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The article covers selection of differentiating concentrations of PEG-6000
for assessing genetic resource collections of pea, chickpea and lentil.

The germinability of 4 accessions of each crop in 5, 10, 15, 20 and
25% PEG-6000 solutions was evaluated. The results showed that 25%
PEG-6000 completely inhibited growth processes in all the crops; 5
and 10% PEG-6000 did not affect the germinability of lentil seeds; and
the maximum differentiation was observed at an osmotic concentration
of 20%. In chickpea, there were no seedlings even in 20% PEG-6000. In
15% PEG-6000, seeds of drought-tolerant accessions UD0500022 and
Dniprovskyi Vysokoroslyi only sprouted; and 5 and 10% solutions had
the maximum differentiating effect. Pea germination in PEG-6000 solu-
tions of different concentrations demonstrated that only one accession
could germinate in 20 and 15% solutions. Two accessions gave seedlings
in 10% PEG-6000, and 5% solution had almost no effect on the germi-
nability of pea seeds.

Keywords: Cicer arietinum L., germinability, Lens culinaris Medik,
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INTRODUCTION

food will always be relevant. Legume cultivation
on bogharic lands considerably reduces the cost

When it comes to global climate changes, an in-
crease in the length of dry periods is predicted,
which will most significantly affect agriculture.
This problem is especially acute for countries
whose populations depend entirely on agricul-
tural productivity (Semba, 2016). However, even
for economically developed regions, cheaper

of their production, but in this case, yields large-
ly depend on weather conditions (Zander et al.,
2016). Early-sown legumes, such as pea, chickpea
and lentil, can be sown in early spring, which al-
lows them to avoid drought and give a yield be-
fore unfavourable summer conditions occur (Ya-
dav et al., 2006). However, they greatly depend
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on water supply in the seedling phase. To imbibe
water, seeds of these crops, especially chickpea and
garden pea having large surface areas of seeds due
to wrinkled seed coats, require large amounts of
soil water (Sichkar et al., 2018).

Legumes as a source of high-quality protein
are a basis of food safety of the population (Grain
Legumes..., 2016). The FAO data show that in
2017 the pea-sown area in the world amounted to
8.14 million ha, with the gross output of 16.21 mil-
lion tons and the average yield of 1.99 t/ha
(FAOSTAT).In Ukraine, the pea-sown areaamount-
ed to 252.8 thousand ha in 2019, with the gross
output of 585.82 thousand tons and the yield of
2.32 t/ha (Production Volume..., 2019). Almost
80% of the global chickpea production is con-
centrated in South and Southeast Asia. The gross
output of chickpea in Ukraine is 14.78 million
tons from 14.56 million hectares; with the average
yield of 1.01 t/ha. The total production of lentil
in the world is 7.59 million tons, with the area of
6.58 million/ha and the average yield of 1.15 t/ha
(FAOSTAT). In Ukraine in 2019, chickpea pro-
duction amounted to 41.21 thsd. tons from
30.4 thsd. ha; lentil production 8.04 thsd. tons
from 7.1 thsd. ha (Production Volume..., 2019).

Water deficit causes 70% of crop losses world-
wide (Boyer, 1996). Chickpea is one of the most
drought-tolerant legumes, but in the global pro-
duction, drought-induced losses in chickpea
yield amount to 30-100% (Yadav et al., 2006).
Lentil losses from drought can reach 54%, and
extended drought can lead to a complete loss of
the crop. Therefore, drought escape is a preferable
drought tolerance strategy for lentil. Early flower-
ing and ripening with a high yield potential are
the main components of lentil drought tolerance
(Darai et al., 2016). Therefore, screening of len-
til genotypes for high germination energy, rapid
growth, early flowering and ripening are key pa-
rameters in assessing drought tolerance. Pea is not
tolerant to arid growing conditions (mesophyte),
but it is also grown in relatively arid conditions
due to a sufficiently deep root system. In the south-
ern regions without irrigation, pea can give a yield
provided a total rainfall of at least 130-140 mm
in May-June (Verbitsky, 1992). The beginning of
generative organ development until they bloom
is the most crucial phase of pea plant ontogenesis
(Brezhneva, 2006).

Several methods are used to assess drought
tolerance and water use efficiency. These meth-
ods include measuring the water potential, tur-
gor, diffusion pressure deficit, chlorophyll stabil-
ity index, etc. (Verslues et al., 2006). However,
most of these methods are expensive and time-
consuming, which is inefficient when screening
a large number of accessions in a test population.
Field screening is not always possible, because
weather conditions are difficult to control, and
rainfall shelters are expensive and extremely in-
convenient for evaluating large samples. To de-
termine the response of plants to drought and to
gain appropriate information about their drought
tolerance, a number of methodological approach-
es are proposed using a wide range of analytical
methods (Osmolovskaya et al., 2017). Germina-
tion in osmotic solutions is an effective method for
evaluating drought tolerance of plants in the ear-
ly stages, when they are the most susceptible to
water lack. Publications describe a lot of variants
of such methods applying different substances
and various concentrations, where ascorbic acid
(El-Tohamy et al., 2013), sucrose (Volkova et al.,
1984; Petrenkova, Kucherenko, 2017), NaCl
(Singh et al., 1990) and polyethylene glycol (PEG-
6000) are used as osmotics.

Determination of sowing qualities of seeds on
water deficit is considered a simple and sensitive
parameter, shedding light on resistance of seed
germination to stressful conditions. Non-ionic
high-molecular polymer, PEG-6000, is the most
effective for different crops, since it is an inert
substance that does not affect vital processes, and
also inhibits the development of pathogenic fun-
gi during germination in laboratory conditions.
It was shown that PEG-6000 did not inhibit or
affect the mobilization of nutrients (Kalefetoglu
Macar et al.,, 2009), therefore, its effect is only
associated with inhibition of water influx into
seeds.

The main disadvantage of this technique lies
in the absence of a universal set of concentrations
to investigate different crops. Therefore, each re-
searcher tests accessions at several concentrations
of PEG-6000.

Jatoi (2014) explored the response of ten wheat
genotypes to germination at different concentra-
tions of PEG-6000 solutions (19, 21, 23 and 25%)
and chose a differentiating osmotic concentration
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for further studies. Other researchers used PEG-
6000 and PEG-1500 solutions at concentrations
of 5, 10, 15 and 20% to assess drought tolerance
of wheat (Gargaun, Ignatova, 2007; Nawaz et al.,
2013). Baloch (2012) suggested using only con-
centrations of 15 and 25%, while Guo (2013)
presented solutions at concentrations of 5, 15
and 25%.

For legumes, there is no universal technique
either. Dharanguttikar (2015) used only two pres-
sure values: —0.4 and -0.6 bar. Kalefetoglu Macar
(2009) applied -0.4, 0.6 and -0.8 Mpa.

For lentils Morgil (2017) used a differentiating
concentration of PEG-6000 of 15%, Sinha (2018)
18% and Muscolo (2014) 10, 15, 18 and 21%. Singh
(1990) investigated the drought tolerance of pea
in PEG solutions with an osmotic potential of
-0.1, -0.2, 0.3, -0.4 and -0.5 Mpa. Piwowarczyk
(2014) used a solute weight of 50, 100 and 150 g/L
for vetchling. Feng (2018) used concentrations of
5, 10 and 15% for alfalfa, and Yin (2015) used 5,
10 and 20% for mung bean.

Singh (1990) showed the effect of PEG-6000
with an osmotic potential of 0.1, -0.2, -0.3, -0.4
and 0.5 Mpa on the root and seedling lengths and
noted that the higher an osmotic concentration
was, the more suppressed growth processes be-
came, though he did not use higher concentra-
tions completely arresting seed germination. In
all experiments, germination in distilled water
was taken as a control.

Drought tolerance of plants is based on sev-
eral traits and a challenge to breeders. Here, it
is extremely important to study genetic resources
with concurrent determination of drought tol-
erance of starting material and its subsequent
inclusion in the breeding process. Presumably,
to determine the drought tolerance of each of
the crops, PEG-6000 working solutions will have
different concentrations. Based on this, the main
objective of our study is the search and selec-
tion of the working concentration of PEG-6000
with the maximum differentiating capacity for
chickpeas, peas and lentils. Using this approach
will further expand information on the level of
drought tolerance of each of the studied crops,
including a significant amount of accessions
from the core collection and will allow us to dif-
ferentiate the material by the level of drought
tolerance.

MATERIALS AND METHODS

In order to determine the differentiating ca-
pacity of PEG-6000 osmotic solutions at various
concentrations, grain legumes (chickpea, len-
til and pea from the collection of the National
Center for Plant Genetic Resources of Ukraine
(NCPGRU)) were germinated. For research four
accessions were selected with seed germination
of at least 75%. The seeds of researched acces-
sions were grown in scientific crop rotation 1 in
the collection nursery of the Laboratory of Gene-
tic Resources of Grain Legumes and Groat Crops
of the Plant Production Institute named after VYa
Yuriev of NAAS (PPI nd. a. VYa Yuriev NAAS),
which is located in the Kharkiv District of
the Kharkiv Region in the North-East of the Left-
Bank Forest-Steppe of Ukraine (49°59’31.4”N,
36°27°39.6"E) in 2018. Laboratory researches
were carried out in January-February 2019. For
chickpea (Cicer arietinum L.) there were 2 kabuli
accessions (cultivars Dniprovskyi Vysokoroslyi
and Rozanna from Ukraine) and 2 desi accessions
(local accessions: UD0500022 from Georgia and
UD0500263 from Ukraine).

Selection of these accessions was based on
our results of the previous determination of
the drought tolerance of chickpea accessions
using drought tolerance indices. According to
this assessment, the cultivar Rozanna is mid-tol-
erant to drought, and Dniprovskyi Vysokoroslyi
is a reference of drought tolerance for kabuli
type. UD0500022 is the reference of drought tol-
erance for the desi type, and UD0500263 (desi) is
a large-seeded accession, which is the most sus-
ceptible to drought (Vus et al., 2017).

Pea (Pisum sativum L.) cultivars were bred at
the Plant Production Institute (Oplot and Khar-
kovskiy Yantarnyy), collection accessions (Ca-
melot (Czech Republic) and Adagumskiy). Oplot
and Camelot are leafless semi-dwarf grain cul-
tivars; Kharkovskiy Yantarnyy is a mid-tall nor-
mal-leafed cultivar; Adagumskiy is a vegetable
semi-dwarf normal-leafed cultivar.

For lentil (Lens culinaris Medik.) there were 2
large-seeded (macrosperma) accessions: cultivars
Krasnohradska 49 and Svitanok from Ukraine;
two small-seeded (microsperma) accessions: cul-
tivars Stepnaya 244 and L 135 from Russia. Cul-
tivars Krasnohradska 49 and Stepnaya 244 are
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lentil references of drought tolerance (based on
results of multi-year field studies).

The method used for seed germination in su-
crose (Kobyzeva et al., 2016) was taken as the ba-
sis. Accessions were germinated in PEG-6000
solutions of five concentrations (5, 10, 15, 20
and 25%, with distilled water as the control) in
a thermostat at 21°C. Solutions were prepared by
dissolving the appropriate amount of PEG-6000
in distilled water (water ¢ = 18°C). Before germi-
nation, the seeds were treated with 1% KMnO,
solution for 10 min. Germination was carried out
in germination dishes; folded filter paper filters
were used as substrate. Seeds were placed in plas-
tic boxes and PEG-6000 solution was added in
a volume of 50 ml for lentils, 80 ml for chickpeas
and per each boxes. On the third day, 30 ml of
solutions of appropriate concentrations, as well
as 30 ml of distilled water in the control, were
added to the germination boxes with chickpeas
and peas. Germination was carried out in a ther-
mostat at a temperature of 21°C. The experiment
was carried out in four replicas of 25 seeds in
each, and the control was repeated twice, with
25 seeds each time. On the fifth day, the labora-
tory seed germinability was evaluated. The per-
centage of germinated seeds was calculated by
the formula

LG = a/b* 100%, (1)

where

LG is the laboratory germinability (%), i.e.
percentage of germinated seeds,

a is the number of germinated seeds,

b is the total number of seeds in the experi-
ment.

In mathematical calculations, the seed germi-
nability in the experiment was used in relation to
the control in percent.

Since the action of osmotic PEG-6000 can be
considered as ‘poisoning, where in the control
without exposure to a ‘toxin’ we consider a nor-
mal sample, and the maximum concentration will
completely inhibit the growth processes in all
samples, it was necessary to calculate the semi-
lethal dose (LD, ), i.e. determine the concentra-
tion of osmotic at which the average laboratory
germination for 4 varieties of each culture is 50%
or as close to it as possible.

The LD, was calculated by three ways: using
unweighted probit analysis, weighted probit analy-
sis and logistic curve equation (Verhulst’s curve);
the calculations were conducted according to
the methods described by Lakin, 1990.

RESULTS

We found that 25% PEG-6000 completely inhib-
ited growth processes in accessions of all the crops
under investigation. At osmotic concentrations
of 5 to 20%, a significant variability in the num-
ber of germinated seeds was noted depending on
the crop and PEG-6000 concentration.

It was established that the percentage of ger-
minated lentil seeds in solutions of various con-
centrations related to the control ranged from 0
to 100%. 5 and 10% PEG-6000 did not suppress
the lentil seed germination, as the germinabil-
ity did not drop below 84%. 15% PEG-6000 had
a slight differentiating capacity: the germinability
of Krasnohradska 49 and Stepnaya 244 decreased
to 80% related to the control and the germinability
of Svitanok and L 135 remained at the control level.
The maximum differentiation was observed at an
osmotic concentration of 20%: the relative germi-
nability of the accessions varied from 24 to 100%.

Having germinated pea in PEG-6000 solutions
of various concentrations, we found that the cul-
tivar Camelot could only germinate in 20 and
15% PEG-6000 (35 and 83% related to the con-
trol, respectively). At an osmotic concentration of
10%, seedlings were obtained from two cultivars:
Kharkovskiy Yantarnyy (68%) and Camelot (at
the control level). In 5% PEG-6000, the percent-
ages of Adagumskiy and Camelot seedlings did
not differ from the corresponding controls; Op-
lot’s germinability was 75%; and the germinability
of Kharkovskiy Yantarnyy 96%.

As for chickpea seeds, 20 and 25% PEG-6000
solutions had an inhibitory effect on the germina-
bility of all the accessions (Table 1).

In 15% solution, the germination was only ob-
served in drought-resistant accessions, UD0500022
and Dniprovskyi Vysokoroslyi. 5 and 10% solu-
tions had the maximum differentiating capacity.
The germinability of seeds of different chickpea
accessions in 5% osmotic related to the control
ranged from 13 to 100%; in 10% PEG-600, the ger-
minability was within 9-100%.
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Table 1. Relative germinability of grain legume seeds (% of control) depending on the PEG-6000 concentrations

PEG-6000 concentration, %

Accessions 0 (Control) 5 10 15 20 25
Lentil

Krasnohradska 49 100 84 84 80 24 0
Svitanok 100 100 100 100 42 0
Stepnaya 244 100 96 92 80 28 0

L 135 100 100 100 100 100 0
Mean 100 100 100 95 51 0

SD 13.4 14.7 14.5 39.6 0

Pea

Oplot 100 75 0
Adagumskiy 100 100 0
Kharkovskiy Yantarnyy 100 96 68 0
Camelot 100 100 100 83 35 0
Mean 100 94.9 42.0 20.7 8.7 0

SD 14.3 50.2 41.3 17.4 0

Chickpea

UD0500263 100 13 9 0 0
Rozanna 100 71 46 0 0
UD0500022 100 100 100 52 0 0
Dniprovskyi Vysokoroslyi 100 100 63 13 0 0
Mean 100 74 54 16 0 0

SD 442 37.9 24.7 0 0

Taking into account great variations in

the germinability of the accessions under inves-
tigation at various concentrations, we selected
a concentration of solution for further research
on a large collection of genetic resources of each
grain legume.

Since the action of osmotic PEG-6000 can be
considered as ‘poisoning, where in the control
without exposure to ‘toxin’ we deal with an in-
tact accession, and the maximum concentration
of 25% completely inhibits growth processes in
all the accessions, we decided to calculate LD,
(or semi-lethal dose), i.e. to determine a concen-
tration of osmotic at which the average labora-
tory germinability across 4 cultivars of each crop
will be around 50%.

In biological statistics, when the force of ac-
tion of damaging factors on biological objects is
explored, a specific statistical method is widely
used - probit analysis. It is also used to deter-
mine LD, and LD,,. This method was first used
by Bliss to evaluate pesticide toxicity for insects

(Bliss, 1934). This method has been successfully
used in medicine to determine doses of active
substances and injury degree (Wang et al., 2018).

To calculate PEG-6000 concentration that will
equal LD, more accurately, three approaches were
used: 1) weighted probit analysis, 2) unweighted
probit analysis and 3) construction of a logistic
curve (Verhulst’s curve). As a result, the equ-
ation for calculating PEG-6000 concentration for
the specified percentage of non-germinated seeds
(50%) has been derived:

Y=0+1/(1+er(a*X+D)). (2)
Here:

Y is (100-LG)/100, where LG is the laboratory
germinability of seeds,

X is PEG concentration (%).

Finally, we estimated that the average LD, (%
of non-geminated seeds) across 4 pea genotypes
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is 50% and corresponds to the PEG-6000 concen-
tration of 8.359%. At this concentration, the la-
boratory germinability of the test cultivars will be
as follows: Oplot - 4.21%, Adagumskiy - 5.21%,
Kharkovskiy Yantarnyy - 92.79% and Came-
lot = 97.78%. Such values will account for 99.6%
of the maximum variance. At a PEG-6000 con-
centration of 8.554%, the average LD, (% of non-
germinated seeds) across 4 genotypes is 50.94%,
and this is the maximum differentiating concen-
tration for them (Table 2).

Thus, 8.554% PEG-6000 is the most differen-
tiating concentration to assessing pea genetic re-
sources for drought tolerance in the early stages
of vegetation and can be recommended for fur-
ther screening of collections.

Similarly, the maximally differentiating con-
centrations of PEG-6000 were calculated at LD, :
the solution concentration for chickpea was
9.675%, and for lentil it was 19.544%. The ex-
pected seed germinability of the accessions
of each crop at given concentrations was also
estimated.

DISCUSSION

When working with genetic resources, the abil-
ity to study a large amount of accessions using

a standardized method is important. But as
the analysis of literary sources has shown, during
the operation of PEG-6000 there are no uniform
working concentrations, even for work within
the same crop. Studying the resistance of lentils
to drought on PEG-6000 solutions, scientists re-
search several concentrations simultaneously
on a small number of genoptypes: for example,
Dash et al. (2017) studied five accessions at nine
concentrations, Manijeh et al. (2018) 49 acces-
sions at three concentrations, and Muscolo (2014)
studied four genotypes at four concentrations.

In addition, varieties with large-seeded and
small-seeded lentil cultivars differ in drought
tolerance (Mishra et al., 2014), therefore, in our
research, we studied both subspecies accessions:
Krasnogradskaya 49 (macrosperma) and Step-
naya 244 (microsperma) were pre-selected as refer-
ences of drought tolerance for the corresponding
types. In our study, the genotype L 135 (micro-
sperma) significantly exceeded the other acces-
sions in the germination level. While the variety
Stepnaya 244 of the same subspecies was signifi-
cantly inferior to it and demonstrated drought tol-
erance at the macrosperma-varieties level, which
requires further study. According to Mishra et al.
(2016), a study of the drought tolerance of lentil
genotypes under drought-simulation conditions

Table 2. Predicted germinability of the test accessions at PEG-6000 concentrations with the maximum diffe-

rentiating capacity
Crop
Chickpea Lentil Pea
Germinability, % Germinability, % Germinability, %
) ) S
S 3 S 5 S
T |88 S | TS 2 | T3
Accession s Z o Accession K] Z O | Accession kS| Z o
E g g s g s
a o A ‘5 o A "E o A
3 ORr 3 o R 3 S
S S S
a a =
UD0500263 0.23 8.0  Krasnohradska49 29.49 24.0 Oplot 4.21 0.0
Rozanna 38.23 44.0 Svitanok 40.02 32.0  Adagumskiy  5.21 0.0
UD0500022 9597 920  Stepnaya244 3183 280 narkovskiy o, 00 geg
Yantarnyy
Dniprovskyl = 5 57 60,0 L 135 98.66 880  Camelot 9778 920
Vysokoroslyi

Variance 87.9 - -

93.0 - - 99.6 -
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at the stage of seed formation and filling using
mathematical indices and assessment of physi-
ological and biochemical parameters showed that
the microsperma subspecies were more resistant
to drought than macrosperma, as in physiological
and biochemical processes. Simulation of drought
using PEG-6000 at the germination fase, as in our
work, was carried out by Muscolo (2014), where
a significant variability in the amount of germinat-
ed lentil seeds on the third day of experiment was
also noted. The peak in the variability of the ger-
minability of the studied accessions was observed
at osmotic concentrations of 18 and 21%. Calcu-
lations of osmotic concentration having the maxi-
mum differentiating effect were not carried out. In
the researches of Morgil (2017) and Sinha (2018)
used concentrations were 15 and 18%, respective-
ly, but percentage germination was determined on
the seventh day. Both concentrations had a signifi-
cant stressful effect on lentil seedlings.

In our work, using the calculating of LD, , we
determined a working concentration of osmotic as
19.5%, the use of which will highlight the sources
of drought resistance lentil in the core collection of
NCPGRU. The effectiveness of using the technique
of germination on the PEG-6000 solution for as-
sessing drought tolerance was confirmed studying
the expression of genes responsible for biochemi-
cal and physiological stress reactions caused by
drought (Sinha et al., 2018).

The evaluation of chickpea accessions for
drought tolerance by the germination on osmotic
solution confirmed the previously obtained data:
genotype UD0500263 was the most susceptible to
drought (drought susceptibility index (DSI = 1.22)
(Vus et al.,, 2017)). In this study, as low concen-
tration as 5% decreased its germinability to 13%
related to the control. The cultivar Rozanna, used
as a reference in previous studies to evaluate col-
lection accessions in the eastern forest-steppe of
Ukraine, had a medium drought susceptibility
index and at a concentration of 5% reduced its
germinability by 29% (down to 71% related to
the control), and at 10% by 54%.

Accession UD0500022 did not show a sig-
nificant decrease in the germinability at a con-
centration of 10%, in contrast to Dniprovskyi
Vysokoroslyi (reference of tolerance by the sum
of drought tolerance indices) (100 and 63%, re-
spectively); at an osmotic concentration of 15%,

these accessions still preserved their germinabil-
ity, although it was much lower compared with
the control (52 and 13%, respectively), while seeds
of the accession UD0500263 and the cultivar Ro-
zanna did not germinate at all.

Kalefetoglu Macar (2009) analysed the ger-
minability of chickpea seeds in PEG-6000 solu-
tions with an osmotic potential of -0.4, —0.6 and
0.8 MPa; however, doses that inhibit growth pro-
cesses were not used.

Al-Saleh et al. (2019) studied five chickpea cul-
tivars at three concentrations of PEG-6000 (0, -3
and -6 bar), but did not notice a significant differ-
entiation in germination: 100, 93.67 and 70.73%,
respectively. Koskosidis et al. (2020) studied
the effect of different osmotic concentrations (0,
5, 10, 20, 30 and 50% PEG) to germination of ten
chickpea accessions of a different origin. The au-
thors found that a concentration of 50% is lethal
for seven out of ten cultivars, 30% for three, 20%
for one. In our study, a concentration of 25% was
lethal for all the studied accessions.

Salma et al. (2016) researched the resistance of
seven chickpea cultivars to drought at five con-
centrations of PEG-6000 (0, 20, 35, 50, 60 g/L)
and determined their significant differentiation.
The concentration of 35 g/l had the maximum dif-
ferentiation of germination of the studied chickpea
genotypes (from 0 to 100%). Such differences in
the data obtained by different authors can be ex-
plained by different genetic content of the studied
material, possibly by the edaphic factor and the in-
fluence of weather conditions during the growing
season.

Our study demonstrated that 9.7% PEG-6000
could maximally differentiate accessions and be
used for evaluation of large chickpea collections.
For further studies, we recommend using the ac-
cession UD0500022 as a reference of drought tol-
erance for the desi type and the cultivar Dniprovs-
kyi Vysokoroslyi for the kabuli type.

Pereira et al. (2020) studied the effect of seven
osmotic concentrations, including PEG-6000 (0,
-0.2, -0.4, -0.6, -0.8, -1.0 and -1.2 MPa) on pea
seed germination. It was found that seed germina-
tion is significantly reduced at a concentration of
-0.6 MPa of PEG-6000. The maximum decrease
of germination to 45% was at a concentration of
-1.2 MPa. Okgu et al. (2005) investigated the re-
sistance of three varieties of peas to drought when
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germinated on a PEG-6000 solution with an os-
motic potential (-2, -4, -6 and -8 bars). A signifi-
cant decrease in germination (from 11.6 to 80.3%)
was noted at -6 bars (-0.6 MPa) of PEG. Lethal
doses of PEG-6000 were not considered in these
works. Petrovi¢ et al. (2016) using a PEG-6000 so-
lution of two concentrations (-0.2, -0.3 MPa) in
two pea varieties showed a decrease in seed germi-
nation of both varieties to 79-83%. A significant
differentiation between PEG-6000 solutions of
these two concentrations was not observed. In our
study, a decrease in germination was observed at
various concentrations. So, in two varieties (Oplot,
Adagumsky) already at 10% there were no signs of
roots and shoots growth, Kharkovskiy Yantarnyy
completely stopped growth processes at 15%, and
Camelot at 25%. Therefore, the cultivar Camelot,
which in our study showed the maximum resist-
ance to the stress factor, was preliminary selected
as a standard for ranking drought tolerance of pea
accessions.

CONCLUSIONS

The estimated working concentration of solution
is 8.6% for pea, 9.7% for chickpea and 19.5% for
lentil. Accessions - references of drought toler-
ance for assessing collections were identified: cul-
tivar Camelot for pea, accession UD0500022 for
chickpea and L 135 for lentil. Further studies will
verify the method, evaluate collections and iden-
tify sources of drought tolerance in grain legumes.
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SKIRTINGU POLIETILENO GLIKOLIO
KONCENTRACIJU JTAKA ANKSTINIU AUGALU
ATSPARUMUI SAUSRAI

Santrauka
Straipsnyje aptariama skirtingy PEG-6000 koncentracijy jta-
ka zirniy, avinzirniy ir lesiy sékly dygimui.

Vertintas keturiy kiekvieno augalo sékly éminiy daigu-
mas 5, 10, 15, 20 ir 25 % koncentracijy PEG-6000 tirpaluo-
se. Rezultatai parodé, kad 25 % koncentracijos PEG-6000
tirpalas visiskai nuslopino visy augaly dygimg; 5 ir 10 %
koncentracijos PEG-6000 tirpalai neturéjo jtakos lesiy sékly
daigumui; didZiausias skirtumas buvo stebétas esant 20 % os-
mosinei koncentracijai. Avinzirniy daigy nebuvo aptikta net
naudojant 20 % koncentracijos PEG-6000 tirpala. Kai buvo
pasirinktas 15 % koncentracijos PEG-6000 tirpalas, sausrai
atspariy éminiy ‘UD0500022’ ir ‘Dniprovskyi Vysokoroslyi
veisliy séklos tik sudygo, o 5 ir 10 % koncentracijos tirpaly
naudojimas atskleidé didziausius poveikio skirtumus. Zirniy
sékly daigumo skirtingy koncentracijy PEG-6000 tirpaluo-
se tyrimai parodé, kad tik vieno éminio séklos sudygo 20 ir
15 % koncentracijos tirpaluose; du éminiai — esant 10 % kon-
centracijai; 5 % tirpalas beveik neturéjo jtakos Zirniy sékly
daigumui.

Raktazodziai: Cicer arietinum L., daigumas, Lens culi-
naris Medik, metodas, Pisum sativum L., veisles, séklos



