’,
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‘Slobozhanske’, ‘Konstantynivske’ character-
ized by the the highest individual mean shoot
length in optimum condition on the 6% day.
At -1.9, -3.1 and -4.8 bars of osmotic stress
had significant negatively effects on shoot
length of all genotypes on the 3¢ and on the
6" days. In present investigation, at the lo-
west concentration of PEG 6000 all varieties
decreased shoot length about in two times on
the 6 day. Varieties ‘Kharkivske 57°, ‘Om-
riiane’ and ‘Slobozhanske’ was the lowest af-
fected by external water stress of -1.9 bars on

the 6" day — 46.00 mm, 36.00 mm, 37.00 mm,
respectively. At -3.1 and -4.8 bars induced by
PEG it was observed smooth decrease shoot
length of all genotypies. ‘Omriiane’, ‘Slo-
bozhanske’, ‘IR 5’ showed higher individual
mean shoot length 26.27 mm, 30.59 mm and
30.87 mm, respectively at -3.1 bars of PEG
6000 on the 6" day and ‘Kharkivske 57°, ‘Slo-
bozhanske’, ‘IR 5 had higher individual
mean shoot length 23.17 mm, 25.63 mm,
25.57 mm respectively at -4.8 bars of osmotic
stress on the 6% day

Table 4

Shoot length of millet of five genotypes on the 3¢ and on the 6" days under osmotic stress

Shoot length of seeds (mm) at osmotic stress, bar

Genotypes Days Do 00 | a9 | 31 | -48 | 66 | -07
‘Omriiane’ on the 3¢ 2.16 22.40 | 12.50 5.78 2.58 1.40 0.00
onthe 6™ | 2.75 53.00 | 36.00 | 26.27 | 21.53 5.69 0.38
‘Kharkivske 57 on the 3¢ 2.44 22.20 | 19.00 8.53 5.94 0.95 0.00
onthe 6% | 2.89 59.00 | 46.00 | 25.63 | 23.17 | 4.98 1.37
Slobozhanske’ on the 3¢ 1.97 20.80 | 18.33 9.53 6.88 0.88 0.00
onthe6™ | 2.72 60.00 | 37.00 | 30.59 | 25.63 6.20 0.26
Konstantynivske’ on the 3¢ 2.42 26.20 | 22.00 9.03 7.92 0.88 0.00
onthe 6™ | 2.24 58.00 | 31.43 | 26.43 | 21.30 4.77 1.67
TR 5’ on the 3¢ 1.95 19.80 | 15.00 8.40 8.05 0.00 0.00
onthe6™ | 1.92 53.67 | 25.00 | 30.87 | 25.57 5.09 0.00

LSD on the 3¢ - 2.64 1.23 2.23 2.07 1.69 -
0.05 on the 6% - 2.69 3.07 3.07 2.65 2.66 1.91

In breeding for drought resistance root
length/shoot length ratio, balanced root and
shoot growth can be another index characte-
rizing resistance to water stress. Root/shoot
ratio demonstrated direct drought tolerance
assessment for scientists. In pearl millet the
ratio ranged from 1.2 to 3.5 in the control and
with increasing osmotic stress root length/
shoot length ratio improved this index [11].
Results of this study revealed that in millet in

the control this index is one (fig. 2). At os-
motic stresses index of root length/shoot
length ratio is change. With increasing con-
centration of PEG 6000 solution in water, in-
dexes of root length/shoot length ratio devi-
ates from one. At -6.6 bars of osmotic stress
‘Konstantynivske’ and ‘Slobozhanske’ had the
lowest root length/shoot length ratio 2.58 and
2.61, respectively. ‘Omriiane’ (3.54) and ‘IR 5’
(3.31) had maximum deviation from one.

4.5

4.0
3.5}
3.0
2.5}
2.0
1.5}
1.0
0.5}
0.0
-0.5

Root lenth/sh

i —$— ‘Omriiane’
—f - ‘Kharkivske 57

-3.1

Level of osmotic stress, bars

~$- ‘Konstantynivske’
= “IR%
—$_‘Slobozhanske’

-4.8 -6.6

Fig. 2. Relationship between root length and shoot length of seedlings of millet genotypes

at PEG 6000 concentration on the 6" day (LSD
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Conclusion

Water stress had significant negative effects
on seed germination, root and shoot system of
millet on the 3% and the 6% days. Genotypes
had significantly differed to water limits and
in breeding for drought resistance can deve-
loped new varieties with high level resistance to
water stress. Varieties ‘IR 5°, ‘Konstantynivske’
and ‘Kharkivske 57’ showed higher germination
potential at the different water stress.

Although at low osmotic stress (-1.9 bars) all
genotypes had 100% germination but it was
observed significant reduce the root and shoot
elongation in all varieties. The shoots of millet
plant suffer more than root from exposure to
moisture stress. At -3.1 and -4.8 bars of PEG
6000 on the 6 days root length of varieties
‘Omriiane’, ‘Kharkivske 57’ and ‘Slobozhanske’
were characterized by the highest indexes.
‘Slobozhanske’, ‘IR 5 showed higher individual
mean shoot length at -3.1 and -4.8 bars of os-
motic stress on the 6 day. One of the drought
resistance index is root length/shoot length
ratio. In the control this index is one. With
increasing concentration of PEG 6000 solution
in water, root length/shoot length ratio devi-
ates from one. At -6.6 bars of osmotic stress
‘Konstantynivske’ and ‘Slobozhanske’ had the
lowest root length/shoot length ratio 2.58 and
2.61.
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Merta. Bu3HauMT nocyxocTilikicTb n'aTM 3paskiB npo-
ca (‘Ompisne’, ‘XapkiBcbke 57, ‘KoHctaHTuHiBCbKE', ‘IR 5,
‘Cno6oxaHcbKe'), BUKOpUCTOBYIOUM K ocMoTuk TET 6000
Metoau. [Insa oTpumaHHa edheKTy NOCyXu BUKOPUCTOBYBANM
n'ATb KOHLEHTpauin po3uuHy MET 6000: 0,0% (KoHTpOb),
11,5%, 15,3%, 19,6%, 23,5% Ta 28,9%, wo signosigae 0,0,
115, 153, 196, 235 1a 289 r po3unHeHoT peyoBuHu B 1000 mn
AucTMnboBaHoi Boau abo 0,0, -1,9, -3,1, -4,8, -6,6 Ta -9,7 Oa-
pam. Pesynbratu. OCMOTUYHMIA CTPEC CUNIBHO MPUTHiYyBaB
NPOpOCTaHHA HaciHHA npoca npu -3,1 Gapax (46,8%)
i -4,8 6apax (28,66%) Ha TpeTio fo0y, ane Ha wWocTy foby
KiNbKiCTb HACiHHSA, Wo npopocno, 36inbwmunack no 92,8% i
84,0%, BignoBigHO. feHOTUNM Mpoca 3HAYHO BiAPI3HANMCH
3a BiflCOTKOM NPOPOCTAHHA Yy Pi3HUX KOHLEHTpauisx oc-
MOTMYHOrO po3umHy MEM 6000. Tak, MiHiManbHA CXOXiCTb
cnocrtepiranace y copty ‘OmpisHe’ npu KoHueHTpauii MET
6000 -3,1, -4,8 i -6,6 6apie. ‘IR 5, ‘KoHcTaHTUHiBCbKE' i
‘XapkiBcbke 57’ noKasanu BUILMA MOTeHUian NpPOpPOCTaH-
Hi HACiHHA Npu Pi3HMX KOHUEHTpauisx BOAHOr0 CTpecy.
3MEHWeHHA [OBXWHM KOPEHIB MOPIiBHAHO 3 KOHTpPONEM
CnocTepiranoch y BCiX reHOTMNiB NpU OCMOTUYHOMY CTpeci
-1,9 6ap, npu MNET 6000 -3,1 i -4,8 6ap AOBKWHA KOPEHs KO-
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nuBanach Big 6,6 MM 0 13,5 MM Ha TpeTio goby i Big 25,3
Ao 34,7 Mmm — Ha wocty poby. ‘CnoboxaHcbke nokasano
BULLY CEpefHI0 [OBXWHY KopeHs npu -3,1 i -4,8 Gap Bo-
LHOTO CTpecy Ha TpeTio aoby — 8,7-125 MM i Ha wocTy
poby — 35,7-32,3 mm. Mpu -9,7 6ap KoHueHTpauii MEM 6000
He cnocTepiranocb NPOPOCTKiB Npoca AK HA TPeTio, TaK i Ha
wocty poby. ‘Xapkiscbke 57/, ‘IR 5', ‘CnoboxaHcbke' xapak-
Tepu3ysanuch [OBWWUMK NpopocTKamu — 23,1; 25,5; 25,6 mm,
BianogigHo, npu -4,8 6ap NMEl 6000 Ha wocTy aoby. Mpu -6,6
6apax ocmoTudHoro crpecy ‘KoHctaHTuHiscbke” i ‘Cnobo-
aHCbKe' Manu HaliMeHle 3Ha4YeHHs BiAHOWEHHS [OBXWU-
Ha KOpeHs/noBXWHA npopocTka — 2,58 i 2,61, BignosigHo.
‘OmpisHe” i ‘IR 5" Manu MakcuMManbHe BiAXWUNEHHA Bif
oauHuui — 3,54 Ta 3,31, BignosigHo. BUCHOBKM. YHacninok
LOCNifXKEHHA B cenekuii Ha cTilikicTb Ao nocyxu 6yno Bu-
ABNeHo reHotunu ‘KoHctaHTuHiBCbKe 1 ‘CnoGoXaHCbKe', ki
nokasanu Hameuwmui piBeHb cTilkocTi fo nocyxu. CopTu
‘IR 5, ‘KoHcTaHTUHiBCbKE 1 ‘XapkiBcbke 57 XxapakTepusy-
BaIMCb HaMBULLMM Bif,COTKOM CXOXOCTi HAaCiHHA Npu pi3Hiii
KoHLeHTpauii MET 6000 y BOAHOMY PO34MHi.

Kntoyosi cnosa: npoco; nocyxocmilikicms; npopocmaHHs
HACIHHA; O0BXUHA KOPeHs ma npopocmKa.
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Lenb. Onpepnenuth 3acyxoycTodyuBocTb NATM 06pas-
uoB npoca (‘OmpisHe’, ‘XapkiBcbke 57, ‘KoHCTaHTUHIBCbKE',
‘IR 5, ‘CnoboxaHcbke'), MCnonb3ys B KayecTBe OCMOTMKA
N3r 6000 Metoasbl. [Ina nonydyeHua addekra 3acyxu uc-
noNb3oBanu nATb KOHUeHTpauuin pactsopos [El 6000:
0,0% (koHTponb), 11,5%, 15,3%, 19,6%, 23,5% u 28,9%, uT0
cootsetctByet 0,0, 115, 153, 196, 235 u 289 r pacTBopeH-
Horo BewecTBa B 1000 Mn AUCTUANMPOBAHHON BOAbI UM
0,0,-1,9,-3,1,-4,8, -6,6 u -9,7 6apam Pe3synbrarbl. 0cMOTH-
YEeCKMWii cTpecc CUALHO MOAABNAN NpopacTaHue CeMAH Npo-
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ca npw -3,1 6apax (46,8%) u npu -4,8 6apax (28,66%) Ha
TPeTbU CYTKM, HO HA WWeCTble CYTKM KONMYECTBO NPOPOCILMX
cemsAH yBennyunocb fo 92,8% u 84,0%, COOTBETCTBEHHO.
[eHOTUNBI NMpOCa 3HAYUTENLHO PA3MYaINCh NO NPOLEHTY
npopacTaHus B Pa3iMYHbIX KOHLEHTPALMUAX OCMOTUYECKOTO
pactsopa 13l 6000. Tak, MMHMMaNbHAsA BCXOXECTb CEMSH
Habnopanack y copTta ‘OmpisHe’ npu KoHueHTpauuu M3IT
6000 -3,1, -4,8 i -6,6 6apoBs. ‘IR 5', ‘KoHcTaHTUHIBCbKE K
‘XapkiBcbke 57 moka3anu 6onee BbICOKWI NOTEHLUMAN npo-
pacTaHua CeMsH NPU PasNUYHbIX KOHLEHTPALMAX BOLHOTO
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cTpecca. YMeHblueHe AAUHBI KOPHe NpopoCTKOB No CpaB-
HEHWIO C KOHTPONEM HabnAaNoCh y BCEX FEHOTUNOB MpH
0CMOTUYeCKOM cTpecce -1,9 6ap, a npu 0CMOTUYECKOM CTpeC-
ce -3,1 u -4,8 6ap pAMHA KOpHsA KoneGanack oT 6,6 MM [0
13,5 MM Ha TpeTbU cyTKW U 0T 25,3 1o 34,7 MM — Ha WecTble
cyTku. ‘CnoboxaHcbke' nokasano 6onee BLICOKYID ANUHY
KOpHA npu -3,1 1 -4,8 6ap BOJHOTO CTpecca Ha TpeTbU CYTKU —
8,7-12,5 MM 1 Ha wecTble cyTkn — 35,7-32,3 mm. Mpu -9,7
0ap He HabNOAANOCh NPOPOCTKOB NPOCA KaK Ha TPETbY, TaK
M Ha WwecTble cyTkU. ‘XapkiBcbke 57, ‘IR 5, ‘Cno6oxaHcbke’
xapaKkTtepusoBanucb 6onee AAUHHBLIMKW NpoOpoCcTKamu — 23,1
MM, 25,5 MM, 25,6 MM, COOTBETCTBEHHO, npu -4,8 Gap M3Ir
6000 Ha wecTtble cyTku. Mpu -6,6 Gapax 0CMOTUYECKOrO
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ctpecca y copToB ‘KoHcTaHTuHiBCbke' M ‘CnoGoxaHcbke’
HabnoJanu HW3Koe COOTHOLWEHME ANWUHA KOPHA/BAUHA
npopoctka — 2,58 u 2,61, cootBetcTBeHHO. ‘OmpisHe’ u
‘IR 5" uMenn MakcumManbHoe OTKIOHEHWE OT efuHULbI — 3,54
u 3,31, cootBeTcTBEHHO. BbIBOABI. B pesynbtate uccnego-
BaHMA B CeNeKUMM Ha YCTOMYMBOCTb K 3aCyxe BblLE/EHb
reHoTunbl ‘KoHcTaHTUHIBCbKE M ‘CnoGoXaHCbKE', KOTopble
NOKa3anu BbICOKMN YpOBEHb YCTOMYMBOCTM K 3acyxe. CopTa
‘IR 5', ‘KoHcTaHnTuHiBCbKE 1 ‘XapkiBcbke 57° xapakTepu3o-
Ba/IUCb BLICOKMM MPOLEHTOM BCXOXeCTW CEeMAH Npu pas-
NYHON KoHueHTpauuu M3 6000 B BOJ{HOM pacTeope.

Knwoyesble cnosa: npoco; 3acyxoycmoliqusocms,; BCXO-
JKecmb cemMaAH; ONUHA KOPHA U NpopocmKd.
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