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Abstract

According to the data obtained in 2019-2020, a noticeable decrease in seed germination to 84-94% in sterile female
parent lines of Sorghum was found when the concentration of NaCl in the solution was 1.0%, and at 1.5% it
decreased to 23-80%. The lowest performance (23%) was obtained in A-63 line. Paternal varieties of Sudan grass
reduce germination to 68-87% with 1.0 NaCl and to 45-74% with 1.5% of salinity. The most significant seed
germination of Sudan grass with 1.0% of salinity (82-87%) was found in Zemlyachka, Sputnitsa and Zlata varieties
with a solution concentration of 1.5% in Zemlyachka (74%). Among the other varieties of Sudan grass, the most
salt-tolerant were Alexandrina and Violeta varieties. In the Bulgarian variety SVE, when NaCl concentration in the
soil solution was 1.0%, the seed germination rate was 82%, and when its concentration increased to 1.5%, it was
32%. In the obtained Sorghum-Sudan hybrids with 0.6% salt concentration, seed germination decreased to 67-96%,
but most of all (96%) it was obtained in the combinations of Zersta 90C x Sputnitsa and A-63 x Nika. The highest
seed germination with 1.0% — 1.5% saturation of NaCl solution was obtained in the recognized hybrids Zersta 90C
x Zemlyachka, Zersta 90C x Sputnitsa, and the combination of Knyazhna x Sputnitsa. The increase in concentration
of the soil solution significantly reduces the length of the shoots and roots of the seedlings to 1.6 — 3.4 cm with 1.0%
NaCl con-centration and 0.7 — 2.4 cm in the variant with 1.5% of salt presence. In the Navi-gator and Gvardeets
hybrids, the length of seedlings with high salt concentration (0.6-1.5%) was the highest.
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INTRODUCTION

The area of solonetz in the Stavropol Territory
is 1.5 million hectares. The main features of
these soils are high density and cloddy
structure [12]. pH of chernozem and chestnut
soils in the region on an area of 38-43% is
6.9-8.0. The soil salinity is one of the main
negative factors that reduces the productivity
of agricultural production [7]. The amount of
exchangeable sodium in solonetzic soils
reaches 15-20%, and in solonetz soils more
than 20% of the base exchange capacity. At
the same time, solonetz soils are relatively
rich in nutrient elements. The cultiva-tion of
salt-tolerant crops is effective on such soils
[5].

Russian and foreign varieties, hybrids and
sterile lines of Sweet sorghum, Sudan grass,

and Sorghum-Sudan hybrids have a relatively
high  drought resistance  (transpiration
coefficient 230-300), but their cultivation in
the North Caucasus is often combined with a
high concentration of NaCl in the soil [4, 13].
To create salt-tolerant hybrids and varieties,
special breeding programs for sorghum crops
are carried out [8, 12]. The species
composition, variety assortment and salinity
tolerance largely determine the time of sowing
and the density of Sudan grass and Sorghum-
Sudan hybrids [6].

Literature sources show that the use of NH4*
increases the salt tolerance of plants by
limiting the accumulation of Na* [15]. In
Sweet sorghum, the concentration of Na* in
the roots decreases, which ensures their low
concentration in the shoots by protecting the
photosynthesis structures [18, 19]. Under
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conditions of salinity stress, Arabidopsis
improves the ability of photosynthesis [9].
Wheat increases salt tolerance when its seeds
are treated with sorghum extracts [3].
Jasmonic and humic acids improve the salt
tolerance of plants due to an increase in
antioxidant enzymes [2, 14]. The increased
activity of such enzymes points to better
compartmentalization of Na® under salinity
stress condition [1]. Transgenic hybrids in
conditions of significant salinity of the soil
show higher concentration of chlorophyll and
provide better yields [11]. The locuses of
quantitative traits of salinity stress adaptibility
serve as target sites for selection using marker
assisted selection (MAS) to improve salt
tolerance [17].

The aim of the research is to clarify the
methods of laboratory evaluation of salt
tolerance and to determine its level under
exogenous exposure to sodium chloride
(NaCl) in new varieties of Sudan grass, sterile
female parent lines of Sorghum, and the
degree of inheritance of this trait in Sorghum-
Sudan hybrids obtained on their basis.

MATERIALS AND METHODS

In the arid conditions of the North Caucasus,
information about the degree of salt tolerance
of sorghum plants during the first growing
season contributes to their profitable
cultivation on saline soils. Clarification of the
conditions of seed cultivation, NaCl
concentrations, and the study of the results of
their growth under saline conditions was the
aim of the research. Seeds of the same size
without visible infection and damage were
selected for trial establishment. They were
sprouted in sterile Petri dishes. The sample
size was 100 seeds in four-fold replication for
each variant. The seeds were germinated on
filter paper moistened with distilled water
(control) or salt solutions (experimental
versions). The concentration of NaCl in the
solution was 0.15%, 0.3, 0.6, 1.0, and 1.5%.
All variants were kept for 8 days in an
aeration bath with the temperature of 24-25°C.
We took into account the energy and
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laboratory germination, the length of the shoot
and root. The basis for the evaluation of salt
tolerance was the methods of Ivanov Yu.M.,
Udovenko G.V. [10], Semushkina L.A. [16]
and our own research [12].

In the experiment, we studied the seeds of 4
sterile female parent lines of Sorghum (Zersta
90C, Zersta 38A, A-63, Knyazhna), 5
varieties of Sudan grass (Zemlyachka,
Sputnitsa, Nika, Zlata, Sofia) — fertility
restorers (Table 1) and 11 new Sorghum-
Sudan hybrids obtained on their basis (Table
2). The Navigator (Zersta 90S x Zemlyachka)
and Gvardeets (Zersta 90S Xx Sputnitsa)
hybrids have been in the register of selective
breeding results of the Russian Federation
from 2007 to 2020, respectively. Salt
tolerance of 11 varieties of Sudan grass
selected by other Russian and foreign
breeding centers was determined (Table 3).

RESULTS AND DISCUSSIONS

Minimal growth inhibition and accumulation
of biological mass of seedlings of the studied
plants in a solution of NaCl in comparison
with the control version indicates the stability
of the sample. In the results of salt tolerance
studies presented in tables 1 — 3, a high seed
germination rate was established on the
control variant without NaCl, the minimum
experiment rate of which was 92%.

0.15% solution concentration in some cases
increases the seed germination in comparison
with the control. A noticeable decrease in
germination to 84-94% in sterile female
parent lines was found at 1.0% NaCl, and at
1.5% it decreased to 23-80%. The lowest rate
(23%) was obtained at the A-63 line.

Paternal varieties of Sudan grass reduced
germination to 68-87% at 1.0% NacCl
concentration and to 45-74% at 1.5% salinity.
The most significant seed germination at 1.0%
salinity (82-87%) was obtained in the varieties
Zemlyachka, Sputnitsa and Zlata, at 1.5%
solution concentration — in Zemlyachka (74%)
and Nika (62%).
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Table 1. Seed germination and the length of seedlings of the seed parents, depending on the degree of salinity of the

aqueous solution

Name of Control, without NaCl NaCl concentration
the variety, 0.3% 0.6% 1.0% 1.5%
line seed length, cm seed length, cm seed length, cm seed length, cm seed length, cm
germination, | shoot root | germination, | shoot | root | germination, | shoot | root | germination, | shoot | root | germination, [ shoot | root
% % % % %
Sterile female parent lines of Sorghum
Zersta 90C 98 6.6 6.8 94 7.6 55 92 7.0 5.9 90 5.1 2.2 44 2.4 0.7
Zersta 38A 99 7.1 7.5 96 6.2 6.1 97 4.0 6.2 94 3.0 5.5 76 13 2.2
A-63 99 7.0 6.7 91 6.7 4.5 89 3.8 5.9 84 3.0 34 23 14 1.2
Knyazhna 99 7.7 8.9 98 6.2 6.7 90 6.4 5.3 90 5.8 5.3 80 2.7 2.1
Paternal varieties of Sudan grass — fertility restorers

Zemlyachka 98 9.2 9.6 90 7.1 4.7 89 6.5 4.6 87 2.3 2.3 74 1.4 0.9
Sputnitsa 98 9.8 9.6 94 9.1 7.8 93 6.2 7.6 82 2.0 1.6 45 0.9 1.0
Nika 98 8.9 10.5 98 8.5 9.7 97 5.9 3.8 68 5.3 2.1 62 14 11
Zlata 99 9.0 12.5 9.8 9.1 6.3 97 5.7 5.8 82 5.0 5.9 52 0.3 0.5
Sofia 97 7.8 11.7 93 6.7 9.0 89 5.5 6.0 76 4.3 5.0 49 2.6 2.0

Table 2. Influence of soil salinity of NaCl on germination rates and seedling length of the new obtained Sorghum-

Sudan hybrids

Name of the hybrid Control, without NaCl NaCl concentration
0.3% 0.6% 1.0% 1.5%
seed length, cm seed length, cm seed length, cm seed length, cm seed length, cm
germinat shoot root germinat shoot root germinat shoot root germinat shoot root germinat shoot root
ion, % ion, % ion, % ion, % ion, %
Zesta  90C - x 99 8.9 10.3 95 73 8.9 91 6.8 6.9 68 23 34 22 09 | 18
Zemlyachka
Zersta  90C  x 9% 76 | 113 97 73 | 102 9% 57 | 74 63 23 33 19 10 | 17
Sputnitsa
A-63 x Sputnitsa 96 6.8 9.6 89 6.7 6.9 73 4.6 6.5 42 1.8 2.0 8 0.5 1.1
Zersta 90C x Nika 94 9.0 9.5 94 7.0 7.9 89 4.4 6.3 34 1.1 2.9 17 0.9 1.2
A-63 x Nika 99 7.9 10.5 97 53 8.0 96 52 7.2 73 2.3 3.8 9 0.8 1.2
Zersta 38A x Nika 97 7.3 8.8 95 7.0 7.7 78 34 6.1 51 2.8 4.2 4 0.9 1.7
Knyazhna x Nika 97 74 8.7 81 5.0 5.2 67 4.1 3.5 44 33 2.5 10 1.0 0.8
Zersta - 38A - x 99 71 | 119 9% 52 | 97 82 41 | 59 39 27 | 41 8 06 | 16
Sputnitsa
Knyazhna x Sputnitsa 99 6.3 6.0 96 6.7 5.2 88 4.2 5.0 62 1.8 0.6 39 0.5 0.5
Zersta 90C x Sofia 98 8.4 9.9 95 5.1 6.8 78 3.8 6.5 59 32 3.1 10 1.0 2.2
Zersta 90C x Zlata 99 7.3 9.0 94 5.8 7.6 89 2.8 5.4 50 2.0 2.5 12 0.8 1.4
Source: developed by the authors based on [10].
Table 3. Seed germination rates depending on the degree of soil salinity in varieties of Sudan grass
Name of the Control, without NaCl NaCl concentration
variety 0.3% 0.6% 1.0% 1.5%
seed length, cm seed length, cm seed length, cm seed length, cm seed length, cm
germinati shoot root germinat shoot root germinati shoot root germinat shoot root germinat shoot root
on, % ion, % on, % ion, % ion, %

Alexandrina 97 7.0 7.5 92 5.9 6.9 92 6.1 5.1 82 3.1 3.1 57 1.8 1.9
Anastasia 97 7.3 6.8 94 6.7 6.0 91 6.2 5.9 81 4.5 5.0 43 1.3 1.2
Fioleta 92 10.2 11.7 86 8.5 6.6 80 6.2 7.0 72 6.9 4.6 51 1.6 0.7
Sg””grads“aya 93 9.4 6.4 78 82 57 75 7.2 42 69 40 2.9 14 2.0 05
SVE Bulgaria 99 6.8 10.7 95 4.6 6.7 93 4.0 6.3 82 2.7 3.7 32 0.3 2.0
Udacha 96 5.1 8.3 98 5.0 6.4 90 4.4 8.7 78 3.1 5.1 17 0.6 0.7
Mechta Povolzhya 98 10.3 14.3 98 8.3 12.1 94 6.1 6.7 65 1.5 1.9 54 0.4 1.0
Spartanka 98 7.1 8.6 93 6.2 6.9 88 3.5 4.7 63 2.8 35 23 2.3 1.8
Evgenia 94 8.5 11.6 90 8.0 12.9 80 6.9 12.7 74 4.7 7.1 53 13 0.5
Yubilejnaya 20 92 10.2 9.6 89 8.7 9.2 77 7.0 6.3 65 1.7 25 28 1.3 1.0
Zonalnaya 6 97 8.9 8.1 95 6.5 6.9 87 2.3 3.6 81 3.2 1.9 27 0.6 0.5

Source: developed by the authors based on [10]'.

In the obtained Sorghum-Sudan hybrids, the
seed germination in the control variant and at
0.15% solution concentration had the same
rate and varied within 93-99%. Increasing the
degree of salinity to 0.3% reduced seed
germination by 2-8%. At a solution
concentration of 0.6%, the germination rate
decreased to 67-96%. The lowest (67%) rate
was in the new hybrid Knyazhna x Nika, and
the highest (96%) in the combinations of
Zersta 90C x Sputnitsa (Gvardeets) and A-63
x Nika. Increasing the NaCl content to 1.0%
and 1.5% reduced the germination rate to 34-
73% and 4-39%, respectively. The highest

seed germination at 1.0% and 1.5% NaCl
concentration was obtained in recognized
Navigator hybrids, Gvardeets and Knyazhna x
Sputnitsa combinations.

In A-63 x Nika, 1.0% concentration of the
solution provided seed germination of 73%,
and 1.5% — 9%. Thus, taking into account
high doses of NaCl (1.0%), the maximum
germination rates were obtained in Sorghum-
Sudan hybrids Navigator, Gvardeets, A-63 X
Nika, Knyazhna x Sputnitsa. In the presence
of salt in the solution of 0.6% or less in the
above combinations, the seed germination had
standard rates. The solution concentration of
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1.5% reduces the germination rate in these
variants to 9-39%. At the same time, at this
concentration, the germination rate of the
female parent of Zersta 38A was 76%, the
male parent of Zemlyachka — 74%, Nika —
62%.

Seed germination rates are important but in
most cases they are approximate and do not
always correlate with the true salt tolerance of
varieties and hybrids of sorghum crops. A
more significant correlation with productivity
in the field was established when evaluating
salt tolerance according to the length of the
shoots and roots of the sprouts [10, 12].

When a minimum dose of NaCl (0.15%) was
added to the solution, in addition to a slight
change in germination, the sizes of the root
and shoot also fluctuated. In comparison with
the control, the concentration of 0.15% in
sterile lines increased the length of the shoot
by an average of 0.3-0.4 cm, and the root by
1.5 cm. The paternal varieties of Sudan grass
showed a decrease in the length of the shoot
by 1.9 cm, and the root by 2.9 cm.

In Sorghum-Sudan hybrids, the averaged data
also show a decrease in the size of the shoot to
3.3 cm and the root by 0.9 cm when sowing in
a solution with a minimum salt concentration.
The increase in NaCl concentration to 0.3%
also did not cause a significant reduction in
the length of the shoot and root of seedlings in
comparison with the control data. In most
variants, the rates were similar to the data, as
at 0.15% salt concentration. The increase in
NaCl to 0.6% provided a slight decrease in the
length of the shoot in comparison with the
control by 1.8-2.9 cm and 2.0-5.4 cm of the
root, but in general these rates had high values
—4.8-6.0 cm.

A significant reduction in the length of
seedlings was found with an increase in NaCl
concentration to 1.0% -2.2-4.4 cm in the
shoots and 2.4-3.9 cm in the roots. 1.5% salt
concentration reduced these values to 0.8-2.0
cm and 1.3-1.5 cm, respectively. At a salt
solution concentration of 1.0-1.5 %, there is a
decrease in the length of Sorghum-Sudan
hybrid seedlings in comparison with their
seed parents by 1.2-1.5 cm. At a salinity of
0.15-0.6%, such variations were not
established.
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In the sterile line of Zersta 90C, fertility
restorers of the varieties of Sudan grass
Zemlyachka, Sputnitsa, as well as obtained on
their base recognized Sorghum-Sudan hybrids
Navigator (Zersta 90C x Zemlyachka) and the
new combination of Gvardeets (Zersta 90C x
Sputnitsa), the length of the shoot and root of
the seedlings with NaCl concentration of 0.15
and 0.3% were identical to the values of the
standard variants. The solution concentration
of 0.6% tended to slightly reduce the length of
the shoot of the seedlings by 0.6-2.9 cm and
the root by 0.1-2.8 cm. At the same time, the
length of the shoot and the Navigator hybrid
had a value of 6.8 cm, and the root of 6.9 cm.
The average data of their parents were 5.3 cm
and 6.7 cm, respectively.

The new hybrid Gvardeets had similar
measurements in the shoot — 5.7 cm, the root
— 7.4 cm, and their seed parents had 6.6 cm
and 6.8 cm. This indicates a better toleration
of the roots of the seedlings of both hybrids
and the shoot of the seedlings of the Navigator
hybrid to salinization with 0.6% solution.

The further increase in the concentration of
the soil solution significantly reduced the
length of the seedlings to 1.6-3.4 cm with
1.0% NaCl concentration and 0.7-2.4 c¢cm in
the 1.5% variant. As with 0.6% salt
concentration in Sorghum-Sudan hybrids in
comparison  with  the shoot, longer
measurements were obtained in the roots —
0.95 cm and 1.75 cm, respectively, with 1.5%
NaCl concentration and 2.3 cm and 3.4 cm in
1.0% solution. As for their seed parents, a
certain pattern in the size of the roots and
shoots was not established. In the Navigator
and Gvardeets hybrids, the size measures of
the shoots and roots at a salt concentration of
0.6-1.5% were among the highest. The
significant measurements of the shoot length
were obtained in the combinations of Zersta
90C x Sofia and Knyazhna x Nika, the root
length — Zersta 90C x Sofia, Zersta 38A X
Sputnitsa and Zersta 38A x Nika. Among the
other varieties of Sudan grass, the most salt-
tolerant were the varieties of Alexandrina and
Fioleta. In the Bulgarian variety SVE, with
1.0% NaCl concentration in the solution, the
seed germination rate was 82%, but with its
increase to 1.5% — 32%.
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The increase in the level of salt tolerance
among the obtained Sorghum-Sudan hybrids
in comparison with their seed parents was not
established.

CONCLUSIONS

The most significant seed germination of the
Sudan grass at 1.0% salinity (82-87%) was
obtained from the Zemlyachka, Sputnitsa and
Zlata. At 1.5% solution concentration — in
Zemlyachka (74%) and Nika (62%).

In Sorghum-Sudan hybrids with 1.0% NaCl
salinity, the maximum germination rate was
obtained in Navigator (68%), Gvardeets
(63%), A-63 x Nika (73%) and Knyazhna x
Sputnitsa (62%). With 0.6% salt concentration
or less, the germination rate was standard.

At 0.6-1.5% salt solution concentration, the
most significant size measurements of the
shoots and roots were found in the Navigator
and Gvardeets hybrids.

The increase in the level of salt tolerance
among the obtained Sorghum-Sudan hybrids
in comparison with their seed parents was not
established.
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