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CROSS-TOLERANCE OF CALLUS LINES OF W INTER  
TRITICALE TO COM PLEX OF ABIOTIC STRESSORS
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The level o f cross-tolerance o f triticale callus lines obtained both to 
salt and osmotic stress was analyzed. It was established that stability of 
expression o f the character in callus lines obtained was rather high -  o f 50 
to 76% calli survived to the end o f the sixth passage. Salt- and osmotolerant 
callus lines o f triticale demonstrated actively their growth on selective 
medium with sublethal concentrations o f mannitol and sodium chloride 
respectively. Triticale salt-tolerant cell lines were characterized with high 
content o f free proline too.
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Introduction. Creation o f triticale varieties which are successfully 
introduced in agricultural production [1] is a major achievement of 
modem genetics and plant breeding. However, despite the high potential 
opportunities this evolutionary young crop has not yet received widespread 
industrial use [2]. Not enough high plasticity o f triticale varieties and 
breeding forms associated with limited genetic diversity o f source material 
needs to improve by means o f enriching the gene pool o f the crop and 
increasing efficiency o f breeding with various methods [3].

Being important for triticale breeding improvement, tolerance to abiotic 
stressful environmental factors, including drought and soil salinization will 
encourage expanding the crop areas in regions with unfavorable climatic 
conditions [4-6]. Drought causes water deficit in soil and thereafter in plants, 
thus being a reason for osmotic stress in them [7]. The harmful effect of 
salinity is of complex nature and is due to both breach o f osmotic balance in 
cells and direct toxic effects on cell physiological and biochemical processes 
[8, 9]. Often plants are exposed simultaneously to multiple stressors, and 
their negative impact is greatly enhanced [10]. So, we need plants that can not 
only endure adverse conditions, but also actively resist to them, viz. function 
under stressful conditions. Solving the problem of stress tolerance requires 
the development o f new biotechnological approaches. One o f them is cell
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selection, i.e. selection of genotypes with desirable new hereditary characters 
at in vitro cultured cells level in specific conditions [11]. Due to using 
biotechnological methods, it is possible to obtain new forms with desirable 
characteristics, including specific changes o f appropriate metabolic processes 
to keep plant adaptation in stress conditions [12]. Today, the development of 
methods o f triticale cell selection is only initially, because only a few works 
on in vitro selection of resistant to stress forms can be found [13-15].

Analysis of literature, formulation o f the problem. According to some 
authors [ 16-18], the formation o f complex plant tolerance to abiotic stresses 
(salt, osmotic, temperature) at the cellular and tissue level has some similar 
mechanisms. Selected cell lines and regenerated plant may exhibit tolerance 
to two or more types of stress that sometimes does not even similar in 
physical and chemical nature and direction o f action. It was shown [19-22] 
that increase in osmotolerance at the cellular level can provide the whole 
plant tolerance to multiple abiotic stresses causing cell dehydration. The 
results give evidence that cell adaptation to osmotic stress can be applied 
to select salt-tolerant lines or the reverse, and such studies are o f interest.

The purpose of the research. To analyze the level o f cross-tolerance 
o f salt- and drought-tolerant callus lines o f winter triticale both to osmotic 
and salt stresses.

Material and methods. Carrying the genomes o f three species 
hexaploid w inter triticale forms bred at Myronivka, namely Line 
38/1296 and cultivar Obrii M yronivskyi that are characterized by high 
agronomic traits were studied. Callus lines o f these genotypes were 
obtained in our previous studies [23] by cell selection for tolerance 
to salt (0.6-1.2%  NaCl) and osmotic (0.2-0.6 M mannitol) stresses 
according to the scheme (Fig. 1).

Analysis o f cross-tolerance of triticale osmotolerant callus lines to salinity 
was carried out according to the scheme: selective medium with 1.2% NaCl 
(2 passages) —> Murashige and Skoog (MS) medium [24] (2 passages) —> 
selective medium with 1.2% NaCl (2 passages). Analysis of cross-tolerance 
to salt-tolerant callus lines osmotic stress was conducted along similar 
lines: selective medium with 0.6 M mannitol (2 passages) —> MS medium 
(2 passages) —> selective medium with 0.6 M mannitol (2 passages).

Tolerance o f callus cultures to ionic and osmotic stresses was assessed 
by their survival, wet weight growth and free proline content. The last was 
determined by a modified Chinard's method [25]. MS medium free o f stress 
factor was as the control. The experimental data obtained were processed 
with the methods o f statistical analysis [26].
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Fig. 1. Scheme of obtaining osmo- and salt-tolerant triticale callus lines

Results and discussion. It is established that stability o f expression of 
cross-tolerance to salt stress lines derived was high enough -  to the end of 
the sixth passage o f 51 to 75% calli survived (Fig. 2).
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Fig. 2. Survivability of osmotic stress tolerant triticale callus lines 
following 6 passages in selective (1.2% NaCl) medium: 

lL/os-5L/os and lC/os-4C/os -  osmotic stress tolerant callus lines
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When determining the crude weight increment, resistant callus were 
revealed to continue growth despite the presence o f sublethal concentrations 
o f NaCl in selective medium (Fig. 3).
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Fig. 3. Crude weight increment of osmotic stress tolerant triticale callus 
lines following 6 passages in selective (1.2% NaCl) medium: 

lL/os-5L/os and lC/os-4C/os -  osmotic stress tolerant callus lines

In general, tolerant cell lines 3L/os and 5L/ derived from the Line 38/1296, 
as well as lines lC/os and 4C/os derived from the variety Obrii Myronivskyi 
should be identified, whereas they were characterized by the highest proportion 
of alive calli and kept the ability to increase biomass in selective conditions .Cell 
lines with cross-tolerance were distinguished with following morphological 
characteristics: compact dark yellow callus o f globular structure (Fig. 4).

Fig. 4. Osmotic stress tolerant 
triticale calli on selective medium 
supplemented with 1.2% NaCl at 
the end of the 6-th passage

Thus, the data obtained indicate sufficiently high cross-resistance of 
osmotic stress tolerant cell lines to salt stress as well.

Based on the existence of both specific and general system of tolerance 
[16-22], we also analyzed cross-tolerance o f salt-tolerant callus lines to 
osmotic stress. Forthis, they were cultured for 6 passages by scheme: selective 
medium with 0.6 M mannitol (2 passages) —> MS medium (2 passages) —> 
selective medium with 0.6 M mannitol (2 passages). As in previous studies, 
tolerance o f cell cultures to osmotic stress was assessed by survival and 
growth o f wet weight (Fig. 5, 6).
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Fig. 5. Survivability of salt stress tolerant triticale callus lines following 
6 passages in selective (0.6 M mannitol) medium: 

lL/sl—5L/sl and lC/sl—4C/sl -  salt stress tolerant callus lines

on the 7-th day on the 21-st day

Fig. 6. Crude weight increment of salt stress tolerant triticale callus lines 
following 6 passages in selective (0.6 M mannitol) medium: 
lL/sl—5L/sl and lC/sl—4C/sl -  salt stress tolerant callus lines

During the research we found that the stability o f expression o f cross­
tolerance to osmotic stress in cell lines obtained was at high enough level 
-  by the end o f the sixth passage of 50 to 76% calli survived. It was also 
shown that, even in the presence o f sublethal concentrations o f mannitol 
in selective medium resistant calli actively continued to increase biomass.
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We also determined free proline content in callus lines investigated. It 
was established that salt-tolerant cell lines of both triticale genotypes were 
characterized by high free proline content (Fig. 7).

It should be emphasized that the callus lines 3L/sl and 5L/sl derived from 
the Line 38/1296 had the highest proline content as well as the lines lC/sl 
and 4C/sl derived from the cultivar Obrii Myronivskyi were distinguished 
for this index. The data obtained are proof o f the increased tolerance to 
osmotic stress in the triticale callus lines analyzed.
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Fig. 7. Free proline level in salt stress tolerant triticale callus lines 
(C -  control; lL/sl—5L/sl and ІС/sl—4C/sl -  salt stress tolerant callus lines)

Sergeeva L.E. et al. [27] have used this index also when analyzing cross­
resistance to osmotic stress in Cd-tolerant tobacco cell lines and regenerated 
plants. Tobacco cell lines being resistant to cadmium cations and regenerated 
plants derived from them were analyzed in simulated water stress conditions 
in vitro, when using low molecular mannitol as selective agent. The authors 
have shown that proline content in tolerant lines was significantly higher than 
in the wild type; increased content was observed in cells o f both calli and 
leaves. The researches imply proline participation in osmotic regulation of 
Cd-tolerant tobacco lines and regenerated plants when cultivating in vitro 
under conditions o f osmotic stress. It was revealed cross-tolerance in tobacco 
cell lines obtained as to osmotic stress, as well as to cadmium ions.

Proline is known to be one of the most multifunctional stress metabolites in 
plants. Several authors [27-29] in their works indicated that, along with well-
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known proline function as inert compatible osmolyte, under actions of abiotic 
stressors it also carries out a number of other interrelated functions serving as 
membrane protector, chaperone, and antioxidant and is involved in regulation 
of expression for certain genes. Just under stressful conditions this amino acid 
exhibits its properties mentioned above. Therefore, even a slight change in its 
concentration can affect the viability of plants under stress conditions.

Thus, as a result of consistent work we have found cross-tolerance 
o f triticale callus lines obtained as to salt and osmotic stresses. Earlier 
T.V. Chugunkova [30] by methods of cell selection on selective media added 
by sodium sulphate and sodium chloride has obtained callus line of sugar and 
fodder beet resistant to both the individual and the complex stress factors, 
including toxin o f bacteriosis pathogen, low positive temperature as well as 
one type o f salinity -chloride or sulfate. Test for stability of tolerance to the 
complex o f stress factors proved the tolerance o f most beet callus lines and 
regenerated plant derived from them. Increased salt tolerance was found in 
wheat regenerated plants induced from osmotic (mannitol) tolerant cell lines 
[19]. In selective system with PEG salt-tolerant rice clones were obtained 
[22]. Among com plants regenerated from mannitol tolerant callus the forms 
with increased tolerance not only to water deficit, but also to salinity, low 
positive and negative temperatures were selected [20]. The authors explain 
it to the fact that due to general non-specific mechanisms of tolerance the 
resistance to alone adverse factor may lead to increase to the other one.

Conclusions. Test o f tolerance to abiotic stressors showed high enough 
level o f cross-tolerance o f triticale callus lines obtained as to salt and to 
osmotic stresses. It is shown that in the presence of sublethal concentrations 
o f the stress-factor in selective medium tolerant calli kept accumulating 
biomass actively. Triticale salt-tolerant cell lines were characterized also 
with high free proline content. In prospect it is necessary to test maintenance 
o f tolerance in regenerated plants and their seed generations.
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ПЕРЕХРЕСНА СТІЙКІСТЬ КАЛЮ СНИХ  
ЛІН ІЙ  ТРИТИКАЛЕ ОЗИМОГО  

ДО КОМ ПЛЕКСУ АБІОТИЧНИХ СТРЕСОРІВ

П икало С.В.
Миронівський інститут пшениці імені В.М. Ремесла НААН, Україна

Мета. Проаналізувати рівень перехресної стійкості отриманих соле- 
і осмостійких капосних ліній тритикале озимого як до осмотичного, так і 
до сольового стресів.

Матеріал і методика. Матеріалом досліджень були форми тривидово- 
го гексаплоїднош тритикале озимого миронівської селекції Лінія 38/1296 
і сорт Обрій Миронівський. Використовували методи культури тканин із 
застосуванням селективних систем з манітом і хлоридом натрію.

Результати. Встановлено, що стабільність прояву ознаки перехресної 
стійкості до сольового і осмотичного стресів у отриманих клітинних ліній
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була досить високою -  до кінця шостого пасажу виживало від 50 до 76% 
калюсів. Показано, що при наявності в селективному середовищі субле- 
тальної концентрації стрес-фактора стійкі калюси активно продовжували 
накопичувати біомасу. Солестійкі клітинні лінії обох генотипів характери­
зувалися також підвищеним вмістом вільного проліну.

Висновки. Оцінка стійкості до абіотичних стресорів свідчить про до­
статньо високий рівень перехресної толерантності отриманих калюсних 
ліній тритикале як до сольового, так і до осмотичного стресів. У подаль­
шому необхідно перевірити збереження стійкості в рослинах-регенеран- 
тах та їх насіннєвих поколіннях.

Клю чові слова: Triticale, сольовий стрес, осмотичний стрес, 
стійкість, вільний пролін, калюсні лінії

ПЕРЕКРЕСТНАЯ УСТОЙЧИВОСТЬ КАЛЛУСНЫ Х  
Л И Н И Й  ТРИТИКАЛЕ ОЗИМОГО К КОМПЛЕКСУ  

АБИОТИЧЕСКИХ СТРЕССОРОВ

П ы кало  С.В.
Мироновский институт пшеницы имени В.Н. Ремесло НААН, Украина

Цель. Проанализировать уровень перекрестной устойчивости 
полученных соле- и осмоустойчивых каллусных линий тритикале ози­
мого как к осмотическому, так и к солевому стрессам.

М атериал и методика. Материалом для исследований были 
формы трехвидовых гексаплоидных тритикале озимого мироновской 
селекции Линия 38/1296 и сорт Обрій Миронівський. Использовали 
методы культуры тканей с применением селективных систем с манни­
том и хлоридом натрия.

Результаты. Установлено, что стабильность проявления призна­
ка перекрестной устойчивости к солевому и осмотическому стрессам 
у полученных клеточных линий была достаточно высокой -  к концу 
шестого пассажа выживало от 50 до 76% каллусов. Показано, что при 
наличии в селективной среде сублетальной концентрации стресс- 
фактора устойчивые каллусы активно продолжали накапливать био­
массу. Солеустойчивые клеточные линии обоих генотипов характери­
зовались также повышенным содержанием свободного пролина.

Выводы. Оценка устойчивости к абиотическим стрессорам свиде­
тельствует о достаточно высоком уровне перекрестной толерантности
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полученных каллусных линий тритикале как к солевому, так и к осмо­
тическому стрессам. В дальнейшем необходима проверка сохранения 
устойчивости в растениях-регенерантах и их семенных поколениях.

Клю чевые слова: Triticale, солевогt стресс, осмотический стресс, 
устойчивость, свободный пролин, каллусные линии

CROSS-TOLERANCE OF CALLUS LINES OF W INTER  
TRITICALE TO COMPLEX OF ABIOTIC STRESSORS

Pykalo S.V.
The V.M. Remeslo Myronivka Institute of Wheat of NAAS, Ukraine

Aim. To analyze the level o f cross-tolerance o f salt- and drought-tolerant 
callus lines o f winter triticale both to osmotic and salt stresses.

Methods. Forms of three-species hexaploid winter triticale bred at 
Myronivka Line 38/1296 and variety Obrii Myronivskyi were studied. 
Tissue culture methods with application o f selective systems based on 
mannitol and sodium chloride were used.

Results. It was established that the stability o f performance o f 
cross-tolerance to salt and osmotic stress in callus lines obtained was 
sufficiently high -  o f 50 to 76% calli survived to the end o f the sixth 
passage. It was shown that in the presence o f sublethal concentrations o f 
the stress-factors in selective medium tolerant calli actively continued to 
accumulate biomass. The salt-tolerant cell lines o f both genotypes were 
characterized also high free proline content.

Conclusions. Estimation o f tolerance to abiotic stressors demonstrated 
high enough level o f cross-tolerance o f Triticale callus lines obtained for 
both salt and osmotic stresses. In prospect it is necessary to test maintenance 
o f tolerance in regenerated plants and their seed generations.

Key words: Triticale, salt stress, osmotic stress, tolerance, free proline, 
callus lines
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