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Ñåëåêö³ÿ òà íàñ³ííèöòâî

Âñòóï
Âðàõîâóþ÷è îäíó ç ë³äèðóþ÷èõ ïîçèö³é 

Óêðà¿íè ùîäî âàëîâîãî âèðîáíèöòâà çåðíà 
ÿ÷ìåíþ â ñâ³ò³, âàãîìèì çàâäàííÿì â³ò÷èç-
íÿíî¿ ñ³ëüñüêîãîñïîäàðñüêî¿ íàóêè ñüîãî-
äåííÿ º ï³äâèùåííÿ òà ñòàá³ë³çàö³ÿ âðîæàé-
íîñò³ ö³º¿ êóëüòóðè. Îñíîâîþ öüîãî º ñîðò ç 
îïòèìàëüíèì ïîºäíàííÿì ìàêñèìàëüíî¿ 
ê³ëüêîñò³ íåîáõ³äíèõ ãîñïîäàðñüêî-ö³ííèõ 
îçíàê ³ âëàñòèâîñòåé.

Ïîðÿä ç âèñîêèì ïîòåíö³àëîì ïðîäóêòèâ-
íîñò³ é â³äïîâ³äíèìè ÿê³ñíèìè ïîêàçíèêà-
ìè ñîðòó, íåîáõ³äíèì º ãåíåòè÷íî äåòåðì³-
íîâàíèé çàõèñò â³ä ä³¿ àá³îòè÷íèõ òà á³îòè÷-
íèõ ÷èííèê³â. Ïðè öüîìó âàæëèâîþ ç ãîñ-
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Ìåòà. Âèä³ëèòè ñåëåêö³éí³ ë³í³¿ ÿ÷ìåíþ ÿðîãî ç îïòèìàëüíèì ïîºäíàííÿì óðîæàéíîñò³ é ñòàá³ëüíîñò³ çà ð³çíèõ ïî-
ãîäíèõ óìîâ ó Öåíòðàëüíîìó Ë³ñîñòåïó Óêðà¿íè. Ìåòîäè. Ïîëüîâ³ äîñë³äæåííÿ, äèñïåðñ³éíèé, AMMI, GGE biplot àíàë³ç. 
Ðåçóëüòàòè. Ã³äðîòåðì³÷íèé ðåæèì ïðîòÿãîì ì³æôàçíèõ ïåð³îä³â âåãåòàö³¿ ÿ÷ìåíþ ÿðîãî â óìîâàõ Ìèðîí³âñüêîãî 
³íñòèòóòó ïøåíèö³ ³ìåí³ Â. Ì. Ðåìåñëà ÍÀÀÍ ó 2012–2014 ðð. õàðàêòåðèçóâàâñÿ çíà÷íîþ ì³íëèâ³ñòþ, ùî ñïðèÿëî 
äåòàëüí³é îö³íö³ ë³í³é çà ïðîäóêòèâí³ñòþ, ñòàá³ëüí³ñòþ é ñò³éê³ñòþ ïðîòè àá³îòè÷íèõ òà á³îòè÷íèõ ÷èííèê³â. Íàéâèùà 
ñåðåäíÿ âðîæàéí³ñòü ïî äîñë³äó áóëà â 2012 ð. (5,87 ò/ãà), íàéíèæ÷à – â 2013 ð. (3,50 ò/ãà). Ñåðåäíþ âðîæàéí³ñòü ñòî-
ñîâíî çàçíà÷åíèõ ðîê³â îòðèìàíî â 2014 ð. – 4,63 ò/ãà. Çà äîïîìîãîþ AMMI òà GGE biplot àíàë³çó âñòàíîâëåíî ³ñòîòí³ 
â³äì³ííîñò³ çà ðåàêö³ºþ äîñë³äæåíèõ ë³í³é íà âàð³àáåëüí³ñòü ìåòåîðîëîã³÷íèõ óìîâ. Ç âèêîðèñòàííÿì AMMI ìîäåë³ îõà-
ðàêòåðèçîâàíî àäèòèâí³ êîìïîíåíòè ãîëîâíèõ åôåêò³â ñåëåêö³éíèõ ë³í³é ³ ðîê³â âèïðîáóâàíü, à òàêîæ ìóëüòèïë³êàòèâí³ 
êîìïîíåíòè ¿õíüî¿ âçàºìîä³¿. GGE biplot ðàíæèðóâàííÿ ãåíîòèï³â ñòîñîâíî ã³ïîòåòè÷íîãî «³äåàëüíîãî» ãåíîòèïó 
ñâ³ä÷èòü ïðî àáñîëþòíó ïåðåâàãó ñåëåêö³éíî¿ ë³í³¿ ‘Íóòàíñ 4540’ çà âðîæàéí³ñòþ òà ñòàá³ëüí³ñòþ. Êð³ì íå¿, íàáëèæå-
íèìè äî ³äåàòèïó áóëè ñåëåêö³éí³ ë³í³¿ ‘Íóòàíñ 4241’ òà ‘Íóòàíñ 4120’. Âèä³ëåí³ ñåëåêö³éí³ ë³í³¿ õàðàêòåðèçóâàëèñÿ 
ñò³éê³ñòþ òà ïîì³ðíîþ ñò³éê³ñòþ äî îñíîâíèõ ëèñòêîâèõ õâîðîá ³ âèëÿãàííÿ. Âèñíîâêè. Âèêîðèñòàííÿ ÀÌÌ² òà GGE 
biplot äëÿ îö³íêè ñåëåêö³éíèõ ë³í³é íà çàâåðøàëüíèõ åòàïàõ ñåëåêö³éíîãî ïðîöåñó äàº çìîãó äîêëàäí³øå òà íàî÷íî 
õàðàêòåðèçóâàòè é äèôåðåíö³þâàòè ¿õ íå ëèøå çà ñåðåäíüîþ âðîæàéí³ñòþ, à é çà âçàºìîä³ºþ ç ì³íëèâèìè óìîâàìè 
ðîê³â âèïðîáóâàíü. Çà ñòàá³ëüíèì ð³âíåì ïðîÿâó âðîæàéíîñò³ ó ïîºäíàíí³ ç ³íøèìè ãîñïîäàðñüêî-ö³ííèìè îçíàêàìè 
âèä³ëåíî ñåëåêö³éí³ ë³í³¿ ‘Íóòàíñ 4540’, ‘Íóòàíñ 4241’ òà ‘Íóòàíñ 4120’, ïåðåäàí³ íà äåðæàâíå ñîðòîâèïðîáóâàííÿ ÿê 
íîâ³ ñîðòè ÿ÷ìåíþ ÿðîãî ‘Ì²Ï Ìèðíèé’, ‘Ì²Ï Ñàëþò’ òà ‘Ì²Ï Ñîòíèê’.

Êëþ÷îâ³ ñëîâà: ÿ÷ì³íü ÿðèé, ñåëåêö³éí³ ë³í³¿, ñîðòè, âðîæàéí³ñòü, ñòàá³ëüí³ñòü, AMMI, GGE biplot.

ïîäàðñüêîãî ïîãëÿäó º íå ëèøå ñò³éê³ñòü 
«per se», à é çäàòí³ñòü ñîðòó ï³äòðèìóâàòè 
äîñòàòí³é ð³âåíü ãîìåîñòàçó â ðåàë³çàö³¿ çà-
êëàäåíîãî ïîòåíö³àëó ïðîäóêòèâíîñò³ çà ä³¿ 
íàçâàíèõ ñòðåñ³â. 

Äëÿ îö³íêè ñòàá³ëüíîãî ð³âíÿ ïðîÿâó âðî-
æàéíîñò³ ñåëåêö³éíèé ìàòåð³àë òà ñîðòè âè-
ïðîáîâóþòü ó êîíòðàñòíèõ ðîêàõ [1, 2], ð³ç-
íèõ åêîëîã³÷íèõ çîíàõ [3, 4] àáî øòó÷íî 
ñòâîðåíèõ ïðîâîêàö³éíèõ óìîâàõ [5–7]. Íà 
îñíîâ³ ÷èñëåííèõ ë³òåðàòóðíèõ äæåðåë òà 
âëàñíèõ åêñïåðèìåíòàëüíèõ äîñë³äæåíü     
Â. Â. Ñþêîâ òà ³í. [8] âêàçóþòü, ùî ñåðåäíº 
çíà÷åííÿ îçíàêè ³ ÷óòëèâ³ñòü äî óìîâ ñåðåäî-
âèùà ïåðåáóâàþòü ï³ä ð³çíèì ãåíåòè÷íèì 
êîíòðîëåì ³ º â³äíîñíî íåçàëåæíèìè. Âèõî-
äÿ÷è ç öüîãî, äëÿ àäàïòèâíî¿ ñåëåêö³¿ ñåðåä-
íº çíà÷åííÿ âðîæàéíîñò³ º íåäîñòàòíüî ³í-
ôîðìàòèâíèì, îñê³ëüêè íå ïîâí³ñòþ õàðàê-
òåðèçóº ãåíîòèïè çà àäàïòèâí³ñòþ. Äëÿ óçà-
ãàëüíåííÿ òà ³íòåðïðåòàö³¿ îòðèìàíèõ åêñ-
ïåðèìåíòàëüíèõ äàíèõ ðîçðîáëåíî ðÿä ìà-
òåìàòè÷íî-ñòàòèñòè÷íèõ ìåòîäèê îö³íêè 
ïëàñòè÷íîñò³ é ñòàá³ëüíîñò³. Íàéá³ëüøîãî 
ïîøèðåííÿ ó ñåëåêö³éí³é ïðàêòèö³ â ð³çí³ 
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ðîêè íàáóëè ï³äõîäè òàêèõ äîñë³äíèê³â, ÿê 
K. W. Finlay, G. N. Wilkinson [9], S. A. Eber-
hart, W. A. Russell [10], Â. Â. Õàíãèëüäèí, 
Ì. À. Ëèòâèíåíêî [11], À. Â. Êèëü÷åâñêèé, 
Ë. Â. Õîòûë¸âà [12], G. C. C. Tai [13],                 
G. Wricke [14], G. K. Shukla [15] òà ³í.

Îñòàíí³ì ÷àñîì äëÿ àíàë³çó áàãàòîñåðåäî-
âèùíèõ âèïðîáóâàíü âèêîðèñòîâóþòü AMMI 
[16, 17] òà GGE biplot ìîäåë³ [18–20] àáî 
¿õíº ïîºäíàííÿ [21, 22]. AMMI ïîºäíóº äèñ-
ïåðñ³éíèé àíàë³ç (ANOVA) òà ñèíãóëÿðíèé 
ðîçïîä³ë (singular value decomposition) ³ äàº 
çìîãó ãðàô³÷íî çîáðàæàòè àäèòèâí³ êîìïî-
íåíòè îñíîâíèõ åôåêò³â ãåíîòèï³â ³ ñåðåäî-
âèù, à òàêîæ ìóëüòèïë³êàòèâí³ êîìïîíåíòè 
¿õíüî¿ âçàºìîä³¿ [23, 24]. GGE biplot (âçàºìî-
ä³ÿ «ãåíîòèï – ãåíîòèï–ñåðåäîâèùå») ç ìà-
òåìàòè÷íîãî ïîãëÿäó ìîæíà îõàðàêòåðèçó-
âàòè ÿê ãðàô³÷íå â³äîáðàæåííÿ ìàòðè÷íî¿ 
ìóëüòèïë³êàö³¿ (matrix multiplication) [25]. 
Îáèäâà ï³äõîäè äàþòü çìîãó â³çóàëüíî àíà-
ë³çóâàòè ðîçïîä³ë ãåíîòèï³â òà ñåðåäîâèù ó 
äâîêîìïîíåíòíîìó ïðîñòîð³, àáî ïîáóäîâó 
òàê çâàíîãî biplot, çàïðîïîíîâàíîãî ùå â 
1971 ð. K. R. Gabriel [26]. Âîäíî÷àñ GGE 
biplot ìàº ðÿä ãðàô³÷íèõ ôóíêö³é, ùî äàþòü 
ìîæëèâ³ñòü äîêëàäí³øå â³çóàëüíî õàðàêòå-
ðèçóâàòè âçàºìîä³þ «ãåíîòèï – ãåíîòèï–ñå-
ðåäîâèùå».

Ìåòà äîñë³äæåíü – âèä³ëèòè ñåëåêö³éí³ 
ë³í³¿ ÿ÷ìåíþ ÿðîãî ç îïòèìàëüíèì ïîºäíàí-
íÿì óðîæàéíîñò³ é ñòàá³ëüíîñò³ çà ð³çíèõ 
ïîãîäíèõ óìîâ ó Öåíòðàëüíîìó Ë³ñîñòåïó 
Óêðà¿íè.

Ìàòåð³àëè òà ìåòîäèêà äîñë³äæåíü 
Ïîëüîâ³ äîñë³äæåííÿ ïðîâîäèëè â Ìèðî-

í³âñüêîìó ³íñòèòóò³ ïøåíèö³ ³ìåí³ Â. Ì. Ðå-
ìåñëà ÍÀÀÍ (Ì²Ï) ó 2012–2014 ðð. â³äïî-
â³äíî äî çàãàëüíîïðèéíÿòèõ ìåòîäèê [27, 
28]. Îá’ºêò äîñë³äæåíü – 12 ñåëåêö³éíèõ ë³-
í³é êîíêóðñíîãî ñîðòîâèïðîáóâàííÿ ïîð³â-
íÿíî ç íàö³îíàëüíèì ñòàíäàðòîì Óêðà¿íè – 
ñîðòîì ‘Êîìàíäîð’. Ãðàô³÷íèé àíàë³ç âçàº-

ìîä³¿ «ãåíîòèï–ñåðåäîâèùå» òà «ãåíîòèï – 
ãåíîòèï–ñåðåäîâèùå» ïðîâîäèëè çà äîïîìî-
ãîþ AMMI ³ GGE biplot ìîäåëåé. Äëÿ öüîãî 
âèêîðèñòîâóâàëè ïàêåò ïðèêëàäíèõ ïðî-
ãðàì íà îñíîâ³ R-ïðîãðàìóâàííÿ (http://
www.r-project.org). Õàðàêòåðèñòèêó öüîãî 
ïðîãðàìíîãî çàáåçïå÷åííÿ ïîð³âíÿíî ç êî-
ìåðö³éíèì GGE biplot software íàâåäåíî â 
ïóáë³êàö³¿ E. Frutos òà ³í. [29]. Äëÿ äèñïåð-
ñ³éíîãî àíàë³çó AMMI ìîäåë³ âèêîðèñòàëè 
ï³äõ³ä H. F. Gollob [30]. Ã³äðîòåðì³÷íèé ðå-
æèì îêðåìèõ ì³æôàçíèõ ïåð³îä³â âåãåòàö³¿ 
ÿ÷ìåíþ ÿðîãî ïðîòÿãîì ðîê³â äîñë³äæåíü 
õàðàêòåðèçóâàëè, ïîð³âíþþ÷è ³ç ñåðåäí³ì, 
ìàêñèìàëüíèì ³ ì³í³ìàëüíèì çíà÷åííÿìè 
çà 2004–2014 ðð. Ñòàòèñòè÷íèé àíàë³ç âè-
êîíóâàëè ç äîïîìîãîþ ïðîãðàì Excel 2010 
òà Statistica 8.0. 

Ðåçóëüòàòè äîñë³äæåíü
Àíàë³ç ã³äðîòåðì³÷íîãî ðåæèìó ì³æôàç-

íèõ ïåð³îä³â âåãåòàö³¿ ÿ÷ìåíþ ÿðîãî â 2012–
2014 ðð. ñâ³ä÷èòü ïðî çíà÷í³ êîëèâàííÿ ÿê 
ñåðåäíüîäîáîâèõ òåìïåðàòóð ïîâ³òðÿ, òàê ³ 
ê³ëüêîñò³ îïàä³â (òàáë. 1). 

Çîêðåìà, 2012 ð. õàðàêòåðèçóâàâñÿ íàé-
á³ëüøîþ çà 11 ðîê³â ê³ëüê³ñòþ îïàä³â â³ä 
ñ³âáè äî ñõîä³â, ùî äàëî çìîãó çàêëàñòè äî-
ñèòü äîáð³ ïåðåäóìîâè âðîæàþ, íåçâàæàþ÷è 
íàâ³òü íà ³ñòîòíî íèæ÷³, ïîð³âíÿíî ³ç ñåðåä-
í³ìè çà 2004–2011 ðð., ïîêàçíèêè ê³ëüêîñò³ 
îïàä³â íà ïîäàëüøèõ ì³æôàçíèõ ïåð³îäàõ. 
Íà ôîí³ íèæ÷î¿ ê³ëüêîñò³ íåîáõ³äíî çàçíà-
÷èòè â³äíîñíó ð³âíîì³ðí³ñòü âèïàäàííÿ îïà-
ä³â ïðîòÿãîì âåãåòàö³¿ ÿ÷ìåíþ ÿðîãî â              
2012 ð., ùî â ö³ëîìó ñòàëî âèçíà÷àëüíèì ó 
ôîðìóâàíí³ âðîæàéíîñò³ ñåëåêö³éíèõ ë³í³é 
ó öüîìó ðîö³. Îñîáëèâ³ñòþ 2013 ð. áóëè ï³ä-
âèùåí³ òåìïåðàòóðè ïîâ³òðÿ â óñ³ ì³æôàçí³ 
ïåð³îäè ðîñòó é ðîçâèòêó ðîñëèí ÿ÷ìåíþ 
ÿðîãî, à òàêîæ íåäîñòàòíÿ ê³ëüê³ñòü îïàä³â 
ó ïåð³îä â³ä êîëîñ³ííÿ äî äîçð³âàííÿ, ùî 
ñïðè÷èíèëî çíà÷íå çíèæåííÿ âðîæàéíîñò³. 
Íàòîì³ñòü, 2014 ð. õàðàêòåðèçóâàâñÿ â³äíîñ-

Òàáëèöÿ 1
Ã³äðîòåðì³÷íèé ðåæèì ó ì³æôàçí³ ïåð³îäè âåãåòàö³¿ ÿ÷ìåíþ ÿðîãî

Ð³ê Ñåðåäíüîäîáîâà òåìïåðàòóðà, °C Ê³ëüê³ñòü îïàä³â, ìì
ÑÑõ ÑõÊ ÊÄ ÑõÄ ÑÄ ÑÑõ ÑõÊ ÊÄ ÑõÄ ÑÄ

2012 7,7 17,1 21,3 19,2 15,4 30,5 50,8 75,4 126,2 156,7
2013 12,7 18,7 22,3 20,5 17,9 0,3 82,0 41,4 123,4 123,7
2014 8,5 13,0 18,6 15,8 13,3 7,4 166,9 116,1 283,0 290,3

X 8,8 14,9 20,2 17,5 14,6 10,6 88,2 98,4 186,6 197,2
Max 12,7 18,7 22,3 20,5 17,9 30,5 166,9 217,7 283 290,3
Min 4,7 12,7 17,7 15,5 12,2 0,3 23,1 41,4 120,1 123,7

R(max-min) 8,0 6,0 4,6 5,0 5,7 30,2 143,8 176,3 162,9 166,6

Ïðèì³òêà. ÑÑõ – ñ³âáà–ñõîäè; ÑõÊ – ñõîäè–êîëîñ³ííÿ; ÊÄ – êîëîñ³ííÿ–äîçð³âàííÿ; ÑõÄ – ñõîäè–äîçð³âàííÿ; 
ÑÄ – ñ³âáà–äîçð³âàííÿ; Õ, min, max, R(max-min) – â³äïîâ³äíî ñåðåäíº, ì³í³ìàëüíå, ìàêñèìàëüíå çíà÷åííÿ ³ ðîçìàõ 
âàð³þâàííÿ çà 2004–2014 ðð.
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Ñåëåêö³ÿ òà íàñ³ííèöòâî

íî ïðîõîëîäíèì òåìïåðàòóðíèì ðåæèìîì â 
óñ³ ì³æôàçí³ ïåð³îäè, à òàêîæ ³ñòîòíî âè-
ùîþ ê³ëüê³ñòþ îïàä³â, ïî÷èíàþ÷è â³ä ñõî-
ä³â ³ çàê³í÷óþ÷è çáèðàííÿì. Íàäëèøîê âî-
ëîãè ñïðîâîêóâàâ ÿê âèëÿãàííÿ ñåëåêö³éíèõ 
ë³í³é, òàê ³ ðîçâèòîê çáóäíèê³â ëèñòêîâèõ 
õâîðîá. Ö³ ÷èííèêè òàêîæ âïëèíóëè íà ð³-
âåíü ïðîÿâó âðîæàéíîñò³ ñåëåêö³éíèõ ë³í³é. 
Òàêèì ÷èíîì, äîñë³äæåííÿ ñåëåêö³éíèõ ë³-
í³é â êîíòðàñòí³ çà çàáåçïå÷åííÿì ìåòåîðå-
ñóðñàìè 2012–2014 ðð. ñïðèÿëî âèä³ëåííþ 
ãåíîòèï³â ÿ÷ìåíþ ÿðîãî ç ïîºäíàííÿì óðî-
æàéíîñò³ é òîëåðàíòíîñò³ äî àá³îòè÷íèõ òà 
á³îòè÷íèõ ÷èííèê³â ÿê ðåçóëüòàò ôîðìóâàí-
íÿ âðîæàéíîñò³ çà ¿õ ä³¿.

Íàéâèùèé ó ñåðåäíüîìó ïî äîñë³äó ð³âåíü 
óðîæàéíîñò³ áóâ ó 2012 ð. – 5,87 ò/ãà (òàáë. 2). 
Ð³çíèöÿ ì³æ ¿¿ ìàêñèìàëüíèì ³ ì³í³ìàëü-

Òàáëèöÿ 2
Óðîæàéí³ñòü ñåëåêö³éíèõ ë³í³é ÿ÷ìåíþ ÿðîãî 

çàëåæíî â³ä ðîêó âèïðîáóâàíü

Ë³í³ÿ, ñîðò Øèôð
2012 ð.
(Y12)

2013 ð.
(Y13)

2014 ð.
(Y14)

Õ

‘Êîìàíäîð’ – St G1 5,67 3,22 4,86 4,58
‘Íóòàíñ 4540’ G2 6,18 4,12 5,35 5,22
‘Íóòàíñ 4241’ G3 5,97 3,67 5,32 4,99
‘Íóòàíñ 4120’ G4 5,96 3,62 5,12 4,90
‘Íóòàíñ 3882’ G5 6,23 3,54 4,35 4,71
‘Íóòàíñ 4340’ G6 5,58 3,91 4,23 4,57
‘Íóòàíñ 4380’ G7 5,57 3,64 4,13 4,45
‘Íóòàíñ 4238’ G8 5,58 3,86 4,56 4,67
‘Íóòàíñ 4203’ G9 6,33 3,39 4,76 4,83
‘Íóòàíñ 4112’ G10 5,93 2,94 4,39 4,42
‘Íóòàíñ 4215’ G11 5,62 2,92 4,47 4,34
‘Íóòàíñ 4137’ G12 5,87 3,67 4,05 4,53
‘Íóòàíñ 4571’ G13 5,79 3,04 4,56 4,46

X – 5,87 3,50 4,63 4,67
Max – 6,33 4,12 5,35 5,22
Min – 5,57 2,92 4,05 4,34
R(max-min) – 0,76 1,20 1,30 0,88
Í²Ð0,05 – 0,26 0,22 0,29 0,26

Ïðèì³òêà. Õ, min, max, R(max-min) – ñåðåäíº, ì³í³ìàëü-
íå, ìàêñèìàëüíå çíà÷åííÿ ³ ðîçìàõ âàð³þâàííÿ â³äïîâ³äíî.

íèì çíà÷åííÿìè â äåÿêèõ ë³í³é ñòàíîâèëà 
0,76 ò/ãà. Íàéíèæ÷îþ áóëà âðîæàéí³ñòü ó 
2013 ð. – 3,50 ò/ãà, ïðè öüîìó ð³çíèöÿ ì³æ 
ë³í³ÿìè ñòàíîâèëà 1,20 ò/ãà. Ó 2014 ð. ñå-
ðåäíÿ âðîæàéí³ñòü äîñÿãàëà 4,63 ò/ãà, à ðîç-
ìàõ âàð³þâàííÿ áóâ íàéâèùèì çà ðîêè äî-
ñë³äæåíü – 1,30 ò/ãà. Â óñ³ ðîêè áóëî çàô³ê-
ñîâàíî ñåëåêö³éí³ ë³í³¿, ùî äîñòîâ³ðíî 
(Í²Ð

0,05
) ïåðåâèùóâàëè ñòàíäàðò çà âðîæàé-

í³ñòþ.
Äèñïåðñ³éíèé àíàë³ç AMMI ìîäåë³ âèÿâèâ 

íàé³ñòîòí³øèé âíåñîê óìîâ ñåðåäîâèùà 
(88,4%) ó äèñïåðñ³þ (òàáë. 3). Ãåíîòèï òà 
âçàºìîä³ÿ «ãåíîòèï–ñåðåäîâèùå» ìàëè çíà÷-
íî íèæ÷èé åôåêò – 5,7 ³ 5,9% â³äïîâ³äíî.

AMMI1 biplot (ðèñ. 1) ðåïðåçåíòóº âàð³àí-
ñó ãîëîâíèõ àäèòèâíèõ åôåêò³â (ñåðåäíþ 
âðîæàéí³ñòü) ñåëåêö³éíèõ ë³í³é (G1…G13) ³ 

Òàáëèöÿ 3
Ðåçóëüòàòè äèñïåðñ³éíîãî àíàë³çó AMMI ìîäåë³ âðîæàéíîñò³ 

ñåëåêö³éíèõ ë³í³é ÿ÷ìåíþ ÿðîãî (2012–2014 ðð.)

Ôàêòîðè SS PORCENT DF MS F*
ENV 109,07634 88,38273 2 54,53817 2284,95527
GEN 7,02101 5,68901 12 0,58508 24,51296
ENV*GEN 7,31628 5,92826 24 0,30484 12,77192
PC1 4,68143 63,98646 13 0,36011 30,27388
PC2 2,63485 36,01354 11 0,23953 20,13691
PC3 0 0 9 0 0
Residuals 1,86173 0 78 0,02387 –

Ïðèì³òêà. ENV – ñåðåäîâèùå, GEN – ãåíîòèï, ENV*GEN – âçàºìîä³ÿ «ãåíîòèï–ñåðåäîâè-
ùå», SS – ñóìà êâàäðàò³â, PORCENT – ÷àñòêà âíåñêó ó âàð³àö³þ, %; DF – ÷èñëî ñòóïåí³â ñâîáî-
äè, MS – ñåðåäí³é êâàäðàò, F – êðèòåð³é, PC1…PC3 – ãîëîâí³ êîìïîíåíòè; 

*äîñòîâ³ðíî íà 0,01% ð³âí³ çíà÷óùîñò³.

Ðèñ. 1. AMMI1 biplot – ðîçïîä³ë ñåëåêö³éíèõ ë³í³é 
³ ðîê³â âèïðîáóâàíü ó êîîðäèíàòàõ: ãîëîâíà 

êîìïîíåíòà 1 (Factor 1) òà ñåðåäíÿ ïðîäóêòèâí³ñòü 
ë³í³é ³ ðîê³â (YLD) (2012–2014 ðð.)
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ðîê³â âèïðîáóâàíü (Y1…Y3), ÿê³ º ãîðèçîí-
òàëüíîþ â³ññþ (YLD), òà âàð³àíñó ìóëüòè-
ïë³êàòèâíèõ åôåêò³â âçàºìîä³¿ «ãåíîòèï–ñå-
ðåäîâèùå», ÿêà ðîçì³ùåíà ïî âåðòèêàëüí³é 
îñ³ (Factor 1). Â³í äàº çìîãóº ãðàô³÷íî àíà-
ë³çóâàòè äèñïåðñ³þ ñåëåêö³éíèõ ë³í³é ³ ðî-
ê³â âèïðîáóâàíü òà âçàºìîä³þ ì³æ íèìè.

AMMI2 biplot (ðèñ. 2) äåìîíñòðóº ìóëüòè-
ïë³êàòèâí³ åôåêòè âçàºìîä³¿ ñåëåêö³éíà ë³-
í³ÿ – ð³ê âèïðîáóâàíü ó êîîðäèíàòàõ ïåðøî¿ 
(Factor 1) ³ äðóãî¿ (Factor 2) ãîëîâíèõ êîì-
ïîíåíò. ª ìîæëèâ³ñòü â³çóàë³çóâàòè ãðóïó-
âàííÿ ãåíîòèï³â òà ðîê³â âèïðîáóâàíü ³ âèç-
íà÷èòè, ÿêèé ç ðîê³â áóâ îïòèìàëüí³øèì 
äëÿ êîíêðåòíî¿ ë³í³¿.

Ðèñ. 2. AMMI2 biplot – ðîçïîä³ë ñåëåêö³éíèõ ë³í³é 
³ ðîê³â âèïðîáóâàíü ó êîîðäèíàòàõ äâîõ ïåðøèõ 

ãîëîâíèõ êîìïîíåíò (2012–2014 ðð.)

Ïåðø³ äâ³ ãîëîâí³ êîìïîíåíòè (Axis 1, 
Axis 2) GGE biplot àíàë³çó ïîÿñíþþòü 
86,9% âçàºìîä³¿ ãåíîòèï–ñåðåäîâèùå, ÿê 
öå ïîêàçàíî íà ðèñóíêó 3. Öåé biplot õòî-
äå-ïåðåì³ã (àíãë. which-won-where) õàðàê-
òåðèçóº âçàº ìîçâ’ÿçîê ñåëåêö³éíèõ ë³í³é ç 
óìîâàìè ðîê³â âèðîùóâàííÿ. ßê ³ íà äâîõ 
íàâåäåíèõ ðèñóíêàõ AMMI àíàë³çó, íàî÷íî 
ïîì³òíî ïåðåâàãó ñåëåêö³éíî¿ ë³í³¿ G2 (‘Íó-
òàíñ 4540’) â óñ³ ðîêè âèïðîáóâàíü. GGE 
biplot ðàíæèðóâàííÿ ãåíîòèï³â ñòîñîâíî 
ã³ïîòåòè÷íîãî «³äåàëüíîãî» ãåíîòèïó, ÿêèé 
ÿâëÿº ñîáîþ ñåðåäèíó öåíòðè÷íèõ ê³ë, òà-
êîæ äåìîíñòðóº àáñîëþòíó ïåðåâàãó ñåëåê-
ö³éíî¿ ë³í³¿ G2 (‘Íóòàíñ 4540’) (ðèñ. 4). 
Êð³ì íå¿, íàáëèæåíèìè äî ³äåàòèïó º ñå-
ëåêö³éí³ ë³í³¿ G3 (‘Íóòàíñ 4241’) òà G4 
(‘Íóòàíñ 4120’).

Ðèñ. 3. GGE biplot «õòî-äå-ïåðåì³ã» (2012–2014 ðð.)

Ðèñ. 4. Ðàíæèðóâàííÿ ñåëåêö³éíèõ ë³í³é 
ñòîñîâíî ã³ïîòåòè÷íîãî «³äåàëüíîãî» ãåíîòèïó 

(2012–2014 ðð.)
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Âèä³ëåí³ ñåëåêö³éí³ ë³í³¿: ‘Íóòàíñ 4540’ (‘Tro-
phee’/‘Rodeo’//‘Àñêîëüä’), ‘Íóòàíñ 4241’ (‘Ada-
gio’/‘Ïàì’ÿòíèé’) òà ‘Íóòàíñ 4120’ (‘Ce lin-
ka’/‘Ïàì’ÿòíèé’), ïîºäíóþòü óðîæàéí³ñòü ³ 
ñòàá³ëüí³ñòü ç ðÿäîì ³íøèõ ãîñïîäàðñüêî-
ö³ííèõ îçíàê (òàáë. 4). Çà ðåçóëüòàòàìè ïðî-
âåäåíèõ äîñë³äæåíü ö³ ë³í³¿ ïåðåäàíî íà äåð-
æàâíå ñîðòîâèïðîáóâàííÿ Óêðà¿íè â³ä ïî-
â³äíî ÿê íîâ³ ñîðòè ÿ÷ìåíþ ÿðîãî – ‘Ì²Ï 
Ìèðíèé’, ‘Ì²Ï Ñàëþò’ òà ‘Ì²Ï Ñîòíèê’. 

Âèñíîâêè
Âèêîðèñòàííÿ ÀÌÌ² òà GGE biplot äëÿ 

îö³íêè ñåëåêö³éíèõ ë³í³é íà çàâåðøàëüíèõ 
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ÿ÷ìåíþ îçèìîãî ó öåíòðàëüíîìó Ë³ñîñòåïó Óêðà¿íè /                        
Â. Ì. Ãóä  çåíêî // Ñåëåêö³ÿ ³ íàñ³ííèöòâî : ì³æâ³ä. òåìàò. 
íàóê. çá. – Õ. : Ñòèëü-²çäàò, 2013. – Âèï. 103. – Ñ. 231–241.
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Áóðäåíþê-Òàðàñåâè÷ ; ²í-ò öóêðîâèõ áóðÿê³â ÓÀÀÍ. – Ê., 
2001. – 44 ñ.

6. Ìåòîäèêà èíòåãðàëüíîé îöåíêè ýêîëîãè÷åñêîé àäàïòèâ-
íîñòè ñåëåêöèîííîãî ìàòåðèàëà íà ðàííèõ ýòàïàõ åãî ñî-
çäàíèÿ / À. Ì. Áóðäóí, Ë. Ì. Ëîïàòèíà, Ìîõ. À. Õàñàí, Ìóõ. 
Àõ. Õàñàí. – Êðàñíîäàð, 1989. – 32 ñ.

7. Ð³âåíü àäàïòèâíîñò³ ïåðñïåêòèâíèõ ë³í³é ïøåíèö³ ì’ÿêî¿ 
îçèìî¿ â óìîâàõ Ë³ñîñòåïó Óêðà¿íè / Â. Ñ. Êî÷ìàðñüêèé,               
Í. Ï. Çàìë³ëà, Ã. Á. Âîëîãä³íà [òà ³í.] // Ìèðîí³âñüêèé â³ñíèê. 

– 2016. – Âèï. 2. – Ñ. 98–116.

åòàïàõ ñåëåêö³éíîãî ïðîöåñó äàº çìîãó äîê-
ëàäí³øå ³ íàî÷íî õàðàêòåðèçóâàòè òà äèôå-
ðåíö³þâàòè ¿õ íå ëèøå çà ñåðåäíüîþ âðî-
æàéí³ñòþ, à é çà âçàºìîä³ºþ ç ì³íëèâèìè 
óìîâàìè ðîê³â âèïðîáóâàíü. Çà ð³âíåì ïðîÿ-
âó òà ñòàá³ëüí³ñòþ âðîæàéíîñò³ ó ïîºäíàíí³ 
ç ³íøèìè ãîñïîäàðñüêî-ö³ííèìè îçíàêàìè 
âèä³ëåíî ñåëåêö³éí³ ë³í³¿ ‘Íóòàíñ 4540’, ‘Íó-
òàíñ 4241’ òà ‘Íóòàíñ 4120’, ÿê³ ïåðåäàíî íà 
äåðæàâíå ñîðòîâèïðîáóâàííÿ ÿê íîâ³ ñîðòè 
ÿ÷ìåíþ ÿðîãî ‘Ì²Ï Ìèðíèé’, ‘Ì²Ï Ñàëþò’ 
òà ‘Ì²Ï Ñîòíèê’.

Òàáëèöÿ 4
Õàðàêòåðèñòèêà íîâèõ ñîðò³â ÿ÷ìåíþ ÿðîãî çà ãîñïîäàðñüêî-ö³ííèìè îçíàêàìè                                                                        

ó êîíêóðñíîìó ñîðòîâèïðîáóâàíí³ Ì²Ï (2012–2014 ðð.)
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‘Êîìàíäîð’ – St 4,58 – 48,0 88 7 4 6 6 6 56
‘Ì²Ï Ìèðíèé’ 
(‘Íóòàíñ 4540’) 5,22 0,64 50,3 89 8 6 8 6 6 56

‘Ì²Ï Ñàëþò’
(‘Íóòàíñ 424’) 4,99 0,41 49,6 87 7 7 7 6 7 58

‘Ì²Ï Ñîòíèê’ 
(‘Íóòàíñ 4120’) 4,90 0,32 46,7 90 7 6 7 6 6 57

Í²Ð0,05                    0,26
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Öåëü. Âûäåëèòü ñåëåêöèîííûå ëèíèè ÿ÷ìåíÿ ÿðîâî-
ãî ñ îïòèìàëüíûì ñî÷åòàíèåì óðîæàéíîñòè è ñòàáèëü-
íîñòè ïðè ðàçëè÷íûõ ïîãîäíûõ óñëîâèÿõ â Öåíòðàëüíîé 
Ëåñîñòåïè Óêðàèíû. Ìåòîäû. Ïîëåâûå èññëåäîâàíèÿ, 
äèñïåðñèîííûé, AMMI, GGE biplot àíàëèç. Ðåçóëüòàòû. 
Ãèäðîòåðìè÷åñêèé ðåæèì íà ïðîòÿæåíèè ìåæäóôàçíûõ 
ïåðèîäîâ âåãåòàöèè ÿ÷ìåíÿ ÿðîâîãî â óñëîâèÿõ Ìèðî-
íîâñêîãî èíñòè òóòà ïøåíèöû èìåíè Â. Í. Ðåìåñëî ÍÀÀÍ 
â 2012–2014 ãã. õàðàêòåðèçèðîâàëñÿ çíà÷èòåëüíîé èç-
ìåí÷èâîñòüþ, ÷òî ñïîñîáñòâîâàëî äåòàëüíîé îöåíêå ëèíèé 
ïî ïðîäóêòèâíîñòè, ñòàáèëüíîñòè è óñòîé÷èâîñòè ê àáèî-
òè÷åñêèì è áèîòè÷åñêèì ôàêòîðàì. Íàèáîëüøàÿ ñðåäíÿÿ 
óðîæàéíîñòü ïî îïûòó îòìå÷åíà â 2012 ã. (5,87 ò/ãà), íàè-
ìåíüøàÿ – â 2013 ã. (3,50 ò/ãà). Ñðåäíÿÿ óðîæàéíîñòü ïî 
îòíîøåíèþ ê íàçâàííûì ãîäàì áûëà ïîëó÷åíà â 2014 ã. – 
4,63 ò/ãà. Ñ ïîìîùüþ AMMI è GGE biplot àíàëèçà âûÿâ-
ëåíû ñóùåñòâåííûå îòëè÷èÿ ïî ðåàêöèè èññëåäóåìûõ 
ëèíèé íà âàðèàáåëüíîñòü ìåòåîðîëîãè÷åñêèõ óñëîâèé. Ñ 
èñïîëüçîâàíèåì AMMI ìîäåëè äàíà õàðàêòåðèñòèêà àä-
äèòèâíûì êîìïîíåíòàì ãëàâíûõ ýôôåêòîâ ñåëåêöèîííûõ 
ëèíèé è ãîäîâ èñïûòàíèé, à òàêæå ìóëüòèïëèêàòèâíûì 
êîìïîíåíòàì èõ âçàèìîäåéñòâèÿ. GGE biplot ðàíæèðî-

âàíèå ãåíîòèïîâ ïî îòíîøåíèþ ê ãèïîòåòè÷åñêîìó «ãå-
íîòèïó» ñâèäåòåëüñòâóåò îá àáñîëþòíîì ïðåèìóùåñòâå 
ñåëåêöèîííîé ëèíèè ‘Íóòàíñ 4540’ ïî óðîæàéíîñòè è 
ñòàáèëüíîñòè. Êðîìå íå¸, ïðèáëèæåííûìè ê èäåàòèïó 
áûëè ñåëåêöèîííûå ëèíèè ‘Íóòàíñ 4241’ è ‘Íóòàíñ 4120’. 
Âûäåëåííûå ñåëåêöèîííûå ëèíèè õàðàêòåðèçèðîâàëèñü 
óñòîé÷èâîñòüþ è óìåðåííîé óñòîé÷èâîñòüþ ê îñíîâíûì 
ëèñòîñòåáåëüíûì áîëåçíÿì è ïîëåãàíèþ. Âûâîäû. Èñ-
ïîëüçîâàíèå ÀÌÌ² è GGE biplot äëÿ îöåíêè ñåëåêöè-
îííûõ ëèíèé íà çàâåðøàþùèõ ýòàïàõ ñåëåêöèîííîãî 
ïðîöåññà ïîçâîëÿåò áîëåå äåòàëüíî è íàãëÿäíî õàðàê-
òåðèçèðîâàòü, à òàêæå äèôôåðåíöèðîâàòü èõ íå òîëüêî 
ïî ñðåäíåé óðîæàéíîñòè, íî è ïî âçàèìîäåéñòâèþ ñ èç-
ìåí÷èâûìè óñëîâèÿìè ãîäîâ èñïûòàíèé. Ïî ñòàáèëüíîìó 
óðîâíþ ïðîÿâëåíèÿ óðîæàéíîñòè â ñî÷åòàíèè ñ äðóãèìè 
õîçÿéñòâåííî öåííûìè ïðèçíàêàìè âûäåëåíû ñåëåêöè-
îííûå ëèíèè ‘Íóòàíñ 4540’, ‘Íóòàíñ 4241’ è ‘Íóòàíñ 4120’, 
êîòîðûå ïåðåäàíû íà ãîñóäàðñòâåííîå ñîðòîèñïûòàíèå 
êàê íîâûå ñîðòà ÿ÷ìåíÿ ÿðîâîãî ‘ÌÈÏ Ìèðíûé’, ‘ÌÈÏ Ñà-
ëþò’ è ‘ÌÈÏ Ñîòíèê’.

Êëþ÷åâûå ñëîâà: ÿ÷ìåíü ÿðîâîé, ñåëåêöèîííûå ëèíèè, 
ñîðòà, óðîæàéíîñòü, ñòàáèëüíîñòü, AMMI, GGE biplot.
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Purpose. To define spring barley breeding lines with an 
optimal combination of yielding capacity and stability under 
different weather conditions in the Central Forest-Steppe 
zone of Ukraine. Methods. Field studies, ANOVA, AMMI, GGE 
biplot analysis. Results. Hydrothermal regime during inter-
phase periods of spring barley vegetation under conditions 
of  The V. M. Remeslo Myronivka Institute of Wheat of NAAS 
in 2012–2014 was characterized by significant variability, 
that facilitated detailed evaluation of the lines for produc-
tivity, stability, and resistance to abiotic and biotic factors. 
In the performance of an experiment, the highest average 

yielding capacity (5.87 t/ha) was noted in 2012, the low-
est one (3.50 t/ha) was in 2013. As for these years, average 
yield of 4.63 t/ha was obtained in 2014. By applying AMMI 
and GGE biplot analysis, significant differences in response 
of the studied lines to variability of weather conditions was 
revealed. Using AMMI model, additive components of the 
main effects of the breeding lines and years of testing as well 
as multiplicative components of their interaction were char-
acterized. GGE biplot genotypes ranking in relation to a hy-
pothetical “ideal” genotype showed an absolute advantage 
of breeding line ‘Nutans 4540’ for yielding capacity and sta-
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bility. In addition, breeding lines ‘Nutans 4241’ and ‘Nutans 
4120’ were close to ideatype. Selected breeding lines were 
characterized by resistance and moderate resistance to leaf 
diseases and lodging. Conclusions. Use of AMMI and GGE bi-
plot analysis to evaluate breeding lines at the final stages 
of breeding process allows to describe them thoroughly and 
graphically as well as differentiate them not only for average 
yielding capacity but also for their interaction with chan-

ging conditions during the years of testing. Breeding lines 
‘Nutans 4540’, ‘Nutans 4241’, and ‘Nutans 4120’ to be identi-
fied for the stability of yielding capacity display in combi-
nation with other agronomic characters were transferred to 
the State variety testing as new spring barley varieties ‘MIP 
Myrnyi’, ‘MIP Saliut’, and ‘MIP Sotnyk’ respectively.

Keywords: spring barley, breeding lines, varieties, yielding 
capacity, stability, AMMI, GGE biplot.
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