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Introduction
Wheat (Triticum aestivum L.) and spelt 

(Triticum spelta L.) are important industrial 
crops. It is known that in the world today the 
soft wheat sown areas cover about 220 million 
hectares and the annual grain harvest is about 
749 million tons [1].  At the same time spelt, in 
contrast to soft wheat, occupies a narrow niche 
and is often in demand on the organic market. 
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Purpose. Introducing in vitro culture and obtaining calluses from mature embryos of 3 samples of spelt wheat with 
further quantitative comparison of their callusogenesis with 2 samples of soft wheat. Methods. For this study, 5 samples 
of hexaploid wheat were taken: 3 spelt and 2 soft wheat. Grain sterilization was performed with 96% ethyl alcohol and 5% 
sodium hypochlorite solution. Mature embryos were taken as in vitro explants. For callusogenesis, three types of Murashige 
and Skoog (MS) nutrient media with different component composition were used. The explants were cultured in the 
dark along 21 days. Results. The optimal conditions for the induction of tissue culture of Triticum spelta L. and Triticum 
aestivum L. from mature embryos were developed. The callus, obtained from the different samples, grown on the three 
types of modified MS nutrient medium did not differ morphologically. The spices of ‘Europa’ spelt, ‘Bunchuk’ and ‘Elegiya 
Myronivska’ soft wheat, regardless of the medium composition, differ by high callus formation efficiency, while the explants 
of ‘Zorya Ukrainy’ spelt produce slow callus formation. Conclusions. Mature embryo explants formed tissue culture of 3 spelt 
specimens and of 2 soft wheat specimens. It was found that the most effective for callus formation from the explants of 
mature soft wheat and spelt germs was the MS nutrient medium with 3% sucrose, supplemented by 2 mg/l of 2,4-D and 10 
ml/l of argentum nitrate. The efficiency of callusogenesis on the 21st day of cultivation, depending on the sample, varied 
between 80.2% and 100.0%. The tested samples differed in their ability to form calluses on nutrient media with different 
component composition.

Keywods: spelt; soft wheat; in vitro culture; callus; explants.

With regard to the economic spread of soft 
wheat and the demand for organic products, it 
is promising to create new varieties of soft 
wheat and spelt that will have improved eco-
nomic value such as increased yield, resistance 
to lodging, biotic and abiotic stresses. Classical 
genetics does not have enough time to meet the 
modern needs of creating new promising plant 
material, so it is advisable to use biotechno-
logical and genetic engineering approaches to 
solve this problem. It is important to obtain 
tissue culture in vitro of the original sample, 
to transfer the genes of economically valuable 
features and to create plant material with im-
proved properties. Therefore, the first stage of 
this work is the introduction of the original 
working sample in culture in vitro.

It is known that plant regeneration in vitro 
is both direct and indirect. For the indirect 
type of in vitro regeneration, the callus forma-
tion stage is important. In the future, the cal-
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lus will regenerate into plant through organo-
genesis or somatic embryogenesis. Indirect 
regeneration is quite typical of cereal crops. 
Therefore, the formation of an organogenic 
callus is very important and necessary step in 
the development of an effective spelt regenera-
tion system. In view of this, the efficacy of the 
callusogenesis stage for obtaining the spelt 
callus was studied.

For today, there is virtually no data on the 
effectiveness of spelt callusogenesis, as it is 
less studied than soft wheat, for which is 
known many approaches to callus production. 
Introduction to culture in vitro should begin 
with the selection of the type of explant. In 
most cases, the apical meristems of young 
seedlings [2], immature embryos [3] and ma-
ture embryos [4] are used as explants for soft 
wheat.

For the induction of callus formation, one 
can use the ratio of growth factors, artificial 
auxins and cytokinins, in which more auxins, 
namely 2,4-dichlorophenoxyacetic acid (2,4-D) 
[3, 5], picloram, 1-naphthylacetic acid (NOC) , 
thidiazuron (TDZ), indole-3-acetic acid (IOC), 
etc. and less (or even absent at all) cytokinins 
- kinetin [3], 6-benzylaminopurine (BAP), etc. 
In addition to reducing the risk of tissue cul-
ture contamination by various microorgan-
isms, argentum nitrate can also be used in 
addition to antibiotics and fungicides [6].

It is known that to obtain calluses from ma-
ture embryos, you can use the basic MS me-
dium and after three weeks of cultivation pro-
ceed it on the MS medium with 2 mg/l of 2,4-
D [7]. The combination of 2,4-D with concen-
tration of 2 mg/l and argentum nitrate with 
concentration of 10 mg/l are used for the cal-
lus formation from leaf explants [8]. The com-
bination of 2,4-D (1.5 mg/l) and kinetin (0.5 
mg/l) is used to obtain callus culture from 
wheat anthers on the nutrient medium C-17 [9]. 
Artificial auxin 2,4-D with concentration of 2 
mg/l as part of the MS base medium can be 
used to induce callus formation of soft wheat 
[4, 10] and durum wheat [11]. MS-based growth 
medium with 2.5% sucrose and half of MS 
salinity (1/2 MS medium) with the 2 mg/l con-
tent of 2,4-D causes callus formation of soft 
wheat after two weeks of cultivation [12]. In-
creasing the concentration of 2,4-D to 3,0-3,5 
mg/l has a positive effect on the formation of 
calluses from explants of mature grains [13]. 
The use of 2,4-D with concentration of 1 mg/l 
without the use of other growth regulators 
leads to the formation of compact calluses, but 
increases rhizogenesis and subsequently ad-
versely affects on the quality of  formed em-

bryoids. For the formation of embryogenic cal-
lus the most optimal concentration of 2,4-D is 
2 mg/l [14]. In his work, Baday S. J. S. [15] 
noted that for the induction of callusogenesis 
from explants of mature embryos, the most 
optimal concentrations of 2,4-D and kinetin in 
the MS base medium are 2.5 and 0.9 mg/l, re-
spectively. It is also known that argentum ni-
trate with the concentrations of up to 10 mg/l 
contributes to the formation of somatic durum 
wheat embryoids for explants of immature em-
bryos [16].

The purpose of the study was to introduce 
mature embryo explants into in vitro culture, 
to obtain calluses of 3 spelt specimens and to 
compare the effectiveness of their callusogen-
esis with 2 specimens of soft wheat.

Materials and methods of research
Five samples of hexaploid wheat were select-

ed for the study: soft spring wheat - Triticum 
aestivum L. cultivar ‘Elegiya Myronivska’ 
(sample No. 1), winter - Triticum aestivum L. 
cultivar ‘Bunchuk’ (No. 2), winter spelt - Trit-
icum spelta L. varieties of ‘Alberta’ (No 3), 
‘Europa’ (No 4) and ‘Zorya Ukrainy’ (No 5). We 
chose these samples because ‘Bunchuk’ and 
‘Elegiya Myronivska’ varieties are national 
standards for soft wheat and ‘Zorya Ukrainy’ 
variety for spelt. Two other spelt samples - 
‘Europa’ and ‘Alberta’ were taken to compare 
the spelt data obtained. The seed samples were 
obtained from the collection of All-Ukrainian 
Scientific Institute of Breeding LLC.

Separated from the grain mature embryos 
were taken as explants for introduction into 
culture in vitro. The grains were sterilized 
with 96% ethyl alcohol for 5 min, 5% sodium 
hypochlorite for 10 min and three times washed 
in sterile distilled water. For easier separation 
of mature embryos from the grain, 2 hours 
pre-soaking in sterile distilled water was per-
formed.

For the induction of callusogenesis we used 
three types of modified nutrient medium Mu-
rashige and Skoog (MS) [17]: MS No.1 supple-
mented by 1 mg/l of 2,4-D, 0,5 mg/l of piclo-
ram, 150 mg/l of ceftriaxone and 3% sucrose; 
MS No.2 supplemented by 2 mg/l of 2,4-D, 10 
mg/l of AgNO3, 150 mg/l of ceftriaxone and 
3% sucrose; MS No.3 supplemented by 2 mg/l 
of 2,4-D, 0,5 mg/l of kinetin, 150 mg/l of cef-
triaxone, 2% sucrose and vitamins for nutri-
ent medium [18].

The explants were uniformly (45-55 items) 
placed on Petri dishes with appropriate nutri-
ent medium and cultured in the dark at 25°C 
for 21 days. 5 replicates were used for each 
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sample and type of culture medium. The inten-
sity and nature of callusogenesis was assessed 
every 7 days. This took into account the size 
of calluses, their structure, color, frequency of 
formation and nature of growth.

The effectiveness of callus formation was de-
termined by the formula (K / E) × 100, where, 
K is the number of explants on which the cal-
lus was formed, E is the total number of culti-
vated explants [19].

Results and Discussion
For in vitro culture, mature embryos of spelt 

and soft wheat were cultivated on three types 
of nutrient media to induce callusogenesis. We 
obtained in vitro culture of ‘Alberta’, ‘Europa’, 
‘Zorya Ukrainy’ spelt tissues and soft wheat of 
‘Bunchuk’ and ‘Elegiya Myronivska’. The find-
ings of callus formation efficiency are present-
ed in Table 1.

Table 1
The efficiency of callus formation from mature embryos 
of 3 samples of spelt and 2 samples of soft wheat after 

21 days of growth on nutrient media of different 
component composition

Cultivar
The efficiency of callus formation (%), x ± S
MS medium 

No.1
MS medium 

No.2
MS medium 

No.3
‘Elegiya Myronivska’ 95,0 ± 7,0 99,2 ± 1,7 91,6 ± 10,5
‘Bunchuk’ 96,6 ± 4,9 98,4 ± 3,5 94,8 ± 4,8
‘Alberta’ 86,4 ± 8,6 86,2 ±7,8 76,0 ± 17,1
‘Europa’ 97,8 ± 4,9 100,0 ± 0,0 98,0 ± 4,4
‘Zorya Ukrainy’ 72,0 ± 16,3 80,2 ± 19,7 64,0 ± 15,3

Note. x – mean, S – mean sampling error.

It is shown that the test specimens differ in 
their ability to form a callus. The highest per-
centage of callusogenesis was observed with 
nutrient medium MS No. 2. It varied within 
80.2-100.0% for 21 days of growth for differ-
ent samples (Table 2). Thus, on the 7th day of 
cultivation, the percentage of callusogenesis ef-
ficiency was not less than 59.8%, and on the 
21st day - it already exceeded 80.2%. For this 
nutrient medium, the most effective callus for-
mation was found for the sample of ‘Europa’ 
spelt for 21 days of growth - 100% (Table 2). 
The lowest efficiency of callus formation was in 
the sample of the spice variety ‘Zorya Ukrainy’. 
On the 7th day of callusogenesis it was 59.8%, 
and on the 21st day - 80.2% (Table 2). Wheat 
specimens of ‘Bunchuk’, ‘Elegiya Myronivska’ 
and ‘Alberta’ spelt showed average callusogen-
esis efficiencies compared to the above. On the 
7th day of growth on the nutrient medium MS 
No. 2, these samples showed the following re-
sults: 90,2; 95.0 and 75.0%, respectively (Table 
2). On the 21st day of cultivation, the average 

efficiency of callusogenesis increased to 99.2; 
98.4 and 86.2%, respectively (Table 2). Based 
on the results obtained, it can be assumed that 
2,4-D with the concentration of about 2 mg/l 
and argentum nitrate with the average concen-
tration (about 10 mg/l) have the positive effects 
on the efficiency of callusogenesis.

Hussein K. Zaire Al-Kaaby et al. [6] note 
that argentum nitrate plays a role in the for-
mation of embryogenic callus. High concentra-
tions (more than 10 mg/l) of this agent are 
capable of causing an inhibition of callus for-
mation as well as low (less than 5 mg/l). Ar-
gentum nitrate with the concentration of 5-10 
mg/l has a positive effect on the formation of 
embryogenic callus [6].

It was found that the addition of 2,4-D with 
concentration of 2 mg/l into the nutrient me-
dium leads to 97.6–100.0% range of mature 
embryos callus formation depending on the 
sample [20].

Table 2
The dynamics of callus formation of 3 spelt specimens 

and 2 specimens of soft wheat on MS No. 2 nutrient 
medium along 21 days of growth

Cultivar
The efficiency of callus formation (%), x ± S
7th day of 
culturing

14th day of 
culturing

21st day of 
culturing

‘Elegiya Myronivska’ 90,2 ± 10,1 92,8 ± 5,0 99,2 ± 1,7
‘Bunchuk’ 95,0 ± 4,5 98,4 ± 3,5 98,4 ± 3,5
‘Alberta’ 75,0 ± 11,7 77,8 ± 10,6 86,2 ± 7,8
‘Europa’ 95,0 ± 5,0 97,2 ± 4,7 100,0 ± 0,0
‘Zorya Ukrainy’ 59,8 ± 13,4 68,6 ± 14,3 80,2 ± 19,7

Note. x – mean, S – mean sampling error.

The next nutrient medium suitable for re-
ceiving callus was MS No.1 (Table 3). On the 
7th day, average values   of callus formation ef-
ficiency varied within 64.2-96.6%; and on the 
21st day of cultivation - 72,0-97,8% (Table 3). 
Similar to MS No.2 medium, MS No.1 showed 
the most efficient callusogenesis for Europa 
spelt on the 21st day with the average calluso-
genesis value 97.8% (Table 1), which is slight-
ly lower than during cultivation on MS No.2 
(100%) (Table 1). Spelt ‘Zorya Ukrainy’ showed 
again the lowest efficiency of callusogenesis - 
72.0% on the 21st day of cultivation (Table 3), 
which was even less than in the case with MS 
No.2  nutrient medium (80.2%) (Table 1).

Parmar et al. [21] noted that picloram with 
the concentrations of 2 mg/l and 4 mg/l causes 
100% induction of callus formation. Picloram 
with the concentration higher than 4 mg/l in-
creases the percentage of regeneration (68.0% 
versus 63.0%).

Among the three nutrient media studied, MS 
No.3 was the least effective for callus forma-
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tion. On the 7th day of cultivation, the calluso-
genesis efficiency varied within 47.2–91.0% 
and on the 21st day 64.0–98.0%. In general, the 
cultivars ‘Europf’ and ‘Zorya Ukrainy’ have 
shown the ability to form callus on nutrient 
media with different components. The ‘Europa’ 
spelt sample showed the highest callus forma-
tion efficiency - 98.0% on the 21st day. Spelt 
‘Zorya Ukrainy’ was the least effective in cal-
luses forming - 64.0% on the 21st day (Table 4). 
It can be assumed that the ability to make a 
callus for specimens of the spelt varieties ‘Eu-
ropa’ and ‘Zorya Ukrainy’ is a genetically de-
termined trait that will manifest equally on 
the different nutrient media under different 
cultivation conditions.

It is known that low concentrations of kine-
tin (1 mg/l) can positively affect on callus for-
mation of hexaploid wheat [3]. However, in our 
study, the nutrient medium MS with this 
growth regulator with the concentration of 0.5 
mg/l showed the lowest percentage of calluso-
genesis efficiency - 47.2%, while for MS No.1 
- 72.0% and MS No.2 - 80,2% on the 21st day. 
For the induction of callus formation from ex-
plants of immature embryos also use the base 
MS medium with casein hydrolyzate (300 mg/l), 
L-glutamine (500 mg/l), L-proline (500 mg/l) 
and with 2,4-D (mg/l) and kinetin (0,5 mg/l) as 
the growth regulators. If you add 2–10 mg/l of 
argentum nitrate to this nutrient medium, it 
positively contributes to callus formation 
(81.7–95.0% callus formation frequency) and 
reduces necrosis (11.7–1.7% callus necrosis 
rate), depending on the sample [22]. Very often, 
for the callus formation induction from ex-
plants of mature wheat germs, a nutrient me-
dium with 2,4-D (2 mg/l) is used without ad-
ditional auxins and cytokinins [4].

In general, calluses of different specimens 
and those, formed on different nutrient media 
did not differ morphologically. Calluses of ‘Eu-
ropa’ spelt and ‘Bunchuk’ soft wheat are pre-
sented in figures 1 and 2 respectively. Up to 
the 14th day of growth on the nutrient medium 

calluses had a loose structure and were white 
or sometimes light yellow in color. The sizes of 
calluses mostly varied from 3 to 8 mm, for 
most of the samples (excepting the sample of 
‘Zorya Ukrainy’ spelt ) they were 3-4 mm after 
7 days of growth, and closer to 21st day of ob-
servations they reached 6-8 mm.

During the study, it was observed that some 
specimens of spelt and soft wheat may effi-
ciently or inefficiently form calluses that do not 
depend on the nutrient medium they grow on.

The samples studied differed in their speed 
of callus formation and their growth. The rate 
of callusogenesis can be estimated by the ef-
fectiveness of callus formation on the 7th day 
of cultivation. In particular, the best and 
quickest growth was typical for calluses formed 
by the specimens of ‘Europa’ spelt - 92.8% (MS 
No.1), 95.0% (MS No.2), 91.0% (MS No.3) and 
soft wheat ‘Bunchuk’ - 96.6% (MS No.1), 95.0% 
(MS No.2), 89.8% (MS No.3); slowest – ‘Zorya 
Ukrainy’ spelt - 64.2% (MS No.1), 59.8% (MS 
No.2), 47.2% (MS No.3). Samples of ‘Alberta’ 
spelt and of ‘Elegiya Myronivska’ soft wheat 
were characterized by a moderate rate of callus 
formation, namely 74.4% (MS No.1), 75.0% 
(MS No.2), 65.2% (MS No.3). ) - ‘Alberta’ spic-
es and 76.6% (MS No.1), 90.2% (MS No.2), 
85.0% (MS No.3) - ‘Elegiya Myronivska’ spices.

In addition to callus formation, induced or-
ganogenesis was observed in some cases. Some 
specimens, including the ‘Alberta’ and ‘Zorya 
Ukrainy’ spices (Figs. 1, 3), on different types 
of nutrient media, on the 6th -7th days of cultiva-
tion, formed light yellow shoots that reached 45 
mm by 21 day. It should be noted that the ex-
plants from which shoots sprouted continued to 
form calluses. The number of explants from 
which shoots were formed was less than 10%.

The results obtained of the effectiveness of 
spelt callus formation are the first stage for 
the development of in vitro methods for intro-
ducing spelt samples into the culture, creating 
an effective system for their regeneration and 
subsequent production of biotechnological 

Table 3
The dynamics of callus formation of 3 spelt specimens 

and 2 specimens of soft wheat on MS No.1 nutrient 
medium along 21 days of growth

Cultivar
The efficiency of callus formation (%), x ± S

7th day of 
culturing

14th day of 
culturing

21st day of 
culturing

‘Elegiya Myronivska’ 78,6 ± 26,2 95,0 ± 7,0 95,0 ± 7,0
‘Bunchuk’ 96,6 ± 4,9 96,6 ± 4,9 96,6 ± 4,9
‘Alberta’ 74,4 ± 13,1 82,6 ± 3,9 86,4 ± 8,6
‘Europa’ 92,8 ± 6,3 94,0 ± 7,1 97,8 ± 4,9
‘Zorya Ukrainy’ 64,2 ± 17,9 67,6 ± 12,5 72,0 ± 16,3

Note. x – mean, S – mean sampling error.

Table 4
The dynamics of callus formation of 3 spelt specimens 

and 2 specimens of soft wheat on MS No.3 nutrient 
medium along 21 days of growth

Cultivar
The efficiency of callus formation (%), x ± S
7th day of 
culturing

14th day of 
culturing

21st day of 
culturing

‘Elegiya Myronivska’ 85,0 ± 7,4 85,0 ± 7,4 91,6 ± 10,5
‘Bunchuk’ 89,8 ± 8,0 92,0 ± 5,1 94,8 ± 4,8
‘Alberta’ 65,2 ± 24,1 66,2 ± 23,3 76,0 ± 17,1
‘Europa’ 91,0 ± 15,1 98,0 ± 4,4 98,0 ± 4,4
‘Zorya Ukrainy’ 47,2 ± 20,1 49,2 ± 22,2 64,0 ± 15,3

Note. x – mean, S – mean sampling error.
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plants (genetically modified plants, plants with 
edited genome, etc.).

Conclusions
An in vitro tissue culture was obtained for 3 

specimens of spelt and 2 specimens of soft 

wheat using mature embryos as explants. It 
was found that the most effective for callus 
formation of spelt and soft wheat mature em-
bryos explants was MS nutrient medium sup-
plemented by 2 mg/l of 2,4-D, 10 ml/l of ar-
gentums nitrate and 3% sucrose. The efficien-

Fig. 2. Formation and dynamics of callus growth of T. aestivum L. ‘Bunchuk’ sample 
on different types of nutrient medium

Fig. 1. Formation and growth dynamics of callus specimens of T. spelta L. ‘Europa’ 
on different types of nutrient medium
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cy of callusogenesis of different samples on the 
21st day of culturing was 80.2-100.0%.

It was shown that the tested samples dif-
fered in their ability to form calluses from 
mature embryos on nutrient media with differ-
ent component composition. Some specimens 
showed genetic predisposition to callus forma-
tion from mature embryos irrespective of the 
modified composition of the MS medium, in-
cluding spelt ‘Europa’, soft wheats of ‘Bun-
chuk’ and ‘Elegy Mironovska’, while explants 
of ‘Zorya Ukrainy’ spelt showed the slow for-
mation of the callus.

The most effective callus formation was in 
the sample of the spelt ‘Europa’, the rate of 
which on the 7th day fluctuated within 91,0-
95,0%.

Acknowledgements
We would like to express our sincere grati-

tude to the National Academy of Science of 
Ukraine, which provided financial support for 
this research in accordance with the depart-
mental topic (state registration number 
U01174002589).

References
1. Kumar, A., Priya, Sharma, S., & Yadav, M. K. (2019). Plant tissue 

culture technology to Improve crop species – a comprehensive 
approach. Acta Sci. Agric., 3(2), 7–80. 

2. Sticklen, B. M., & Oraby, F. H. (2005). Invited review: shoot api-
cal meristem: a sustainable explant for genetic transformation 
of cereal crops. In Vitro Cell. Dev. Biol. Plant., 41(3), 187–200. 
doi: 10.1079/IVP2004616

3. Ahloowalia, B. S. (1982). Plant regeneration from callus culture 
in wheat. Crop Sci., 22(2), 405–410. doi: 10.2135/cropsci1982.
0011183X002200020047x

4. Nasircilar, G. A., Turgut, K., & Fiskin, K. (2006). Callus induction 
and plant regeneration from mature embryos of different 
wheat genotypes. Pak. J. Bot., 38(3), 637–635.  

5. McHughen, A. (1983). Rapid regeneration of wheat in vitro. Ann. 
Bot., 51(6), 851–853. doi: 10.1093/oxfordjournals.aob.a086535

6. Al-Kaaby, H. K., Abdul-Qadir, L. H., & Kareem, M. A. (2015). Ef-
fect of silver nitrate on callus induction, somatic embryos for-
mation and plantlets regeneration in two local wheat (Triticum 
aestivum L.) cultivars. Thi-Qar Univ. J. Agric. Res., 4(2), 51–60. 

7. Mahmood, I., Razzaq, A., Qureshi, A. A., Qayyum, A., &  Qadeer 
Beig, M. M. (2018). Comparative morpho-physiological re-
sponse of in vitro selected somaclones of wheat (Triticum aes-
tivum L.) and explant donor parent to drought stress. J. Natn. 
Sci. Foundation Sri Lanka., 46(3), 293–302 doi: 10.4038/jnsfsr.
v46i3.8481

8. Kopertekh, L. G., & Stribnaya, L. A. (2003).  Plant regeneration 
from wheat leaf explants. Russ. J. Plant Physiol., 50(3), 365–
368. doi: 10.1023/A:1023826304989

9. Konieczny, R., Czaplicki, A. Z., Golczyk, H., & Przywara, L. (2003). 
Two pathways of plant regeneration in wheat anther culture. 
Plant Cell Tissue Organ Cult., 73(2), 177–187. doi: 
10.1023/A:1022877807237

10. Symillides, Y., Henry, Y., & De Buyser, J. (1995).  Analysis of Chi-
nese Spring regenerants obtained from short- and long-term 
wheat somatic embryogenesis. Euphytica, 82(3), 263–268. doi: 
10.1007/BF00029569

11. Bommineni, V. R., & Jauhar, P. P. (1996). Regeneration of plant-
lets through isolated scutellum culture of durum wheat. J. Plant 
Sci., 116(2), 197–203. doi: 10.1016/0168-9452(96)84541-9 

12. Przetakiewicz, A., & Nadolska-Orczyk, A. (2003). The ef-
fect of auxin on plant regeneration of wheat, barley and 
Triticale. Plant Cell Tissue Organ Cult., 73(3), 245–256. doi: 
10.1023/A:1023030511800

13. Ihsan, S. M., Jabeen, M., & Ilahi, I. (2003). In vitro callus in-
duction, its proliferation and regeneration in seed explants 
of wheat (Triticum aestivum L.) Var.lu-26s. Pak. J. Bot., 35(2), 
209–217. 

14. Haliloglu, K. (2002). Wheat immature embryo culture for em-
bryogenic callus induction. J. Biol. Sci., 2(8), 520–521. doi: 
10.3923/jbs.2002.520.521 

15. Baday, S. J. S. (2018). In vitro study of the callus induction of 
two varieties of wheat seeds by plant growth regulators. Agric. 
J., 13(3), 67–71.  doi: 10.3923/aj.2018.67.71

16. Fernandez, S., Michaux-Ferriere, N., & Coumans, M. (1999). 
The embryogenic response of immature embryo cultures of 
durum wheat (Triticum durum Desf.): histology and improve-
ment by AgNO

3
. J. Plant Growth Regul., 28(3), 147–155. doi: 

10.1023/A:1006142504577
17. Murashige, T., & Skoog, F. (1962). A revised medium for rap-

id growth and bio assays with tobacco tissue cultures. Phys. 
Plant., 15(3), 473–497. doi: 10.1111/j.1399-3054.1962.
tb08052.x

18. Gamborg, O. L., Miller, R. A., & Ojima, K. (1968). Nutrient re-
quirements of suspension cultures of soybean root cells. J. Exp. 
Cell Res., 50(1), 151–158. doi: 10.1016/0014-4827(68)90403-
5

19. Gouranga, U., Moutushi, S., & Amitava, R. (2015). In vitro callus 
induction and plant regeneration of rice (Oryza sativa L.) var. 
‘Sita’, ‘Rupali’ and ‘Swarna Masuri’. Asian J. Plant Sci. Res., 5(5), 
24–27. 

20. Abd El-Fatah, B. E. S. (2018). Genetic studies of response to 
mature embryo culture and relationship with agro-morpholog-
ical traits and molecular markers in wheat. Plant Breed. Bio-
tech., 6(3), 267–284. doi: 10.9787/PBB.2018.6.3.267

21. Parmar, S. S., Sainger, M., Chaudhary, D., & Jaiwal, P. K. (2012). 
Plant regeneration from mature embryo of commercial Indian 
bread wheat (Triticum aestivum L.) cultivars. Physiol. Mol. Biol. 
Plants., 18(2), 177–183. doi: 10.1007/s12298-012-0101-2

22. Wu, L. M., Wei, Y. M., & Zheng, Y. L. (2006). Effects of silver 
nitrate on the tissue culture of immature wheat embry-
os. Russ. J. Plant Physiol., 53(4), 530–534. doi: 10.1134/
S1021443706040157



265ISSN 2518-1017  Plant Varieties Studying and protection, 2019, Vol. 15, No 3

Biotechnology and biosafety

Öåëü. Ââåäåíèå â êóëüòóðó in vitro è ïîëó÷åíèå êàë-
ëþñà îò çðåëûõ çàðîäûøåé 3 îáðàçöîâ ñïåëüòû è ñðàâ-
íåíèå ýôôåêòèâíîñòè èõ êàëëþñîãåíåçà ñ 2 îáðàçöàìè 
ïøåíèöû ìÿãêîé. Ìåòîäû. Äëÿ ðàáîòû âçÿòû 5 îáðàçöîâ 
ãåêñàïëîèäíîé ïøåíèöû – 3 ñïåëüòû è 2 ïøåíèöû ìÿã-
êîé. Ïîâåðõíîñòíóþ ñòåðèëèçàöèþ çåðíà ïðîâîäèëè â 
96% ýòèëîâîì ñïèðòå è 5% ðàñòâîðå ãèïîõëîðèòà íàòðèÿ. 
Â êà÷åñòâå ýêñïëàíòîâ èñïîëüçîâàëèçðåëûå çàðîäûøè. 
Äëÿ êàëþñîãåíåçà èñïîëüçîâàëè òðè òèïà ïèòàòåëüíûõ 
ñðåä ÌS ñ ðàçëè÷íûì êîìïîíåíòíûì ñîñòàâîì. Ýêñïëàíòû 
êóëüòèâèðîâàëè â òåìíîòå 21 äåíü. Ðåçóëüòàòû. Ïîäîáðà-
íû îïòèìàëüíûå óñëîâèÿ äëÿ èíäóêöèè êóëüòóðû òêàíåé 
Triticum spelta L. è T. aestivum L. èç çðåëûõ çàðîäûøåé. 
Ïîëó÷åííûå êàëëþñû èç ðàçíûõ îáðàçöîâ, êîòîðûå âûðà-
ùèâàëè íà òðåõ òèïàõ ïèòàòåëüíûõ ñðåä ÌS, íå îòëè÷àëèñü 
ìåæäó ñîáîé ìîðôîëîãè÷åñêè. Íàáëþäàëè ãåíåòè÷åñêóþ 
ïðåäðàñïîëîæåííîñòü ê êàëëþñîîáðàçîâàíèþ îáðàçöîâ 
ñïåëüòû ñîðòà ‘ªâðîïà’ è ïøåíèöû ìÿãêîé ñîðòîâ ‘Áóí÷óê’ 
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è ‘Åëåã³ÿ Ìèðîí³âñüêà’ íåçàâèñèìî îò ñîñòàâà ñðåäû MS â 
òî âðåìÿ, êàê íà ýêñïëàíòàõ ñïåëüòû ñîðòà ‘Çîðÿ Óêðà¿íè’ 
ïðîèñõîäèëî ìåäëåííîå ôîðìèðîâàíèå êàëëþñà. Âûâî-
äû. Ïîëó÷åíî êóëüòóðó òêàíåé 3 îáðàçöîâ ñïåëüòû è 2 
îáðàçöîâ ïøåíèöû ìÿãêîé ñ èñïîëüçîâàíèåì â êà÷åñòâå 
ýêñïëàíòîâ çðåëûõ çàðîäûøåé. Óñòàíîâëåíî, ÷òî íàèáî-
ëåå ýôôåêòèâíîé äëÿ êàëëþñîîáðàçîâàíèÿ èç ýêñïëàí-
òîâ çðåëûõ çàðîäûøåé ïøåíèöû ìÿãêîé è ñïåëüòû áûëà 
ïèòàòåëüíàÿ ñðåäà, äîïîëíåííàÿ 2 ìã/ë 2,4-Ä, 10 ìë/ë 
íèòðàòà ñåðåáðà è ñîäåðæàùàÿ 3% ñàõàðîçû. Ñðåäíåå 
çíà÷åíèå ýôôåêòèâíîñòè êàëëþñîãåíåçà ïðè ýòîì ñî-
ñòàâëÿëî 80,2–100,0% íà 21 ñóòêè âûðàùèâàíèÿ. Èññëå-
äóåìûå îáðàçöû îòëè÷àëèñü ìåæäó ñîáîé ñïîñîáíîñòüþ 
ôîðìèðîâàòü êàëëþñ íà ïèòàòåëüíûõ ñðåäàõ ñ ðàçëè÷íûì 
êîìïîíåíòíûì ñîñòàâîì. Âïåðâûå â Óêðàèíå èññëåäîâàíà 
ýôåêòèâíîñòü êàëëþñîãåíåçà ñïåëüòû.

Êëþ÷åâûå ñëîâà: ñïåëüòà; ïøåíèöà ìÿãêàÿ; êóëüòóðà 
in vitro; êàëëþñ; ýêñïëàíòû.
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