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Plant production

Âñòóï 
Íàíîïðåïàðàòè, âïëèâàþ÷è íà ñêëàäíî îðãà-

í³çîâàí³ â ãåíåòè÷íîìó â³äíîøåíí³ êîíñòðóê-
ö³¿ ðîñëèííîãî îðãàí³çìó ñó÷àñíèõ ñîðò³â ³ ã³á-
ðèä³â ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð ÷åðåç 
êîìïëåêñí³ çì³íè ïðîò³êàííÿ ô³ç³îëîã³÷íèõ ³ 
á³îõ³ì³÷íèõ ïðîöåñ³â é ðåàë³çàö³¿ ¿õíüîãî ãåíå-
òè÷íîãî ïîòåíö³àëó â óìîâàõ ïîñò³éíî ä³þ÷èõ 
àá³îòè÷íèõ ³ á³îòè÷íèõ ÷èííèê³â, ñïðèÿþòü 
çàáåçïå÷åííþ ðîñëèííîãî îðãàí³çìó åíåðãåòè÷-
íèìè òà àäàïòèâíèìè ðåñóðñàìè [1, 2]. 
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Ìåòà. Ïîøóê øëÿõ³â àêòèâ³çàö³¿ ïðîðîñòàííÿ íàñ³ííÿ áóðÿê³â öóêðîâèõ, îòðèìàííÿ äðóæí³õ, ñèíõðîííèõ ñõîä³â øëÿõîì 
çàñòîñóâàííÿ êîìïîçèö³é äîáðèâ ç íàíîðîçì³ðíèìè åëåìåíòàìè. Ìåòîäè. Âåãåòàö³éíèé òà ëàáîðàòîðíèé. Íàñ³ííÿ áóðÿê³â 
öóêðîâèõ âèñ³âàëè â ï³äãîòîâëåíèé ïîñóä ç ´ðóíòîì ç äîòðèìàííÿì âèìîã ìåòîäèê äî âåãåòàö³éíèõ äîñë³ä³â. Äîáðèâà âíî-
ñèëè ó âèãëÿä³ ðîç÷èí³â ç ð³çíèì ¿õí³ì ñï³ââ³äíîøåííÿì â³äïîâ³äíî äî øåñòè ì³êðîñòàä³é. Ðåçóëüòàòè. Íà 01 ì³êðîñòàä³¿ çà 
øêàëîþ ÂÂÑÍ (÷åðåç 130 ãîäèíè ï³ñëÿ ñ³âáè) áóëî â³äì³÷åíî çá³ëüøåííÿ ìàñè ïëîä³â áóðÿê³â â óñ³õ âàð³àíòàõ – â êîíòðîëüíîìó 
âàð³àíò³ íà 9,78%; çà âíåñåííÿ íàíîäîáðèâ – 20,4–23,7%. Ä³àìåòð ïëîä³â çì³íþâàâñÿ àíàëîã³÷íî çì³íàì ìàñè: â êîíòðîëü-
íîìó âàð³àíò³ çì³íà ä³àìåòðó ñòàíîâèëà 4,95%; ó âàð³àíòàõ ç âíåñåííÿì íàíîäîáðèâ 9,56–13,9%. Çà ð³çíèõ ñõåì âíåñåííÿ 
äîáðèâ â³äì³÷àëè çì³íè ÿê ó øâèäêîñò³ ôîðìóâàííÿ îðãàí³â ïàðîñòê³â, òàê ³ ¿õí³õ ë³í³éíèõ ðîçì³ð³â. Äîâæèíà çàðîäêîâîãî 
êîð³íöÿ íà 05 ì³êðîñòàä³¿ çà ð³âíîì³ðíîãî âíåñåííÿ ï³äâèùåíèõ íîðì öèíêó ³ ôîñôîðó, ÷åðåç 40 ãîäèí ï³ñëÿ ñ³âáè, ñêëàëà 
0,540–2,671 ìì. Çà ³íøèõ êîìá³íàö³é äîáðèâ ïîÿâó çàðîäêîâîãî êîð³íöÿ áóëî â³äì³÷åíî ëèøå ÷åðåç 44 ãîäèíè ï³ñëÿ ñ³âáè. 
×åðåç 60 ãîäèí ï³ñëÿ ñ³âáè (07 ì³êðîñòàä³ÿ øêàëè ÂÂÑÍ) â³äì³÷àâñÿ ïîâíèé âèõ³ä ñ³ì’ÿäîëåé ç ãí³çäà êëóáî÷êà çà âíåñåííÿì 
íàíîõåëàòíèõ ì³êðîäîáðèâ òà ëèøå ïî÷àòîê âèõîäó ñ³ì’ÿäîëåé â êîíòðîëüíîìó âàð³àíò³. Çà ðàõóíîê ³íòåíñèâí³øèõ ïðîöåñ³â 
íàáóáíÿâ³ííÿ òà ïðîðîñòàííÿ â³äáóâàëîñÿ ïðèñêîðåííÿ ðîñòó êîëåîïòèëå áóðÿê³â öóêðîâèõ. Âèñíîâêè. Ð³âíîì³ðíå çà-
áåçïå÷åííÿ íàñ³ííÿ öèíêîì ³ îñîáëèâî ôîñôîðîì íà ôîí³ áàçîâîãî êîìïëåêñíîãî äîáðèâà ç íàíîðîçì³ðíèìè åëåìåíòàìè 
ñïðèÿëî àêòèâàö³¿ ïðîðîñòàííÿ íàñ³ííÿ òà ³íòåíñèâíîìó ôîðìóâàííþ ñèíõðîííî ðîçâèíóòèõ ïàðîñòê³â. Ó ñåðåäíüîìó íà 
4 ãîäèíè ïðèñêîðþâàëîñü â³äêðèòòÿ êðèøå÷êè ïëîäó ³ ïîÿâà êîðåíÿ; íà 6 ãîäèí ðàí³øå â³äáóâàâñÿ âèõ³ä ñ³ì’ÿäîëåé. Çà 
âíåñåííÿ íàíîõåëàòíèõ äîáðèâ ð³ñò êîðåíÿ òà âèäîâæåííÿ ã³ïîêîòèëÿ íà ïåðøèõ ì³êðîñòàä³ÿõ ïðîðîñòàííÿ ïëîä³â áóðÿêà 
öóêðîâîãî ïðèñêîðþâàâñÿ âäâ³÷³, çà ðàõóíîê ÷îãî ñõîäè áóðÿê³â öóêðîâèõ ç’ÿâëÿëèñÿ íà 4–6 ãîäèí ðàí³øå. Íàíîõåëàòí³ 
ì³êðîäîáðèâà, ñïðèÿþ÷è äðóæíüîìó òà ñèíõðîííîìó ïðîðîñòàííþ, ðîçâèòêó ïðîðîñòê³â áóðÿê³â öóêðîâèõ çàáåçïå÷óâàëè 
ñèíõðîííó ïîÿâó ñõîä³â òà ôîðìóâàííÿ çàäàíî¿ ãóñòîòè ïîñ³âó áåç ïîäàëüøî¿ ðåäóêö³¿ ðîñëèí.

Êëþ÷îâ³ ñëîâà: ìàñà òà ä³àìåòð ïëîäó; ð³ñò ³ ðîçâèòîê çà øêàëîþ ÂÂÑÍ; ïðîðîñòàííÿ íàñ³ííÿ; ë³í³éí³ ðîçì³ðè 
ïåðâèííèõ êîð³íö³â; íàíîäîáðèâà.

Çà çàñòîñóâàííÿ íàíîðîçì³ðíèõ ìàêðî- òà 
ì³êðîåëåìåíò³â â³äáóâàºòüñÿ àêòèâ³çàö³ÿ 
ïðîäóö³éíîãî ïðîöåñó çà ðàõóíîê àêòèâàö³¿ 
òà çðîñòàííÿ ïðîäóêòèâíîñò³ ôîòîñèíòåçó, 
³ìóíîêîðåêö³¿, ðåãóëÿö³¿ ðîñòó òà àíòèñòðå-
ñîâî¿ ä³¿, ô³òîïàòîãåííî¿ ñò³éêîñò³ òà áàêòå-
ðèöèäíî¿ ä³¿ òîùî [3, 4, 5]. Íàíîïðåïàðàòè â 
òåõíîëîã³ÿõ âèðîùóâàííÿ ñ³ëüñüêîãîñïîäàð-
ñüêèõ êóëüòóð îáóìîâëþþòü îòðèìàííÿ ñòà-
á³ëüíî âèñîêî¿ âðîæàéíîñò³ çà âèêîðèñòàííÿ 
ñóòòºâî ìåíøèõ íîðì äîáðèâ ³ çðîñòàííÿ 
åôåêòèâíîñò³ çàñâîþâàííÿ åëåìåíò³â æèâ-
ëåííÿ [6–8].

Äëÿ ðåàë³çàö³¿ á³îëîã³÷íîãî ïîòåíö³àëó ñó-
÷àñíèõ ñîðò³â âàæëèâå çíà÷åííÿ ìàþòü ïî-
ñ³âí³ ÿêîñò³ íàñ³ííÿ – ñóêóïí³ñòü îçíàê, ùî 
õàðàêòåðèçóþòü ïðèäàòí³ñòü íàñ³ííÿ äî ñ³â-
áè – åíåðã³ÿ ïðîðîñòàííÿ, ñõîæ³ñòü íàñ³ííÿ 
òà ³íø³ êðèòåð³¿ [9–12].

Îñê³ëüêè íàñ³ííÿ áóðÿê³â öóêðîâèõ ì³ñ-
òèòü â³äíîñíî ìàëî ïîæèâíèõ ðå÷îâèí, ïðî-
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Ðîñëèííèöòâî

öåñ ïðîðîñòàííÿ äî ïîÿâè àñèì³ëþþ÷èõ 
ëèñòê³â ïîâèíåí ïðîò³êàòè øâèäêî [9]. Çà 
óïîâ³ëüíåííÿ öèõ ïðîöåñ³â ïîæèâí³ ðå÷îâè-
íè ìîæóòü âè÷åðïóâàòèñÿ äî ïîÿâè ñõîä³â, 
ùî âèêëèêàº çð³äæåí³ñòü ïîñ³â³â óíàñë³äîê 
íèçüêî¿ ïîëüîâî¿ ñõîæîñò³. Äî â³äêðèòòÿ 
«êðèøå÷êè» ïëîä³â äîñòóï âîëîãè ³ êèñíþ äî 
ïàðîñòêà ðåãóëþºòüñÿ òàê çâàíîþ áàçàëüíîþ 
ïîðîþ. Ó ôàç³ ïðîðîñòàííÿ ³ ïîÿâè ñõîä³â 
öóêðîâ³ áóðÿêè äóæå ÷óòëèâ³ äî íåñïðèÿò-
ëèâèõ çîâí³øí³õ ÷èííèê³â [9]. Ïàðîñòêè 
äóæå ÷óòëèâ³ äî õâîðîá ³ øê³äíèê³â, ïîñóõè, 
ïåðåçâîëîæåííÿ, âèñîêî¿ êîíöåíòðàö³¿ ñîëåé 
ó ´ðóíòîâîìó ðîç÷èí³ [8].

Íà ïî÷àòêó âåãåòàö³¿, êîëè ëèøå ôîðìó-
ºòüñÿ êîðåíåâà ñèñòåìà, íåîáõ³äíî, ùîá â 
´ðóíò³ â çîí³ êîðåí³â ì³ñòèëàñÿ äîñòàòíÿ 
ê³ëüê³ñòü äîñòóïíèõ åëåìåíò³â æèâëåííÿ 
[13]. Íåñòà÷à åëåìåíò³â æèâëåííÿ ó öåé ïå-
ð³îä çàòðèìóº ð³ñò ³ ðîçâèòîê ðîñëèí, ùî â 
ïîäàëüøîìó îáóìîâëþº çíèæåííÿ ð³âíÿ 
óðîæàéíîñò³ òà ÿêîñò³ êîðåíåïëîä³â. Ó òîé 
æå ÷àñ, ïàðîñòêè äóæå ÷óòëèâ³ äî ï³äâèùå-
íî¿ êîíöåíòðàö³¿ ñîëåé ó âåðõíüîìó øàð³ 
´ðóíòó – ìîæå ñïîñòåð³ãàòèñÿ åôåêò òîêñè÷-
íîñò³, ùî ïðîÿâëÿºòüñÿ ÷åðåç ïîÿâó íåäîðîç-
âèíóòèõ ïàðîñòê³â ³ â ïîäàëüøîìó ôîðìó-
þòüñÿ çð³äæåí³ ïîñ³âè ç³ ñëàáêèìè ðîñëèíà-
ìè, îñîáëèâî íà ëåãêèõ ³ á³äíèõ ãóìóñîì 
´ðóíòàõ, ÿê³ ìàþòü íèçüêó ñîðáö³éíó çäàò-
í³ñòü [13, 14]. 

Çà âèðîùóâàííÿ áóðÿê³â öóêðîâèõ ïåðåä-
ïîñ³âíèé îáðîá³òîê ´ðóíòó ïðîâîäÿòü íà ãëè-
áèíó çàãîðòàííÿ íàñ³ííÿ ³ íà òàêó ñàìó ãëè-
áèíó ïåðåâàæíî âíîñÿòü é äîáðèâà, ï³äâè-
ùóþ÷è êîíöåíòðàö³þ ñîëåé â ´ðóíò³ â çîí³ 
ðîçì³ùåííÿ íàñ³ííÿ. Êð³ì òîãî, ñêîðî÷óºòü-
ñÿ ÷àñ ì³æ âíåñåííÿì äîáðèâ ³ ñ³âáîþ, ùî 
çìåíøóº òðèâàë³ñòü ðåàêö³¿ ì³æ ́ ðóíòîâèìè 
êîëî¿äàìè ³ ïîæèâíèìè ñîëÿìè, ï³äâèùóþ-
÷è íåáåçïåêó ¿õíüî¿ òîêñè÷íî¿ ä³¿ íà ìîëîä³ 
ðîñëèíè. Ó çâ’ÿçêó ç öèì íàáóâàº àêòóàëü-
íîñò³ ïîøóê òà çàñòîñóâàííÿ íîâèõ ôîðì äîá-
ðèâ ³ ñïîñîá³â ï³äãîòîâêè íàñ³ííÿ äî ñ³âáè 
[10, 15].

Ìåòà äîñë³äæåíü ïîëÿãàëà â ïîøóêó øëÿ-
õ³â àêòèâ³çàö³¿ ïðîðîñòàííÿ íàñ³ííÿ áóðÿ-
ê³â öóêðîâèõ, îòðèìàííÿ äðóæíèõ, ñèíõ-
ðîííèõ ñõîä³â øëÿõîì çàñòîñóâàííÿ êîìïî-
çèö³é äîáðèâ ç íàíîðîçì³ðíèìè åëåìåíòàìè 
æèâëåííÿ.

Ìàòåð³àëè òà ìåòîäèêà äîñë³äæåíü
Äîñë³äæåííÿ ïðîâîäèëèñü ó íàâ÷àëüíî-íà-

óêîâ³é ëàáîðàòîð³¿ «ßêîñò³ íàñ³ííÿ òà ñàäèâ-
íîãî ìàòåð³àëó» òà â íàóêîâî-äîñë³äí³é ëàáî-
ðàòîð³¿ «Àíàë³òè÷í³ äîñë³äæåííÿ â ðîñëèí-
íèöòâ³» êàôåäðè ðîñëèííèöòâà Íàö³îíàëü-

íîãî óí³âåðñèòåòó á³îðåñóðñ³â ³ ïðèðîäîêî-
ðèñòóâàííÿ Óêðà¿íè. 

Äîñë³äæåííÿ ç íàíîõåëàòíèìè äîáðèâàìè 
(äîñë³ä 1) ïðîâîäèëè â óìîâàõ ëàáîðàòîð³¿, ç 
âèêîðèñòàííÿì ð³çíèõ ñï³ââ³äíîøåíü òðüîõ 
âèä³â äîáðèâ: Nano Chelate Fertilizer Super 
Micro Plus (NCF SMP); Nano Chelate Fertilizer 
Zink, 20% (NCF Zn ); Nano Chelate Fertilizer 
Phosphorus, 25% (NCF P).

Êîíöåíòðàö³ÿ ä³þ÷î¿ ðå÷îâèíè â NCF SMP 
(íàíîõåëàòíå äîáðèâî ñóïåð ì³êðî ïëþñ) ñêëà-
äàº: Fe – 4,5%; Zn – 8%; Mn – 0,8%; K – 3%; 
Mg – 6%; Cu – 0,65%; N – 5%; P – 3%; Mo – 
0,1%; Ca – 6%; B – 0,65%. Êîíöåíòðàö³ÿ ä³-
þ÷î¿ ðå÷îâèíè â NCF Zn, 20% òàêà: N – 5%; 
Zn – 20%, à â NCF P, 25%: Ð – 25% (P

2
O

2
 – 

65% â³ä çàãàëüíîãî âì³ñòó).
Ñõåìîþ ïðîâåäåííÿ äîñë³äæåíü ç ìåòîþ 

âñòàíîâëåííÿ îïòèìàëüíîãî ñï³ââ³äíîøåííÿ 
äîáðèâ (ãðàì/ë³òð) ïåðåäáà÷àëîñÿ øåñòèêðàò-
íå ïîåòàïíå âíåñåííÿ äîáðèâ âïðîäîâæ ìà-
êðîñòàä³¿ 0 (òàáë. 1). 

Òàêà ñõåìà áóëà âèáðàíà ç ìåòîþ âñòàíîâ-
ëåííÿ îïòèìàëüíîãî ñï³ââ³äíîøåííÿ ì³êðî-
åëåìåíò³â íà ïî÷àòêîâèõ ì³êðîñòàä³ÿõ ðîç-
âèòêó áóðÿê³â öóêðîâèõ. Ó âàð³àíò³ 1 âñ³ 
âèäè äîáðèâ âíîñèëè â óñ³ ø³ñòü ïðèéîì³â ³, 
çîêðåìà, íà ïåðøèõ ì³êðîñòàä³ÿõ âíîñèëè 
á³ëüøó ÷àñòèíó öèíêó (64%), à ôîñôîð – ð³â-
íîì³ðíî ³ç çðîñòàþ÷îþ íîðìîþ â ñåðåäèí³ 
ìàêðîñòàä³¿. 

Òàáëèöÿ 1
Ñõåìà ñóìàðíîãî âíåñåííÿ âèä³â äîáðèâ, ã/ë (äîñë³ä 1)

Âàð³àíò NCF SMP NCF Zn NCF P
Âàð³àíò 1 7 11 13
Âàð³àíò 2 9 8 8
Âàð³àíò 3 8 12 7
Êîíòðîëü – 
áåç âíåñåííÿ - - -

Ó äðóãîìó âàð³àíò³ êîìá³íàö³¿ ôîðì äî-
áðèâ áóëà çðîñòàþ÷à íîðìà NCF SMP, çíè-
æåíà íîðìà NCF Zn, òà ð³âíîì³ðíå âíåñåííÿ 
NCF P. Ó òðåòüîìó âàð³àíò³ êîìá³íàö³é äî-
áðèâ ó ïåðø³é ïîëîâèí³ ìàêðîñòàä³¿ âíîñèëè 
âñþ íîðìó öèíêó, à â äðóã³é ïîëîâèí³ – âñþ 
íîðìó ôîñôîðó. Íàñ³ííÿ âèñ³âàëè íà ãëèáè-
íó 3 ñì â ºìêîñò³ ç ´ðóíòîì (6 êã ´ðóíòó). 
Ïîâòîðí³ñòü øåñòèðàçîâà.

Çàêëàäàëè îäíî÷àñíî ùå îäèí äîñë³ä ç ìå-
òîþ ô³êñàö³¿ íàñòàííÿ ì³êðîñòàä³é ðîñòó òà 
ðîçâèòêó íàñ³ííÿ (äîñë³ä 2). Ó öüîìó äîñë³ä³ 
íàñ³ííÿ âèñ³âàëè â ïîñóä ç îá’ºìîì 150 ãðà-
ì³â ´ðóíòó. 

Òåìïåðàòóðà ïîâ³òðÿ â ïðèì³ùåíí³ äå ïðî-
ðîùóâàëîñü íàñ³ííÿ âäåíü áóëà 23–24 °Ñ; 
âíî÷³ – 14–15 °Ñ. Âîëîã³ñòü ´ðóíòó ñêëàäàëà 
80% ÍÂ. Äîñë³äæåííÿ ïåðåäáà÷àëè âèçíà-
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÷åííÿ: ÷àñîâîãî ³íòåðâàëó íàñòàííÿ ì³êðî-
ñòàä³é çà øêàëîþ ÂÂÑÍ, ìàñè é ä³àìåòðó 
íàñ³ííÿ. Íàñ³ííÿ áóðÿê³â öóêðîâèõ ïîïåðå-
äíüî ïðîìèâàëè ï³ä ïðîòî÷íîþ õîëîäíîþ âî-
äîþ â³äïîâ³äíî äî ä³þ÷èõ ñòàíäàðò³â [5].  

Çàêëàäàííÿ äîñë³ä³â é îáë³êè ïðîâîäèëè 
â³äïîâ³äíî äî â³ò÷èçíÿíèõ òà ì³æíàðîäíèõ 
ñòàíäàðò³â ³ ïðàâèë, à òàêîæ îô³ö³éíèõ ìå-
òîäèê [17, 18, 19, 20, 21].

Ðåçóëüòàòè äîñë³äæåíü
Íà ïî÷àòêîâèõ åòàïàõ äîñë³äæåííÿ ïðîâî-

äèëè âèçíà÷åííÿ òðèâàëîñò³ ì³êðîñòàä³é ìà-
êðîñòàä³¿ 0 â³äïîâ³äíî äî óí³ô³êîâàíî¿ øêà-
ëè ÂÂÑÍ. Áóëî âñòàíîâëåíî øâèäê³ñòü ïðî-
öåñ³â ðîçâèòêó íàñ³ííÿ íà ðàíí³õ ì³êðîñòà-
ä³ÿõ ðîçâèòêó. Çàãàëüíà òðèâàë³ñòü ïðîðîñ-
òàííÿ íàñ³ííÿ çà ñïðèÿòëèâèõ óìîâ ñêëàëà 
76 ãîäèí (òàáë. 2).

Òàáëèöÿ 2
Õðîíîëîã³ÿ ì³êðîñòàä³é ìàêðîñòàä³¿ 0 øêàëè ÂÂÑÍ 

ðîñòó òà ðîçâèòêó áóðÿê³â öóêðîâèõ (äîñë³ä 2)

Ì³êðîñòàä³ÿ
çà øêàëîþ 

ÂÂÑÍ

Îïèñ ïðîöåñ³â, ÿê³ 
â³äáóâàþòüñÿ çà ïðîõîäæåííÿ 

ì³êðîñòàä³¿

Íàñòàííÿ 
ì³êðîñòàä³é, 
ãîäèí ï³ñëÿ 

ñ³âáè
00 Ñóõ³ ïëîäè (êîðîáî÷êè àáî 

ãîð³øêè)
–

01 Íàáóáíÿâ³ííÿ – ïî÷àòîê 
ïîãëèíàííÿ âîäè íàñ³ííÿì

1,5–2,0

03 Ê³íåöü íàáóáíÿâ³ííÿ 
ïëîä³â: êðèøå÷êà â³äêðèòà

20–24

05 Ïîÿâà çàðîäêîâîãî êîð³íöÿ 40–44
07 Âèõ³ä ñ³ì’ÿäîëåé 60–64
09 Ñõîäè, ïîÿâà ñ³ì’ÿäîëåé íà 

ïîâåðõí³ ´ðóíòó
72–76

Äëÿ âñòàíîâëåííÿ äèíàì³êè ðîçâèòêó ïëî-
ä³â áóðÿê³â öóêðîâèõ ïðîâîäèëè îáë³êè – 
çí³ìàëè çàì³ðè íàñ³íèíè òà ïàðîñòê³â ó ï’ÿòü 
åòàï³â. 

Íà ïåðøîìó åòàï³ îáë³êó – 01 ì³êðîñòàä³ÿ 
ÂÂÑÍ (÷åðåç 130 ãîäèíè ï³ñëÿ ñ³âáè) áóëî â³ä-
ì³÷åíî çá³ëüøåííÿ ìàñè ïëîä³â áóðÿê³â â 

óñ³õ âàð³àíòàõ, à çà âíåñåííÿ ì³êðîäîáðèâ 
ïðîöåñè îáì³íó â íàñ³íí³ â³äáóâàëèñÿ ³íòåí-
ñèâí³øå. Òàê, ó êîíòðîëüíîìó âàð³àíò³ çì³íà 
âàãè ïëîä³â ó ñåðåäíüîìó ñòàíîâèëà 9,78%; ó 
âàð³àíò³ 1 – 23,7; âàð³àíò³ 2 – 21,1; âàð³àíò³ 
3 – 20,4% (òàáë. 3). 

Ä³àìåòð ïëîä³â çì³íþâàâñÿ àíàëîã³÷íî 
çì³íàì ìàñè: ó êîíòðîëüíîìó âàð³àíò³ çì³íà 
ä³àìåòðà ïëîä³â ó ñåðåäíüîìó ñòàíîâèëà 
4,95%; ó âàð³àíò³ 1 – 13,9%; âàð³àíò³ 2 – 
10,3%; âàð³àíò³ 3 – 9,56% (òàáë. 4). 

Íà äðóãîìó åòàï³ îáë³êó – 03 ì³êðîñòàä³ÿ 
ÂÂÑÍ (ê³íåöü íàáóáíÿâ³ííÿ ïëîä³â, êðèøå÷-
êà â³äêðèòà), â³äêðèòó êðèøå÷êó ïëîä³â ó 
âàð³àíò³ 1 â³äì³÷åíî ÷åðåç 20 ãîäèí ï³ñëÿ ñ³â-
áè, òîä³ ÿê ó ïëîä³â áóðÿê³â öóêðîâèõ â ³í-
øèõ âàð³àíòàõ â³äêðèòòÿ êðèøå÷êè â³äì³÷å-
íî íå ðàí³øå, í³æ ÷åðåç 24 ãîäèíè ï³ñëÿ ñ³â-
áè, ùî ñâ³ä÷èòü ïðî çíà÷íå ïðèñêîðåííÿ ðîñ-
òîâèõ ïðîöåñ³â çà âíåñåííÿ íàíîõåëàòíèõ 
äîáðèâ ó êîìá³íàö³¿ ç âèùèì âì³ñòîì öèíêó 
³ ôîñôîðó. Âèñîòà â³äêðèòî¿ ù³ëèíè ïëîäó 
ñòàíîâèëà â³ä 0,085 ìì äî 0,175 ìì. 

Ñåðåäíÿ ìàñà ïëîä³â áóðÿê³â öóêðîâèõ íà 
²² åòàï³ äîñë³äæåíü (òàáë. 3) ó êîíòðîëüíîìó 
âàð³àíò³ çá³ëüøóâàëàñÿ íà 8,56% ïîð³âíÿíî 
ç ìàñîþ íà ì³êðîñòàä³¿ 01 ³ íà 18,9% â³äíîñ-
íî âàãè ñóõîãî íàñ³ííÿ (ì³êðîñòàä³ÿ 00); ó 
âàð³àíò³ 1 êîìïîçèö³¿ íàíîõåëàòíèõ ì³êðî-
äîáðèâ – íà 10,5 òà 36,4%; ó âàð³àíò³ 2 – 4,17 
òà 26,1; ó âàð³àíò³ 3 – íà 4,69 òà 25,8% â³äïî-
â³äíî. Ïîä³áíó çàëåæí³ñòü âñòàíîâëåíî ³ çà 
âèì³ðþâàííÿ ä³àìåòðà ïëîä³â: çá³ëüøåííÿ 
ðîçì³ð³â ãîð³øê³â áóðÿê³â ó êîíòðîëüíîìó âà-
ð³àíò³ ñòàíîâèëî 4,55% â³äíîñíî ðîçì³ð³â íà 
ì³êðîñòàä³¿ 01 ÂÂÑÍ ³ íà 9,70% â³äíîñíî ñó-
õîãî íàñ³ííÿ; ó âàð³àíò³ 1 – íà 13,1 òà 28,8%; 
âàð³àíò³ 2 – 5,16 òà 16,1%; âàð³àíò³ 3 – íà 10,3 
òà 20,7% â³äïîâ³äíî. 

Òðåò³é åòàï îáë³êó â³äïîâ³äàâ 05 ì³êðîñòà-
ä³¿ ÂÂÑÍ ³ âèì³ðþâàííÿ ïðîâîäèëè çà ïîÿâè 
çàðîäêîâîãî êîð³íöÿ òà ïîñòóïîâîãî çíèæåí-
íÿì ³íòåíñèâíîñò³ çì³íè ìàñè ïëîä³â. Çà âíå-
ñåííÿ íàíîõåëàòíèõ ì³êðîäîáðèâ çà ñõåìîþ 

Òàáëèöÿ 3
Ìàñà ïëîäó áóðÿê³â öóêðîâèõ, çàëåæíî â³ä ì³êðîñòàä³¿ ïðîðîñòàííÿ

Âàð³àíò
Ì³êðîñòàä³ÿ çà øêàëîþ ÂÂÑÍ

001 012 033 054

ã ã % äî 00 ã % äî 01 % äî 00 ã % äî 03 % äî 00
Ê 0,017 0,018 9,78 0,020 8,56 18,9 0,021 6,31 26,4
1 0,016 0,020 23,6 0,022 10,5 36,4 0,023 5,05 43,2
2 0,016 0,019 21,1 0,020 4,17 26,1 0,021 3,45 30,4
3 0,015 0,019 20,4 0,019 4,69 25,8 0,022 11,8 40,3

Í²Ð
0,05

0,001 0,001 – 0,001 – – 0,001 – –

Ïðèì³òêà: 1 – ñóõ³ ïëîäè; 2 – ïî÷àòîê ïîãëèíàííÿ âîäè, ÷åðåç 130 ãîäèíè ï³ñëÿ 
ñ³âáè; 3 – ê³íåöü íàáóáíÿâ³ííÿ – êðèøå÷êà â³äêðèòà, ÷åðåç 22 ãîäèíè ï³ñëÿ ñ³â-
áè; 4 – ïîÿâà çàðîäêîâîãî êîð³íöÿ, ÷åðåç 44 ãîäèíè ï³ñëÿ ñ³âáè.
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âàð³àíòà 1 ìàñà ïëîä³â ñóòòºâî (23,6%) çá³ëü-
øóâàëàñÿ íà 01 ì³êðîñòàä³¿ ÂÂÑÍ (1 åòàï 
îáë³êó): äåùî ìåíøå – 10,5% íà 03 ì³êðî-
ñòàä³¿ ÂÂÑÍ (2 åòàï îáë³êó) ³ ëèøå äî 5,05% 
íà 3 åòàï³ îáë³êó â³äíîñíî ìàñè ç ïîïåðå-
äíüîãî åòàïó îáë³êó. 

Ïîä³áíó çàêîíîì³ðí³ñòü â³äì³÷åíî ³ çà âíå-
ñåííÿ äîáðèâ çà ñõåìîþ âàð³àíòà 2. Ìàñà ïëî-
ä³â íà 01 ì³êðîñòàä³¿ ÂÂÑÍ çá³ëüøóâàëàñÿ íà 
21,1%; íà 4,17% íà 03 ì³êðîñòàä³¿ ÂÂÑÍ; íà 
3,45% íà 05 ì³êðîñòàä³¿ ÂÂÑÍ â³äíîñíî ìàñè 
ïîïåðåäíüîãî åòàïó ïðîâåäåííÿ îáë³ê³â. 
Îòðèìàí³ äàí³ ñâ³ä÷àòü òàêîæ ïðî ñóòòºâå 
ïðèñêîðåííÿ ïðîöåñ³â íàáóáíÿâ³ííÿ, íàêëüî-
âóâàííÿ ³ ïåðåõîäó äî ïðîðîñòàííÿ íà äàíèõ 
âàð³àíòàõ äîñë³äó íà â³äì³íó â³ä êîíòðîëþ, 
äå ìàñà ïëîä³â íà âñ³õ åòàïàõ ï³äðàõóíê³â 
çì³íþâàëàñÿ ìåíøîþ ì³ðîþ – 9,78% íà 01 
ì³êðîñòàä³¿ ÂÂÑÍ; 8,56% íà 03 ì³êðîñòàä³¿ 
ÂÂÑÍ òà 6,31% íà 05 ì³êðîñòàä³¿ ÂÂÑÍ. 

Äåùî ïî ³íøîìó â³äáóâàâñÿ ïðîöåñ çì³íè 
ìàñè ïëîä³â áóðÿê³â öóêðîâèõ çà âíåñåííÿ äîá-
ðèâ çà ñõåìîþ âàð³àíòó 3: ³íòåíñèâíå íàðîñ-
òàííÿ ìàñè íà 01 ì³êðîñòàä³¿ – 21,1%; ëèøå 
íà 4,69% íà 03 ì³êðîñòàä³¿; òà äî 11,8% íà 05 
ì³êðîñòàä³¿ â³äíîñíî ïîïåðåäíüî¿ ìàñè. Ó ö³-
ëîìó ïðèð³ñò ìàñè ïëîä³â äî 05 ì³êðîñòàä³¿ 
ÂÂÑÍ çà âíåñåííÿ íàíîõåëàòíèõ ì³êðîäîáðèâ 
áóâ äîñèòü ñóòòºâèì ³ ñòàíîâèâ: 43,2% (1 âà-
ð³àíò); 30,4% (2 âàð³àíò); 40,3% (3 âàð³àíò) çà 
26,4% – ó êîíòðîëüíîìó âàð³àíò³.

Çà ð³çíèõ ñõåì âíåñåííÿ äîáðèâ â³äì³÷àëè 
çì³íè ÿê ó øâèäêîñò³ ôîðìóâàííÿ îðãàí³â 
ïàðîñòê³â, òàê ³ ¿õí³õ ë³í³éíèõ ðîçì³ð³â. Äîâ-
æèíà çàðîäêîâîãî êîð³íöÿ íà 05 ì³êðîñòàä³¿ 
çà ñõåìè âíåñåííÿ âàð³àíòó 1 ÷åðåç 40 ãîäèí 
ï³ñëÿ ñ³âáè áóëà â³ä 0,540 äî 2,671 ìì. Â óñ³õ 
³íøèõ âàð³àíòàõ äîñë³äó íà 05 ì³êðîñòàä³¿ 
ÂÂÑÍ ïîÿâó çàðîäêîâîãî êîð³íöÿ â³äì³÷åíî 
ëèøå ÷åðåç 44 ãîäèíè ï³ñëÿ ñ³âáè. Òàê, ó 
êîíòðîëüíîìó âàð³àíò³ ç øåñòè ïîâòîðåíü 
êîð³íåöü äîâæèíîþ 1,591 ìì â³äì³÷åíî 
ëèøå â îäíîãî ïëîäó; ó âàð³àíò³ 2 – ó äâîõ 
ïëîä³â ç äîâæèíîþ 0,313 òà 0,745 ìì â³äïî-
â³äíî. Ó âàð³àíò³ 3 ÷åðåç 44 ãîäèíè ï³ñëÿ 
ñ³âáè ùå çàê³í÷óâàëîñÿ íàáóáíÿâ³ííÿ ïëî-

ä³â (03 ÂÂÑÍ) ³ â íèõ ëèøå áóëà â³äêðèòà 
êðèøå÷êà. 

Äàë³ òðèâàâ àêòèâíèé ð³ñò çàðîäêîâîãî êî-
ð³íöÿ. ²íòåíñèâí³øå ð³ñò çàðîäêîâîãî êîð³í-
öÿ â³äáóâàâñÿ çà êîìá³íàö³¿ âíåñåíèõ åëå-
ìåíò³â ó âàð³àíò³ 1.

×åòâåðòèé åòàï îáë³êó ïðîâîäèëè íà 07 
ì³êðîñòàä³¿ ÂÂÑÍ. ×åðåç 60 ãîäèí ï³ñëÿ 
ñ³âáè áóëî â³äì³÷åíî ïîâíèé âèõ³ä ñ³ì’ÿ-
äîëåé ç ãí³çäà êëóáî÷êà ó âàð³àíòàõ äîñë³-
äó ç âíåñåííÿì íàíîõåëàòíèõ ì³êðîäîáðèâ 
(âàð³àíòè 1–3) òà ëèøå ïî÷àòîê âèõîäó 
ñ³ì’ÿäîëåé – ó êîíòðîëüíîìó âàð³àíò³ (ðèñ. 
1). Çà ðàõóíîê ³íòåíñèâí³øèõ ïðîöåñ³â íà-
áóáíÿâ³ííÿ òà ïðîðîñòàííÿ íà ïåðøèõ ì³-
êðîñòàä³ÿõ â³äáóâàºòüñÿ ïðèñêîðåííÿ ðîñ-
òó ïåðâèííîãî êîð³íöÿ áóðÿê³â öóêðîâèõ ³ 
â ïîäàëüøîìó. Íà 07 ì³êðîñòàä³¿ ÂÂÑÍ ñå-
ðåäíÿ äîâæèíà êîð³íöÿ â êîíòðîëü íîìó âà-
ð³àíò³ ñòàíîâèëà 1,5 ñì; ó âàð³àíò³ 1 – 3,3 
ñì àáî ïåðåâèùóâàëà êîíòðîëü íà 120%; 
âàð³àíò³ 2 – 2,8 ñì àáî íà 87%; âàð³àíò³ 3 
– 2,5 ñì àáî íà 67%. Äîâæèíà ã³ïîêîòèëÿ ïðè 
öüîìó äîñÿãàëà 0,7 ñì ó êîíò ðîëüíîìó âàð³-
àíò³, ó âàð³àíò³ 1 – 1,5 ñì; âàð³àíò³ 2 – 1,1 
ñì; âàð³àíò³ 3 – 0,9 ñì.

               Ê                1             2                  3

Ðèñ. 1. Ðîçâèòîê êîðåíåâî¿ ñèñòåìè òà ïàðîñòê³â 
áóðÿê³â öóêðîâèõ, 07 ÂÂÑÍ

Ïðèì³òêà. Ê – êîíòðîëü, âàð³àíò 1, âàð³àíò 2, âàð³àíò 3.

Ïîâíèé âèõ³ä ñ³ì’ÿäîëåé ç ãí³çäà êëóáî÷êà 
â êîíòðîëüíîìó âàð³àíò³ â³äì³÷åíî ÷åðåç 66 
ãîäèí ï³ñëÿ ñ³âáè. Ó âàð³àíòàõ ç âíåñåííÿì 
íàíîõåëàòíèõ ì³êðîäîáðèâ ñïîñòåð³ãàëîñÿ 
âèäîâæåííÿ ã³ïîêîòèëÿ â³ä 1,2 ñì (âàð³àíò 3) 
äî 2,5 ñì (âàð³àíò 1). Ó öåé ÷àñ äîâæèíà êî-
ðåíÿ çà âíåñåííÿ äîáðèâ ñÿãàëà 4,0–4,5 ñì ó 
âàð³àíòàõ 1–3 äîñë³äó òà 2,0–2,5 ñì – ó 
êîíòðîëüíîìó âàð³àíò³. 

Òàáëèöÿ 4
Ä³àìåòð ïëîäó çàëåæíî â³ä ì³êðîñòàä³¿ ðîçâèòêó

Âàð³àíò

Ì³êðîñòàä³ÿ çà øêàëîþ ÂÂÑÍ
001 012 033

ìì ìì % 
äî 00 ìì % 

äî 01
% 

äî 00
Ê 3,40 3,57 4,95 3,73 4,55 9,70
1 3,20 3,65 13,9 4,06 13,1 28,8
2 3,21 4,53 10,3 3,71 5,16 16,1
3 3,28 3,60 9,56 3,95 10,3 20,7

Í²Ð
0,05

0,09 0,08 – 0,09 – –

Êîð³íüÊîð³íü

Ã³ïîêîòèëüÃ³ïîêîòèëü
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Òàêîæ íà åòàï³ âèõîäó ñ³ì’ÿäîëåé âñòàíîâ-
ëåíî â³çóàëüíó ð³çíèöþ ùîäî ðîçâèòêó ïàðî-
ñòê³â ó êîíòðîëüíîìó âàð³àíòí³ òà ó âàð³àíòàõ 
ç âíåñåííÿì íàíîõåëàòíèõ ì³êðîäîáðèâ. Ó âà-
ð³àíò³ 1 â³äì³÷åíî äðóæíèé, ñèíõðîííèé ðîç-
âèòîê ïëîä³â â óñ³õ øåñòè ïîâòîðåííÿõ ³ ñå-
ðåäíÿ äîâæèíà êîðåíÿ ñòàíîâèëà âæå 4–5 ñì. 

Íà ï’ÿòîìó åòàï³ îáë³êó (ì³êðîñòàä³ÿ 09 
ÂÂÑÍ) âñòàíîâëåíî, ùî çà âíåñåííÿ íàíîõå-
ëàòíèõ ì³êðîäîáðèâ (âàð³àíòè 1–3) ñõîäè íà 
ïîâåðõí³ ´ðóíòó ç’ÿâëÿëèñÿ ÷åðåç 70–72 ãî-
äèíè; â êîíòðîëüíîìó âàð³àíò³ – ÷åðåç 76 
ãîäèí. 

Âèñíîâêè
Ð³âíîì³ðíå çàáåçïå÷åííÿ íàñ³ííÿ öèíêîì ³, 

îñîáëèâî, ôîñôîðîì íà ôîí³ áàçîâîãî êîìï-
ëåêñíîãî äîáðèâà ç íàíîðîçì³ðíèìè åëåìåí-
òàìè ñïðèÿëî àêòèâàö³¿ éîãî ïðîðîñòàííÿ òà 
³íòåíñèâíîìó ôîðìóâàííþ ñèíõðîííî ðîçâè-
íóòèõ ïàðîñòê³â. Ó ñåðåäíüîìó íà 4 ãîäèíè 
ïðèñêîðþâàëî â³äêðèòòÿ êðèøå÷êè ïëîäó ³ 
ïîÿâó êîëåîïòèëÿ; íà 6 ãîäèí ðàí³øå â³äáó-
âàâñÿ âèõ³ä ñ³ì’ÿäîëåé. 

Çà âíåñåííÿ íàíîõåëàòíèõ äîáðèâ ð³ñò êî-
ðåíÿ òà âèäîâæåííÿ ã³ïîêîòèëÿ íà ïåðøèõ 
ì³êðîñòàä³ÿõ ïðîðîñòàííÿ ïëîä³â áóðÿêà öó-
êðîâîãî ïðèñêîðþâàëè âäâ³÷³, çà ðàõóíîê 
÷îãî ñõîäè áóðÿê³â öóêðîâèõ ç’ÿâëÿëèñÿ íà 
4–6 ãîäèí ðàí³øå. 

Íàíîõåëàòí³ ì³êðîäîáðèâà, ñïðèÿþ÷è 
äðóæíüîìó òà ñèíõðîííîìó ïðîðîñòàííþ, 
ðîçâèòêó ïðîðîñòê³â áóðÿê³â öóêðîâèõ çà-
áåçïå÷óâàëè ð³âíîì³ðíó ïîÿâó ñõîä³â ³ ôîð-
ìóâàííÿ çàäàíî¿ ãóñòîòè ïîñ³âó áåç ïîäàëü-
øî¿ ðåäóêö³¿ ðîñëèí.
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Öåëü. Ïîèñê ïóòåé àêòèâèçàöèè ïðîðàñòàíèÿ ñåìÿí ñà-
õàðíîé ñâåêëû, ïîëó÷åíèå äðóæíûõ, ñèíõðîííûõ âñõîäîâ 
ïóòåì ïðèìåíåíèÿ êîìïîçèöèé óäîáðåíèé ñ íàíîðàçìåð-
íûìè ýëåìåíòàìè. Ìåòîäû. Âåãåòàöèîííûé è ëàáîðàòîð-
íûé. Ñåìåíà ñàõàðíîé ñâåêëû âûñåâàëè â ïîäãîòîâëåí-
íóþ ïîñóäó ñ ïî÷âîé ñ ñîáëþäåíèåì òðåáîâàíèé ìåòîäèê 
ê âåãåòàöèîííûì îïûòàì. Óäîáðåíèÿ âíîñèëè â âèäå ðàñ-
òâîðîâ ñ ðàçëè÷íûì èõ ñîîòíîøåíèåì â ñîîòâåòñòâèè ê 
øåñòè ìèêðîñòàäèÿì. Ðåçóëüòàòû. Íà 01 ìèêðîñòàäèè 
ïî øêàëå ÂÂÑÍ (÷åðåç 130 ÷àñîâ ïîñëå ïîñåâà) áûëî îò-
ìå÷åíî óâåëè÷åíèå ìàññû ïëîäîâ ñâåêëû âî âñåõ âàðè-
àíòàõ – â êîíòðîëüíîì âàðèàíòå íà 9,78%; ïðè âíåñåíèè 
íàíîóäîáðåíèé – 20,4–23,7%. Äèàìåòð ïëîäîâ ìåíÿëñÿ 
àíàëîãè÷íî èçìåíåíèÿì ìàññû: â êîíòðîëüíîì âàðèàí-
òå èçìåíåíèå äèàìåòðà ñîñòàâèëî 4,95%; â âàðèàíòàõ ñ 
âíåñåíèåì íàíîóäîáðåíèé 9,56–13,9%. Ïðè ðàçëè÷íûõ 
ñõåìàõ âíåñåíèÿ óäîáðåíèé îòìå÷àëè èçìåíåíèÿ êàê â 
ñêîðîñòè ôîðìèðîâàíèÿ îðãàíîâ ðîñòêîâ, òàê è èõ ëèíåé-
íûõ ðàçìåðîâ. Äëèíà çàðîäûøåâîãî êîðåøêà íà 05 ìèê-
ðîñòàäèè çà ðàâíîìåðíîãî âíåñåíèÿ ïîâûøåííûõ íîðì 
öèíêà è ôîñôîðà, ÷åðåç 40 ÷àñîâ ïîñëå ïîñåâà, ñîñòàâèëà 
0,540–2,671 ìì. Ïðè äðóãèõ êîìáèíàöèÿõ óäîáðåíèé ïî-
ÿâëåíèå çàðîäûøåâîãî êîðåøêà áûëî îòìå÷åíî òîëüêî 
÷åðåç 44 ÷àñà ïîñëå ïîñåâà. ×åðåç 60 ÷àñîâ ïîñëå ïîñåâà 

(07 ìèêðîñòàäèÿ øêàëû ÂÂÑÍ) îòìå÷àëñÿ ïîëíûé âûõîä 
ñåìÿäîëåé èç ãíåçäà êëóáî÷êà ïðè âíåñåíèè íàíîõåëàò-
íûõ ìèêðîóäîáðåíèé è òîëüêî íà÷àëî âûõîäà ñåìÿäîëåé â 
êîíòðîëüíîì âàðèàíòå. Çà ñ÷åò èíòåíñèâíûõ ïðîöåññîâ íà-
áóõàíèÿ è ïðîðàñòàíèÿ ïðîèñõîäèëî óñêîðåíèå ðîñòà ïåð-
âè÷íîãî êîðåøêà ñàõàðíîé ñâåêëû. Âûâîäû. Ðàâíîìåðíîå 
îáåñïå÷åíèå ñåìÿí çà ïðîðàñòàíèÿ öèíêîì è îñîáåííî 
ôîñôîðîì íà ôîíå áàçîâîãî êîìïëåêñíîãî óäîáðåíèÿ ñ 
íàíîðàçìåðíûìè ýëåìåíòàìè ñïîñîáñòâîâàëî àêòèâàöèè 
ïðîðàñòàíèÿ ñåìÿí è èíòåíñèâíîìó ôîðìèðîâàíèþ ñèí-
õðîííî ðàçâèòûõ ïîáåãîâ. Â ñðåäíåì íà 4 ÷àñà óñêîðÿëîñü 
îòêðûòèå êðûøå÷êè ïëîäà è ïîÿâëåíèå êîðíÿ; íà 6 ÷àñîâ 
ðàíüøå ïðîèñõîäèë âûõîä ñåìÿäîëåé. Ïðè âíåñåíèè íàíî-
õåëàòíèõ óäîáðåíèé ðîñò êîðíÿ è óäëèíåíèå ãèïîêîòèëÿ íà 
ïåðâûõ ìèêðîñòàäèÿõ ïðîðàñòàíèÿ ïëîäîâ ñâåêëû ñàõàð-
íîé óñêîðÿëñÿ âäâîå, çà ñ÷åò ÷åãî âñõîäû ñàõàðíîé ñâåêëû 
ïîÿâëÿëèñü íà 4–6 ÷àñîâ ðàíüøå. Íàíîõåëàòíûå ìèêðîóäî-
áðåíèÿ, ñïîñîáñòâóÿ äðóæåñêîìó è ñèíõðîííîìó ïðîðàñòà-
íèþ, ðàçâèòèþ ïðîðîñòêîâ ñàõàðíîé ñâåêëû îáåñïå÷èâàëè 
ñèíõðîííîå ïîÿâëåíèå âñõîäîâ è ôîðìèðîâàíèå çàäàííîé 
ãóñòîòû ïîñåâà áåç äàëüíåéøåé ðåäóêöèè ðàñòåíèé.

Êëþ÷åâûå ñëîâà: ìàññà è äèàìåòð ïëîäà; ðîñò è ðàç-
âèòèå ïî øêàëå ÂÂÑÍ; ïðîðàñòàíèå ñåìÿí; ëèíåéíûå ðàç-
ìåðû ïåðâè÷íûõ êîðåøêîâ; íàíîóäîáðåíèÿ.
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Purpose. Finding ways to activate the germination of 
sugar beet seeds, obtaining even and synchronous sprouts 
when applying fertilizer compositions with nanoscale ele-
ments. Methods. Vegetation and laboratory. The seeds of 
sugar beet were sown in prepared utensils with soil in ac-
cordance with the requirements of the methods for vegeta-
tion experiments. Fertilizers were introduced in the form of 
solutions with different ratios according to six microstages.     
Results. At 01 microstage on the BBCH scale (130 hours after 
sowing), an increase in the mass of beet fruits in all variants 
was observed – in the control variant by 9.78%; in the appli-
cation of nanofertilizers – 20,4–23,7%. The diameter of the 
fruit varied similarly to changes in mass: in the control vari-
ant, the diameter change was 4.95%; in variants with appli-
cation of nanofertilizers – 9.56–13.9%. Changes in the rate 
of sprout organs formation and their linear dimensions were 
noted in the various fertilization schemes. The length of the 
embryonic root at 05 microstage with uniform introduction 
of high norms of zinc and phosphorus, after 40 hours after 
sowing, was 0.540–2.671 mm. For other fertilizer combina-
tions, the appearance of the germ root was noted only 44 
hours after sowing. In 60 hours after sowing (07 microstage 
on the BBCH scale) there was a complete exit of cotyledons 
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from the socket of the cluster with the introduction of nano 
chelate microfertilizers and only the beginning of the exit 
of cotyledons in the control variant. Due to the intensive 
processes of swelling and germination, the growth of the 
primary root of the sugar beet was accelerated. Conclusions. 
Uniform provision of seeds with zinc and especially phos-
phorus on the background of basic complex fertilizer with 
nanoscale elements contributed to the activation of seed 
germination and the intense formation of synchronously de-
veloped shoots. On average, the opening of the pericarp lid 
and the appearance of the root accelerated for 4 hours; 6 
hours earlier there was an exit of cotyledons. With the intro-
duction of nano chelate fertilizers, root growth and elonga-
tion of the hypocotyl at the first microstages of sugar beet 
sprouting were accelerated twice, due to which the sugar 
beet sprouts appeared 4–6 hours earlier. Nano chelate mic-
rofertilizers, promoting even and synchronous germination, 
development of sugar beet seedlings ensured synchronous 
emergence of seedlings and formation of predetermined 
sowing density without further reduction of plants.

Keywords: growth and development according to the ÂÂÑÍ 
scale; seed germination; mass and diameter of the fruit; lin-
ear dimensions of primary roots; nanofertilizers.
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