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Îñîáëèâîñò³ âïëèâó ôîñôàòó (PO
4
3–) ³ ôîñô³òó (PO

3
3–) íà ñòàí ôîòîñèíòå-

òè÷íîãî àïàðàòó ðîñëèí ïøåíèö³ âèçíà÷àëè ìåòîäîì ³íäóêö³¿ ôëóîðåñöåíö³¿

õëîðîô³ëó (²ÔÕ). Åêñïåðèìåíò ïðîâîäèëè íà ðîñëèíàõ ïøåíèö³ ì’ÿêî¿ ñîð-

òó Çèìîÿðêà ³ç çàñòîñóâàííÿì ôîñôîðíèõ äîáðèâ ó âèãëÿä³ ìîíîêàë³éôîñôà-

òó (ÌÊÔ) (23 % Ð ó ôîðì³ PO
4
3–) òà êâàíòóì-ô³òîôîñ (11 % Ð: 5,5 % ó ôîðì³

ÐÎ
3
3– òà 5,5 % ó ôîðì³ ÐÎ

4
3–). Ðîñëèíè îáïðèñêóâàëè âîäíèì ðîç÷èíîì äî-

áðèâ íàïðèê³íö³ ôàçè êîëîñ³ííÿ (ÂÂÑÍ 59). Ïàðàìåòðè ²ÔÕ âèì³ðþâàëè íà

ïðàïîðöåâîìó ëèñòêó âïðîäîâæ 14 ä³á ï³ñëÿ îáðîáêè ðîñëèí äîáðèâàìè. Çà

ïàðàìåòðàìè ²ÔÕ ðîçðàõîâóâàëè çíà÷åííÿ âàð³àáåëüíî¿ ôëóîðåñöåíö³¿ F
v

³

F
v
/F

m
â àäàïòîâàíèõ äî òåìðÿâè ëèñòêàõ äëÿ îö³íþâàííÿ ôîòîõ³ì³÷íî¿ àê-

òèâíîñò³ ôîòîñèñòåìè II (ÔÑ II) òà ³íäåêñ îñëàáëåííÿ ôëóîðåñöåíö³¿ õëî-

ðîô³ëó ïðîòÿãîì ïîâ³ëüíî¿ ôàçè ³íäóêö³éíî¿ êðèâî¿ (R
Fd

), ùî õàðàêòåðèçóº

àêòèâí³ñòü ïðîöåñ³â àñèì³ëÿö³¿ ÑÎ
2
. Âñòàíîâëåíî, ùî ôîòîõ³ì³÷íà àêòèâí³ñòü

ÔÑ II òà ³íäåêñ R
Fd

ó êîíòðîëüíèõ ðîñëèí ³ñòîòíî çíèæóâàëèñü ÿê óíàñë³äîê

îíòîãåíåòè÷íîãî ñòàð³ííÿ ëèñòêà, òàê ³ ï³ä âïëèâîì íåñïðèÿòëèâèõ ÷èííèê³â

äîâê³ëëÿ, çîêðåìà ï³äâèùåííÿ òåìïåðàòóðè íà ôîí³ íèçüêî¿ âîëîãîñò³ ïî-

â³òðÿ. Ïîçàêîðåíåâå ï³äæèâëåííÿ ôîñôîðíèìè äîáðèâàìè ñïðèÿëî çáåðå-

æåííþ ñòàá³ëüíîñò³ ïîêàçíèêà F
v
óïðîäîâæ ïðàêòè÷íî âñüîãî äîñë³äæóâàíî-

ãî ïåð³îäó ³ ìåíøîìó çíèæåííþ ôîòîõ³ì³÷íî¿ àêòèâíîñò³ ÔÑ II òà ³íäåêñó

R
Fd

â õîä³ îíòîãåíåçó ³ ä³¿ ï³äâèùåíî¿ òåìïåðàòóðè. Ïîêàçíèêè àêòèâíîñò³

ôîòîñèíòåòè÷íîãî àïàðàòó íàéìåíøå çíèæóâàëèñü ó ðîñëèí, îáïðèñêàíèõ

êîìá³íîâàíèì äîáðèâîì êâàíòóì-ô³òîôîñ, ùî ì³ñòèòü ôîñôàò ³ ôîñô³ò. Îò-

ðèìàí³ ðåçóëüòàòè ï³äòâåðäèëè, ùî ïîçàêîðåíåâå ï³äæèâëåííÿ ôîñôîðîâì³ñ-

íèìè äîáðèâàìè ñïðèÿº çáåðåæåííþ àêòèâíîñò³ ôîòîñèíòåòè÷íîãî àïàðàòó

é óïîâ³ëüíåííþ ïðîöåñ³â éîãî ñòàð³ííÿ â õîä³ ðåïðîäóêòèâíîãî ðîçâèòêó

ðîñëèí ïøåíèö³, à âêëþ÷åííÿ äî ¿õ ñêëàäó ôîñô³òó ³ñòîòíî ïîñèëþº ïîçè-

òèâíèé åôåêò. 

Êëþ÷îâ³ ñëîâà: Triticum aestivum L., ôîñôîðîâì³ñí³ äîáðèâà, ïîçàêîðåíåâå

ï³äæèâëåííÿ, ³íäóêö³ÿ ôëóîðåñöåíö³¿ õëîðîô³ëó.

Ó ïðèðîäíèõ óìîâàõ ãîëîâíèì äæåðåëîì ôîñôîðó äëÿ ðîñëèí º îä-

íî- ³ äâîâàëåíòí³ àí³îíè ôîñôîðíî¿ êèñëîòè (H
2
PO

4
–, HPO

4
2–). ¯õ

ñï³ââ³äíîøåííÿ çì³íþºòüñÿ çàëåæíî â³ä êèñëîòíîñò³ ´ðóíòó: ó êèñëî-

ìó ïåðåâàæàþòü îäíîâàëåíòí³ àí³îíè, ó ëóæíîìó — äâîâàëåíòí³. Ôî-
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ñôîðíîêèñë³ ñîë³ îäíîâàëåíòíèõ êàò³îí³â º ö³ííèì äæåðåëîì ôîñôî-

ðó äëÿ ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð. Äî ö³º¿ ãðóïè íàëåæèòü ìîíî-

êàë³éôîñôàò (KH
2
PO

4
) — ïîøèðåíå ì³íåðàëüíå êîìïëåêñíå âîäîðîç-

÷èííå äîáðèâî, ÿêå çàñòîñîâóþòü ó ðîñëèííèöòâ³ äëÿ êîðåíåâîãî,

ïîçàêîðåíåâîãî ï³äæèâëåííÿ òà ôåðòèãàö³¿. Ïîòðàïèâøè ó ´ðóíòîâèé

ðîç÷èí, äîáðèâî äèñîö³þº íà ³îíè êàë³þ òà îðòîôîñôîðíî¿ êèñëîòè

â çàñâîþâàíèõ ðîñëèíàìè ôîðìàõ [1—5].

Ôîñô³òàìè íàçèâàþòü ñîë³ ôîñôîðèñòî¿ êèñëîòè (Í
3
ÐÎ

3
), áàãàòî

ç ÿêèõ äîáðå ðîç÷èíÿºòüñÿ ó âîä³. Ùå ó 1930-ò³ ðîêè áóëî âñòàíîâëå-

íî, ùî ôîñô³òè íå çàñâîþþòüñÿ ðîñëèíàìè ÿê äæåðåëî ôîñôîðó. Â

1940-â³ ðîêè ö³ ðå÷îâèíè ïî÷àëè ïîçèö³îíóâàòè ÿê ôóíã³öèäè ïðîòè

ïàòîãåí³â êëàñó Oomycota (Phytophtîra, Pythium) [6, 7]. Îäíàê ïðîòè

çàõâîðþâàíü, ñïðè÷èíåíèõ ñïðàâæí³ìè ãðèáàìè, òàêî¿ àêòèâíîñò³ íå

âèÿâëåíî [8]. Çà ñóì³ñíîãî âèêîðèñòàííÿ ôîñô³ò³â ³ ôóíã³öèä³â ñïîñ-

òåð³ãàºòüñÿ ¿õ ñèíåðã³÷íà ä³ÿ [9]. Ïîçàêîðåíåâå âíåñåííÿ ôîñô³ò³â ñòè-

ìóëþº ð³ñò êîðåíåâî¿ ñèñòåìè ðîñëèí [8], ïðîòå â óìîâàõ äåô³öèòó

ôîñôîðó òàêà îáðîáêà ïðèçâîäèòü äî ïîøêîäæåííÿ êë³òèí ïàðåíõ³ìè

³ ïðîâ³äíèõ ñóäèí [10]. Çà óìîâ íå äîñòàòíüîãî òà îïòèìàëüíîãî

ð³âí³â ôîñôîðíîãî æèâëåííÿ ïîçàêîðåíåâà îáðîáêà ôîñô³òíèìè äîá-

ðèâàìè íå âïëèâàº íà íàðîùóâàííÿ á³îìàñè, âì³ñò õëîðîô³ëó, êîí-

öåíòðàö³þ ïîæèâíèõ ðå÷îâèí ó ðîñëèíàõ òîìàò³â, ùî ¿õ âèðîùóþòü

íà ã³äðîïîí³ö³. Òàêà îáðîáêà ñòèìóëþº åêñïðåñ³þ ãåí³â, ïîâ’ÿçàíèõ ³ç

çàõèñíîþ ðåàêö³ºþ ðîñëèí íà ïàòîãåíè, à â óìîâàõ íèçüêî¿ çàáåçïå-

÷åíîñò³ ¿õ ôîñôîðîì îäíî÷àñíî ïðèãí³÷óº ãåí leps2, ùî àêòèâóºòüñÿ ó

â³äïîâ³äü íà ôîñôîðíå ãîëîäóâàííÿ ðîñëèí [11]. 

Ïîçàêîðåíåâà îáðîáêà ôîñôàòíèìè ³ ôîñô³òíèìè äîáðèâàìè ïî-

ð³çíîìó âïëèâàº íà ïðîäóêòèâí³ñòü ïøåíèö³. Çàñòîñóâàííÿ ôîñôàò³â

ï³ä ÷àñ öâ³ò³ííÿ ïîçèòèâíî ä³º íà óðîæàé çåðíà, ìàñó ñóõî¿ ðå÷îâèíè

íàäçåìíî¿ ÷àñòèíè ðîñëèí, ìàñó 1000 íàñ³íèí, ê³ëüê³ñòü ïîãëèíåíîãî

ðîñëèíàìè ôîñôîðó ï³ñëÿ öâ³ò³ííÿ. Ôîñô³òè íàâïàêè, çíèæóþòü çà-

çíà÷åí³ ïîêàçíèêè, à òàêîæ âïëèâàþòü íà íàêîïè÷åííÿ åëåìåíò³â

æèâëåííÿ: ó íàäçåìí³é ÷àñòèí³ ðîñëèí çíèæóºòüñÿ êîíöåíòðàö³ÿ

ìàãí³þ òà ñ³ðêè, ï³äâèùóºòüñÿ âì³ñò êàë³þ, áîðó, ìàíãàíó, öèíêó; ó

êîðåíÿõ — çìåíøóºòüñÿ âì³ñò ôîñôîðó, êàëüö³þ, ìàãí³þ, ñ³ðêè, áî-

ðó ³ çðîñòàº âì³ñò êàë³þ, àçîòó, çàë³çà òà ìàíãàíó [12, 13]. 

Ìåòîþ íàøîãî äîñë³äæåííÿ áóëî ç’ÿñóâàííÿ îñîáëèâîñòåé âïëè-

âó ïîçàêîðåíåâîãî ï³äæèâëåííÿ ôîñôîðíèì äîáðèâîì, ùî ì³ñòèòü

ôîñô³ò (êâàíòóì-ô³òîôîñ), íà ñòàí ôîòîñèíòåòè÷íîãî àïàðàòó ðîñëèí

ïøåíèö³ ïîð³âíÿíî ç ôîñôàòîì. 

Ìåòîäèêà

Ðîñëèíè ïøåíèö³ ì’ÿêî¿ (Triticum aestivum L.) ñîðòó Çèìîÿðêà, âèðî-

ùóâàëè ó âåãåòàö³éíèõ óìîâàõ ó ïîñóäèíàõ Âàãíåðà ì³ñòê³ñòþ 10 êã íà

ñ³ðîìó îï³äçîëåíîìó ´ðóíò³. Äëÿ ïåðåäïîñ³âíî¿ îáðîáêè íàñ³ííÿ çà-

ñòîñîâóâàëè ïðîòðóéíèê âàéáðåíñ ³íòåãðàë, 2 ë/ò. Âïðîäîâæ êóëüòè-

âóâàííÿ ðîñëèíè ñèñòåìàòè÷íî ïîëèâàëè äëÿ ï³äòðèìàííÿ âîëîãîñò³

´ðóíòó íà ð³âí³ 70 % ïîâíî¿ âîëîãîºìíîñò³. Ïðîâîäèëè äâîðàçîâå

´ðóíòîâå ï³äæèâëåííÿ ì³íåðàëüíèìè äîáðèâàìè ó ôàçè ÂÂÑÍ 25 ³

ÂÂÑÍ 37 (ÌÊÔ — 750 ìã, êàðáàì³ä — 750 ìã, MgSO
4
— 750 ìã, brex-
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il m³õ — 6 ìã íà 1 ïîñóäèíó) òà îäíîðàçîâó ³íñåêòèöèäíó îáðîáêó

(êîííåêò, 0,4 ë/ãà) ó ôàçó ÂÂÑÍ 31. Äëÿ âèçíà÷åííÿ âïëèâó ôîñôà-

òî- é ôîñô³òîâì³ñíèõ äîáðèâ â åêñïåðèìåíò³ çàñòîñîâóâàëè ÌÊÔ (23

% Ð ó ôîðì³ PO
4
3–) òà êâàíòóì-ô³òîôîñ (11 % Ð: ó ôîðì³ ÐÎ

3
3– — 5,5

%, ó ôîðì³ PO
4
3– — 5,5 %). Ðîñëèíè îáïðèñêóâàëè âîäíèì ðîç÷èíîì

äîáðèâ ó ôàçó ÂÂÑÍ 59 çà ñõåìîþ:

1) âîäà (êîíòðîëü); 2) ÌÊÔ, 5 êã/ãà; 3) ÌÊÔ, 5 êã/ãà + êâàí-

òóì-ô³òîôîñ, 10 ë/ãà; 4) êâàíòóì-ô³òîôîñ, 10 ë/ãà.

Âïëèâ äîáðèâ íà ñòàí ôîòîñèíòåòè÷íîãî àïàðàòó âèçíà÷àëè

ðåºñòðóâàííÿì ³íäóêö³¿ ôëóîðåñöåíö³¿ õëîðîô³ëó (²ÔÕ) ïðàïîðöåâèõ

ëèñòê³â ïøåíèö³ çà äîïîìîãîþ ïîðòàòèâíîãî ôëóîðîìåòðà «Ôëîðà-

òåñò» (ðîçðîáêà ²íñòèòóòó ê³áåðíåòèêè ³ì. Â.Ì. Ãëóøêîâà ÍÀÍ Óê-

ðà¿íè) ÷åðåç 1 ãîä, à òàêîæ ÷åðåç 1, 7 ³ 14 ä³á ï³ñëÿ îáïðèñêóâàííÿ ó

ï’ÿòèðàçîâ³é ïîâòîðíîñò³ çà êîæíèì âàð³àíòîì. 

Ïîêàçíèêè âèïðîì³íþâàííÿ òà ïðèéìàííÿ ñèãíàëó â îïòîåëåê-

òðîííîìó ñåíñîð³ ïðèëàäó «Ôëîðàòåñò» íàâåäåíî íèæ÷å.

Ñïîñòåðåæåííÿ ïðîâîäèëè íà æèâèõ ëèñòêàõ ï³ñëÿ 5-õâèëèííî¿

òåìíîâî¿ àäàïòàö³¿. Ï³ä ÷àñ àíàë³çó ðåçóëüòàò³â âèì³ðþâàííÿ âèçíà÷à-

ëè òàê³ ïàðàìåòðè ²ÔÕ: F
0

— ôîíîâèé ð³âåíü ôëóîðåñöåíö³¿; F
m

—

ìàêñèìàëüíà ôëóîðåñöåíö³ÿ; F
st

— ñòàö³îíàðíèé ð³âåíü ôëóîðåñ-

öåíö³¿. Çà ðåçóëüòàòàìè àíàë³çó çíàõîäèëè ïîêàçíèêè: 

F
v 
= F

m
— F

0
— âàð³àáåëüíà ôëóîðåñöåíö³ÿ; 

F
v
/F

m
— êâàíòîâèé âèõ³ä ÔÑ II àäàïòîâàíèõ äî òåìðÿâè ëèñòê³â

(â³äáèâàº íàñè÷åí³ñòü çàãàëüíîãî ïóëó ÔÑ II ôîòîõ³ì³÷íî àêòèâíèìè

öåíòðàìè);

R
Fd

= (F
m

— F
st
)/F

st
— êîåô³ö³ºíò îñëàáëåííÿ ôëóîðåñöåíö³¿

(vitality index) [14—20, 25—27].

Äëÿ àíàë³çó ïîãîäíèõ óìîâ âèêîðèñòàíî àðõ³â ïîãîäè íà ðåñóðñ³

RP5 [21]. Ïîêàçíèêè òåìïåðàòóðè òà âîëîãîñò³ ïîâ³òðÿ ó ïåð³îä

äîñë³äæåííÿ íàâåäåíî íà ðèñ. 1.

Åêñïåðèìåíòàëüí³ äàí³ ïðåäñòàâëåí³ ÿê ñåðåäíüîàðèôìåòè÷í³

çíà÷åííÿ ç ¿õ ñòàíäàðòíèìè ïîõèáêàìè. ²ñòîòí³ñòü ð³çíèö³ îö³íåíî çà

äîïîìîãîþ òåñòó ANOVA ç âèêîðèñòàííÿì Microsoft Excel.

Ðåçóëüòàòè òà îáãîâîðåííÿ

Ïîêàçíèêè ²ÔÕ çàñòîñîâóþòü äëÿ âèçíà÷åííÿ âïëèâó ÷èíèê³â âèðî-

ùóâàííÿ íà ñòàí ôîòîñèíòåòè÷íîãî àïàðàòó ðîñëèí çàãàëîì òà îñîá-

ëèâîñòåé ïåðåá³ãó îêðåìèõ á³îõ³ì³÷íèõ ðåàêö³é. Ïðîöåñè ñâ³òëîâî¿ ³

òåìíîâî¿ ôàç ôîòîñèíòåçó â³äîáðàæåí³ â ê³íåòèö³ ³íäóê³éíèõ çì³í
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Ïîêàçíèê Çíà÷åííÿ 

Äîâæèíà õâèë³ îïðîì³íåííÿ 470 ± 15 íì 

Ïëîùà îïðîì³íåíî¿ ïëÿìè Íå ìåíø ÿê 15 ìì2 

Ñïåêòðàëüíèé ä³àïàçîí âèì³ðþâàííÿ 
³íòåíñèâíîñò³ ôëóîðåñöåíö³¿ 670—800 íì 

Ïëîùà ïðèéìàëüíîãî â³êíà 9 ìì2

×óòëèâ³ñòü ôîòîïðèéìà÷à íà λ=650 íì 0,45 À/W



ôëóîðåñöåíö³¿ õëîðîô³ëó. Íà ôîíîâèé ð³âåíü ôëóîðåñöåíö³¿ F
0

âïëè-

âàþòü åíåðãåòè÷í³ âòðàòè çáóäæåíèõ åëåêòðîí³â ï³ä ÷àñ ì³ãðàö³¿ ï³ã-

ìåíòíîþ ìàòðèöåþ òà ê³ëüê³ñòü ìîëåêóë õëîðîô³ëó, ôóíêö³îíàëüíî

íå ïîâ’ÿçàíèõ ³ç ðåàêö³éíèìè öåíòðàìè. Â³äð³çîê êðèâî¿ Êàóòñüêîãî

F
0
→ F

m
â³äîáðàæàº øâèäêå â³äíîâëåííÿ Q

A
-àêöåïòîð³â ðåàêö³éíèõ

öåíòð³â ÔÑ II, ÿê³ íå áåðóòü ó÷àñò³ ó òðàíñïîðò³ åëåêòðîí³â íà Q
Â
-àê-

öåïòîðè, òà ïîâ³ëüí³øå â³äíîâëåííÿ Q
A

â êîìïëåêñàõ ÔÑ II, ÿê³ çà-

ä³ÿí³ â òðàíñïîðò³ åëåêòðîí³â íà ïóë ïëàñòîõ³íîí³â. ×àñòèíà êðèâî¿

Êàóòñüêîãî â³ä ôîíîâî¿ ôëóîðåñöåíö³¿ äî ìàêñèìàëüíî¿ º øâèäêîþ

ôàçîþ ôëóîðåñöåíö³¿ ³ òðèâàº äî 1 ñ. ²íäóêö³éí³ ïåðåõîäè, ÿê³ â³äáó-

âàþòüñÿ ï³ñëÿ äîñÿãíåííÿ ï³êó ôëóîðåñöåíö³¿, îá’ºäíàí³ ó ïîâ³ëüíó

ôàçó ôëóîðåñöåíö³¿, ÿêà çàëåæèòü â³ä îêèñíî-â³äíîâíîãî ñòàíó Q
A

(ôîòîõ³ì³÷íîãî ãàñ³ííÿ ôëóîðåñöåíö³¿) òà ð³âíÿ òåïëîâî¿ äèñèïàö³¿

(íåôîòîõ³ì³÷íîãî ãàñ³ííÿ) [17—19, 21].

Çà çì³íîþ îñíîâíèõ ïîêàçíèê³â ôëóîðåñöåíö³¿ ó ïåð³îä ñïîñòå-

ðåæåíü ïðîñòåæóâàëàñü îäíîñïðÿìîâàíà äèíàì³êà âàð³àíòà ³ç çàñòîñó-

âàííÿì ÌÊÔ ïîð³âíÿíî ç êîíòðîëåì (ðèñ. 2). Ìàêñèìàëüíà ôëóî-

ðåñöåíö³ÿ ó âàð³àíò³ ç âèêîðèñòàííÿì êâàíòóì-ô³òîôîñ çì³íþâàëàñü

ïðîòèëåæíîñïðÿìîâàíî â³äíîñíî êîíòðîëþ. Çà ñóì³ñíîãî çàñòîñóâàí-

íÿ ÌÊÔ ³ êâàíòóì-ô³òîôîñ çíà÷åííÿ F
m

ïîñòóïîâî ïëàâíî çðîñòàëè ó

ïåðø³ 7 ä³á ñïîñòåðåæåíü ³ çíèæóâàëèñü íà 14-òó äîáó (äèâ. ðèñ. 2).

Ó ôàçó öâ³ò³ííÿ çíèæåííÿ ïðîäóêòèâíîñò³ ôîòîñèíòåçó º çàêîíî-

ì³ðíèì ³ ïîâ’ÿçàíå ç ïî÷àòêîì ô³ç³îëîã³÷íîãî ñòàð³ííÿ àñèì³ëÿö³éíî-

ãî àïàðàòó ðîñëèí. Îäíàê ð³çêå çíèæåííÿ F
m

ó êîíòðîëüíîìó âàð³àíò³

íà äðóãó äîáó ï³ñëÿ îáïðèñêóâàííÿ ìîæå áóòè çóìîâëåíå ä³ºþ ÷èí-

íèê³â äîâê³ëëÿ [18, 22—24]. Òàê, çìåíøåííÿ ïîêàçíèêà F
m

ó êîí-

òðîëüíîìó âàð³àíò³, çàô³êñîâàíå â ïåðøó äîáó ï³ñëÿ îáðîáêè, â³äáó-

âàëîñÿ íà ôîí³ ï³äâèùåííÿ òåìïåðàòóðè ³ çíèæåííÿ âîëîãîñò³ ïîâ³òðÿ

(äèâ. ðèñ. 1). Äîñë³äæóâàí³ äîáðèâà ìîæóòü äåùî çíèæóâàòè ÷óòëè-
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Ðèñ. 1. Ñåðåäíüîäîáîâ³ ïîêàçíèêè âîëîãîñò³ ïîâ³òðÿ òà òåìïåðàòóðè ó

ïåð³îä 10—24.07.2020



â³ñòü ôîòîñèíòåòè÷íîãî àïàðàòó ðîñëèí ïøåíèö³ äî òàêèõ ñòðåñîâèõ

÷èííèê³â, ÿê ïîâ³òðÿíà ïîñóõà é ð³çêå ï³äâèùåííÿ òåìïåðàòóðè.

Îäíèì ³ç íàé÷óòëèâ³øèõ ô³ç³îëîã³÷íèõ ïîêàçíèê³â º F
v
, ùî

â³äîáðàæàº ä³þ åêñïåðèìåíòàëüíèõ ÷èííèê³â íà äîñë³äí³ ðîñëèíè.

Çíà÷åííÿ F
v

ôàêòè÷íî çàëåæèòü â³ä ñòàíó ÔÑ II òà åëåêòðîíòðàíñ-

ïîðòíîãî ëàíöþãà, íà ÿêèé âïëèâàþòü ñòðåñîâ³ ÷èííèêè ³ ô³ç³îëîã³÷-

íå ñòàð³ííÿ ðîñëèí [17, 19]. Ó êîíòðîëüíîìó âàð³àíò³ ïðîñòåæóâàëîñü

ð³çêå îñëàáëåííÿ âàð³àáåëüíî¿ ôëóîðåñöåíö³¿ íà äðóãó äîáó åêñïåðè-

ìåíòó, ó âàð³àíò³ ³ç ñóì³ñíèì çàñòîñóâàííÿì ÌÊÔ ³ êâàíòóì-ô³òî-

ôîñ — ÷åðåç 2 òèæí³ ï³ñëÿ îáðîáêè, òîä³ ÿê ó âàð³àíòàõ ç îêðåìèì âè-

êîðèñòàííÿì äîáðèâ ð³çíèöÿ ì³æ ïîêàçíèêàìè ç ÷àñîì ³ñòîòíî íå

çì³íþâàëàñü (òàáëèöÿ).

Çà ñï³ââ³äíîøåííÿì F
v
/F

m
îö³íþþòü êâàíòîâèé âèõ³ä ÔÑ II.

Çá³ëüøåííÿ öüîãî ïîêàçíèêà ñâ³ä÷èòü ïðî ï³äâèùåííÿ åôåêòèâíîñò³

ðîáîòè ÔÑ II, çìåíøåííÿ — ïðî ïîðóøåííÿ ôóíêö³îíàëüíî¿ àêòèâ-

íîñò³ êîìïëåêñ³â ÔÑ II âíàñë³äîê ä³¿ ñòðåñîâèõ ÷èííèê³â. Äëÿ á³ëü-
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Ðèñ. 2. Äèíàì³êà ïîêàçíèê³â ³íäóêö³¿ ôëóîðåñöåíö³¿ õëîðîô³ëó ïðàïîðöåâèõ ëèñòê³â

ïøåíèö³ ñîðòó Çèìîÿðêà ï³ñëÿ îáðîáêè ôîñôîðîâì³ñíèìè äîáðèâàìè: 

à — âîäà (êîíòðîëü); á — ìîíîêàë³éôîñôàò, 5 êã/ãà; â — ìîíîêàë³éôîñôàò, 5 êã/ãà + êâàíòóì-

ô³òîôîñ, 10 ë/ãà; ã — êâàíòóì-ô³òîôîñ, 10 ë/ãà; I — 1 ãîä ï³ñëÿ îáðîáêè; II — 1 äîáà ï³ñëÿ

îáðîáêè; III — 7 ä³á ï³ñëÿ îáðîáêè; IV — 14 ä³á ï³ñëÿ îáðîáêè

à á

â ã

Ïîðÿäêîâèé íîìåð âèì³ðþâàííÿ

Ô
ë
ó
î
ð
å
ñ
ö
å
í
ö
³ÿ

, 
â
³ä

í
. 
î
ä
.



øîñò³ âèä³â ðîñëèí ìàêñèìàëüíå çíà÷åííÿ öüîãî ïîêàçíèêà ñòàíî-

âèòü 0,83 [17]. Éîãî äèíàì³êà âêàçóº íà òå, ùî äîñë³äí³ âàð³àíòè îá-

ðîáêè ïîçèòèâíî ïîçíà÷àþòüñÿ íà ñòàí³ ôîòîñèíòåòè÷íîãî àïàðàòó

ïøåíèö³, ùî ìîæå ñóïðîâîäæóâàòèñü ïîäîâæåííÿì ôóíêö³îíóâàííÿ

ôîòîñèíòåòè÷íîãî àïàðàòó ðîñëèí (äèâ. òàáëèöþ).

Â³äîìî, ùî êîåô³ö³ºíò R
Fd

êîðåëþº ç ïîòåíö³éíîþ øâèäê³ñòþ

ô³êñàö³¿ CO
2

ôîòîñèíòåòè÷íèì àïàðàòîì ëèñòê³â [20]. Ï³ñëÿ äîñÿã-

íåííÿ ìàêñèìàëüíî¿ ôëóîðåñöåíö³¿ åëåêòðîíè òðàíñïîðòóþòüñÿ ÷å-

ðåç ÔÑ I äî ê³íöåâèõ àêöåïòîð³â. Çà çëàãîäæåíî¿ ðîáîòè ÔÑ I ³ ÔÑ

II àêòèâóþòüñÿ àñèì³ëÿö³ÿ ÑÎ
2

òà âèä³ëåííÿ êèñíþ, ùî âèÿâëÿºòü-

ñÿ ó ïîñòóïîâîìó çíèæåíí³ ³íòåíñèâíîñò³ ôëóîðåñöåíö³¿ â³ä ìàêñè-

ìàëüí¿ äî ñòàö³îíàðíî¿ âïðîäîâæ 3—5 õâ. Çì³íè ð³çíèö³ F
m
—F

st

îäíîñïðÿìîâàí³ ç³ çì³íàìè øâèäêîñò³ ôîòîñèíòåçó [20]. Ó êîí-

òðîëüíîìó âàð³àíò³ òà âàð³àíò³ ³ç çàñòîñóâàííÿì ÌÊÔ ïîêàçíèê R
Fd

³ñòîòíî çíèæóâàâñÿ íà íàñòóïíó äîáó ï³ñëÿ îáðîáêè, ó âàð³àíòàõ ³ç

çàñòîñóâàííÿì ôîñô³òíîãî äîáðèâà îêðåìî òà â ñóì³ø³ ç ôîñôàò-

íèì — íà 7-ìó äîáó (äèâ. òàáëèöþ).

Ð³çêå çíèæåííÿ ïîêàçíèêà F
v
ó êîíòðîëüíîìó âàð³àíò³ íà íàñòóï-

íó äîáó ï³ñëÿ ïî÷àòêó åêñïåðèìåíòó ìîæå áóòè ïîâ’ÿçàíå ç ï³äâèùåí-
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ÄèíàìÛêà ÍîçÍàõóíêîâèõ ïîêàçíèêÛâ ÛíäóêöÛ  ôëóîÍåñöåíöÛ  õëîÍîôÛëó ïÍàïîÍöåâèõ ëèñòêÛâ 
ï¥åíèöÛ ñîÍòó Çèìî…Íêà ïÛñë… ïîçàêîÍåíåâî  îáÍîáêè ôîñôîÍîâìÛñíèìè äîáÍèâàìè 

Âàð³àíò Ïåð³îä ï³ñëÿ 
îáðîáêè 

Ïîêàçíèê ²ÔÕ 

Fv Fv/Fm RFd 

1 

1 ãîä 1088,0±80,8a 0,7007±0,0153a 1,883±0,076a 

1 äîáà 816,0±69,7â 0,6535±0,0146á 1,517±0,038â 

7 ä³á 867,2±54,4â 0,6298±0,0123â 1,437±0,060â 

14 ä³á 880,0±87,6â 0,6309±0,0131â 1,587±0,165â 

2 

1 ãîä 1168,0±51,3a 0,7001±0,0070a 1,908±0,069a 

1 äîáà 1032,0±44,5a 0,6801±0,0072a 1,552±0,082â 

7 ä³á 1040,0±33,2a 0,6755±0,0026á 1,480±0,027â 

14 ä³á 1030,4±55,1a 0,6642±0,0090á 1,469±0,071â 

3 

1 ãîä 1136,0±73,5a 0,7059±0,0023a 1,868±0,066a 

1 äîáà 1110,4±36,7a 0,6851±0,0089a 1,728±0,089a 

7 ä³á 1126,4±40,7a 0,6820±0,0044á 1,619±0,048â 

14 ä³á 992,0±97,7á 0,6576±0,0200á 1,505±0,145â 

4 

1 ãîä 1052,0±90,8a 0,6891±0,0050a 1,808±0,123a 

1 äîáà 1136,0±11,3a 0,7016±0,0070a 1,803±0,071a 

7 ä³á 1065,6±19,3a 0,6740±0,0064á 1,675±0,072á 

14 ä³á 1126,4±71,1a 0,6807±0,0104á 1,641±0,091á 

Sd 62,5 0,0103 0,088 

HIP0,05 (tst = 2,12) 132,5 0,0218 0,187 

Ïðèì ³ òêà . Âàð³àíòè: 1 — âîäà (êîíòðîëü); 2 — ìîíîêàë³éôîñôàò, 5 êã/ãà; 3 — 
ìîíîêàë³éôîñôàò, 5 êã/ãà + êâàíòóì-ô³òîôîñ, 10 ë/ãà; 4 — êâàíòóì-ô³òîôîñ, 10 ë/ãà; 
Fv  = Fm  F0 — âàð³àáåëüíà ôëóîðåñöåíö³ÿ; Fv/Fm — êâàíòîâèé âèõ³ä ÔÑ II; 
RFd = (Fm  Fst)/Fst  êîåô³ö³ºíò îñëàáëåííÿ ôëóîðåñöåíö³¿; áóêâè à, á, â óêàçóþòü íà 
³ñòîòíó ð³çíèöþ ì³æ çíà÷åííÿìè ïîêàçíèê³â. 



íÿì òåìïåðàòóðè ³ çíèæåííÿì âîëîãîñò³ ïîâ³òðÿ ó öåé äåíü, ùî íåãà-

òèâíî âïëèíóëî íà ñòàí ôîòîñèíòåòè÷íîãî àïàðàòó ðîñëèí ïøåíèö³.

Íàäàë³ ïîãîäí³ óìîâè çì³íþâàëèñü íåçíà÷íî, îäíàê ïîêàçíèê âàð³à-

áåëüíî¿ ôëóîðåñöåíö³¿ ó êîíòðîëüíîìó âàð³àíò³ ³ñòîòíî íå çì³íþâàâ-

ñÿ ³ çàëèøàâñÿ íà íèçüêîìó ð³âí³ ïîð³âíÿíî ç ³íøèìè âàð³àíòàìè äî-

ñë³äó. Öå ìîæå áóòè ïîâ’ÿçàíî ç íåçâîðîòí³ñòþ çì³í ôîòîñèíòåòè÷íîãî

àïàðàòó, ñïðîâîêîâàíèõ ð³çêèì ï³äâèùåííÿì òåìïåðàòóðè, à òàêîæ

âïëèâîì ô³ç³îëîã³÷íîãî ïðîöåñó ñòàð³ííÿ. Ó âàð³àíòàõ ³ç çàñòîñóâàí-

íÿì ôîñôîðîâì³ñíèõ äîáðèâ ïîêàçíèê âàð³àáåëüíî¿ ôëóîðåñöåíö³¿

³ñòîòíî íå çì³íþâàâñÿ âïðîäîâæ óñüîãî ïåð³îäó äîñë³äæåííÿ (êð³ì

éîãî çíèæåííÿ íà 14-òó äîáó ó âàð³àíò³ 3, ùî ìîæå ñâ³ä÷èòè ïðî çà-

õèñíèé âïëèâ ôîñôîðîâì³ñíèõ äîáðèâ íà ñòàí ôîòîñèíòåòè÷íîãî

àïàðàòó ðîñëèí ïøåíèö³. 

Îñê³ëüêè îñíîâíèì äæåðåëîì ôîñôîðíîãî æèâëåííÿ ðîñëèí º

àí³îíè ôîñôàòíî¿ êèñëîòè (Í
2
ÐÎ

4
–, ÍÐÎ

4
2–, ÐÎ

4
3–), çàñòîñóâàííÿ

ôîñô³ò³â º ñòðåñîâèì ÷èííèêîì, çäàòíèì ñòèìóëþâàòè ïåâíó íåñïå-

öèô³÷íó çàõèñíó ðåàêö³þ íà ð³çêå ï³äâèùåííÿ òåìïåðàòóðè, ùî íàé-

âèðàçí³øå âèÿâèëîñü ó äèíàì³ö³ ïîêàçíèêà R
Fd

.

Çì³íà ïåðâèííèõ ïîêàçíèê³â ²ÔÕ ó ïåð³îä äîñë³äæåííÿ â³äîáðà-

æàº ÷óòëèâ³ñòü ðîñëèí ïøåíèö³ äî çì³íè ïîãîäíèõ óìîâ, à ñàìå

ð³çêîãî ï³äâèùåííÿ òåìåðàòóðè òà çíèæåííÿ âîëîãîñò³ ïîâ³òðÿ, à òà-

êîæ ìîæëèâ³ñòü ï³äâèùèòè ¿õ àäàïòèâíèé ïîòåíö³àë ïîçàêîðåíåâîþ

îáðîáêîþ ðîñëèí ôîñôîðîâì³ñíèìè äîáðèâàìè. Çíà÷åííÿ íàéá³ëüø

ðåïðåçåíòàòèâíîãî ïîêàçíèêà ñòàíó ÔÑ II F
v
/F

m
âïðîäîâæ ïåð³îäó

äîñë³äæåííÿ â êîíòðîëüíîìó âàð³àíò³ çíèæóâàëèñÿ çíà÷íî ñòð³ìê³øå,

í³æ ó âàð³àíòàõ ³ç çàñòîñóâàííÿì ôîñôîðîâì³ñíèõ äîáðèâ. Ñë³ä çàóâà-

æèòè, ùî äèíàì³êà öüîãî ïîêàçíèêà çà ïîçàêîðåíåâîãî ï³äæèâëåííÿ

ôîñôàòíèì, ôîñô³òíèì äîáðèâîì òà ¿õ êîìá³íàö³ºþ ³ñòîòíî íå ð³ç-

íèòüñÿ. Öå ÿâèùå ìîæå áóòè âèÿâîì ñïîâ³ëüíåííÿ ô³ç³îëîã³÷íîãî

ñòàð³ííÿ ðîñëèí ³ ìîæëèâîñò³ ïîäîâæåííÿ ïåð³îäó ôóíêö³îíóâàííÿ

ôîòîñèíòåòè÷íîãî àïàðàòó ëèñòê³â ïøåíèö³ çà äîïîìîãîþ ôîñôîðî-

âì³ñíèõ äîáðèâ. Íàéìåíøå çíèæåííÿ ïîêàçíèêà R
Fd

, ùî õàðàêòåðè-

çóº àêòèâí³ñòü ôîòîñèíòåòè÷íî¿ àñèì³ëÿö³¿ ÑÎ
2
, çàô³êñîâàíî äëÿ ðîñ-

ëèí, îáïðèñêàíèõ êîìá³íîâàíèì äîáðèâîì êâàíòóì-ô³òîôîñ, ùî

ì³ñòèòü ôîñôàò ³ ôîñô³ò.

Îòæå, îòðèìàí³ ðåçóëüòàòè ï³äòâåðäèëè, ùî ïîçàêîðåíåâå ï³ä-

æèâëåííÿ ôîñôîðîâì³ñíèìè äîáðèâàìè ñïðèÿº çáåðåæåííþ àêòèâ-

íîñò³ ôîòîñèíòåòè÷íîãî àïàðàòó é óïîâ³ëüíåííþ ïðîöåñ³â éîãî ñòà-

ð³ííÿ â õîä³ ðåïðîäóêòèâíîãî ðîçâèòêó ðîñëèí ïøåíèö³, à âêëþ÷åííÿ

äî ¿õ ñêëàäó ôîñô³òó ³ñòîòíî ïîñèëþº ïîçèòèâíèé åôåêò.
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PHOSPHATE AND PHOSPHITE: INFLUENCE ON THE STATE OF WHEAT

PHOTOSYNTHETIC APPARATUS 

I.B. Kovalyshyn, V.V. Shevchenko

Institute of Plant Physiology and Genetics, National Academy of Sciences of Ukraine

31/17 Vasylkivska St., Kyiv, 03022, Ukraine

e-mail: Iryna_B_Kovalyshyn@ukr.net

In order to determine the peculiarities of phosphate (PO
4
3–) and phosphite (PO

3
3–) effect

on the state of wheat plants photosynthetic apparatus method of chlorophyll fluorescence

induction (ÑhFI) was used. The experiment was performed on bread wheat Triticum aes-

tivum Zymoiarka variety with application of monopotassium phosphate (23 % P in PO
4
3–

form) and Quantum Phytophos (11 % P: 5.5 % in ÐÎ
3
3– form, 5.5 % in ÐÎ

4
3– form). The

plants were sprayed with an aqueous solution of fertilizers at the end of the earing phase

(BBCH 59). IFH parameters were measured on a flag leaf for 14 days after treatment of

plants with fertilizers. According to the ÑhFI parameters registration, the values of variable

fluorescence F
v

and F
v
/F

m
in dark-adapted leaves were calculated to assess the photochemi-

cal activity of photosystem II (PhS II), and the fluorescence decrease index of chlorophyll

during the slow phase of the induction curve, R
Fd

, which characterizes the activity of CO
2

assimilation processes was calculated. It was found that the photochemical activity of PS II

and the R
Fd

index in control plants decreased significantly due to ontogenetic leaf aging and

influence of adverse environmental factors, in particular the increase in temperature at the

background of low humidity. Foliar application of phosphorus fertilizers helped to maintain

F
v

index stability during almost the entire study period, and a smaller decrease in the pho-

tochemical activity of PS II and the R
Fd

index during ontogenesis and elevated temperature

influence. The smallest decrease in indices of photosynthetic apparatus activity was record-

ed in plants sprayed with a combined fertilizer Quantum-Phytophos, containing phosphate

and phosphite. The results show that phosphorus-containing fertilizers foliar application

helps to maintain the activity of photosynthetic apparatus and slow the aging process during

reproductive development of wheat plants, and the inclusion of phosphite in their composi-

tion significantly enhances the positive effect.

Key words: Triticum aestivum L., phosphorus-containing fertilizers, foliar fertilization, induc-

tion of chlorophyll fluorescence.
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