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Biotechnology and biosafety

Біотехнологія
та біобезпека
ББіотехнологіяіотехнологія
та біобезпеката біобезпека

Âñòóï
Ïøåíèöÿ ì’ÿêà (Triticum aestivum L.) òà 

ñïåëüòà (T. spelta L.) – âàæëèâ³ ïðîìèñëîâ³ 
êóëüòóðè. Â³äîìî, ùî íà ñüîãîäí³øí³é äåíü 
ó ñâ³ò³ ïîñ³âí³ ïëîù³ ïøåíèö³ ì’ÿêî¿ çàéìà-
þòü áëèçüêî 220 ì³ëüéîí³â ãåêòàð³â ³ ùîð³÷-
íî ñâ³òîâèé âðîæàé çåðíà ñêëàäàº áëèçüêî 
749 ì³ëüéîí³â òîíí [1]. Âîäíî÷àñ ñïåëüòà, íà 
ïðîòèâàãó ïøåíèö³ ì’ÿê³é, çàéìàº âóçüêó 
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êàëþñîãåíåçó ç³ çð³ëèõ çàðîäê³â Triticum spelta L. 
òà T. aestivum L. 
À. Â. Êèð³ºíêî1,2*, Ì. Ô. Ïàð³é2, Ì. Â. Êó÷óê1, Þ. Â. Ñèìîíåíêî1,2, Í. Ë. Ùåðáàê1

1²íñòèòóò êë³òèííî¿ á³îëîã³¿ òà ãåíåòè÷íî¿ ³íæåíåð³¿ ÍÀÍ Óêðà¿íè, âóë. Àêàäåì³êà Çàáîëîòíîãî, 148á, ì. Êè¿â, 03143, 
Óêðà¿íà, *e-mail: anastasija.kirienko@gmail.com
2Âñåóêðà¿íñüêèé íàóêîâèé ³íñòèòóò ñåëåêö³¿, âóë. Âàñèëüê³âñüêà, 30, ì. Êè¿â, 03022, Óêðà¿íà 

Ìåòà. Ââåäåííÿ â êóëüòóðó in vitro òà îäåðæàííÿ êàëþñ³â ³ç çð³ëèõ çàðîäê³â 3 çðàçê³â ïøåíèö³ ñïåëüòè òà ïîð³âíÿííÿ 
åôåêòèâíîñò³ ¿õíüîãî êàëþñîãåíåçó ³ç 2 çðàçêàìè ïøåíèö³ ì’ÿêî¿. Ìåòîäè. Äëÿ ïðîâåäåííÿ öüîãî äîñë³äæåííÿ áóëî 
îáðàíî 5 çðàçê³â ãåêñàïëî¿äíî¿ ïøåíèö³: 3 – ñïåëüòè òà 2 – ïøåíèö³ ì’ÿêî¿.  Ñòåðèë³çàö³þ çåðíà ïðîâîäèëè  96% 
åòèëîâèì ñïèðòîì òà 5% ðîç÷èíîì ã³ïîõëîðèòó íàòð³þ. Äëÿ óâåäåííÿ â êóëüòóðó in vitro åêñïëàíòàìè áðàëè çð³ë³ çà-
ðîäêè. Äëÿ êàëþñîãåíåçó âèêîðèñòàëè òðè òèïè æèâèëüíèõ ñåðåäîâèù Ìóðàñ³ãå ³ Ñêóãà (ÌS) ç ð³çíèì êîìïîíåíòíèì 
ñêëàäîì. Åêñïëàíòè êóëüòèâóâàëè â òåìðÿâ³ 21 äîáó. Ðåçóëüòàòè. Ï³ä³áðàíî îïòèìàëüí³ óìîâè äëÿ ³íäóêö³¿ êóëüòóðè 
òêàíèí Triticum spelta L. òà T. aestivum L. ³ç çð³ëèõ çàðîäê³â. Îòðèìàí³ ç ð³çíèõ çðàçê³â êàëþñè, ÿê³ âèðîùóâàëè íà òðüîõ 
òèïàõ ìîäèô³êîâàíîãî æèâèëüíîãî ñåðåäîâèùà ÌS, íå â³äð³çíÿëèñü ì³æ ñîáîþ ìîðôîëîã³÷íî. Ó ñîðò³â ñïåëüòè ‘ªâðîïà’ 
³ ïøåíèö³ ì’ÿêî¿ ‘Áóí÷óê’ òà ‘Åëåã³ÿ Ìèðîí³âñüêà’ íåçàëåæíî â³ä ñêëàäó ñåðåäîâèùà ñïîñòåð³ãàëè âèñîêó åôåêòèâí³ñòü 
êàëþñîóòâîðåííÿ, ó òîé ÷àñ ÿê íà åêñïëàíòàõ ñïåëüòè ñîðòó ‘Çîðÿ Óêðà¿íè’ â³äáóâàëîñü ïîâ³ëüíå ôîðìóâàííÿ êàëþñó.
Âèñíîâêè. Ç åêñïëàíò³â çð³ëèõ çàðîäê³â îòðèìàíî êóëüòóðó òêàíèí 3 çðàçê³â ñïåëüòè òà 2 çðàçê³â ïøåíèö³ ì’ÿêî¿. 
Âñòàíîâëåíî, ùî íàéåôåêòèâí³øèìè äëÿ êàëþñîóòâîðåííÿ ç åêñïëàíò³â çð³ëèõ çàðîäê³â ïøåíèö³ ì’ÿêî¿ òà ñïåëüòè áóëî 
æèâèëüíå ñåðåäîâèùå MS ç 3% ñàõàðîçè, äîïîâíåíå 2 ìã/ë 2,4-Ä, 10 ìë/ë àð´åíòóìîì í³òðàòó. Åôåêòèâí³ñòü êàëþñîãå-
íåçó íà 21 äîáó êóëüòèâóâàííÿ, çàëåæíî â³ä çðàçêà, âàð³þâàëà â ìåæàõ 80,2–100,0%. Äîñë³äæóâàí³ çðàçêè â³äð³çíÿëèñü 
ì³æ ñîáîþ çà çäàòí³ñòþ ôîðìóâàòè êàëþñè íà æèâèëüíèõ ñåðåäîâèùàõ ³ç ð³çíèì êîìïîíåíòíèì ñêëàäîì. 

Êëþ÷îâ³ ñëîâà: ñïåëüòà; ïøåíèöÿ ì’ÿêà; êóëüòóðà in vitro; êàëþñ; åêñïëàíòè.

í³øó, ³  ÷àñòî ìàº ïîïèò íà ðèíêó åêîëîã³÷-
íî ÷èñòî¿ îðãàí³÷íî¿ ïðîäóêö³¿. Ç îãëÿäó íà 
ãîñïîäàðñüêå ïîøèðåííÿ ïøåíèö³ ì’ÿêî¿ òà 
ïîïèò íà îðãàí³÷íó ïðîäóêö³þ ïåðñïåêòèâ-
íèì º ñòâîðåííÿ íîâèõ ñîðò³â ïøåíèö³ 
ì’ÿêî¿ òà ñïåëüòè, ùî áóäóòü íåñòè ïîêðà-
ùåí³ ãîñïîäàðñüêî-ö³íí³ îçíàêè òàê³, ÿê 
ï³äâèùåíà âðîæàéí³ñòü, ñò³éê³ñòü äî âèëÿ-
ãàííÿ, ðåçèñòåíòí³ñòü äî á³îòè÷íèõ òà àá³î-
òè÷íèõ ñòðåñ³â. Êëàñè÷íà ãåíåòèêà íå âñòè-
ãàº çàäîâîëüíèòè ñó÷àñí³ ïîòðåáè ç³ ñòâîðåí-
íÿ íîâîãî ïåðñïåêòèâíîãî ðîñëèííîãî ìàòå-
ð³àëó, òîìó äëÿ âèð³øåííÿ ö³º¿ ïðîáëåìè 
äîö³ëüíî âèêîðèñòîâóâàòè á³îòåõíîëîã³÷í³ 
òà ãåííî-³íæåíåðí³ ï³äõîäè. Àêòóàëüíèì º 
îäåðæàííÿ êóëüòóðè òêàíèí in vitro âèõ³ä-
íîãî çðàçêà, çä³éñíåííÿ ¿¿ ãåíåòè÷íî¿ òðàíñ-
ôîðìàö³¿ íà ïðåäìåò ïåðåíåñåííÿ ãåí³â ãîñ-
ïîäàðñüêî-ö³ííèõ îçíàê òà ñòâîðåííÿ ðîñ-
ëèííîãî ìàòåð³àëó ç ïîêðàùåíèìè âëàñòè-
âîñòÿìè. Òîìó ïåðøèì åòàïîì ö³º¿ ðîáîòè º 
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Á³îòåõíîëîã³ÿ òà á³îáåçïåêà

ââåäåííÿ âèõ³äíîãî ðîáî÷îãî çðàçêà â êóëü-
òóðó in vitro.

Â³äîìî, ùî ðåãåíåðàö³ÿ ðîñëèí in vitro áó-
âàº ÿê ïðÿìîþ, òàê ³ íåïðÿìîþ. Äëÿ íåïðÿ-
ìîãî òèïó ðåãåíåðàö³¿ in vitro âàæëèâîþ º 
ñòàä³ÿ ôîðìóâàííÿ êàëþñó. Ó ïîäàëüøîìó ç 
êàëþñó â³äáóäåòüñÿ ðåãåíåðàö³ÿ ðîñëèíè 
øëÿõîì îðãàíîãåíåçó àáî ñîìàòè÷íîãî åìá-
ð³îãåíåçó. Äëÿ çëàêîâèõ êóëüòóð äîñèòü õà-
ðàêòåðíîþ º íåïðÿìà ðåãåíåðàö³ÿ. Òîìó 
äóæå âàæëèâèì òà íåîáõ³äíèì åòàïîì ó ðîç-
ðîáö³ ñèñòåìè åôåêòèâíî¿ ðåãåíåðàö³¿  ñïåëü-
òè º ôîðìóâàííÿ îðãàíîãåííîãî êàëþñó. Ç 
îãëÿäó íà öå, äîñë³äæóâàëàñü åôåêòèâí³ñòü 
ñòàä³¿ êàëþñîãåíåçó äëÿ îäåðæàííÿ êàëþñó 
ñïåëüòè.

Íà ñüîãîäí³ ïðàêòè÷íî â³äñóòí³ äàí³ ùîäî 
åôåêòèâíîñò³ êàëþñîãåíåçó ó ñïåëüòè, 
îñê³ëüêè âîíà º ìåíø äîñë³äæåíîþ í³æ 
ïøåíèöÿ ì’ÿêà, äëÿ ÿêî¿ â³äîìî áàãàòî ï³ä-
õîä³â äëÿ îäåðæàííÿ êàëþñ³â. Óâåäåííÿ â 
êóëüòóðó in vitro âàðòî ïî÷èíàòè ³ç ï³äáîðó 
òèïó åêñïëàíòó. Íàé÷àñò³øå â ðîë³ åêñïëàí-
ò³â äëÿ ïøåíèö³ ì’ÿêî¿ âèêîðèñòîâóþòü àï³-
êàëüí³ ìåðèñòåìè ìîëîäèõ ïðîðîñòê³â [2], 
íåçð³ë³ çàðîäêè [3] òà çð³ë³ çàðîäêè [4]. 

Äëÿ ³íäóêö³¿ óòâîðåííÿ êàëþñó ìîæíà âè-
êîðèñòîâóâàòè ñï³ââ³äíîøåííÿ ðîñòîâèõ 
ôàêòîð³â, øòó÷íèõ àóêñèí³â òà öèòîê³í³í³â, 
â ÿêîìó á³ëüøå àóêñèí³â, à ñàìå 2,4-äèõëîð-
ôåíîêñèîöòîâî¿ êèñëîòè (2,4-Ä) [3, 5], ïèê-
ëîðàìó, 1-íàôòèëîöòîâî¿ êèñëîòè (ÍÎÊ), 
òèä³àçóðîíó (ÒÄÇ), ³íäîë-3-îöòîâî¿ êèñëîòè 
(²ÎÊ) òîùî ³ ìåíøå (àáî âçàãàë³ â³äñóòí³) öè-
òîê³í³íè – ê³íåòèí [3], 6-áåíçèëàì³íîïóðèí 
(ÁÀÏ) òîùî. Äëÿ òîãî, ùîá çíèçèòè ðèçèê 
êîíòàì³íàö³¿ êóëüòóðè òêàíèí ð³çíèìè ì³ê-
ðîîðãàí³çìàìè, îêð³ì àíòèá³îòèê³â òà ôóí-
ã³öèä³â, ìîæíà òàêîæ âèêîðèñòîâóâàòè àð-
´åíòóì í³òðàò [6].

Â³äîìî, ùî äëÿ îòðèìàííÿ êàëþñ³â ³ç çð³-
ëèõ çàðîäê³â ìîæíà âèêîðèñòîâóâàòè áàçîâå 
ñåðåäîâèùå MS. À ï³ñëÿ òðüîõ òèæí³â êóëü-
òèâóâàííÿ ïåðåíîñèòè íà ñåðåäîâèùå MS ³ç 
2 ìã/ë 2,4-Ä [7]. Äëÿ ôîðìóâàííÿ êàëþñó ³ç 
ëèñòêîâèõ åêñïëàíò³â âèêîðèñòîâóþòü ïîºä-
íàííÿ 2,4-Ä ó êîíöåíòðàö³¿ 2 ìã/ë òà àð´åíòó-
ìó í³òðàòó â êîíöåíòðàö³¿ 10 ìã/ë [8]. Ïîºä-
íàííÿ 2,4-Ä (1,5 ìã/ë) òà ê³íåòèíó (0,5 ìã/ë) 
âèêîðèñòîâóþòü äëÿ îäåðæàííÿ êàëþñíî¿ 
êóëüòóðè ³ç ïèëÿê³â ïøåíèö³ íà æèâèëüíî-
ìó ñåðåäîâèù³ Ñ-17 [9]. Øòó÷íèé àóêñèí 
2,4-Ä ó êîíöåíòðàö³¿ 2 ìã/ë ó ñêëàä³ áàçîâî-
ãî ñåðåäîâèùà MS ìîæå âèêîðèñòîâóâàòèñü 
äëÿ ³íäóêö³¿ êàëþñó ³ç ïøåíèö³ ì’ÿêî¿ [4, 10] 
òà òâåðäî¿ [11]. Æèâèëüíå ñåðåäîâèùå íà 
îñíîâ³ MS, ÿêå ì³ñòèòü 2,5% ñàõàðîçè òà ïî-
ëîâèíó ñîëåé MS (1/2 MS ñåðåäîâèùà), àëå 

ìàº ó ñâîºìó ñêëàä³ 2 ìã/ë 2,4-Ä, âèêëèêàº 
óòâîðåííÿ êàëþñ³â ó ïøåíèö³ ì’ÿêî¿ âæå ÷å-
ðåç äâà òèæí³ êóëüòèâóâàííÿ [12]. Çá³ëü-
øåííÿ êîíöåíòðàö³¿ 2,4-Ä äî 3,0–3,5 ìã/ë 
ïîçèòèâíî âïëèâàº íà ôîðìóâàííÿ êàëþñ³â 
³ç åêñïëàíò³â çð³ëèõ çåðí³âîê [13]. Âèêîðèñ-
òàííÿ 2,4-Ä â êîíöåíòðàö³¿ 1 ìã/ë áåç çà-
ñòîñóâàííÿ ³íøèõ ðåãóëÿòîð³â ðîñòó ïðèçâî-
äèòü äî óòâîðåííÿ êîìïàêòíèõ êàëþñ³â, àëå 
ï³äâèùóº ðèçîãåíåç, òà â ïîäàëüøîìó íåãà-
òèâíî âïëèâàº íà ÿê³ñòü óòâîðåíèõ åìáð³î¿-
ä³â. Äëÿ ôîðìóâàííÿ åìáð³îãåííîãî êàëþñó 
íàéá³ëüø îïòèìàëüíîþ êîíöåíòðàö³ºþ 2,4-Ä
º 2 ìã/ë [14]. Ó ñâî¿é ðîáîò³ Baday S. J. S. 
[15] çàçíà÷àº, ùî äëÿ ³íäóêö³¿ êàëþñîãåíåçó 
³ç åêñïëàíò³â çð³ëèõ çàðîäê³â íàéîïòèìàëü-
í³øèìè êîíöåíòðàö³ÿìè 2,4-Ä òà ê³íåòèíó 
â áàçîâîìó ñåðåäîâèù³ MS º 2,5 òà 0,9 ìã/ë
â³äïîâ³äíî. Òàêîæ â³äîìî, ùî ó ïøåíèö³ 
òâåðäî¿ äëÿ åêñïëàíò³â íåçð³ëèõ çàðîäê³â 
àð´åíòóì í³òðàò ó êîíöåíòðàö³¿ äî 10 ìã/ë 
ñïðèÿº óòâîðåííþ ñîìàòè÷íèõ åìáð³î¿ä³â 
[16].

Ìåòà äîñë³äæåíü – ââåäåííÿ â êóëüòóðó 
in vitro åêñïëàíò³â çð³ëèõ çàðîäê³â, îäåð-
æàííÿ êàëþñ³â 3 çðàçê³â ñïåëüòè òà ïîð³â-
íÿííÿ åôåêòèâíîñò³ ¿õ êàëþñîãåíåçó ³ç 2 
çðàçêàìè ïøåíèö³ ì’ÿêî¿.

Ìàòåð³àëè òà ìåòîäèêà äîñë³äæåíü
Äëÿ äîñë³äæåííÿ áóëî îáðàíî 5 çðàçê³â 

ãåêñàïëî¿äíî¿ ïøåíèö³: ïøåíèöÿ ì’ÿêà ÿðà 
– Triticum aestivum L. ñîðò ‘Åëåã³ÿ Ìèðîí³â-
ñüêà’ (çðàçîê ¹ 1), îçèìà – T. aestivum L. 
ñîðò ‘Áóí÷óê’ (¹ 2), îçèìà ñïåëüòà – T. spelta 
L. ñîðòè ‘Àëüáåðòà’ (¹ 3), ‘ªâðîïà’ (¹ 4) òà 
‘Çîðÿ Óêðà¿íè’ (¹ 5). Íàìè áóëè îáðàí³ ñàìå 
ö³ çðàçêè, îñê³ëüêè ñîðòè ‘Áóí÷óê’ òà ‘Åëå-
ã³ÿ Ìèðîí³âñüêà’ º íàö³îíàëüíèìè ñòàíäàð-
òàìè äëÿ ïøåíèö³ ì’ÿêî¿, ñîðò ‘Çîðÿ Óêðà-
¿íè’ – äëÿ ñïåëüòè. Äâà ³íø³ çðàçêè ñïåëüòè 
– ñîðòè ‘ªâðîïà’ òà ‘Àëüáåðòà’ áóëè óçÿò³ äëÿ 
ïîð³âíÿííÿ îòðèìàíèõ äàíèõ ïî ñïåëüò³. 
Çðàçêè íàñ³ííÿ áóëè îòðèìàí³ ç êîëåêö³¿ 
ÒÎÂ «Âñåóêðà¿íñüêèé íàóêîâèé ³íñòèòóò ñå-
ëåêö³¿». 

Äëÿ ââåäåííÿ â êóëüòóðó in vitro åêñïëàí-
òàìè îáðàëè çð³ë³ çàðîäêè, ÿê³ â³äîêðåìëþ-
âàëè â³ä çåðíà. Ïîïåðåäíüî çä³éñíèëè ïî-
âåðõíåâó ñòåðèë³çàö³þ çåðíà ó 96% åòèëîâî-
ìó ñïèðò³ – 5 õâ, 5% ã³ïîõëîðèò³ íàòð³þ – 
10 õâ, òðè÷³ â³äìèâàëè ó ñòåðèëüí³é äèñòè-
ëüîâàí³é âîä³. Äëÿ ëåãøîãî â³äîêðåìëåííÿ 
çð³ëèõ çàðîäê³â â³ä çåðí³âêè âèêîíóâàëè 
ïîïåðåäíº çàìî÷óâàííÿ çåðíà ó ñòåðèëüí³é 
äèñòèëüîâàí³é âîä³ ïðîòÿãîì 2 ãîäèí.

Äëÿ ³íäóêö³¿ êàëþñîãåíåçó âèêîðèñòîâó-
âàëè òðè òèïè ìîäèô³êîâàíîãî æèâèëüíîãî 
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ñåðåäîâèùà Ìóðàñ³ãå ³ Ñêóãà (MS) [17]: MS 
¹ 1, äîïîâíåíå 1 ìã/ë 2,4-Ä, 0,5 ìã/ë ïèêëî-
ðàìó, 150 ìã/ë öåôòðèàêñîíó, 3% ñàõàðîçè; 
MS ¹ 2, äîïîâíåíå 2 ìã/ë 2,4-Ä, 10 ìã/ë 
AgNO

3
, 150 ìã/ë öåôòðèàêñîíó, 3% ñàõàðîçè; 

MS ¹ 3, äîïîâíåíå 2 ìã/ë 2,4-Ä, 0,5 ìã/ë 
ê³íåòèíó, 150 ìã/ë öåôòðèàêñîíó, 2% ñàõà-
ðîçè, â³òàì³íàìè çà æèâèëüíèì ñåðåäîâè-
ùåì [18].

Åêñïëàíòè ð³âíîì³ðíî (ïî 45–55 øòóê) 
ðîçì³ùóâàëè íà ÷àøêàõ Ïåòð³ ³ç â³äïîâ³ä-
íèì æèâèëüíèì ñåðåäîâèùåì ³ êóëüòèâóâà-
ëè â òåìðÿâ³ ïðè 25 °Ñ ïðîòÿãîì 21 äîáè. 
Áóëî âèêîðèñòàíî 5 ïîâòîð³â äëÿ êîæíîãî 
çðàçêà òà òèïó æèâèëüíîãî ñåðåäîâèùà. 
Îö³íêó ³íòåíñèâíîñò³ òà õàðàêòåðó êàëþñî-
ãåíåçó çä³éñíþâàëè êîæí³ 7 äí³â. Ïðè öüîìó 
âðàõîâóâàëè ðîçì³ð êàëþñ³â, ¿õ ñòðóêòóðó, 
êîë³ð, ÷àñòîòó óòâîðåííÿ òà õàðàêòåð ðîñòó.

Åôåêòèâí³ñòü êàëþñîóòâîðåííÿ âèçíà÷à-
ëè çà ôîðìóëîþ (Ê / Å) × 100, äå, Ê – ê³ëü-
ê³ñòü åêñïëàíò³â, íà ÿêèõ óòâîðþâàâñÿ êà-
ëþñ, Å – çàãàëüíà ê³ëüê³ñòü âèñàäæåíèõ åêñ-
ïëàíò³â [19].

Ðåçóëüòàòè òà îáãîâîðåííÿ
Äëÿ ââåäåííÿ â êóëüòóðó in vitro âèêîðèñ-

òîâóâàëè çð³ë³ çàðîäêè ñïåëüòè òà ïøåíèö³ 
ì’ÿêî¿, ÿê³ êóëüòèâóâàëè íà òðüîõ òèïàõ 
æèâèëüíèõ ñåðåäîâèù äëÿ ³íäóêö³¿ êàëþñî-
ãåíåçó. Íàìè îòðèìàíî êóëüòóðó in vitro 
òêàíèí ñïåëüòè ñîðò³â ‘Àëüáåðòà’, ‘ªâðîïà’, 
‘Çîðÿ Óêðà¿íè’ òà ïøåíèö³ ì’ÿêî¿ ñîðò³â 
‘Áóí÷óê’ òà ‘Åëåã³ÿ Ìèðîí³âñüêà’. Óçàãàëü-
íåí³ ðåçóëüòàòè ç åôåêòèâíîñò³ êàëþñîóòâî-
ðåííÿ ïîäàí³ ó òàáëèö³ 1.

Òàáëèöÿ 1
Åôåêòèâí³ñòü êàëþñîóòâîðåííÿ ³ç çð³ëèõ çàðîäê³â

3 çðàçê³â ñïåëüòè òà 2 çðàçê³â ïøåíèö³ ì’ÿêî¿ 
íà 21 äîáó ðîñòó íà æèâèëüíèõ ñåðåäîâèùàõ 

ð³çíîãî êîìïîíåíòíîãî ñêëàäó

Ñîðò
Åôåêòèâí³ñòü êàëþñîãåíåçó (%), x ± S

Ñåðåäîâèùå 
MS ¹ 1

Ñåðåäîâèùå 
MS ¹ 2

Ñåðåäîâèùå 
MS ¹ 3

‘Åëåã³ÿ 
Ìèðîí³âñüêà’ 95,0 ± 7,0 99,2 ± 1,7 91,6 ± 10,5
‘Áóí÷óê’ 96,6 ± 4,9 98,4 ± 3,5 94,8 ± 4,8
‘Àëüáåðòà’ 86,4 ± 8,6 86,2 ± 7,8 76,0 ± 17,1
‘ªâðîïà’ 97,8 ± 4,9 100,0 ± 0,0 98,0 ± 4,4
‘Çîðÿ Óêðà¿íè’ 72,0 ± 16,3 80,2 ± 19,7 64,0 ± 15,3

Ïðèì³òêà. x – ñåðåäíº çíà÷åííÿ, S – ïîõèáêà âèá³ðêîâî¿ 
ñåðåäíüî¿.

Ïîêàçàíî, ùî äîñë³äæóâàí³ çðàçêè â³äð³ç-
íÿþòüñÿ çà çäàòí³ñòþ óòâîðþâàòè êàëþñ. 
Íàéâèùèé â³äñîòîê êàëþñîãåíåçó áóâ ïðè 
âèêîðèñòàíí³ æèâèëüíîãî ñåðåäîâèùà MS 
¹ 2. Â³í âàð³þâàâ ó ìåæàõ 80,2–100,0% íà 

21 äîáó ðîñòó äëÿ ð³çíèõ çðàçê³â (òàáë. 2). 
Òàê, íà 7 äîáó êóëüòèâóâàííÿ â³äñîòîê åôåê-
òèâíîñò³ êàëþñîãåíåçó áóâ íå ìåíøå 59,8%, 
à íà 21 äîáó – âæå ïåðåâèùóâàâ 80,2%. Íà 
öüîìó æèâèëüíîìó ñåðåäîâèù³ íàéá³ëüø 
åôåêòèâíå êàëþñîóòâîðåííÿ âèÿâëåíî äëÿ 
çðàçêó ñïåëüòè ñîðòó ‘ªâðîïà’ íà 21 äîáó 
ðîñòó – 100% (òàáë. 2). Íàéíèæ÷îþ åôåê-
òèâí³ñòü êàëþñîóòâîðåííÿ áóëà ó çðàçêà 
ñïåëüòè ñîðòó ‘Çîðÿ Óêðà¿íè’. Íà 7 äîáó êà-
ëþñîãåíåçó âîíà ñêëàëà 59,8%, à íà 21 äîáó 
– 80,2% (òàáë. 2). Çðàçêè ïøåíèö³ ì’ÿêî¿ 
ñîðò³â ‘Áóí÷óê’, ‘Åëåã³ÿ Ìèðîí³âñüêà’ òà 
ñïåëüòè ‘Àëüáåðòà’ ïîêàçàëè ñåðåäí³ çíà-
÷åííÿ åôåêòèâíîñò³ êàëþñîãåíåçó ùîäî âè-
ùåîïèñàíèõ. Íà 7 äîáó ðîñòó íà æèâèëüíî-
ìó ñåðåäîâèù³ MS ¹ 2 ö³ çðàçêè äåìîíñòðó-
âàëè òàê³ ðåçóëüòàòè: 90,2; 95,0 òà 75,0% 
â³äïîâ³äíî (òàáë. 2). Íà 21 äîáó êóëüòèâó-
âàííÿ ñåðåäíÿ åôåêòèâí³ñòü êàëþñîãåíåçó 
çðîñëà äî 99,2; 98,4 òà 86,2% â³äïîâ³äíî 
(òàáë. 2). Âèõîäÿ÷è ç îòðèìàíèõ ðåçóëüòàò³â 
ìîæíà ïðèïóñòèòè, ùî 2,4-Ä â êîíöåíòðàö³¿ 
á³ëÿ 2 ìã/ë òà àð´åíòóì í³òðàò ó ñåðåäí³é 
êîíöåíòðàö³¿ (á³ëÿ 10 ìã/ë) ìàþòü ïîçèòèâ-
íèé âïëèâ íà åôåêòèâí³ñòü êàëþñîãåíåçó.

Àâòîðè Hussein K. Zair Al-Kaaby et al. [6] 
çàçíà÷àþòü, ùî àð´åíòóì í³òðàò â³ä³ãðàº 
ïåâíó ðîëü ó ôîðìóâàíí³ åìáð³îãåííîãî êà-
ëþñó. Âèñîê³ êîíöåíòðàö³¿ (ïîíàä 10 ìã/ë) 
öüîãî àãåíòó çäàòí³ âèêëèêàòè ³íã³áóâàííÿ 
óòâîðåííÿ êàëþñó òàê ñàìî, ÿê ³ íèçüê³ 
(ìåíøå 5 ìã/ë). Àð´åíòóì í³òðàò ó êîíöåí-
òðàö³¿ 5–10 ìã/ë ÷èíèòü ïîçèòèâíèé âïëèâ 
íà óòâîðåííÿ åìáð³îãåííîãî êàëþñó [6]. 

Âñòàíîâëåíî, ùî äîäàâàííÿ â æèâèëüíå 
ñåðåäîâèùå 2 ìã/ë 2,4-Ä âåäå äî óòâîðåííÿ 
êàëþñó ³ç çð³ëèõ çàðîäê³â ó ä³àïàçîí³ 97,6–
100,0% çàëåæíî â³ä çðàçêà [20]. 

Òàáëèöÿ 2
Äèíàì³êà êàëþñîóòâîðåííÿ 3 çðàçê³â ñïåëüòè 

òà 2 çðàçê³â ïøåíèö³ ì’ÿêî¿ íà æèâèëüíîìó 
ñåðåäîâèù³ MS ¹ 2 ïðîòÿãîì 21 äîáè ðîñòó 

Ñîðò
Åôåêòèâí³ñòü êàëþñîãåíåçó (%), x ± S
7 äîáà 14 äîáà 21 äîáà

‘Åëåã³ÿ 
Ìèðîí³âñüêà’ 90,2 ± 10,1 92,8 ± 5,0 99,2 ± 1,7
‘Áóí÷óê’ 95,0 ± 4,5 98,4 ± 3,5 98,4 ± 3,5
‘Àëüáåðòà’ 75,0 ± 11,7 77,8 ± 10,6 86,2 ± 7,8
‘ªâðîïà’ 95,0 ± 5,0 97,2 ± 4,7 100,0 ± 0,0
‘Çîðÿ Óêðà¿íè’ 59,8 ± 13,4 68,6 ± 14,3 80,2 ± 19,7

Ïðèì³òêà. x – ñåðåäíº çíà÷åííÿ, S – ïîõèáêà âèá³ðêîâî¿ 
ñåðåäíüî¿.

²íøèì æèâèëüíèì ñåðåäîâèùåì, ïðèäàò-
íèì äëÿ îòðèìàííÿ êàëþñ³â, ñòàëî MS ¹ 1 
(òàáë. 3). Íà 7 äîáó ñåðåäí³ çíà÷åííÿ åôåê-
òèâíîñò³ êàëþñîóòâîðåííÿ âàð³þâàëè â 
ìåæàõ 64,2–96,6%; à íà 21 äîáó êóëüòèâó-
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âàííÿ – 72,0–97,8% (òàáë. 3). Ïîä³áíî äî 
ñåðåäîâèùà MS ¹ 2, íà æèâèëüíîìó ñåðåäî-
âèù³ MS ¹ 1 êàëþñè íàéá³ëüø åôåêòèâíî 
óòâîðþâàâ çðàçîê ñïåëüòè ñîðòó ‘ªâðîïà’ – 
íà 21 äîáó ñåðåäíº çíà÷åííÿ êàëþñîãåíåçó 
áóëî 97,8% (òàáë. 1), ùî º òðîõè íèæ÷èì 
ïîêàçíèêîì, í³æ ïðè êóëüòèâóâàíí³ íà MS 
¹ 2 (100%) (òàáë. 1). Ñïåëüòà ‘Çîðÿ Óêðà¿-
íè’ çíîâó äåìîíñòðóâàëà íàéíèæ÷ó åôåê-
òèâí³ñòü êàëþñîãåíåçó – 72,0% íà 21 äîáó 
êóëüòèâóâàííÿ (òàáë. 3), ùî áóëî íàâ³òü 
ìåíøå, í³æ ó âèïàäêó ³ç æèâèëüíèì ñåðåäî-
âèùåì MS ¹ 2 (80,2%) (òàáë. 1).

Òàáëèöÿ 3
Äèíàì³êà åôåêòèâíîñò³ êàëþñîóòâîðåííÿ 3 çðàçê³â 
ñïåëüòè òà 2 çðàçê³â ïøåíèö³ ì’ÿêî¿ íà æèâèëüíîìó 

ñåðåäîâèù³ MS ¹ 1 ïðîòÿãîì 21 äîáè êóëüòèâóâàííÿ

Ñîðò
Åôåêòèâí³ñòü êàëþñîãåíåçó (%), x ± S
7 äîáà 14 äîáà 21 äîáà

‘Åëåã³ÿ 
Ìèðîí³âñüêà’ 78,6 ± 26,2 95,0 ± 7,0 95,0 ± 7,0
‘Áóí÷óê’ 96,6 ± 4,9 96,6 ± 4,9 96,6 ± 4,9
‘Àëüáåðòà’ 74,4 ± 13,1 82,6 ± 3,9 86,4 ± 8,6
‘ªâðîïà’ 92,8 ± 6,3 94,0 ± 7,1 97,8 ± 4,9
‘Çîðÿ Óêðà¿íè’ 64,2 ± 17,9 67,6 ± 12,5 72,0 ± 16,3

Ïðèì³òêà. x – ñåðåäíº çíà÷åííÿ, S – ïîõèáêà âèá³ðêîâî¿ 
ñåðåäíüî¿.

Parmar et al. [21] çàçíà÷àþòü, ùî ïèêëî-
ðàì ó êîíöåíòðàö³ÿõ 2 ìã/ë òà 4 ìã/ë âè-
êëèêàº 100% ³íäóêö³þ êàëþñîóòâîðåííÿ. 
Ïèêëîðàì ó êîíöåíòðàö³¿, âèù³é 4 ìã/ë, 
ï³äâèùóº â³äñîòîê ðåãåíåðàö³¿ (68,0% ïðîòè 
63,0%). 

Ñåðåä òðüîõ äîñë³äæóâàíèõ æèâèëüíèõ 
ñåðåäîâèù íàéìåíø åôåêòèâíèì äëÿ êàëþ-
ñîóòâîðåííÿ áóëî MS ¹ 3. Íà 7 äîáó êóëü-
òèâóâàííÿ åôåêòèâí³ñòü êàëþñîãåíåçó âàð³-
þâàëà â ìåæàõ 47,2–91,0%, à íà 21 äîáó – 
64,0–98,0%. Çàãàëîì, çðàçêè ñîðò³â ñïåëüòè 
‘ªâðîïà’ òà ‘Çîðÿ Óêðà¿íè’ âèÿâèëè çäàòí³ñòü 
ôîðìóâàòè êàëþñ íà æèâèëüíèõ ñåðåäî âè-
ùàõ ³ç ð³çíèì êîìïîíåíòíèì ñêëàäîì. Çðà-
çîê ñïåëüòè ‘ªâðîïà’ ïîêàçàâ íàéâèùó åôåê-
òèâí³ñòü êàëþñîóòâîðåííÿ – 98,0% íà 21 
äîáó. Ñïåëüòà ‘Çîðÿ Óêðà¿íè’ íàéìåíø 
åôåêòèâíî óòâîðþâàëà êàëþñè – 64,0% íà 
21 äîáó (òàáë. 4). Ìîæíà ïðèïóñòèòè, ùî 
çäàòí³ñòü óòâîðþâàòè êàëþñ äëÿ çðàçê³â ñîð-
ò³â ñïåëüòè ‘ªâðîïà’ òà ‘Çîðÿ Óêðà¿íè’ º ãå-
íåòè÷íî äåòåðì³íîâàíîþ îçíàêîþ, ÿêà áóäå 
ïðîÿâëÿòèñü îäíàêîâîþ ì³ðîþ íà ð³çíèõ 
æèâèëüíèõ ñåðåäîâèùàõ çà ð³çíèõ óìîâ 
êóëüòèâóâàííÿ.

Â³äîìî, ùî íåçíà÷í³ êîíöåíòðàö³¿ ê³íå-
òèíó (1 ìã/ë) çäàòí³ ïîçèòèâíî âïëèâàòè íà 
óòâîðåííÿ êàëþñó â ãåêñàïëî¿äíî¿ ïøåíèö³ 
[3]. Îäíàê, ó íàøîìó äîñë³äæåíí³ æèâèëü-

íå ñåðåäîâèùå MS ³ç âì³ñòîì öüîãî ðåãóëÿ-
òîðà ðîñòó â êîíöåíòðàö³¿ 0,5 ìã/ë äåìîí-
ñòðóâàëî íàéíèæ÷èé â³äñîòîê åôåêòèâíîñò³ 
êàëþñîãåíåçó – 47,2%, ó òîé ÷àñ, ÿê äëÿ 
MS ¹ 1 – 72,0% òà MS ¹ 2 – 80,2% íà 21 
äîáó. Äëÿ ³íäóêö³¿ êàëþñîóòâîðåííÿ ³ç åêñ-
ïëàíò³â íåçð³ëèõ çàðîäê³â òàêîæ âèêîðèñ-
òîâóþòü áàçîâå ñåðåäîâèùå MS, äîïîâíåíå 
ã³äðîë³çàòîì êàçå¿íó (300 ìã/ë), L-ãëóòà-
ì³íîì (500 ìã/ë), L-ïðîë³íîì (500 ìã/ë), ùî 
ó ÿêîñò³ ðåãóëÿòîð³â ðîñòó ì³ñòèòü 2 ìã/ë 
2,4-Ä òà 0,5 ìã/ë ê³íåòèíó. ßêùî â öå æè-
âèëüíå ñåðåäîâèùå äîäàòè àð´åíòóì í³òðàò 
ó êîíöåíòðàö³¿ 2–10 ìã/ë, òî öå ïîçèòèâíî 
ñïðèÿº êàëþñîóòâîðåííþ (÷àñòîòà êàëþñî-
óòâîðåííÿ 81,7–95,0%) òà çìåíøóº íåêðîç 
(÷àñòîòà íåêðîçó êàëþñ³â 11,7–1,7%) çà-
ëåæíî â³ä çðàçêà [22]. Äóæå ÷àñòî äëÿ ³í-
äóêö³¿ êàëþñîóòâîðåííÿ ³ç åêñïëàíò³â çð³-
ëèõ çàðîäê³â ïøåíèö³ âèêîðèñòîâóþòü æè-
âèëüíå ñåðåäîâèùå, ùî ì³ñòèòü ñàìå 2 ìã/ë 
2,4-Ä áåç äîäàòêîâèõ àóêñèí³â òà öèòîê³í³-
í³â [4].

Òàáëèöÿ 4
Äèíàì³êà åôåêòèâíîñò³ êàëþñîóòâîðåííÿ 3 çðàçê³â 
ñïåëüòè òà 2 çðàçê³â ïøåíèö³ ì’ÿêî¿ íà æèâèëüíîìó 

ñåðåäîâèù³ MS ¹ 3 ïðîòÿãîì 21 äîáè

Ñîðò
Åôåêòèâí³ñòü êàëþñîãåíåçó (%), x ± S

7 äîáà 14 äîáà 21 äîáà
‘Åëåã³ÿ 
Ìèðîí³âñüêà’ 85,0 ± 7,4 85,0 ± 7,4 91,6 ± 10,5
‘Áóí÷óê’ 89,8 ± 8,0 92,0 ± 5,1 94,8 ± 4,8
‘Àëüáåðòà’ 65,2 ± 24,1 66,2 ± 23,3 76,0 ± 17,1
‘ªâðîïà’ 91,0 ± 15,1 98,0 ± 4,4 98,0 ± 4,4
‘Çîðÿ Óêðà¿íè’ 47,2 ± 20,1 49,2 ± 22,2 64,0 ± 15,3

Ïðèì³òêà. x – ñåðåäíº çíà÷åííÿ, S – ïîõèáêà âèá³ðêîâî¿ 
ñåðåäíüî¿.

Çàãàëîì êàëþñè ð³çíèõ çðàçê³â òà ò³, ùî 
óòâîðþâàëèñü íà ð³çíèõ æèâèëüíèõ ñåðåäî-
âèùàõ, íå â³äð³çíÿëèñü ì³æ ñîáîþ ìîðôîëî-
ã³÷íî.  Êàëþñè ñïåëüòè ‘ªâðîïà’ òà ïøåíèö³ 
ì’ÿêî¿ ‘Áóí÷óê’ ïðåäñòàâëåí³ íà ðèñóíêàõ 1 
òà 2 â³äïîâ³äíî. Äî 14 äîáè ðîñòó íà æèâèëü-
íîìó ñåðåäîâèù³ êàëþñè ìàëè ðèõëó ñòðóê-
òóðó, áóëè á³ëîãî, ³íîä³ ñâ³òëî-æîâòîãî êî-
ëüîðó. Ðîçì³ðè êàëþñ³â çäåá³ëüøîãî êîëèâà-
ëèñü â ìåæàõ â³ä 3 äî 8 ìì, äëÿ á³ëüøîñò³ 
çðàçê³â (êð³ì çðàçêà ñïåëüòè ñîðòó ‘Çîðÿ 
Óêðà¿íè’) ï³ñëÿ 7 äîáè ðîñòó âîíè ñòàíîâèëè 
3–4 ìì, à áëèæ÷å äî 21 äîáè ñïîñòåðåæåíü 
ñÿãàëè 6–8 ìì.

Ó õîä³ äîñë³äæåííÿ áóëî ïîì³÷åíî, ùî äå-
ÿê³ çðàçêè ñïåëüòè òà  ïøåíèö³ ì’ÿêî¿ ìî-
æóòü îäíàêîâî åôåêòèâíî àáî íååôåêòèâíî, 
óòâîðþâàòè êàëþñè, ùî íå çàëåæèòü â³ä 
òîãî, íà ÿêîìó æèâèëüíîìó ñåðåäîâèù³ âîíè 
ðîñòóòü. 
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Äîñë³äæóâàí³ çðàçêè â³äð³çíÿëèñü ì³æ ñî-
áîþ çà øâèäê³ñòþ óòâîðåííÿ êàëþñ³â òà ¿õ-
í³ì ðîñòîì. Øâèäê³ñòü êàëþñîãåíåçó ìîæíà 
îö³íèòè çà åôåêòèâí³ñòþ êàëþñîóòâîðåííÿ 
íà 7 äîáó êóëüòèâóâàííÿ. Çîêðåìà, íàéøâèä-
øå òà íàéêðàùå ðîñëè êàëþñè â³ä çðàçê³â 

ñïåëüòè ñîðòó ‘ªâðîïà’ – 92,8% (MS ¹ 1), 
95,0% (MS ¹ 2), 91,0% (MS ¹ 3) òà ïøåíè-
ö³ ì’ÿêî¿ ñîðòó ‘Áóí÷óê’ – 96,6% (MS ¹ 1), 
95,0% (MS ¹ 2), 89,8% (MS ¹ 3), íàéïî-
â³ëüí³øå – ñïåëüòè ñîðòó ‘Çîðÿ Óêðà¿íè’ – 
64,2% (MS ¹ 1), 59,8% (MS ¹ 2), 47,2% (MS 

Ðèñ. 2. Óòâîðåííÿ òà äèíàì³êà ðîñòó êàëþñ³â çðàçêà T. aestivum L. ‘Áóí÷óê’ 
íà ð³çíèõ òèïàõ æèâèëüíîãî ñåðåäîâèùà

Ðèñ. 1. Óòâîðåííÿ òà äèíàì³êà ðîñòó êàëþñ³â çðàçêà T. spelta L. ‘ªâðîïà’ 
íà ð³çíèõ òèïàõ æèâèëüíîãî ñåðåäîâèùà 
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¹ 3). Çðàçêè  ñïåëüòè ‘Àëüáåðòà’ òà ïøåíèö³ 
ì’ÿêî¿ ‘Åëåã³ÿ Ìèðîí³âñüêà’ â³äçíà÷èëèñü 
ïîì³ðíîþ øâèäê³ñòþ óòâîðåííÿ êàëþñ³â, à 
ñàìå 74,4% (MS ¹ 1), 75,0% (MS ¹ 2), 65,2% 
(MS ¹ 3) – ñïåëüòè ‘Àëüáåðòà’, òà 76,6% (MS 
¹ 1), 90,2% (MS ¹ 2), 85,0% (MS ¹ 3) – 
ïøåíèö³ ì’ÿêî¿ ‘Åëåã³ÿ Ìèðîí³âñüêà’.

Îêð³ì êàëþñîóòâîðåííÿ, ïîäåêóäè ñïîñòå-
ð³ãàëè ³íäóêîâàíèé îðãàíîãåíåç. Äåÿê³ çðàç-
êè, çîêðåìà ñïåëüòè ‘Àëüáåðòà’ òà ‘Çîðÿ 
Óêðà¿íè’, (ðèñ. 1, 3) íà ð³çíèõ òèïàõ æè-
âèëüíèõ ñåðåäîâèù, ïî÷èíàþ÷è ç 6–7 äîáè 
êóëüòèâóâàííÿ, óòâîðþâàëè ñâ³òëî-æîâò³ 
ïàãîíè, ÿê³ äî 21 äîáè ñÿãàëè 45 ìì. Âàðòî 
çàóâàæèòè, ùî åêñïëàíòè, ç ÿêèõ ïðîðîñ-
òàëè ïàãîíè, ïðîäîâæóâàëè óòâîðþâàòè êà-
ëþñè. Ê³ëüê³ñòü åêñïëàíò³â, ç ÿêèõ ôîðìó-
âàëèñü ïàãîíè, áóëà ìåíøå 10%.

Îòðèìàí³ ðåçóëüòàòè äîñë³äæåííÿ åôåê-
òèâíîñò³ êàëþñîãåíåçó ñïåëüòè º ïåðøèì 
åòàïîì äëÿ ðîçðîáêè ìåòîäèêè ââåäåííÿ â 
êóëüòóðó in vitro çðàçê³â ñïåëüòè, ñòâîðåííÿ 
åôåêòèâíî¿ ñèñòåìè ¿õíüî¿ ðåãåíåðàö³¿ òà ïî-
äàëüøîãî îòðèìàííÿ á³îòåõíîëîã³÷íèõ ðîñ-
ëèí (ãåíåòè÷íî-ìîäèô³êîâàí³ ðîñëèíè, ðîñ-
ëèíè ç ðåäàãîâàíèì ãåíîìîì òîùî).

Âèñíîâêè 
Îòðèìàíî êóëüòóðó òêàíèí in vitro äëÿ 3 

çðàçê³â ñïåëüòè òà 2 çðàçê³â ïøåíèö³ ì’ÿêî¿ 
ç âèêîðèñòàííÿì â ÿêîñò³ åêñïëàíò³â çð³ëèõ 
çàðîäê³â. Âñòàíîâëåíî, ùî íàéåôåêòèâí³øèì 
äëÿ êàëþñîóòâîðåííÿ ³ç åêñïëàíò³â çð³ëèõ 
çàðîäê³â ñïåëüòè òà ïøåíèö³ ì’ÿêî¿ áóëî æè-
âèëüíå ñåðåäîâèùå ÌS, äîïîâíåíå 2 ìã/ë 
2,4-Ä, 10 ìë/ë àð´åíòóìó í³òðàòó òà 3% ñàõà-
ðîçè, åôåêòèâí³ñòü êàëþñîãåíåçó ð³çíèõ çðàç-
ê³â íà ÿêîìó íà 21 äîáó ñòàíîâèëà 80,2–100,0%.

Ïîêàçàíî, ùî äîñë³äæóâàí³ çðàçêè â³äð³ç-
íÿëèñü ì³æ ñîáîþ çà çäàòí³ñòþ ôîðìóâàòè 
êàëþñè ³ç çð³ëèõ çàðîäê³â íà æèâèëüíèõ ñå-
ðåäîâèùàõ ³ç ð³çíèì êîìïîíåíòíèì ñêëà-
äîì. Äåÿê³ çðàçêè ïîêàçàëè ãåíåòè÷íó 
ñõèëüí³ñòü äî êàëþñîóòâîðåííÿ ³ç çð³ëèõ çà-
ðîäê³â íåçàëåæíî â³ä ìîäèô³êîâàíîãî ñêëà-
äó ñåðåäîâèùà MS, çîêðåìà ñïåëüòà ñîðòó 
‘ªâðîïà’ òà ïøåíèöÿ ì’ÿêà ñîðò³â ‘Áóí÷óê’ 
òà ‘Åëåã³ÿ Ìèðîí³âñüêà’, ó òîé ÷àñ ÿê íà åêñ-
ïëàíòàõ ñïåëüòè ñîðòó ‘Çîðÿ Óêðà¿íè’ ñïî-
ñòåð³ãàëè ïîâ³ëüíå ôîðìóâàííÿ êàëþñó.

Íàéåôåêòèâí³øèì êàëþñîóòâîðåííÿ áóëî 
ó çðàçêó ñïåëüòè ñîðòó ‘ªâðîïà’, çíà÷åííÿ 
ÿêîãî íà 7 äîáó êîëèâàëîñü â ìåæàõ 91,0–
95,0%.
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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 
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Á³îòåõíîëîã³ÿ òà á³îáåçïåêà

ïðåäðàñïîëîæåííîñòü ê êàëëþñîîáðàçîâàíèþ îáðàçöîâ 
ñïåëüòû ñîðòà ‘ªâðîïà’ è ïøåíèöû ìÿãêîé ñîðòîâ ‘Áóí÷óê’ 
è ‘Åëåã³ÿ Ìèðîí³âñüêà’ íåçàâèñèìî îò ñîñòàâà ñðåäû MS â 
òî âðåìÿ, êàê íà ýêñïëàíòàõ ñïåëüòû ñîðòà ‘Çîðÿ Óêðà¿íè’ 
ïðîèñõîäèëî ìåäëåííîå ôîðìèðîâàíèå êàëëþñà. Âûâîäû. 
Ïîëó÷åíî êóëüòóðó òêàíåé 3 îáðàçöîâ ñïåëüòû è 2 îáðàç-
öîâ ïøåíèöû ìÿãêîé ñ èñïîëüçîâàíèåì â êà÷åñòâå ýêñ-
ïëàíòîâ çðåëûõ çàðîäûøåé. Óñòàíîâëåíî, ÷òî íàèáîëåå 
ýôôåêòèâíîé äëÿ êàëëþñîîáðàçîâàíèÿ èç ýêñïëàíòîâ 
çðåëûõ çàðîäûøåé ïøåíèöû ìÿãêîé è ñïåëüòû áûëà ïèòà-

òåëüíàÿ ñðåäà, äîïîëíåííàÿ 2 ìã/ë 2,4-Ä, 10 ìë/ë íèòðàòà 
ñåðåáðà è ñîäåðæàùàÿ 3% ñàõàðîçû. Ñðåäíåå çíà÷åíèå 
ýôôåêòèâíîñòè êàëëþñîãåíåçà ïðè ýòîì ñîñòàâëÿëî 80,2–
100,0% íà 21 ñóòêè âûðàùèâàíèÿ. Èññëåäóåìûå îáðàçöû 
îòëè÷àëèñü ìåæäó ñîáîé ñïîñîáíîñòüþ ôîðìèðîâàòü êàë-
ëþñ 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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Purpose. Introduction to in vitro culture and obtaining 
of callus from mature embryos of 3 spelt samples and com-
paring the effectiveness of their callusogenesis with 2 soft 
wheat samples. Methods. Five samples of hexaploid wheat 
(three of spelt and two of soft wheat) were taken for ex-
periments. Surface sterilization of grains was carried out in 
96% ethanol and 5% sodium hypochlorite solution. Mature 
embryos were used as explants. Three types of MS culture 
media with different component compositions were used 
for callusogenesis. Explants were cultivated in the dark for 
21 days. Results. The optimal conditions for the induction 
of tissue culture of Triticum spelta L. and T. aestivum L. from 
mature embryos were selected. Received calli from different 
samples, which were grown on three types of culture me-
dia MS, did not differ morphologically from each other. A 
genetic predisposition to callus formation was observed for 
specimens of ‘Evropa’ spelt variety and soft wheat ‘Bunchuk’ 

and ‘Elehiia Myronivska’ wheat samples regardless of the 
composition of the MS medium, while callus formation was 
slow on the explants of ‘Zoria Ukrainy’ cultivar. Conclusions. 
A tissue culture of 3 spelt samples and 2 soft wheat samples 
was obtained using mature embryos as explants. It was 
found that a nutrient medium containing 3% sucrose and 
supplemented with 2 mg/L 2,4-D, 10 ml/L silver nitrate was 
the most effective for callus formation from mature germ ex-
plants of soft wheat and spelt. The efficiency of the calluso-
genesis on the 21st day of cultivation, depending on the 
sample, varied in the range of 80.2–100.0%. The studied 
samples differed among themselves in their ability to form 
calli on nutrient media with different component composi-
tion. The efficiency of spelt callusogenesis was first studied 
in Ukraine.

Keywods: spelt; soft wheat; in vitro culture; callus; ex-
plants.
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