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We studied the effect of chemical mutagens EMS, NMU and a new mutagen
DG-2 on the traits of Nigella damascena L. variety Bereginya in the
generation M;. It was found that the treatment of love-in-a-mist seeds with
these substances changed such characteristics as plant survival, plant
height, and the number of seeds per plant. The greatest influence on these
indicators was exerted by nitrosomethylurea. In our study, all chemical
mutagens led to a decrease in plant survival and mainly caused plant
oppression. In all treatments, a decrease in the total plant height was
revealed in comparison with the control. In some cases the number of seeds
per plant has decreased. The tested mutagens caused the appearance of
morphoses in plants with a frequency of 3.87% to 0.48%, characterized by a
change in color and shape of the leaves and the plant dwarfism. The
appearance of plants with altered characteristics in the M1 generation
assumes hereditary mutations of a different nature in the subsequent
generations.

Keywords: Nigella damascena, love-in-a-mist, mutagenesis, M; generation, EMS,
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Introduction. Recently, there has been an increase in interest in new crops
with economically valuable traits. These include Nigella damascena L., also known as
nigella or love-in-a-mist, from the genus Nigella. The genus Nigella (Nigella L.)
belongs to the Buttercup family (Ranunculaceae Juss.) It comprises around 20 species
common in the countries of the East and Southern Europe, the Caucasus, and Central
Asia (Hosseinzadeh, 2014). The species Nigella damascena L. has a wide range of
useful properties. It is gaining more and more importance as a medicinal, spicy-
aromatic, essential oil plant in the field of medicine, ornamental gardening, in the food
industry (Sieniawska, 2018). To increase the growing area under nigella it is necessary
to develop new highly prolific varieties with valuable traits that meet the requirements
of commaodity producers and raw material processors.

Breeding methods can improve the crop, for example, increase its yield
potential and adaptability. According to literature data average seed yield of Nigella
damascena L. ranged from 172.1 g/m? (Isakova et al, 2015), to 277.2 g/m® and
310.0 g/m® in two varieties of Belarusian selection Radast and Sunichny Vodar
respectively (Prokhorov et al, 2020). In production crops yield of closely related
species N. sativa ranges from 0,9 to 1,0 t/ha thus providing ample opportunities for
breeding (Kizil, 2005).

One of the methods capable to expand the range of hereditary variability in any
plant species is induced mutagenesis, chemical mutagenesis in particular. The use of
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experimental mutagenesis allows to effectively change the genotype of a cultivated
plant, to improve specific traits, and obtain new properties and traits that are not found
in nature (Lyakh et al, 2009). Experimental chemical mutagenesis, due to its
comparative availability and low cost, is still a relevant and effective breeding tool
today.

The aim of this work was to study the survival rate, the frequency of
morphoses, and the variability of some morphometric characteristics of plants of the
nigella variety Bereginya in the M; generation under the influence of various chemical
mutagens.

Material and Methods. The air-dry seeds of the Bereginya variety were treated
with chemical mutagens - ethyl methanesulfonate (EMS), nitrosomethylurea (NMU)
and a new chemical mutagen DG-2 (a complex of 3-N, N-dimethylaminosulfolane with
dimethyl sulfate) (Tigova, Soroka, 2016). In each variant 350 seeds were treated in one
replication. Seeds in cotton bags were soaked in 0.01 and 0.05% aqueous solutions of
EMS and NMU mutagens, and 0.5 and 0.05% aqueous solutions of DG-2. As a control
seeds of the corresponding variety were used, which were soaked in distilled water.
The treatment exposure was 6 and 16 hours. After the treatment, seeds of each variant
were washed for an hour under running water, and on the same day they were sown in
2.5 m long rows with 20 cm spacing. Before flowering, nigella plants were isolated
with individual micro-perforated polypropylene pollination bags. Observation of plants
in experimental and control treatmens was carried out in the experimental plots of the
Institute of Oilseed Crops of the National Academy of Agrarian Sciences of Ukraine.

To analyze the effect of the mutagen on plants in the My generation, we studied
such characteristics as plant survival rate, the presence of morphoses, as well as a
number of morphological traits (plant height, number of lateral shoots on the main
stem, number of capsules per plant, and number of seeds per plant). During the
growing season phenological observations were carried out, counted plants with altered
morphological characteristics. Morphoses were isolated by visual inspection of plants
during the main phases of the vegetation period. Harvesting from the experimental
plots was carried out manually. The number of surviving plants was counted 6 weeks
after sowing.

The observation results were calculated using standard mathematical and
statistical methods (Natan et al, 2004). The main statistical characteristics of the

guantitative change in the studied parameters were the arithmetic mean ( X ), variance
(s, standard deviation (s), and the standard error of the mean (s). The significance of
deviations of the experimental data from the control was evaluated by the Student's t-
test.

Results and their Discussion

Evaluation of the response of plants in the M; generation to the action of
mutagens is necessary to determine the degree of toxicity of the mutagen and the
sensitivity of plants, optimal and critical doses, in order to rationally use the minimum
doses of the mutagen for maximum efficiency. When studying the effect of chemical
mutagens on plants of Nigella damascena L. in the first generation, the sensitivity of
plants to the influence of ethyl methanesulfonate, nitrosomethylurea at the
concentrations of 0.01 and 0.05%, and DG-2 at the concentrations of 0.05 and 0.5%
was assessed. It was found that the mutagenic factor influenced such an important
characteristic as “plant survival rate” in the M; generation (Table 1). Studies have
shown that plant survival significantly depended on the type of mutagen.
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Nitrosomethylurea had the greatest effect on plant survival. After treatment
with this mutagen at the maximum concentration of 0.05% and the maximum exposure

Table 1
Influence of chemical mutagens on the survival rate of Nigella damascena L.
plants variety Bereginya in the M, generation

Mutagen | Mutagen concentration , Exposition, Number of survived plants,
% hour %

EMS 0.01 6 47.1£2.67*
EMS 0.01 16 53.4+£2.67*
EMS 0.05 6 54.3+2.66*
EMS 0.05 16 42.942.65*
NMU 0.01 6 44.3+2.66*
NMU 0.01 16 29.7+2.44%
NMU 0.05 6 16.6£1.99%*
NMU 0.05 16 2.9+0.90%*
DG-2 0.05 6 58.3+2.63*
DG-2 0.05 16 53.1£2.67*
DG-2 0.5 6 61.1£2.60*
DG-2 0.5 16 59.442.63*

Distilled 16 66.0£2.53
water

* - differences from the control are statistically significant at p<0.01

of 16 hours the number of survived plants amounted to 2.9%, which is 63.1% less than
in the control. Treatment for 6 hours was also effective. At the same mutagen
concentration the survival rate of plants in this case was 49.4% lower than in the
control and decreased to 16.6 £1.99%.

The action of ethyl methanesulfonate was significantly weaker. In our study
this mutagen had the most significant effect when seeds were treated with 0.05%
solution at the exposure of 16 hours and with 0.1% solution at the exposure of 6 hours.
In this case about 43-47% of the plants survived. In other treatments EMS had an even
slighter effect on nigella plants, although its influence was statistically significant and
differed from the control (when treated with distilled water the survival rate of plants
reached 66.0%). Treatment with the new mutagen DG-2 had the weakest effect on the
survival of M1 plants. Under the action of this substance, the portion of surviving
plants was 4.9-12.9% lower than in the control. The most significant effect was
observed in the variant with DG-2 concentration of 0.05% and the exposure of 16
hours, where the plant survival was at the level of 53.1 + 2.67%.

In the M; generation, 10 plants with a change in the color and shape of leaves
were found. Among plants with morphoses chlorophyll chimeras with a change in the
color of leaves and calyx leaves, as well as plants with a change in the shape of leaves
and dwarf plants (Fig.) were found. Most morphoses were observed after treatment
with nitrosomethylurea. After treatment with this mutagen at the concentration of
0.01% and 6 hours exposure, the number of plants with morphoses reached 3.87%.
Chlorophilic morphoses of the leaves were also revealed. After treatment with NMU at
the concentration of 0.05% and 6 hours exposure, the number of plants with morphoses
was 3.45%. Here chlorophilic morphoses of leaves and calyx leaves were found as
well. After treatment with nitrosomethylurea at the concentration of 0.01% and 16
hours exposure, the number of plants with morphoses was 0.96%. Another mutagen
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that caused the appearance of morphoses was DG-2. After treatment with this
substance at the concentration of 0.5% with the exposure of 16 hours, 0.48% of plants
with chlorosis, leaf shape morphosis and dwarf plants were revealed. Among the
control plants no specimens with changes in color and habitus were found.

Fig. Morphoses of plants of Nigella damascena L. variety Bereginya in generation
M;: a, d-f - chlorophyll morphoses of leaves, b-c - chloroses and leaf shape
morphoses.

The presence of morphoses in the experimental M; generations and their
absence in the control variants indicates the effectiveness of the action of mutagens and
the possibility of obtaining mutant changes in the object of study in the future.

An important criterion for the effectiveness of the action of mutagens is the
change in height and other morphometric parameters of plants in the first mutant
generation. As can be seen from Table 2, all chemical mutagens led to a decrease in
plant survival rate and mainly caused plant depression. In all treatments, a decrease in
the total plant height was revealed in comparison with the control. Thus, the height of
plants of the Bereginya variety decreased from 39.8 cm when treated with DG-2 at the
concentration of 0.5% with 16 hours exposure to 21.2 cm when treated with
nitrosomethylurea at the concentration of 0.05% and 6 hours exposure . In addition, in
a number of cases a decrease in the number of seeds per plant was noted. In particular,
treatment with nitrosomethylurea at the concentration of 0.05% and 16 hours exposure
resulted in a decreasing seed set to 98.3, at the concentration of 0.01% and 16 hours
exposure — to 77.4, and at the concentration of 0.01% and 6 hours exposure - to 48.2
seeds per plant.

In the variants where the seeds were treated with nitrosomethylurea at the
concentration of 0.01 and 0.05% with 16 hours exposure, an increase in the number of
lateral shoots and the length of the largest lateral shoot in relation to the control group
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was noted. However, this type of treatment most strongly, in comparison with other
mutagens, reduced the number of surviving plants — down to 2.9%, that caused a rarer
arrangement of plants on the experimental plot and, hence, providing a larger area for
their nutrition.

Among the mutagens we used, nitrosomethylurea had imposed the greatest
effect on plant height and number of seeds per plant, regardless of concentration and
exposure used. Thus, the average number of seeds per plant turned out to be minimal
after treatment with this substance at the concentration of 0.01% and 6 hours exposure
— in this case it came to 48.2 seeds. Plant height decreased to the minimum value —
21.2 cm, after treatment with this mutagen at the concentration of 0.05% and 6 hours
exposure.

Treatment with ethyl methanesulfonate induced much less changes in the
characteristics studied. Among the variants where this substance was used as a
mutagen, the most noticeable effect on plant height had the treatment of seeds with
EMS at the concentration of 0.05% and 6 hours exposure, causing a decrease in plant
height to 34.7 cm. The most significant negative effect on the number of seeds per
plant was exerted by treatment with this substance at the concentration of 0.05% during
6 hours exposure, in that case the number of seeds amounted to 143. The control values
after treatment of seeds with distilled water were equal to 42.6 cm and 204.6 seeds,
accordingly.

The smallest, although statistically significant, effect on the height of plants of
the M, generation in our study was exerted by the DG-2 mutagen. After treatment of
seeds with this substance at the concentration of 0.5% and 6 hours exposure, the
average plant height decreased down to 34.8 cm. In other treatments with DG-2 similar
changes were observed. So, at the concentration of 0.05% and 6 hours exposure the
average plant height was 36.6 cm, and the average number of seeds amounted to 159.6.
Similar to our study, in the M; generation of brown mustard, when the seeds were
treated with ethyl methanesulfonate at concentrations of 0.1-0.5%, a depression of
recorded characteristics was observed (Lyakh et al, 2009). In wheat in the M;
generation, the inhibitory effect of high doses and concentrations of mutagens on plant
height and the number of seeds per plant was noted as well (Oks'om, 2010). At the
same time, in wild flax, no decrease in plant height was observed after the action of
EMS, except for the maximum concentration of 0.5%, which had an inhibitory effect
on plant height (Lagron, Lyakh, 2000). In the same work, the inhibitory effect of ethyl
methanesulfonate on the number of capsules in flax was shown, which we did not
reveal in nigella.

A number of researchers note the stimulating effect of low concentrations of
chemical mutagens on the traits of plants in the first mutant generation, for example, in
flax and wheat (Tigova, Soroka, 2016; Oks'om, 2010).

In wheat, for example, in the M, generation, a stimulating effect of low doses
and concentrations of mutagens on plant height and the number of spikelets in the main
spike was observed (Oks'om, 2010). However, in our study with nigella no changes in
this direction were found. We recorded only a tendency towards an increase of such
traits as length of the largest lateral shoot and the number of lateral shoot.

Conclusions

Nitrosomethylurea had the greatest influence on the survival of plants of the
Nigella damascena L. variety Bereginya in the M; generation. The number of plants
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that survived after seed treatment with this substance, depending on the concentration
and exposure, decreased in comparison with the control by 4.8-63.1%.

Treatment with the tested mutagens led to the appearance of chimeras with a
frequency of 3.87% to 0.48%, characterized by a change in color and shape of leaves
and the dwarf plants appearance.

All mutagens in our study, except for DG-2, had a depressing effect on the
"plant height" trait. The most significant influence was exerted by nitrosomethylurea.
The weakest influence among the studied mutagens was inherent to the new mutagen
DG-2.

In general, the studied chemical mutagens exhibited a general biological effect
on nigella plants in the M; generation, causing a delay in plant growth and
development.

Change of many studied characteristics in M1 nigella plants after mutagenic
treatment implies high rate of mutations in the following generations.
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BIIJIMB XUMHWYHUX MYTATI'EHIB HA IOKA3ZHUKHU POCJIMH
NIGELLA DAMASCENA L. COPTY BEPET'MHSA NTOKOJIIHHA M;

1O. C.T'ybanoBa, A. 1. Copoka

Incmumym onitinux xynemyp HayionanvHoi akademii acpaprux Hayk Ykpainu

B po6oTi BuBYeHO BNnuB XxiMiyHmMx mytareHiB EMC, HMC i HoBoro myTtareHa
Ar-2 va pap osHak Nigella damascena L. copty Beperiia B nokoniHHi M.
BcTaHoBReHo, 1Wo 06pobKka HAaCiHHA YOPHYLLKU AaMacbKoi AaHUMU XiMiYHUMHK
cnonykamu 3miHioBana TaKi XapakTepUCTUKM SIK BUXKMBaHHSI POCIIMH, BUCOTa
POCIIMHM | KiNbKiCTb HACiHHA 3 OAHIEI POCNWHMU, KiNbKICTb KOPOOGOYOK Ha
POCNUHI Ta KinbKicTb OiYHMX naroHiB. BcTaHOBNEHO 3anexHiCTb 3MiHKU
BMBYEHUX O3HaK Big Buagy XiMiYHOro MyTareHy, MOro KoHUeHTpauii Ta
TpuBanocTti ekcno3uuii. HanGinbwmin BNNMB Ha BWXUBaHHA pPOCINUH
cnpaBuna Hitpo3ometurncevyoBuHa. [llicna obpobku paHMM MyTareHoM B
MaKcuMarnbHin KoHueHTpauii 0,05% i npu MakcMmanbHin ekcno3uuii 16 roguH
KiNnbKiCTb pPOCNUH, WO Buxunu, cknana 2,9%. HanMmeHwe Ha BMXMBaHHSA
pocnuH M; BNNUHYB, NOPiBHAHO 3 KOHTpornem mytareH [A-2 B KOHUeHTpauii
0,5% 3 ekcno3suuiero 6 roguH. B naHomy BapiaHTi Buxuno 61,1% pocnuH, npu
KOHTPONbHOMY 3Ha4yeHHi 66,0%. BunpobyBaHi MyTareHW BUKNMKanu y pocivH
nosisy xnopodinbHux ™opdo3iB 3 4actotoro Ao 3.87%, BOHM
XapakTepu3yBanucb 3MiHOK KONMbOpy JUCTA | JNMUCTOYKIB Yawe4yku Ta
KapnukoBicTio pocnuH. Hanbinbwuin BNNuMB Ha BMCOTY POCHWH i KinbKicTb
HaciHHA 3 oOpHIiEi pocnNMHM cnpaBufla HITPO3OMETUIICEeYOBMHA B
KoHueHTpauisx 0,01 Ta 0,05% 3 ekcno3udiero 6 i 16 roauH. MNMicna o6po6ku
HMC B koHueHTpauii 0,01% 3 ekcno3uuiero 6 roguvH, cepegHsi KinbKicTb
HaciHHA 3 ogHi€i pocnuHM 6yna MiHiManbHow — 48,2 WTyK, a BUCOTa POCINWH -
25,0 cm. HameHwwun, ane CcTaTUCTUYHO 3HAYMMWUKA BNJIMB Ha BUBYEHI
NOKa3HWKU pocnuH HagaB myTareH [-2. Micns o6po6ku HUM B KOHUEHTpauii
0,05% 3 ekcnosuuieto 16 roguH cepegHA BUcoTa pocnuH cknana 38,9 cm, a
cepepHs KinbKicTb HaciHHA — 169,6 WTYK, NPU KOHTPONbHUX 3Ha4YeHHAX 42,6%
Ta 204,6 wt. BusBneHi 3miHn y nokoniHHi M: nepep6avyaioTb OTPMMaHHA B
HaCTYNHOMY NOKOJiHHI YOPHYLIKM AaMmacbKoi MyTaLii pi3HOI CNPSAMOBAaHOCTI.

Kniouosi crosa: Nigella damascena, dopuymika, myrarenes, nokoiinast M;, EMC,
HMC, AI'-2 mop¢o3, BUuxKUBaHHS, MOPPOMETPHYHA XaPAKTEPUCTHKA.

BJIUAHUE XUMHNYECKUX MYTAT'EHOB HA IIOKA3ATEJIN
PACTEHUM NIGELLA DAMASCENA L. COPTA BEPETUHS
IHOKOJIEHUSA M,

10. C. I'yb6anoBa, A. . Copoka

Hucmumym macauunvix kynemyp HayuonaneHotl akademuu azpapHulx HAyK YKpauHl

B po6ote n3yyeHo BnusiHme xummyeckmx myrtareHoB 3MC, HMM wu HoBoro
myTtareHa Al-2 Ha psaa nokasartenen Nigella damascena L. copta Beperuns B
nokoneHun M;. YcTaHOBNEHO, 4TO o6paboTKa CeMsiH YepHYLIKM AaMacCKOMn
AaHHbIMU XUMUYECKUMMU BeLLeCTBaMM U3MEHsNa Takue XapaKTepUCTUKM, Kak
BbDKMBaHME pacTeHMW, BbICOTa PacTeHUW U KOJIMYECTBO CEMSH C OJHOro
pacTeHUss, Takxe ObINIO OTMeYEeHO U3MeHeHMe KonuyecTBa Kopobouek Ha
pacTeHMUn U Komnmu4yecTBO OGOKOBLIX MoGeroB. YcTaHOBfieHa 3aBUCUMOCTb
M3MEHEHUS U3YYEeHHbIX MPU3HAKOB OT BMAA XMMMUYECKOro MyTareHa, ero
KOHLEHTpauumM M ANUTENbLHOCTM 3kcno3vuuu. Haubonbluee BnusiHME Ha
BbDKMBaHME pacTeHUM okasana HuTpo3omeTunmoveBuHa. Mocne o6paboTkm
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OaHHbIM MyTareHoM C MakcumanbHOW KoHueHTpauuen 0,05 % u npm
MaKcuMmanbHon akcnosuvuum 16 4acoB, KONMMYECTBO BbDKUBLUMX pPacTeHUW
coctaBuno 2,9 %. MeHblue Bcero Ha BbbkuBaHue pacteHun M; noBnusn, no
CpaBHeHUIO C KOHTponem, mytareH [N-2 ¢ kKoHueHTpauuen 0,5 % npu
akcno3vuum 6 yacoB. B gaHHoOM BapuaHTe Bbbkuno 61,1 % pacTteHun, npu
KOHTPOJNIbHOM 3HayeHun 66,0 %. WcnbiTaHHble MyTareHbl BbI3blBanu Yy
pacTeHUN nosiBreHne xnopodunbHbIX Mopdo30B ¢ YactoTon ao 3,87 %, oHu
XapaKTepu3oBanucb U3MeHeHMeM LBeTa NIUCTLEB U JINCTOUYKOB Yalue4vku, U
KapnuKkoBOCTbIO pacTeHun Haubonbluee BnUsAiHME Ha BbICOTY pacTeHUW U
KONINYeCTBO CEeMsiH C OAHOro pacTeHUs oKa3ana HUTPO3OMeTUNMOoYeBUHa B
KkoHueHTpauum 0,01 n 0,05 % c akcno3uumen 6 n16 yacos. MNocne o6paboTkn
HMM B koHueHTpauum 0,01 % c akcnosuumen 6 yacoB, cpegHee KONUYECTBO
CEeMSIH C OOQHOro pacTeHusi ObIN0 MUHUMANbHbIM — 48,2 WTYK, a BbiCOTa
pacTteHnn — 25,0 cm. HauMmeHbLUee, HO CTaTUCTUYECKU 3HAYMMOE BNUAHUE Ha
M3yYyeHHble NMoKa3aTenu pacTteHun okaszan mytareH OAI-2. Nocne o6paboTku
MM B KOHUeHTpauum 0,05 % c 3kcnosvuuen 16 yacoB, cpefHsis BbicOoTa
pacteHun coctaBuna 38,9 cm, a cpegHee konuyecTBo ceMsiH — 169,6 WwTyK,
Npu KOHTPONbHbIX 3HaYeHusAXx 42,6 % un 204,6 wT. BbisBNeHHbIe U3MEHEHUsA B
nokoneHun M; npegycMaTpuBaloT NosiydyeHWe B MoOcCreaylolemM MOoKONeHUn
YepHYLUKM AaMacCKOW MyTaLun pa3HON HanpaBreHHOCTH.

Knioueswie cnosa: Nigella damascena, uepnymika, myrarenes, nokoiaeane M;, DMC,
HMM, JI'-2 mopto3, BEDKHBaeMOCTh, MOp(oMeTpruiecKast XapaKTepUCTHKA.
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