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Біотехнологія
та біобезпека
ББіотехнологіяіотехнологія
та біобезпеката біобезпека

Âñòóï
Ì³êðîêëîíàëüíå ðîçìíîæåííÿ øèðîêî çà-

ñòîñîâóþòü äëÿ îäåðæàííÿ îçäîðîâëåíîãî 
ãåíåòè÷íî îäíîð³äíîãî ñàäèâíîãî ìàòåð³àëó 
ÿã³äíèõ ðîñëèí, çîêðåìà ñóíèö³ (Fragaria ves-
ca L.), äëÿ ñòâîðåííÿ âèñîêîÿê³ñíèõ ðîçñàä-
íèê³â [1–9]. Òðàäèö³éíå ðîçìíîæåííÿ ðîñ-
ëèí âåãåòàòèâíèì ñïîñîáîì ïîøèðþº â³ðóñ-
íó, áàêòåð³àëüíó é ãðèáíó ì³êðîá³îòó. Îêð³ì 
òîãî, òàêå ðîçìíîæåííÿ óíåìîæëèâëþº 
îäåðæàííÿ îçäîðîâëåíèõ ðîñëèí òà íå çàâ-
æäè â³äïîâ³äàº ñó÷àñíèì âèìîãàì ñïîæèâà-
÷³â [4, 5]. 

Çàêëþ÷íèì åòàïîì ì³êðîêëîíàëüíîãî ðîç-
ìíîæåííÿ º àäàïòàö³ÿ ðîñëèí-ðåãåíåðàíò³â 
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Ìåòà. Àäàïòàö³ÿ ðîñëèí-ðåãåíåðàíò³â äî óìîâ äîâê³ëëÿ – çàêëþ÷íèé åòàï ì³êðîêëîíàëüíîãî ðîçìíîæåííÿ. Çà äàíè-
ìè íèçêè àâòîð³â, ïðè ïåðåíåñåí³ ðîñëèí in vitro â íåñòåðèëüí³ óìîâè çàêðèòîãî ´ðóíòó ô³êñóþòü çíà÷íèé â³äñîòîê â³ä-
ïàäó. Ó ïîïåðåäí³é ïóáë³êàö³¿ äîñë³äæåíî ðåãåíåðàö³éíó çäàòí³ñòü òêàíèí ðîñëèí ñóíèö³ (Fragaria vesca L.) in vitro íà 
æèâèëüíîìó ñåðåäîâèù³ MS òà îäåðæàíî ðåãåíåðàíòè (×îðíîáðîâ Î. Þ., 2019). Ìåòà äîñë³äæåííÿ – ðîçðîáëåííÿ îïòè-
ìàëüíîãî ïðîòîêîëó àäàïòàö³¿ ðîñëèí-ðåãåíåðàíò³â ñîðò³â F. vesca äî óìîâ in vivo. Ìåòîäè. Äëÿ äîñë³äæåíü âèêîðèñòî-
âóâàëè ðîñëèíè ñóíèö³ ñîðò³â ‘Ðóÿíà’ ³ ‘Æîâòå äèâî’ ³ç öèêëîì êóëüòèâóâàííÿ in vitro 30–35 ä³á. Ðîñëèíè âèñàäæóâàëè 
â ïëàñòèêîâ³ êîíòåéíåðè (îá’ºì – 0,33 ë) ïî 1 øò. ó ñóì³ø êîêîñîâîãî ñóáñòðàòó òà ïåðë³òó (3:1). Ðîñëèíè âèòðèìóâàëè 
â óìîâàõ âèñîêî¿ â³äíîñíî¿ âîëîãîñò³ ïîâ³òðÿ (85–90%) óïðîäîâæ 3–5 ä³á, 6–8 ä³á ³ 10–14 ä³á. Äîñë³äæåííÿ ïðîâîäè-
ëè â íàóêîâî-äîñë³äí³é ëàáîðàòîð³¿ á³îòåõíîëîã³¿ ðîñëèí ÂÏ ÍÓÁ³Ï Óêðà¿íè «Áîÿðñüêà ËÄÑ» óïðîäîâæ 2019–2020 ðð. 
Ðåçóëüòàòè. Òðèâàë³ñòü âèòðèìóâàííÿ ðîñëèí-ðåãåíåðàíò³â F. vesca â óìîâàõ âèñîêî¿ ÂÂÏ äîñòîâ³ðíî âïëèâàëà íà 
åôåêòèâí³ñòü àäàïòàö³¿. Çà âèòðèìóâàííÿ óïðîäîâæ 10–14 ä³á ÷àñòêà àäàïòîâàíèõ äî óìîâ çàêðèòîãî ´ðóíòó ðîñëèí 
ñòàíîâèëà äëÿ ñîðòó ‘Ðóÿíà’ 47,6 ± 2,5% ³ 60,0 ± 1,7% äëÿ ñîðòó ‘Æîâòå äèâî’. Çíà÷íó ïðèæèâëþâàí³ñòü ðîñëèí (ïîíàä 
70%) îäåðæàíî çà óìîâ ïîïåðåäíüîãî âèòðèìóâàííÿ êîðåíåâî¿ ñèñòåìè â ðîç÷èí³ àóêñèí³â óïðîäîâæ 25–30 õâ ³ç ùî-
äåííèì îáïðèñêóâàííÿì ëèñòê³â 30%-ì ãë³öåðèíîì. Àäàïòîâàí³ äî óìîâ çàêðèòîãî ́ ðóíòó ðåãåíåðàíòè ìàëè õàðàêòåðíó 
äëÿ ñîðòó ï³ãìåíòàö³þ, áåç îçíàê õëîðîçó òà â³òðèô³êàö³¿. Âèñíîâêè. Ðîçðîáëåíî îïòèìàëüíèé ïðîòîêîë àäàïòàö³¿ 
ñîðò³â F. vesca in vitro äî óìîâ in vivo òà îäåðæàíî æèòòºçäàòí³ ðîñëèíè. Ïîäàëüø³ äîñë³äæåííÿ áóäóòü ñïðÿìîâàí³ íà 
âèâ÷åííÿ ðîñòó é ðîçâèòêó ðîñëèí-ðåãåíåðàíò³â F. vesca â óìîâàõ â³äêðèòîãî ´ðóíòó.
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äî óìîâ äîâê³ëëÿ (çàêðèòîãî é â³äêðèòîãî 
´ðóíò³â). Çà ðåçóëüòàòàìè äîñë³äæåíü, ï³ä 
÷àñ ïåðåíåñåííÿ ðîñëèí in vitro â íåñòåðèëü-
í³ óìîâè çàêðèòîãî ´ðóíòó ô³êñóþòü çíà÷-
íèé â³äñîòîê ¿õ çàãèáåë³ [1, 3, 10, 11]. Ó ðàç³ 
ïåðåñàäæóâàííÿ ðîñëèíè ï³ääàþòüñÿ ð³çê³é 
çì³í³ â³äíîñíî¿ âîëîãîñò³ ïîâ³òðÿ. Îñîáëèâî 
÷óòëèâ³ ðîñëèíè äî çíåâîäíåííÿ â³äðàçó ï³ñ-
ëÿ â³äêðèâàííÿ êóëüòóðàëüíèõ ïðîá³ðîê, 
ùî ïîâ’ÿçàíî ç áàãàòüìà àíàòîì³÷íèìè îçíà-
êàìè: òîíêîþ êóòèêóëîþ, ÿêà ì³ñòèòü ìàëî 
âîñêó é âîñêîïîä³áíèõ ðå÷îâèí; ìàëîþ ê³ëü-
ê³ñòþ ìåõàí³÷íèõ òêàíèí; òîíêèì ëèñòÿì; 
ïðîâ³äíèìè ïó÷êàìè, ÿê³ ðîçâèíåí³ äóæå 
ñëàáêî; ïðîäèõè ôóíêö³îíóþòü îáìåæåíî [1, 
12]. Óòðàòà âîäè ðîñëèíàìè in vitro â³äáóâà-
ºòüñÿ â îñíîâíîìó ÷åðåç ïðîäèõè, ÿê³ íå 
ôóíêö³îíóþòü óïðîäîâæ 10–14 ä³á ï³ñëÿ ïå-
ðåñàäæóâàííÿ [13]. Áàãàòüîì âèäàì ðîñëèí 
íåîáõ³äí³ ïîñòóïîâ³ çì³íè óìîâ äîâê³ëëÿ, 
ùîá óíèêíóòè çíåâîäíåííÿ. Çîêðåìà, äëÿ 
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ðåãåíåðàíò³â Fragaria ananassa Duch. 
(‘Nikte’) åôåêòèâíîþ áóëà äâîñòóïåíåâà àäàï-
òàö³ÿ, ÿêà ñêëàäàëàñÿ ç ïîïåðåäíüî¿ 20-äî-
áîâî¿ àêë³ìàòèçàö³¿ çà òåìïåðàòóðè 25 ± 1 °C 
òà 60%-¿ â³äíîñíî¿ âîëîãîñò³ ïîâ³òðÿ (ÂÂÏ) ç 
íàñòóïíèì âèòðèìóâàííÿì ó òåïëèö³ ï³ä çà-
õèñíîþ ñ³òêîþ ³ç 75%-ì ñòóïåíåì çàò³íåííÿ 
òà ïîëèâàííÿì òðè÷³ íà òèæäåíü ïîæèâíèì 
ðîç÷èíîì (Hoagland & Arnon, 1950). Çà ïåð-
øîãî åòàïó àäàïòàö³¿ ðîñëèíè, âèñàäæåí³ â 
ñóì³ø òîðôó, ïåðë³òó òà âåðìèêóë³òó 
(1 : 1 : 1), çâåðõó íàêðèâàëè ïðîçîðèìè ïëàñ-
òèêîâèìè êîíòåéíåðàìè îá’ºìîì 1,0 ë. Çà 
òàêèõ óìîâ ïðèæèâëþâàí³ñòü ðîñëèí ñòàíî-
âèëà 91,9% [4].

Óïðîäîâæ àäàïòàö³¿ ðîñëèí-ðåãåíåðàíò³â 
äî óìîâ äîâê³ëëÿ âàæëèâå çíà÷åííÿ ìàº çà-
áåçïå÷åííÿ â³äïîâ³äíèõ ð³âí³â æèâëåííÿ 
ðîñëèí – ì³íåðàëüíîãî, ïîâ³òðÿíîãî é âîä-
íîãî ðåæèì³â, òà äîòðèìàííÿ ïîñòóïîâî¿ 
çì³íè òåìïåðàòóðè òà â³äíîñíî¿ âîëîãîñò³ 
ïîâ³òðÿ [1]. Àâòîðè ðåêîìåíäóþòü àäàïòîâó-
âàòè 4-òèæíåâ³ ðîñëèíè-ðåãåíåðàíòè ñîðòó 
ñóíèö³ ‘Alba’, îäåðæàí³ íà æèâèëüíîìó ñå-
ðåäîâèù³ MS (Murashige & Skoog, 1962) [14] 
³ç 0,25–0,35 ìã∙ë-1 BA (6-áåíçèëàì³íîïóðèí). 
Çàçíà÷åí³ êîíöåíòðàö³¿ ÂÀ íå âèêëèêàëè 
àíîìàë³é òà çàáåçïå÷èëè îäåðæàííÿ ðîñëèí 
ãåíåòè÷íî ³äåíòè÷íèõ äîíîðàì. Ðåãåíåðàí-
òè âèñàäæóâàëè ó 100 ìë êîíòåéíåðè â ñóá-
ñòðàò ³ç òîðôó (80%) òà ïåðë³òó (20%) ç íà-
ñòóïíîþ 40-äîáîâîþ àêë³ìàòèçàö³ºþ â òåï-
ëèö³ [15].

Âàæëèâå çíà÷åííÿ äëÿ àäàïòàö³¿ ðîñëèí 
ìàº ñòàí êîðåíåâî¿ ñèñòåìè [10]; ì³ñöå çàêëà-
äàííÿ êîðåí³â âïëèâàº íà æèòòºçäàòí³ñòü 
óêîð³íåíèõ ðîñëèí in vitro [2]. Äëÿ çàïîá³-
ãàííÿ çíåâîäíåííÿ ðåãåíåðàíò³â ðåêîìåíäó-
þòü îáïðèñêóâàòè ¿õ 50%-ì ðîç÷èíîì ãë³öå-
ðèíó â ä³åòèëîâîìó åô³ð³ [16]. 

Òðèâàë³ñòü òà åôåêòèâí³ñòü àäàïòàö³¿ ðîñ-
ëèí-ðåãåíåðàíò³â îáóìîâëåíà íèçêîþ ÷èí-
íèê³â, çîêðåìà îñîáëèâîñòÿìè ãåíîòèïó, 
òîìó äëÿ êîæíîãî ñîðòó ðîçðîáëÿþòü îêðå-
ìèé ïðîòîêîë. Ó ïîïåðåäí³é ïóáë³êàö³¿ [17] 
çàçíà÷åíî ðåãåíåðàö³éíó çäàòí³ñòü òêàíèí 
ðîñëèí ñóíèö³ in vitro íà æèâèëüíîìó ñå-
ðåäîâèù³ çà ïðîïèñîì MS òà îäåðæàíî ðåãå-
íåðàíòè. 

Ìåòà äîñë³äæåííÿ – ðîçðîáëåííÿ îïòè-
ìàëüíîãî ïðîòîêîëó àäàïòàö³¿ ðîñëèí-ðåãå-
íåðàíò³â ñîðò³â F. vesca äî óìîâ in vivo. 

Ìàòåð³àëè òà ìåòîäèêà äîñë³äæåííÿ
Ðîñëèíè in vitro ñîðò³â ñóíèö³ ‘Ðóÿíà’ ³ 

‘Æîâòå äèâî’ îòðèìàëè çà âèêîðèñòàííÿ á³î-
òåõíîëîã³÷íèõ ìåòîä³â (êóëüòóðà òêàíèí 
ðîñëèí in vitro, ì³êðîêëîíàëüíå ðîçìíî-

æåííÿ) ð³çíèìè òèïàìè ìîðôîãåíåçó in vit ro 
(àêòèâàö³¿ ðîñòó íàÿâíèõ ìåðèñòåì åêñ-
ïëàíòàòó é ïðÿìîãî ìîðôîãåíåçó). Äëÿ äî-
ñë³äæåíü âèêîðèñòîâóâàëè 30–35 äîáîâ³ 
ðîñëèíè-ðåãåíåðàíòè, îäåðæàí³ íà ìîäèô³-
êîâàíîìó æèâèëüíîìó ÌS (ðèñ. 1 à, á) çà 
çàãàëüíîïðèéíÿòîþ ìåòîäèêîþ [12]. Ðîñëè-
íè ï³íöåòîì âèéìàëè ç ïðîá³ðîê, ïðîìèâà-
ëè êîðåíåâó ñèñòåìó â³ä çàëèøê³â æèâèëü-
íîãî ñåðåäîâèùà ó âîäîïðîâ³äí³é âîä³ ç ïî-
äàëüøèì ïåðåíåñåííÿì ó 0,001% KMnO

4
 (äî 

1 õâ). Ðîñëèíè âèñàäæóâàëè â ïëàñòèêîâ³ 
êîíòåéíåðè îá’ºìîì 0,33 ë ïî 1 øò. â ñóì³ø 
êîêîñîâîãî ñóáñòðàòó òà ïåðë³òó (3:1). Ðåãå-
íåðàíòè îäèí ðàç íà 30 ä³á ï³äæèâëþâàëè 
ðîç÷èíîì ìàêðî- é ì³êðîñîëåé çà MS. Ðîñ-
ëèíè âèòðèìóâàëè â óìîâàõ âèñîêî¿ ÂÂÏ 
(85–90%) óïðîäîâæ 3–5 ä³á, 6–8 ä³á ³ 10–
14 ä³á. ÂÂÏ âèçíà÷àëè çà äîïîìîãîþ öèôðî-
âîãî òåðìîã³ãðîìåòðà. Äëÿ ï³äòðèìàííÿ òà-
êèõ óìîâ êîíòåéíåðè ³ç ðîñëèíàìè íàêðè-
âàëè ïðîçîðèìè ïëàñòèêîâèìè ºìíîñòÿìè 
(ðèñ. 1 â). Âèñîêó ÂÂÏ çíèæóâàëè äî ð³âíÿ 
60–70% ïîñòóïîâî øëÿõîì øòó÷íîãî ïðîâ³-
òðþâàííÿ. Ðîñëèíè îáïðèñêóâàëè âîäîþ çà 
ïîÿâè îçíàê â’ÿíåííÿ. Âèðîùóâàëè ðîñëè-
íè â àäàïòàö³éíîìó ïðèì³ùåíí³ ï³ä ô³òî-
ëàìïàìè Osram Fluora (îñâ³òëåííÿ 3,0–
4,0 êëê, 16-ãîä ôîòîïåð³îä) çà òåìïåðàòóðè 
21 ± 2 °Ñ. Ïðèæèâëþâàí³ñòü ðîñëèí ô³êñó-
âàëè ï³ñëÿ ïîÿâè íîâèõ ëèñòê³â (22–30 äîáà 
àäàïòàö³¿).

Äëÿ çá³ëüøåííÿ ê³ëüêîñò³ ïðèæèâëåíèõ 
ðîñëèí êîðåíåâó ñèñòåìó ïåðåä âèñàäæóâàí-
íÿì ó ́ ðóíòîâó ñóì³ø âèòðèìóâàëè óïðîäîâæ 
25–30 õâ ó ðîç÷èí³ àóêñèí³â (1,0 ìã∙ë-1 ²ÎÊ 
(β-³íäîë³ë-3-îöòîâà êèñëîòà), 1,0 ìã∙ë-1 ÍÎÊ 
(α-íàôòèëîöòîâà êèñëîòà), 1,0 ìã∙ë-1 ²ÌÊ 
(3-³íäîë³ëìàñëÿíà êèñëîòà). Äëÿ íåäîïóùåí-
íÿ â’ÿíåííÿ ëèñòêè ùîäåííî îáïðèñêóâàëè 
30%-ì ðîç÷èíîì ãë³öåðèíó. ßê êîíòðîëü âè-
êîðèñòîâóâàëè ðîñëèíè, ÿê³ ðîñëè çà çâè-
÷àéíîãî ðåæèìó àäàïòàö³¿ (íå îáðîáëåí³ àóê-
ñèíàìè é ãë³öåðèíîì).

Åêñïåðèìåíòàëüí³ äàí³ îïðàöüîâóâàëè ç 
âèêîðèñòàííÿì ïðîãðàìíîãî çàáåçïå÷åííÿ 
MS Excel. Ïîâòîðþâàí³ñòü êîæíîãî âàð³àíòó 
äîñë³äó 5-êðàòíà (ó äîñë³ä³ âèêîðèñòîâóâàëè 
ïî 10–20 ðîñëèí). Äîñë³äæåííÿ ïðîâåäåí³ â 
íàóêîâî-äîñë³äí³é ëàáîðàòîð³¿ á³îòåõíîëîã³¿ 
ðîñëèí ÂÏ ÍÓÁ³Ï Óêðà¿íè «Áîÿðñüêà ë³ñîâà 
äîñë³äíà ñòàíö³ÿ» óïðîäîâæ 2019–2020 ðð.

Ðåçóëüòàòè äîñë³äæåíü
Óñòàíîâëåíî, ùî òðèâàë³ñòü âèòðèìóâàííÿ 

ðåãåíåðàíò³â â óìîâàõ âèñîêî¿ ÂÂÏ äîñòîâ³ð-
íî âïëèâàëà íà ÷àñòêó æèòòºçäàòíèõ ðîñëèí 
(òàáë. 1, 2). 
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Òàáëèöÿ 1
Åôåêòèâí³ñòü àäàïòàö³¿ ðîñëèí-ðåãåíåðàíò³â F. vesca 
äî óìîâ çàêðèòîãî ´ðóíòó íà 30 äîáó êóëüòèâóâàííÿ 

Ñîðò
×àñòêà àäàïòîâàíèõ ðîñëèí çà ð³çíî¿ òðèâàëîñò³ 

êóëüòèâóâàííÿ â óìîâàõ âèñîêî¿ ÂÂÏ, %
3–5 6–8 10–14

‘Ðóÿíà’ – 25,2 ± 1,8* 47,6 ± 2,5
‘Æîâòå äèâî’ – 34,6 ± 1,6 60,0 ± 1,7

* Ñåðåäíº çíà÷åííÿ ± ñòàíäàðòíà ïîõèáêà.

Ðèñ. 1. Ïîñë³äîâí³ñòü åòàï³â àäàïòàö³¿ ðîñëèí F. vesca in vitro äî óìîâ â³äêðèòîãî ´ðóíòó: 
à) 30-äîáîâ³ ðîñëèíè-ðåãåíåðàíòè ‘Ðóÿíà’ íà æèâèëüíîìó ñåðåäîâèù³ MS; á) ðîñëèíè Fragaria â êóëüòóðàëüíîìó 

ïðèì³ùåíí³; â) ðåãåíåðàíòè â óìîâàõ âèñîêî¿ â³äíîñíî¿ âîëîãîñò³ ïîâ³òðÿ ï³ä ïëàñòèêîâèì íàêðèòòÿì; 
ã) àäàïòîâàí³ äî óìîâ çàêðèòîãî ´ðóíòó ðîñëèíè; ä) ³ º) êîíòåéíåðíà êóëüòóðà ñîðò³â ‘Æîâòå Äèâî’ ³ ‘Ðóÿíà’ 

â óìîâàõ â³äêðèòîãî ´ðóíòó

Âèòðèìóâàííÿ ðîñëèí â óìîâàõ âèñîêî¿ 
ÂÂÏ âïðîäîâæ 3–5 ä³á ñïðè÷èíþâàëî ¿õíþ 
çàãèáåëü íà 7–10 äîáó êóëüòèâóâàííÿ. Ó ðàç³ 
çá³ëüøåííÿ òðèâàëîñò³ âèòðèìóâàííÿ ðîñ-
ëèí ç 6–8 ä³á äî 10–14 ä³á ìîæíà äîñòîâ³ðíî 
çá³ëüøèòè ÷àñòêó æèòòºçäàòíèõ ðîñëèí. Çà 
òàêèõ óìîâ åôåêòèâí³ñòü àäàïòàö³¿ ñòàíîâè-
ëà: ‘Ðóÿíà’ – 47,6 ± 2,5%, ‘Æîâòå äèâî’ – 
60,0 ± 1,7%.

Òàáëèöÿ 2
Ï³äñóìêîâ³ ðåçóëüòàòè îäíîôàêòîðíîãî äèñïåðñ³éíîãî àíàë³çó

Äèñïåðñ³éíèé àíàë³ç
Äæåðåëî âàð³àö³¿ SS df MS F P-çíà÷åííÿ F

êðèò.

Ì³æ ãðóïàìè 1254,4 1 1254,4 53,3787234 8,33966E-05 5,317655072
Ó ñåðåäèí³ ãðóï 188 8 23,5 – – –

Ðàçîì 1442,4 9 – – – –

Ïðèì³òêà. SS – ñóìà êâàäðàò³â; df – ê³ëüê³ñòü ñòóïåí³â ñâîáîäè; MS – äèñïåðñ³ÿ;            
F – ðîçðàõóíêîâå çíà÷åííÿ êðèòåð³þ Ô³øåðà; P-çíà÷åííÿ – ðîçðàõóíêîâå 
çíà÷åííÿ ì³í³ìàëüíî¿ çíà÷óùîñò³; F

êðèò.
 – êðèòè÷íå çíà÷åííÿ êðèòåð³þ Ô³øåðà.

Åôåêòèâí³ñòü ïîñòóïîâî¿ àäàïòàö³¿ ñóíèö³ 
in vitro äî óìîâ â³äêðèòîãî ´ðóíòó äîñë³äæå-
íî ãðóïîþ àâòîð³â ó ðîáîò³ [4] òà óçãîäæóºòü-
ñÿ ç ðåçóëüòàòàìè íàøèõ äîñë³äæåíü. 

Çà ðåçóëüòàòàìè äîñë³äæåíü È. Â. Êíÿçå-
âîé [10] ñóòòºâå çíà÷åííÿ çà àäàïòàö³¿ ðîñ-
ëèí äî íåñòåðèëüíèõ óìîâ ìàº ñòóï³íü óêî-
ð³íåííÿ ðîñëèí, ùî, ñâîºþ ÷åðãîþ, áåçïîñå-
ðåäíüî âïëèâàº íà ¿õíþ ïðèæèâëþâàí³ñòü. 
Âîäíî÷àñ âàæëèâå çíà÷åííÿ ìàº äîòðèìàííÿ 

îïòèìàëüíîãî âîäíîãî áàëàíñó, òîìó çàäëÿ 
íåäîïóùåííÿ çíåâîäíåííÿ âèêîðèñòîâóâàëè 
ãë³öåðèí. Õàðàêòåðèñòèêè ðîñòó ñîðò³â ñóíè-
ö³ çà âèêîðèñòàííÿ àóêñèí³â (²ÎÊ, ÍÎÊ ³ ²ÌÊ) 
çà ùîäåííîãî îáïðèñêóâàííÿ ëèñòê³â 30%-ì 
ðîç÷èíîì ãë³öåðèíó íàâåäåíî â òàáëèö³ 3.

Âèòðèìóâàííÿ êîðåíåâèõ ñèñòåì ðåãåíå-
ðàíò³â ó ðîç÷èí³ àóêñèí³â ç íàñòóïíèì ùî-
äåííèì îáïðèñêóâàííÿì ëèñòê³â ðîç÷èíîì 
ãë³öåðèíó äîñòîâ³ðíî ï³äâèùóâàëî ïðèæèâ-

à)à)

ã)ã)

á)á)

ä)ä)

â)â)

º)º)
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ëþâàí³ñòü ðîñëèí ïðîòè êîíòðîëþ, ùî óçãî-
äæóºòüñÿ ç ðåçóëüòàòàìè äîñë³äæåíü ³íøèõ 
àâòîð³â [16]. Çà òàêèõ óìîâ ô³êñóâàëè ïîÿâó 
íîâèõ ôîòîñèíòåçóâàëüíèõ ëèñòê³â íà 22 
äîáó ç õàðàêòåðíîþ ï³ãìåíòàö³ºþ. Çàãàëîì 
÷àñòêà æèòòºçäàòíèõ ðîñëèí äîñòîâ³ðíî 
á³ëüøà â ñîðòó ‘Æîâòå äèâî’, í³æ ó ‘Ðóÿíà’. 
Ð³çíèöÿ â ïîêàçíèêàõ ïðèæèâëþâàíîñò³ 
ðîñëèí ó ð³çíèõ ñîðò³â áóëà ñòàòèñòè÷íî çíà-
÷óùîþ (F

ðîçðàõ.
 = 116,0360; F

êðèò.
 = 5,3177; 

F
ðîçðàõ.

 > F
êðèò.

). Óñòàíîâëåíî, ùî ðîñëèíè 
‘Æîâòå äèâî’ õàðàêòåðèçóâàëèñÿ àêòèâíèì 
ïðèðîñòîì. Çîêðåìà, íà 30-äîáó àäàïòàö³¿ 
âîíè áóëè çàâäîâæêè 6,0 ± 0,4 ñì (ðèñ. 1 ã), 
òîä³ ÿê ó ‘Ðóÿíà’ – 4,6 ± 0,2 ñì. 

Ó ë³òíüî-îñ³íí³é ïåð³îä êîíòåéíåðíó êóëü-
òóðó ðîñëèí óïðîäîâæ 8–9 ãîä. âèòðèìóâà-
ëè â óìîâàõ â³äêðèòîãî ´ðóíòó ç íàñòóïíèì 
ïåðåíåñåííÿì ó àäàïòàö³éíå ïðèì³ùåííÿ 
(ðèñ. 1 ä). Çà òàêèõ óìîâ àäàïòàö³¿ ðåãåíå-
ðàíòè ïî÷àëè êâ³òóâàòè íà 8–10 òèæäåíü. 
Ïî÷àòîê ïëîäîíîøåííÿ ó ðîñëèí ‘Æîâòå 
äèâî’ ô³êñóâàëè íà 12–13 òèæäåíü âèðîùó-
âàííÿ, ùî íà òèæäåíü ðàí³øå, í³æ ó ‘Ðóÿ-
íà’. Àäàïòîâàí³ äî óìîâ çàêðèòîãî ´ðóíòó 
ðåãåíåðàíòè ìàëè õàðàêòåðíó äëÿ âèäó ï³ã-
ìåíòàö³þ, áåç îçíàê õëîðîçó òà â³òðèô³êàö³¿ 
(ðèñ. 1 º). Ïëîäè ðîñëèí-ðåãåíåðàíò³â ìàëè 
³äåíòè÷íèé äîíîðàì êîë³ð, àðîìàò òà ñìàêî-
â³ õàðàêòåðèñòèêè. 

Âèñíîâêè
Ðîçðîáëåíî îïòèìàëüíèé ïðîòîêîë àäàï-

òàö³¿ ðîñëèí ñîðò³â F. vesca in vitro äî óìîâ 
in vivo òà îäåðæàíî æèòòºçäàòí³ ðîñëèíè. 
Óñòàíîâëåíî, ùî òðèâàë³ñòü âèòðèìóâàííÿ 
ðîñëèí-ðåãåíåðàíò³â â óìîâàõ âèñîêî¿ â³ä-
íîñíî¿ âîëîãîñò³ ïîâ³òðÿ äîñòîâ³ðíî âïëèâà-
ëà íà åôåêòèâí³ñòü àäàïòàö³¿. Íàéá³ëüøó 
÷àñòêó àäàïòîâàíèõ äî óìîâ çàêðèòîãî ´ðóí-
òó ðîñëèí îäåðæàëè çà âèòðèìóâàííÿ â óìî-
âàõ 85–90% ÂÂÏ óïðîäîâæ 10–14 ä³á íà ñó-
ì³ø³ êîêîñîâîãî ñóáñòðàòó òà ïåðë³òó: ‘Ðóÿ-
íà’ – 47,6 ± 2,5%, ‘Æîâòå äèâî’ – 60,0 ± 1,7%. 
Ó ðàç³ çàìî÷óâàííÿ  êîðåíåâî¿ ñèñòåìè â 
àóêñèíàõ óïðîäîâæ 25–30 õâ ³ç íàñòóïíèì 

ùîäåííèì îáïðèñêóâàííÿì ëèñòê³â ðîç÷è-
íîì 30% ãë³öåðèíó ïðèæèâëþâàí³ñòü ðîñ-
ëèí ñòàíîâèëà ïîíàä 70%. Ïîäàëüø³ äîñë³-
äæåííÿ áóäóòü ñïðÿìîâàí³ íà äîñë³äæåííÿ 
ðîñòó é ðîçâèòêó ñîðò³â ðîñëèí F. vesca â 
óìîâàõ â³äêðèòîãî ´ðóíòó.

Âèêîðèñòàíà ë³òåðàòóðà
1. Êóøí³ð Ã. Ï., Ñàðíàöüêà Â. Â. Ì³êðîêëîíàëüíå ðîçìíîæåííÿ 

ðîñëèí: òåîð³ÿ ³ ïðàêòèêà. Êè¿â : Íàóê. äóìêà, 2005. 242 ñ.
2. Ìàðêîâà Ì. Ã., Ñîìîâà Å. Í. Ïðèåìû ïîâûøåíèÿ óêîðåíÿåìîñ-

òè ìèêðîïîáåãîâ çåìëÿíèêè ñàäîâîé â êóëüòóðå in vitro. 
Âåñòíèê Ìàðèéñêîãî ãîñ. óí-òà. Ñåð. : Ñ.-õ. íàóêè. Ýêîí. Íàóêè. 
2017. Ò. 3, ¹ 2. Ñ. 34–38.

3. Áîðîäóëèíà È. Ä., Ïëàêñèíà Ò. Â. Àäàïòàöèÿ ðàñòåíèé-ðåãå-
íåðàíòîâ çåìëÿíèêè ñàäîâîé ñîðòà Ìîñêîâñêèé Äåëèêàòåñ ê 
óñëîâèÿì ex vitro. Acta Biologica Sibirica. 2015. Ò. 1, ¹ 1–2.             
Ñ. 74–84. doi: 10.14258/izvasu(2014)3.2-03

4. Valencia Juarez M. C., Escobedo Lopez D., Diaz Espino L. F., 
Gonzalez Perez E. Ex vitro acclimation of Fragaria × ananassa 
Duch. seedlings. Rev. Mex. Cienc. Agríc. 2019. Vol. 10, Iss. 1.                
P. 91–100. doi : 10.29312/remexca.v10i1.1633

5.  Quiroz K. A., Berrios M., Carrasco B. et al. Meristem culture and 
subsequent micropropagation of Chilean strawberry (Fragaria 
chiloensis (L.) Duch.). Biol. Res. 2017. Vol. 50, Iss. 1. 20. 
doi: 10.1186/s40659-017-0125-8

6. Ashrafuzzaman M., Faisal S. M., Yadav D. et al. Micropropaga-
tion of strawberry (Fragaria ananassa) through runner culture. 
Bangladesh J. Agril. Res. 2013. Vol. 38, Iss. 3. P. 467–472.                
doi: 10.3329/bjar.v38i3.16973

7. Ìàöíåâà Î. Â., Òàøìàòîâà Ë. Â., Õðîìîâà Ò. Ì., Øàõîâ Â. Â. Ââå-
äåíèå ñîðòîâ çåìëÿíèêè â êóëüòóðó in vitro. Ïëîäîâîäñòâî             
è ÿãîäîâîäñòâî Ðîññèè. 2019. Ò. 56. Ñ. 28–34.                                                                          
doi: 10.31676/2073-4948-2019-56-28-34

8. Debnath S. C. Molecular approaches for monitoring clonal fide-
lity and epigenetic variation in in vitro-derived strawberry 
plants. Acta Hortic. 2017. Vol. 1156. P. 83–88. doi: 10.17660/
ActaHortic.2017.1156.11

9. Wang H., Yang Y., Li M. et al. Reinvigoration of diploid straw-
berry (Fragaria vesca) during adventitious shoot regeneration. 
Sci. Rep. 2019. Vol. 9. 13007. doi: 10.1038/s41598-019-49391-8

10. Êíÿçåâà È. Â. Àäàïòàöèÿ ïîëó÷åííûõ in vitro ðàñòåíèé çåì-
ëÿíèêè ñàäîâîé ê íåñòåðèëüíûì óñëîâèÿì. Ïëîäîâîäñòâî 
è âèíîãðàäàðñòâî Þãà Ðîññèè. 2017. ¹ 45. URL: http://jour-
nal.kubansad.ru/pdf/17/03/15.pdf

11. ×îðíîáðîâ Î. Þ., Ï³í÷óê À. Ï., Á³ëîóñ Ñ. Þ. òà ³í. Ìåòîäè÷í³ 
ðåêîìåíäàö³¿ ç îçäîðîâëåííÿ é ì³êðîêëîíàëüíîãî ðîçìíî-
æåííÿ ñàäèâíîãî ìàòåð³àëó äåðåâíèõ ðîñëèí. Êè¿â : ÍÓÁ³Ï 
Óêðà¿íè, 2016. 67 ñ.

12. Áóòåíêî Ð. Ã. Êóëüòóðà èçîëèðîâàííûõ òêàíåé è ôèçèîëîãèÿ 
ìîðôîãåíåçà ðàñòåíèé. Ìîñêâà : Íàóêà, 1964. 272 ñ.

13. Äåìåíêî Â. È., Ëåáåäåâ Â. À. Àäàïòàöèÿ ñàäîâûõ ðàñòåíèé, 
ïîëó÷åííûõ in vitro, ê íåñòåðèëüíûì óñëîâèÿì. Èçâåñòèÿ 
ÒÑÕÀ. 2011. Âûï. 1. Ñ. 60–70.

Òàáëèöÿ 3
Õàðàêòåðèñòèêè ðîñòó ðîñëèí-ðåãåíåðàíò³â F. vesca â óìîâàõ çàêðèòîãî ´ðóíòó, 30 äîáà

Ñîðò
Ïðèæèâëþâàí³ñòü 
ðîñëèí â óìîâàõ 

çàêðèòîãî ´ðóíòó, %

Ïî÷àòîê óòâîðåííÿ íîâèõ 
ôîòîñèíòåçóâàëüíèõ 

ëèñòê³â, äîáà

Ë³í³éíèé 
ïðèð³ñò**

Ï³ãìåíòàö³ÿ
ðîñëèí ²íø³ îçíàêè

‘Ðóÿíà’ 71,6 ± 2,7* 28–30 +++ çåëåíà îçíàê õëîðîçó òà â³òðèô³êàö³¿ 
íå âèÿâëåíî

‘Æîâòå äèâî’ 82,8 ± 3,2 22–25 ++ – –

 * Ñåðåäíº çíà÷åííÿ ± ñòàíäàðòíà ïîõèáêà; 
** Ë³í³éíèé ïðèð³ñò: (+++) – àêòèâíèé (ïîíàä 2,0 ñì); (++) – ñåðåäí³é (1,0–1,9 ñì); (+) – ñëàáêèé (ìåíøå í³æ 0,9 ñì); 
(–) – â³äñóòí³é.
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Purpose. The adaptation of regenerant plants to en-
vironmental conditions is the final stage of micropropa-
gation. According to a number of authors, when in vitro 
plants are transferred to in vivo non-sterile conditions, a 
significant percentage of mortality is recorded. In a previ-
ous publication, the regenerative capacity of strawberry 
(Fragaria vesca L.) in vitro tissues on MS culture medium 
(Murashige & Skoog, 1962) and a regenerants was obtained 
(Chornobrov O. Yu., 2019). The objective of the study is 
to develop an optimal protocol of acclimation of in vitro                            
F. vesca plants to in vivo conditions. Methods. Biotechnolo-
gical and statistical methods of research were applied. For the 
research ‘Ruiana’ and ‘Zhovte Dyvo’ cultivars were used with 

in vitro cultivation cycle of 30–35 days. Prepared plants were 
planted in 0.33 L plastic containers, one piece in a mixture 
of coconut substrate and perlite (3:1). Plants were kept un-
der high relative humidity (85–90%) conditions for 3–5 days, 
6–8 days and 10–14 days. The studies were carried out in the 
Plant Biotechnology Laboratory of SS of NULES of Ukraine 

“BFRS” during 2019–2020. Results. The duration of Fragaria 
vesca regenerant plants exposure in conditions of high rela-
tive humidity significantly affected adaptation efficiency. The 
proportion of ‘Ruiana’ and ‘Zhovte Dyvo’ plants adapted to the 
greenhouse conditions were 47.6 ± 2.5% and 60.0 ± 1.7%, 
respectively, when the plants were kept for 10–14 days. A 
significant efficiency of plant adaptation (more than 70%) 
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was obtained under condition of preliminarily exposure the 
roots of the plants in an auxin solution for 25–30 minutes 
with daily application of 30% solution of glycerine as foliar 
spray. The plants adapted to the greenhouse conditions had 
pigmentation characteristic of the variety, without signs of 
chlorosis and vitrification. Conclusions. An optimal pro-

tocol for in vitro adaptation of F. vesca cultivars to in vivo 
conditions was developed and viable plants were obtained. 
Further research will be aimed at studying the growth and 
development of F. vesca regenerant plants in open ground.

Keywords: wild strawberry; in vitro plant tissue culture; 
microclonal propagation; ex vitro acclimation; plant viability.
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