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Abstract

Lucerne has multifunctional value: it is a source of a high-protein forage for farm animals and valuable
raw materials for pharmaceutical industry. The purpose of this work was studying of features of intra
population variability of a lucerne with a mf-mutation on a complex of the qualitative signs, valuable
as for the forage production as well as for the pharmaceutical industry. In the years 2016-2018,
researchers of the 30 breed population, received as a result of an individual selections from a breed
lucerne Krasnoyaruzhskaya 1 on the basis of a high expression of a mutation of multifoliolation (mf-
mutation). The high variability of a population of the lucerne in the posterity of the second generation
on the basis of expressiveness of the mf-mutation was established. The breed population was
distributed by the index of an expression of the mf-mutation as follows: the group with low
expressiveness of the sign included 52.8% of numbers, 9.9% of the numbers had the index of an
expression up to the standard, 36.3% of the breed population exceeded the standard for 9.3-62.7%.
As a result of researches the direct correlation between degree of an expression of the mf-mutation
and the feeding efficiency of a lucerne is not revealed. There was established the breed population
SP-11 at which the high expression of the mf-mutation and high efficiency of the elevated phytoweight
against the background of the low maintenance of saponin and antotcyanin. The population of SP-
11 will be included in the selection program for the creation of the lucerne breeds with a high fodder
quality. The breed population SP-23, SP-24, SP-28 has a high expression of the mf-mutation, high

T | T~ | efficiency of the elevated phytoweight against the background of the high content of the biologically
& . active agents (saponins and antocyanins). These forms will be included in the selection program for
s s | creation of breeds of a lucerne with the high content of biologically active agents for the
s+ M= | pharmaceutical industry.
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INTRODUCTION multifoliolation (mf-mutation). The mutation is controlled

Lucerne is one of the leading world agricultural
cultures which has multifunctional value. On the one
hand the lucerne is a source of a high-protein forage for
farm animals, and with another it gives the valuable raw
materials for the pharmaceutical industry (Bian et al.
2017, Chen et al. 2017, El-Dabae et al. 2018, Ford and
Claydon 2011, Hassan et al. 2010, Ivanova et al. 2015,
Kayce et al. 2017, Lamb et al. 2007, Vogel et al. 2013).

The important direction of researches of a lucerne is
a studying of a recessive genetic mutation of a

by a recessive factor (mj) and two more factors
influencing its manifestation (Petkova 2003, Petkova
and Djukic 2007, Petkova and Panayotova 2007,
Popescu et al. 2016, VysSniauskiené et al. 2015,
Yancheva et al. 2012).

The genotypes with a high expression of a mutation
show high quality of a forage (decrease in a content of
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an anti-nutrients and increase in efficiency of elevated
weight) (Bingham and Murphy 1965, Petkova 2003,
2010, Petkova and Djukic 2007, Petkova and
Panayotova 2007, Rumbaugh 1971, Sheaffer et al.
1995, Tashiro 2009).

The mutation demonstrates most obviously in difficult
ecological conditions (Dumacheva and Cheriavskih
2013, Dumacheva et al. 2015, 2018).

Studying of biological resources of a lucerne and
issues of its selection are directed to receive forms with
high phytoefficiency (Jones et al. 2003, Juan et al. 1993,
Popovic et al. 2001, Lamb et al. 2006, Veronesi et al.
2006, 2010).

The only shortcoming at cultivation of a lucerne for a
forage is contents in its green material of high amount of
biologically active agents causing diseases of
ruminants, in particular saponin. Saponins are complex
organic compounds with a high biological activity of
glycosidic character. They belong to group of
substances the water solutions of wich forms the
resistant foam, similar to soap (Bissinger et al. 2014,
Mugford and Osbourn 2013, Rumbaugh 1971,
Sadowska et al. 2014).

In this regard, at the selection on the fodder purposes
there is conducted selection of forms with the low
maintenance of saponin (Dumacheva et al. 2015, 2018,
Dumacheva and Cheriavskih 2013).

However, vegetable saponins are wused in
pharmaceutical industry as initial raw materials for
synthesis of steroid hormonal medicines, anti-diabetic,
all-strengthening, positively influencing the
cardiovascular system of the person (Kovalev et al.
2017, Mugford and Osbourn 2013, Sadowska et al.
2014).

The work purpose — features studying of the intra
population variability of a lucerne with a mf-mutation on
a complex of the qualitative signs valuable to forage
production and the pharmaceutical industry.

MATERIALS AND METHODS

Lucerne was explored in 2016-2018 on the selection
site of CJSC “Krasnoyaruzhsky Grain Company». The
soil: chernozem typical carbonate of medium power and
of low-humus heavy-loamy on a chalk residual soil. The
humus content before starting the experiment if 3.12-
3.56%, pHKCI — 7.35-7.42. The content of the easily
hydrolyzed nitrogen is 77-78 mg/kg, P2Os according to
Machigin is 11.8-12.0 mg/kg, K2O — 208-212 mg/kg.
Weather conditions on the sums of temperatures and
quantities draft were close to average long-term values
(Dumacheva and Cheriavskih 2013, Dumacheva et al.
2018, Lisetskii et al. 2010).

As the object were served 30 type population
received as a result of the individual selections from the
breed lucerne Krasnoyaruzhskaya 1. The sign of a mf-
mutation was marker sign for carrying out selection. As
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the uterine plants for selections were individuals with the
index of an expression mf 3. The efficiency of the
elevated phytoweight was the second marker sign for
selections.

The index of an expression was calculated as the
sum of works of plants number (escapes) which are in
each category mf on total number of plants (stalks) in
population. Categories mf: 0 — lack of a mutation, 1 — 1
mf-leaf on 1 stalk, 2 — 2-3 mf-leaves on 1 stalk, 3 — 4-5
mf-leaves on 1 stalk, 4 — 6-7 mf-leaves on 1 stalk, 5 —
more than 8 mf-leaves on 1 stalk (Sheaffer et al. 1995).

The descendants of uterine plants (F2) were sowed
on separate allotments (length — 1 m, a row-spacing —
0.4 m). As a standard was the sort Krasnoyaruzhskaya
1. Researches were conducted in fivefold biological
frequency, with plants of the 1st hay crop. A harvest of
an elevated phytoweight was defined (kg/sq.m of a.s.c.).

The level of the anthocyanin pigments was
determined by the scale: 0 — absence, 1 — coloring on
the basis of scapes, 2 — on the basis of a stalk, 3 —
coloring on a stalk except for scapes, 4 — coloring on all
stalk, 5 — bright coloring of a stalk and scapes.

The content of saponins was calculated on foaming
coefficient with use of a physical method. The foam-
forming activity was defined on the 3rd to a ball scale: 1
point — weak foaming, no more than 15 sec.; 2 points —
average foaming, no more than 15-30 sec.; 3 points —
strong foaming, reaction keep more than 1 min.
(Rumbaugh 1971).

Statistical data processing was carried out with the
use of the common software Microsoft Excel (2010).

RESULTS AND DISCUSSION

The high population variability of a lucerne in
descendants of the second generation on the basis of
expressiveness of a mf-mutation was set. The breed
population was distributed by the index of an expression
of a mf-mutation as follows: the group with low
expressiveness of sign in comparison with the standard
included 52.8% of numbers, 9.9% of numbers had the
index of an expression up to the standard, 36.3% of the
breed population exceeded the standard on
expressiveness of sign for 9.3-62.7% (tab. 1). SP-23
breed population had the maximum index — 2.62.
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Table 1. Intra population variability of M. varia Mart. According to expression sign of an mf~-mutation in the generation F2

(on an average 2016-2018)

Index of the mf-mutation expression

Breed population

1.61+0.04 St
<sT SP-1, SP-2, SP-3, SP-4, SP-5, SP-7, SP-9, SP-10 ,SP-13, SP-14, SP-17, SP-19, SP-22, SP-25,
SP-29, SP-30
On the stage ST SP-6, SP-8, SP-26,
> ST SP-11, SP-12, SP-15, SP-16, SP-18, SP-20, SP-21, SP-23, SP-24, SP-25, SP-27, SP-28

Table 2. Intrapopulation variability of M. varia Mart. on collecting of solid material in the generation F2 (on an average

2016-2018)
Collecting elevated phytoweight, kg/sq.m Breed population
0.87+0.02 St
<ST SP- 2, SP-3, SP-5, SP-8, SP-12, SP-13, SP-14, SP-16, SP-17, SP-18, SP-19, SP-20, SP-21
On the stage ST SP-4, SP-6, SP-9, SP-15, SP-22
>ST SP-1, SP-7, SP-10, SP-11, SP-23, SP-24, SP-25 SP-26, SP-27, SP-28, SP-29, SP-30

Table 3. Intrapopulation variability of M. varia Mart. on degree of expressiveness of antacyan coloring in the generation F2

(on an average 2016-2018)

Antacyans contents, rating

Breed population

1.94+0.06 St
<S8T SP-8, SP-9, SP-11, SP-16, SP-17,
On the stage ST SP-1 - SP-4, SP-6, SP-7, SP-10, SP-12, SP-13, SP-14, SP-18, SP-19, SP-20, SP-21, SP-22, SP-
23, SP-25, SP-26, SP-28, SP-29, SP-30
> 8T SP-5, SP-15, SP-24, SP-27

Table 4. Intrapopulation variability of M. varia Mart. on the basis of foaming in the generation F2 (on an average 2016-

2018)
Foaming coefficient Breed population
1.0 St
<ST SP-7, SP-11, SP-20
On the stage ST SP -1, SP-4, SP-6, SP-8, SP-14, SP-17, SP-18, SP-19, SP-21, SP-26, SP-27
>sT SP-3, SP-5, SP-7, SP-9, SP-10, SP-12, SP-13, SP-15, SP-16, SP-22, SP-23, SP-24, SP-25, SP-

28, SP-29, SP-30

According to a number of authors, the high degree of
an expression of a mf-mutation directly correlates with
efficiency of elevated phytoweight. The productivity of
the elevated phytoweight the studied breed population
were distributed as shown in Table 2.

The studied varieties showed rather high population
variability on an indicator of collecting dry basis of the
elevated phytoweight. At the same time, 42.9% of
varieties of the elevated efficiency changed ranging from
0:29 up to 0.77 kg/sq.m, 16.5% of variety had a
collecting elevated phytoweight up to the standard, at
39.6% — exceeded the standard on average for 12.2-
72.5%. The maximum efficiency was shown by numbers
SP-24 and SP-28 — 1.48 and 1.50 kg/sq.m respectively.

Antocyans are important biologically active agents
increasing resistance to stress of plants. In separate
researches the part of marker signs of ecological fitness
is assigned to them (Dumacheva and Cheriavskih 2013,
Dumacheva et al. 2015, 2018).

The intrapopulation variability of the individuals in F2
posterity on the basis contents of the antacyans
pigments is presented in the Table 3. Those data
confirm low variation of this sign at the studied variety.

Only 16.5% of breed population of an individual had
low expressiveness of this sign, and 16.5% had high (at
the level of 3-4 points). 77.0% of the breed population
had the level of antocyans on a ball scale conformed to
the standard.

The evaluation of saponin contents by determination
of coefficient of foaming allowed to establish high
intrapopulation variability on this sign (Table 4). The
breed population were distributed in a next way: 36.3%
had foaming coefficient up to the standard; 9.9% — below
the standard — at the level of 0.4-0.8; 36.3% of the breed
population coefficient of foaming was an average and
did not exceed coefficient 2. 16.5% of breed population
(SP-3, SP-23, SP-24, SP-28, SP-30) had a high
coefficient of foaming and reached level 3.

Between an indicator of foaming and the saponin
content at a lucerne the high correlation dependence at
the level of 0.77-0.81 is established (Streltsina et al.
2001).

It gives us the reason to believe that at lucerne breed
samples with the high coefficient of foaming in our
researches the content of saponins are also high. On the
basis of the maintenance of saponins it is possible to
conduct the further selection on high fodder efficiency
with the low content of saponin for forage production and
also with the high content of saponin for use as raw
materials for pharmaceutical industry.

CONCLUSION

In the F2 lucerne posterity received as a result of the
individual selections, the direct correlation between
expressiveness of a mf-mutation and fodder efficiency is
not established.
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The breed population SP-11 is separated and its
individuals have a high expression of a mf-mutation and
high efficiency of elevated phytoweight against the
background of the low content of biologically active
agents potentially dangerous to ruminants — saponin
and antocyan is allocated. The population SP-11 will be
included in the selection program for creation of a
lucerne breeds with high fodder qualities.

Cherniavskih et al.

There are allocated the breed populations SP-23,
SP-24, SP-28 which, against the background of a high
expression of a mf-mutation and high efficiency of
elevated phytoweight, has the high content of
biologically active agents (saponin and antotsian).

These breed populations is planned to include in the
selection program for creation of the lucerne breeds with
a high content of biologically active agents for use in the

pharmaceutical industry.
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