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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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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 3d day and from 25.3 mm to 34.7 mm on the 6th day. Variety 
‘Slobozhanske’ showed higher mean root length at -3.1 and -4.8 bars of water stress induced by PEG on the 3d day (8,7 mm–
12,5 mm) and on the 6th day (35.7 mm–32.3 mm). It is not observed shoot of millet at -9.7 bars on the 3d and on the 6th 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 6th 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 
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-

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 
3d and the 6th days (fig. 1). However, germina-
tion of these genotypes did not show diffe-
rences between 0.0 and -1.9 bars on the 3d and 
the 6th days (germination was 100%). On the 3d 
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 3d day so and on the 
6th day. At water potential from -3.1 to -6.6 bar 
it was observed smoother drop germinations 
percentage of millet on the 6th day. Thus, de-
spite on that fact, PEG solution strongly sup-
pressed seed germination on the 3d day but on 
the 6th day the number of germinated seeds 

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

Fig. 1. Germination capacity seeds genotypes of millet on the 3d and on the 6th days 
(LSD
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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 3d day; 
92.7%, 79.3% – on the 6th 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 3d day; 90.0% in 
-4.8 bars, 56.0% in -6.6 bars – on the 6th day). 
Among the genotypes tested varieties ‘Kon-
stantynivske’ (at -3.1 bars – 62.6%; -4.8 bars – 
38.0% on the 3d day; -3.1 bars – 98.0%; -4.8 
bars – 86.0%; -6.6 bars – 43.3% on the 6th day) 
and ‘Kharkivske’ 57 (-3.1 bars – 97.3%; -4.8 
bars – 87.6% on the 6th 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 6th day). At wa-
ter potential -9.7 bars germination percentage 
was the lowest on the 6th 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 

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 6th 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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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 6th 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 6th 
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 

Table 2
Germination of five genotypes on the 3d and on the 6th days at osmotic stress

Genotypes Days
Seed germination, % at osmotic stress, bar

0.0 -1.9 -3.1 -4.8 -6.6 -9.7

‘Omriiane’ on the 3d 99.3 100.0 22.0 16.0 10.3 0.0
on the 6th 99.3 100.0 92.7 79.3 44.7 8.6

‘Kharkivske 57’ on the 3d 100.0 100.0 49.3 27.3 13/5 0.0
on the 6th 100.0 100.0 97.3 87.6 36.6 18.0

‘Slobozhanske’ on the 3d 98.6 100.0 55.3 26.0 10.6 0.0
on the 6th 98.6 100.0 92.0 78.0 37.3 12.6

‘Konstantynivske’ on the 3d 100.0 100.0 62.6 38.0 11.3 0.0
on the 6th 100.0 100.0 98.0 86.0 43.3 4.0

‘IR 5’ on the 3d 100.0 100.0 44.7 36.0 16.0 0.0
on the 6th 100.0 100.0 95.3 90.0 56.0 10.0

LSD
0.05

on the 3d – – 1.97 2.78 1.94 –
on the 6th – – 2.56 2.82 2.29 1.56

-1.9 and -3.1 bars on the 6th 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 3d 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 6th 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 3d and on the 6th days at different concentration of PEG 6000

Genotypes Days LSD
0,05

Root length of seeds (mm) at osmotic stress, bar
0.0 -1.9 -3.1 -4.8 -6.6 -9.7

‘Omriiane’ on the 3d 2.61 27.40 20.00 10.15 6.63 5.89 0.00
on the 6th 2.91 47.00 34.40 29.70 34.70 25.04 10.38

‘Kharkivske 57’ on the 3d 2.55 40.80 23.20 13.50 8.27 7.29 0.00
on the 6th 2.75 56.00 51.00 30.70 33.47 19.31 11.07

‘Slobozhanske’ on the 3d 2.42 34.80 12.17 12.50 8.68 6.47 0.00
on the 6th 2.43 56.67 41.00 32.31 35.77 22.07 11.37

‘Konstantynivske’ on the 3d 2.31 26.40 17.40 10.37 8.81 5.18 0.00
on the 6th 2.69 63.00 22.14 25.30 30.43 16.17 11.17

‘IR 5’ on the 3d 2.53 41.60 31.67 9.77 10.24 5.65 0.00
on the 6th 2.67 63.33 27.00 27.90 31.77 21.12 12.00

LSD
0.05

on the 3d – 2.64 2.53 2.24 1.65 2.45 –
on the 6th – 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 bree der 
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 

stress. At -9.7 bars of PEG on the 3d and on 
the 6th days it is not observed shoot. At -6.6 
bars osmotic stress shoot appeared only on the 
6th 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 3d day. 
But ‘Konstantynivske’ which is a early ripe 
variety, had more quickly development root 
and shoot system then others on the 3d 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 6th 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 3d and on the 
6th days. In present investigation, at the lo-
west concentration of PEG 6000 all varieties 
decreased shoot length about in two times on 
the 6th day. Varieties ‘Kharkivske 57’, ‘Om-
riiane’ and ‘Slobozhanske’ was the lowest af-
fected by external water stress of -1.9 bars on 

the 6th 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 6th 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 6th day 

Table 4
Shoot length of millet of five genotypes on the 3d and on the 6th days under osmotic stress

Genotypes Days LSD
0,05

Shoot length of seeds (mm) at osmotic stress, bar
0.0 -1.9 -3.1 -4.8 -6.6 -9.7

‘Omriiane’ on the 3d 2.16 22.40 12.50 5.78 2.58 1.40 0.00
on the 6th 2.75 53.00 36.00 26.27 21.53 5.69 0.38

‘Kharkivske 57’ on the 3d 2.44 22.20 19.00 8.53 5.94 0.95 0.00
on the 6th 2.89 59.00 46.00 25.63 23.17 4.98 1.37

‘Slobozhanske’ on the 3d 1.97 20.80 18.33 9.53 6.88 0.88 0.00
on the 6th 2.72 60.00 37.00 30.59 25.63 6.20 0.26

‘Konstantynivske’ on the 3d 2.42 26.20 22.00 9.03 7.92 0.88 0.00
on the 6th 2.24 58.00 31.43 26.43 21.30 4.77 1.67

‘IR 5’ on the 3d 1.95 19.80 15.00 8.40 8.05 0.00 0.00
on the 6th 1.92 53.67 25.00 30.87 25.57 5.09 0.00

LSD
0.05

on the 3d – 2.64 1.23 2.23 2.07 1.69 –
on the 6th – 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. ‘Omriia ne’ (3.54) and ‘IR 5’ 
(3.31) had maximum deviation from one.

Fig. 2. Relationship between root length and shoot length of seedlings of millet genotypes
at PEG 6000 concentration on the 6th day (LSD0.05)
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Conclusion
Water stress had significant negative effects 

on seed germination, root and shoot system of 
millet on the 3d and the 6th 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 6th 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 6th 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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Ìåòà. Âèçíà÷èòè ïîñóõîñò³éê³ñòü ï’ÿòè çðàçê³â ïðî-
ñà (‘Îìð³ÿíå’, ‘Õàðê³âñüêå 57’, ‘Êîíñòàíòèí³âñüêå’, ‘IR 5’, 
‘Ñëîáîæàíñüêå’), âèêîðèñòîâóþ÷è ÿê îñìîòèê ÏÅÃ 6000 
Ìåòîäè. Äëÿ îòðèìàííÿ åôåêòó ïîñóõè âèêîðèñòîâóâàëè 
ï’ÿòü êîíöåíòðàö³é ðîç÷èíó ÏÅÃ 6000: 0,0% (êîíòðîëü), 
11,5%, 15,3%, 19,6%, 23,5% òà 28,9%, ùî â³äïîâ³äàº 0,0, 
115, 153, 196, 235 òà 289 ã ðîç÷èíåíî¿ ðå÷îâèíè â 1000 ìë 
äèñòèëüîâàíî¿ âîäè àáî 0,0, -1,9, -3,1, -4,8, -6,6 òà -9,7 áà-
ðàì. Ðåçóëüòàòè. Îñìîòè÷íèé ñòðåñ ñèëüíî ïðèãí³÷óâàâ 
ïðîðîñòàííÿ íàñ³ííÿ ïðîñà ïðè -3,1 áàðàõ (46,8%) 
³ -4,8 áàðàõ (28,66%) íà òðåòþ äîáó, àëå íà øîñòó äîáó 
ê³ëüê³ñòü íàñ³ííÿ, ùî ïðîðîñëî, çá³ëüøèëàñü äî 92,8% ³ 
84,0%, â³äïîâ³äíî. Ãåíîòèïè ïðîñà çíà÷íî â³äð³çíÿëèñü 
çà â³äñîòêîì ïðîðîñòàííÿ ó ð³çíèõ êîíöåíòðàö³ÿõ îñ-
ìîòè÷íîãî ðîç÷èíó ÏÅÃ 6000. Òàê, ì³í³ìàëüíà ñõîæ³ñòü 
ñïîñòåð³ãàëàñü ó ñîðòó ‘Îìð³ÿíå’ ïðè êîíöåíòðàö³¿ ÏÅÃ 
6000 -3,1, -4,8 ³ -6,6 áàð³â. ‘²R 5’, ‘Êîíñòàíòèí³âñüêå’ ³ 
‘Õàðê³âñüêå 57’ ïîêàçàëè âèùèé ïîòåíö³àë ïðîðîñòàí-
íÿ íàñ³ííÿ ïðè ð³çíèõ êîíöåíòðàö³ÿõ âîäíîãî ñòðåñó. 
Çìåíøåííÿ äîâæèíè êîðåí³â ïîð³âíÿíî ç êîíòðîëåì 
ñïîñòåð³ãàëîñü ó âñ³õ ãåíîòèï³â ïðè îñìîòè÷íîìó ñòðåñ³ 

-1,9 áàð, ïðè ÏÅÃ 6000 -3,1 ³ -4,8 áàð äîâæèíà êîðåíÿ êî-

ëèâàëàñü â³ä 6,6 ìì äî 13,5 ìì íà òðåòþ äîáó ³ â³ä 25,3 
äî 34,7 ìì – íà øîñòó äîáó. ‘Ñëîáîæàíñüêå’ ïîêàçàëî 
âèùó ñåðåäíþ äîâæèíó êîðåíÿ ïðè -3,1 ³ -4,8 áàð âî-
äíîãî ñòðåñó íà òðåòþ äîáó – 8,7–12,5 ìì ³ íà øîñòó 
äîáó – 35,7–32,3 ìì. Ïðè -9,7 áàð êîíöåíòðàö³¿ ÏÅÃ 6000 
íå ñïîñòåð³ãàëîñü ïðîðîñòê³â ïðîñà ÿê íà òðåòþ, òàê ³ íà 
øîñòó äîáó. ‘Õàðê³âñüêå 57’, ‘IR 5’, ‘Ñëîáîæàíñüêå’ õàðàê-
òåðèçóâàëèñü äîâøèìè ïðîðîñòêàìè – 23,1; 25,5; 25,6 ìì, 
â³äïîâ³äíî, ïðè -4,8 áàð ÏÅÃ 6000 íà øîñòó äîáó. Ïðè -6,6 
áàðàõ îñìîòè÷íîãî ñòðåñó ‘Êîíñòàíòèí³âñüêå’ ³ ‘Ñëîáî-
æàíñüêå’ ìàëè íàéìåíøå çíà÷åííÿ â³äíîøåííÿ äîâæè-
íà êîðåíÿ/äîâæèíà ïðîðîñòêà – 2,58 ³ 2,61, â³äïîâ³äíî. 
‘Îìð³ÿíå’ ³ ‘IR 5’ ìàëè ìàêñèìàëüíå â³äõèëåííÿ â³ä 
îäèíèö³ – 3,54 òà 3,31, â³äïîâ³äíî. Âèñíîâêè. Óíàñë³äîê 
äîñë³äæåííÿ â ñåëåêö³¿ íà ñò³éê³ñòü äî ïîñóõè áóëî âè-
ÿâëåíî ãåíîòèïè ‘Êîíñòàíòèí³âñüêå’ ³ ‘Ñëîáîæàíñüêå’, ÿê³ 
ïîêàçàëè íàéâèùèé ð³âåíü ñò³éêîñò³ äî ïîñóõè. Ñîðòè 
‘IR 5’, ‘Êîíñòàíòèí³âñüêå’ ³ ‘Õàðê³âñüêå 57’ õàðàêòåðèçó-
âàëèñü íàéâèùèì â³äñîòêîì ñõîæîñò³ íàñ³ííÿ ïðè ð³çí³é 
êîíöåíòðàö³¿ ÏÅÃ 6000 ó âîäíîìó ðîç÷èí³.

Êëþ÷îâ³ ñëîâà: ïðîñî; ïîñóõîñò³éê³ñòü; ïðîðîñòàííÿ 
íàñ³ííÿ; äîâæèíà êîðåíÿ òà ïðîðîñòêà.
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Öåëü. Îïðåäåëèòü çàñóõîóñòîé÷èâîñòü ïÿòè îáðàç-
öîâ ïðîñà (‘Îìð³ÿíå’, ‘Õàðê³âñüêå 57’, ‘Êîíñòàíòèí³âñüêå’, 
‘IR 5’, ‘Ñëîáîæàíñüêå’), èñïîëüçóÿ â êà÷åñòâå îñìîòèêà 
ÏÝÃ 6000 Ìåòîäû. Äëÿ ïîëó÷åíèÿ ýôôåêòà çàñóõè èñ-
ïîëüçîâàëè ïÿòü êîíöåíòðàöèé ðàñòâîðîâ ÏÅÃ 6000: 
0,0% (êîíòðîëü), 11,5%, 15,3%, 19,6%, 23,5% è 28,9%, ÷òî 
ñîîòâåòñòâóåò 0,0, 115, 153, 196, 235 è 289 ã ðàñòâîðåí-
íîãî âåùåñòâà â 1000 ìë äèñòèëëèðîâàííîé âîäû èëè 
0,0, -1,9, -3,1, -4,8, -6,6 è -9,7 áàðàì Ðåçóëüòàòû. Îñìîòè-
÷åñêèé ñòðåññ ñèëüíî ïîäàâëÿë ïðîðàñòàíèå ñåìÿí ïðî-
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ñà ïðè -3,1 áàðàõ (46,8%) è ïðè -4,8 áàðàõ (28,66%) íà 
òðåòüè ñóòêè, íî íà øåñòûå ñóòêè êîëè÷åñòâî ïðîðîñøèõ 
ñåìÿí óâåëè÷èëîñü äî 92,8% è 84,0%, ñîîòâåòñòâåííî. 
Ãåíîòèïû ïðîñà çíà÷èòåëüíî ðàçëè÷àëèñü ïî ïðîöåíòó 
ïðîðàñòàíèÿ â ðàçëè÷íûõ êîíöåíòðàöèÿõ îñìîòè÷åñêîãî 
ðàñòâîðà ÏÝÃ 6000. Òàê, ìèíèìàëüíàÿ âñõîæåñòü ñåìÿí 
íàáëþäàëàñü ó ñîðòà ‘Îìð³ÿíå’ ïðè êîíöåíòðàöèè ÏÝÃ 
6000 -3,1, -4,8 ³ -6,6 áàðîâ. ‘²R 5’, ‘Êîíñòàíòèí³âñüêå’ è 
‘Õàðê³âñüêå 57’ ïîêàçàëè áîëåå âûñîêèé ïîòåíöèàë ïðî-
ðàñòàíèÿ ñåìÿí ïðè ðàçëè÷íûõ êîíöåíòðàöèÿõ âîäíîãî 
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ñòðåññà. Óìåíüøåíèå äëèíû êîðíåé ïðîðîñòêîâ ïî ñðàâ-
íåíèþ ñ êîíòðîëåì íàáëþäàëîñü ó âñåõ ãåíîòèïîâ ïðè 
îñìîòè÷åñêîì ñòðåññå -1,9 áàð, à ïðè îñìîòè÷åñêîì ñòðåñ-
ñå -3,1 è -4,8 áàð äëèíà êîðíÿ êîëåáàëàñü îò 6,6 ìì äî 
13,5 ìì íà òðåòüè ñóòêè è îò 25,3 äî 34,7 ìì – íà øåñòûå 
ñóòêè. ‘Ñëîáîæàíñüêå’ ïîêàçàëî áîëåå âûñîêóþ äëèíó 
êîðíÿ ïðè -3,1 è -4,8 áàð âîäíîãî ñòðåññà íà òðåòüè ñóòêè – 
8,7–12,5 ìì è íà øåñòûå ñóòêè – 35,7–32,3 ìì. Ïðè -9,7 
áàð íå íàáëþäàëîñü ïðîðîñòêîâ ïðîñà êàê íà òðåòüè, òàê 
è íà øåñòûå ñóòêè. ‘Õàðê³âñüêå 57’, ‘IR 5’, ‘Ñëîáîæàíñüêå’ 
õàðàêòåðèçîâàëèñü áîëåå äëèííûìè ïðîðîñòêàìè – 23,1 
ìì, 25,5 ìì, 25,6 ìì, ñîîòâåòñòâåííî, ïðè -4,8 áàð ÏÝÃ 
6000 íà øåñòûå ñóòêè. Ïðè -6,6 áàðàõ îñìîòè÷åñêîãî 

ñòðåññà ó ñîðòîâ ‘Êîíñòàíòèí³âñüêå’ è ‘Ñëîáîæàíñüêå’ 
íàáëþäàëè íèçêîå ñîîòíîøåíèå äëèíà êîðíÿ/äëèíà 
ïðîðîñòêà – 2,58 è 2,61, ñîîòâåòñòâåííî. ‘Îìð³ÿíå’ è 
‘IR 5’ èìåëè ìàêñèìàëüíîå îòêëîíåíèå îò åäèíèöû – 3,54 
è 3,31, ñîîòâåòñòâåííî. Âûâîäû. Â ðåçóëüòàòå èññëåäî-
âàíèÿ â ñåëåêöèè íà óñòîé÷èâîñòü ê çàñóõå âûäåëåíû 
ãåíîòèïû ‘Êîíñòàíòèí³âñüêå’ è ‘Ñëîáîæàíñüêå’, êîòîðûå 
ïîêàçàëè âûñîêèé óðîâåíü óñòîé÷èâîñòè ê çàñóõå. Ñîðòà 
‘IR 5’, ‘Êîíñòàíòèí³âñüêå’ è ‘Õàðê³âñüêå 57’ õàðàêòåðèçî-
âàëèñü âûñîêèì ïðîöåíòîì âñõîæåñòè ñåìÿí ïðè ðàç-
ëè÷íîé êîíöåíòðàöèè ÏÝÃ 6000 â âîäíîì ðàñòâîðå.

Êëþ÷åâûå ñëîâà: ïðîñî; çàñóõîóñòîé÷èâîñòü; âñõî-
æåñòü ñåìÿí; äëèíà êîðíÿ è ïðîðîñòêà.
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