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Èç ìíîãî÷èñëåííûõ âèäîâ ðîäà Amaranthus L. 12 îêóëüòóðåíû è èñïîëüçóþòñÿ êàê 
îâîùíûå, çåðíîâûå, êîðìîâûå, ëåêàðñòâåííûå è äåêîðàòèâíûå ðàñòåíèÿ. Îäèí èç ñäåðæèâàþùèõ 
ôàêòîðîâ èíòðîäóêöèè àìàðàíòà â íàøåé ñòðàíå — åãî íåäîñòàòî÷íàÿ ýêîëîãî-ôèçèîëî-
ãè÷åñêàÿ èçó÷åííîñòü, ÷òî ïðåïÿòñòâóåò ñåëåêöèîííîé ðàáîòå ïðè âûâåäåíèè ñîðòîâ, îñîáåííî 
äëÿ ñåâåðíûõ ðåãèîíîâ ñ íèçêèìè òåìïåðàòóðàìè â âåñåííèé ïåðèîä âåãåòàöèè. Â ðåãóëèðóåìûõ 
óñëîâèÿõ ñðåäû â äâóõôàêòîðíîì ïëàíèðóåìîì ýêñïåðèìåíòå ìû èçó÷èëè âëèÿíèå èíòåíñèâíîñòè 
ñâåòà è òåìïåðàòóðû íà íåòòî-ôîòîñèíòåç ó èíòàêòíûõ ðàñòåíèé àìàðàíòà áàãðÿíîãî (Amaranthus 
cruenthus L.) ñîðòà Ñóëòàí è àìàðàíòà îâîùíîãî (A. hypochondriacus L.) ñîðòà Êðåïûø. Â ôàçó 
6-7 ëèñòüåâ ÷àñòü ðàñòåíèé â òå÷åíèå 3 ñóò ïîäâåðãàëè çàêàëèâàíèþ ïðè 8 °Ñ äëÿ àìàðàíòà 
îâîùíîãî è 10 °Ñ — äëÿ àìàðàíòà áàãðÿíîãî. Êîíöåíòðàöèþ ÑÎ2 èçìåðÿëè íà îïòèêî-
àêóñòè÷åñêîì èíôðàêðàñíîì ãàçîàíàëèçàòîðå Infràlót-IV («SAXON Junkalor GmbH», Ãåðìàíèÿ), 
âêëþ÷åííîì ïî äèôôåðåíöèàëüíîé ñõåìå. Áûëè ïîëó÷åíû íåëèíåéíûå óðàâíåíèÿ (ìîäåëü), îïè-
ñûâàþùèå ñâÿçè ÑÎ2-ãàçîîáìåíà ñ ôàêòîðàìè ñðåäû: NP = a0 + a1E + a2T + a3ET + a4E2 + a5T2, 
ãäå NP — èíòåíñèâíîñòü âèäèìîãî ôîòîñèíòåçà, ìã ÑÎ2/(ã⋅÷); Å — îñâåùåííîñòü, Âò/ì2; Ò — 
òåìïåðàòóðà âîçäóõà, °Ñ; a0-a5 — êîýôôèöèåíòû, âû÷èñëåííûå ïî ýêñïåðèìåíòàëüíûì äàííûì. 
Äîñòîâåðíîñòü óðàâíåíèé ïðîâåðÿëè ïî êîýôôèöèåíòó ìíîæåñòâåííîé äåòåðìèíàöèè (R2 = 85-
94) è F-êðèòåðèþ Ôèøåðà (F = 4,1-5,6) ïðè óðîâíå çíà÷èìîñòè ð = 0,05. Ïîëó÷åííàÿ ðåãðåñ-
ñèîííàÿ ìîäåëü äàåò âîçìîæíîñòü îöåíèòü âåëè÷èíó âèäèìîãî ôîòîñèíòåçà â êîíêðåòíóþ ôàçó 
ðàçâèòèÿ ðàñòåíèé äëÿ êàæäîãî ñîðòà ïðè ðàçíûõ óñëîâèÿõ è ðàññ÷èòàòü ñî÷åòàíèÿ çíà÷åíèé 
ôàêòîðîâ ñðåäû, îáåñïå÷èâàþùèõ äîñòèæåíèå ñîîòâåòñòâóþùåé èíòåíñèâíîñòè ôîòîñèíòåçà, â 
òîì ÷èñëå ïðè íàëè÷èè ëèìèòèðóþùåãî ôàêòîðà. Ñ èõ ïîìîùüþ ìû îïðåäåëèëè îñâåùåííîñòü è 
òåìïåðàòóðó, êîòîðûå îáåñïå÷èâàþò ïîòåíöèàëüíûå ìàêñèìóì è îïòèìóì íåòòî-ôîòîñèíòåçà 
ðàñòåíèé ïðè åñòåñòâåííîì ñîäåðæàíèè ÑÎ2 â âîçäóõå. Ïîòåíöèàëüíûé ìàêñèìóì íåòòî-
ôîòîñèíòåçà ó èçó÷åííûõ ñîðòîâ ñîñòàâëÿë 37-38 ìã ÑÎ2/(ã⋅÷). Ñîðò Ñóëòàí ïðîÿâèë ñåáÿ áîëåå 
ñâåòî- è òåïëîëþáèâûì, à ñîðò Êðåïûø — õîëîäîóñòîé÷èâûì. Äèàïàçîí îïòèìóìà ôîòîñèíòåçà ïî 
òåìïåðàòóðå è îñâåùåííîñòè ó ñîðòà Ñóëòàí íàõîäèëñÿ â ïðåäåëàõ 26,7-47,0 °Ñ è 335-580 Âò/ì2. 
Ó ñîðòà Êðåïûø äèàïàçîí îïòèìóìà ñîñòàâëÿë ñîîòâåòñòâåííî 23,5-39,6 °Ñ è 284-501 Âò/ì2. 
Çàêàëèâàíèå ðàñòåíèé ïîâûøàëî èõ òåðìîðåçèñòåíòíîñòü, çíà÷èòåëüíî ñíèæàëî ìàêñèìóì íåòòî-
ôîòîñèíòåçà è ïðèâîäèëî ê ñóæåíèþ ãðàíèö çíà÷åíèé îñâåùåííîñòè è òåìïåðàòóðû, íåîáõîäèìûõ 
äëÿ äîñòèæåíèÿ åãî îïòèìàëüíûõ çíà÷åíèé.   

 

Êëþ÷åâûå ñëîâà: Amaranthus L., ïëàíèðóåìûé ìíîãîôàêòîðíûé ýêñïåðèìåíò, íåòòî-
ôîòîñèíòåç, ñâåòî-òåìïåðàòóðíàÿ õàðàêòåðèñòèêà, ÑÎ2-îáìåí.  

 

Àìàðàíò-ùèðèöà — äðåâíÿÿ êóëüòóðà, êîòîðàÿ â òå÷åíèå 8 òûñ. ëåò 
êîðìèëà íàñåëåíèå àìåðèêàíñêîãî êîíòèíåíòà. Ïðîäóêòû èç çåðåí àìà-
ðàíòà î÷åíü ïèòàòåëüíû, âêóñîì è àðîìàòîì íàïîìèíàþò îðåõè. Èç ìíî-
ãî÷èñëåííûõ âèäîâ ðîäà Amaranthus 12 îêóëüòóðåíû è èñïîëüçóþòñÿ êàê 
îâîùíûå, çåðíîâûå, êîðìîâûå, ëåêàðñòâåííûå è äåêîðàòèâíûå ðàñòåíèÿ.  

Â Ðîññèè ïåðâûå èññëåäîâàíèÿ àìàðàíòà ïðîâåäåíû â 1930-õ ãîäàõ 
ïî èíèöèàòèâå àêàäåìèêà Í.È. Âàâèëîâà, íî áûëè ïðèîñòàíîâëåíû è âî-
çîáíîâëåíû òîëüêî âî âòîðîé ïîëîâèíå XX âåêà ïðîôåññîðîì È.Ì. Ìàãî-
ìåäîâûì. Ê íàñòîÿùåìó âðåìåíè ýòà óíèêàëüíàÿ êóëüòóðà íàøëà øèðîêîå 
ðàñïðîñòðàíåíèå â Ñåâåðíîé è Þæíîé Àìåðèêå è Àçèè (1-3). Îäèí èç 
ñäåðæèâàþùèõ ôàêòîðîâ èíòðîäóêöèè àìàðàíòà â íàøåé ñòðàíå — åãî íå-
äîñòàòî÷íàÿ ýêîëîãî-ôèçèîëîãè÷åñêàÿ èçó÷åííîñòü, ÷òî ïðåïÿòñòâóåò ñå-
ëåêöèîííîé ðàáîòå ïðè âûâåäåíèè ñîðòîâ, îñîáåííî äëÿ ñåâåðíûõ ðåãèî-
íîâ ñ íèçêèìè òåìïåðàòóðàìè â âåñåííèé ïåðèîä âåãåòàöèè (4).  

Âîçðàñòàþùàÿ ðîëü ýêîëîãè÷åñêèõ ïîêàçàòåëåé â ðåøåíèè ïðàêòè-
÷åñêèõ âîïðîñîâ òðåáóåò èõ ïåðåâîäà èç êà÷åñòâåííîãî îïèñàíèÿ â êîëè÷å-
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ñòâåííîå (5, 6). Äëÿ îöåíêè ðåàêöèè ðàñòåíèÿ íà äåéñòâèå âíåøíåé ñðåäû 
â àêòèâíîì ìíîãîôàêòîðíîì ïëàíèðóåìîì ýêñïåðèìåíòå íóæåí ëàáèëü-
íûé èíòåãðàëüíûé ïîêàçàòåëü, õàðàêòåðèçóþùèé ïåðâè÷íûé ïðîöåññ ïðî-
äóêòèâíîñòè (ÑÎ2-îáìåí), áûñòðî ðåàãèðóþùèé íà èçìåíåíèÿ óñëîâèé 
ñðåäû è äîñòóïíûé äëÿ ðåãèñòðàöèè áåç êîíòàêòà ñ ðàñòåíèåì, äèñòàíöè-
îííî è íåïðåðûâíî. Îäíèì èç ìåòîäîâ ïîëó÷åíèÿ ýêîôèçèîëîãè÷åñêîé 
õàðàêòåðèñòèêè ðàñòåíèé ñëóæèò îïðåäåëåíèå ïàðàìåòðîâ îñíîâíûõ ôàê-
òîðîâ âíåøíåé ñðåäû, êîòîðûå îáåñïå÷èâàþò äîñòèæåíèå îïòèìàëüíîãî 
íåòòî-ôîòîñèíòåçà (7, 8). Ïðè ýòîì íåîáõîäèìî ó÷èòûâàòü çîíàëüíîñòü èõ 
âëèÿíèÿ íà ïîéêèëîòåðìíûå îðãàíèçìû, ïîñêîëüêó èçìåíåíèå çíà÷åíèé, 
ñîîòâåòñòâóþùåå ïåðåõîäó èç çîíû ñ îäíèì õàðàêòåðîì äåéñòâèÿ ôàêòîðà 
â çîíó ñ äðóãèì, çàòðàãèâàåò ãåíîì è ïðèâîäèò ê èçìåíåíèþ íàïðàâëåííî-
ñòè îáìåíà âåùåñòâ (9).  

Ìû ïðîâåëè ìíîãîôàêòîðíûé ïëàíèðóåìûé ýêñïåðèìåíò ñ öåëüþ 
èçó÷åíèÿ âëèÿíèÿ èíòåíñèâíîñòè ñâåòà è òåìïåðàòóðû íà íåòòî-ôîòîñèíòåç. 

Ìåòîäèêà. Â ýêñïåðèìåíòå èñïîëüçîâàëè àìàðàíò áàãðÿíûé (Ama-
ranthus cruenthus L.) ñîðòà Ñóëòàí è àìàðàíò îâîùíîé (A. hypochondria-
cus L.) ñîðòà Êðåïûø, ðàçëè÷àþùèåñÿ ïî õîëîäîóñòîé÷èâîñòè è õîçÿéñò-
âåííîìó íàçíà÷åíèþ. 

Ðàñòåíèÿ âûðàùèâàëè â êîíòðîëèðóåìûõ ôàêòîðîñòàòíûõ óñëîâèÿõ 
ñðåäû â ïëàñòèêîâûõ ñîñóäàõ îáúåìîì 0,5 ë ñ ïåñ÷àíûì ñóáñòðàòîì. Êà-
ëèáðîâàííûå ïðîðîñøèå ñåìåíà âûñàæèâàëè ïî 12-15 øò. íà ñîñóä. Ðàñòå-
íèÿ âûðàùèâàëè ïîä ëþìèíåñöåíòíûìè ëàìïàìè, îáåñïå÷èâàþùèìè îñ-
âåùåííîñòü 110-120 Âò/ì2, ïðè 14-÷àñîâîì ôîòîïåðèîäå è òåìïåðàòóðå 
âîçäóõà 20/18 °Ñ (äåíü/íî÷ü). Ïîëèâ îñóùåñòâëÿëè åæåäíåâíî ïèòàòåëü-
íûì ðàñòâîðîì Êíîïà, äîïîëíåííûì ìèêðîýëåìåíòàìè ñ pH 6,2-6,5. Îò-
ñòàþùèå â ðîñòå è èìåþùèå âèäèìûå îòêëîíåíèÿ ðàñòåíèÿ âûáðàêîâûâà-
ëè, îñòàâëÿÿ â ñîñóäå ïî 10 øò. 

Â ôàçó ðàçâèòèÿ 6-7 ëèñòà ÷àñòü ðàñòåíèé â òå÷åíèå 3 ñóò ïîäâåðãà-
ëè çàêàëèâàíèþ ïðè ðàíåå óñòàíîâëåííûõ äëÿ èññëåäóåìûõ ñîðòîâ ïîëî-
æèòåëüíûõ òåìïåðàòóðàõ: 8 °Ñ — äëÿ àìàðàíòà îâîùíîãî, 10 °Ñ — äëÿ 
àìàðàíòà áàãðÿíîãî. Èçìåíåíèå õîëîäîóñòîé÷èâîñòè â ïðîöåññå çàëèâàíèÿ 
îïðåäåëÿëè ìåòîäîì ËÒ50 ïî òåìïåðàòóðå, âûçûâàþùåé ãèáåëü 50 % êëå-
òîê ëèñòîâûõ âûñå÷åê, ïîñëå 40-ìèíóòíîãî ïðîìîðàæèâàíèÿ â ýëåêòðè-
÷åñêîì ìèêðîòåðìîñòàòå ÒÆÐ-02/02 («Èíòåðì», Ðîññèÿ) ïðè ïîñëåäîâà-
òåëüíîì èçìåíåíèè òåìïåðàòóð ñ øàãîì 0,4 °Ñ (10). Çà æèçíåñïîñîáíî-
ñòüþ êëåòîê ñëåäèëè ñ ïîìîùüþ ñâåòîâîãî ìèêðîñêîïà ËÎÌÎ ÌÈÊ-
ÌÅÄ-2 (Ðîññèÿ). 

Äàëåå ñîñóäû ñ êîíòðîëüíûìè è çàêàëåííûìè ðàñòåíèÿìè ïîî÷å-
ðåäíî ïîìåùàëè â óñòàíîâêó (11) äëÿ èññëåäîâàíèÿ ÑÎ2-ãàçîîáìåíà ïðè 
îñâåùåííîñòè 0-600 Âò/ì2 è òåìïåðàòóðå 5-40 °Ñ, ãäå ïðîâîäèëè äâóõôàê-
òîðíûé ýêñïåðèìåíò ïî òðåõóðîâíåâîìó ïëàíó (12) ïðè ñî÷åòàíèè çíà÷å-
íèé òåìïåðàòóðû (10, 20 è 30 °Ñ) è îñâåùåííîñòè (150, 250 è 350 Âò/ì2) 
íà äåâÿòè ñòóïåíÿõ â 3 ïîâòîðíîñòÿõ.  

Êîíöåíòðàöèþ ÑÎ2 îïðåäåëÿëè â îïòèêî-àêóñòè÷åñêîì èíôðà-
êðàñíîì ãàçîàíàëèçàòîðå Infràlót-IV («SAXON Junkalor GmbH», Ãåðìàíèÿ), 
âêëþ÷åííîì ïî äèôôåðåíöèàëüíîé ñõåìå. Ïîñëå 40-60-ìèíóòíîé âûäåðæ-
êè íà êàæäîé ñòóïåíè ãàçîîáìåí ðàñòåíèÿ îöåíèâàëè ïî ðàçíîñòè êîíöåí-
òðàöèé ÑÎ2 íà âõîäå è âûõîäå â àññèìèëÿöèîííîé êàìåðå óñòàíîâêè ñ 
ó÷åòîì ñêîðîñòè ïîñòóïëåíèÿ íàðóæíîãî âîçäóõà, ïåðåñ÷èòûâàÿ íà åäèíè-
öó ñóõîé ìàññû öåëûõ ðàñòåíèé. 

Ýêñïåðèìåíòàëüíûå äàííûå îáðàáàòûâàëè ìåòîäîì ìíîæåñòâåííî-
ãî ðåãðåññèîííîãî àíàëèçà ñ èñïîëüçîâàíèåì ïàêåòà ïðîãðàìì KyPlotSta-
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tistics v. 2.0 è Microsoft Excel 2000. 
Ðåçóëüòàòû. Íàìè áûëè ïîëó÷åíû íåëèíåéíûå óðàâíåíèÿ (ìîäåëü), 

îïèñûâàþùèå ñâÿçè ÑÎ2-ãàçîîáìåíà ñ ôàêòîðàìè ñðåäû:  
NP = a0 + a1E + a2T + a3ET + a4E2 + a5T2, 

ãäå NP — èíòåíñèâíîñòü âèäèìîãî ôîòîñèíòåçà, ìã ÑÎ2/(ãŸ÷); Å — îñâå-
ùåííîñòü, Âò/ì2; Ò — òåìïåðàòóðà âîçäóõà, °Ñ; a0-a5 — êîýôôèöèåíòû, 
âû÷èñëåííûå ïî ýêñïåðèìåíòàëüíûì äàííûì.  

Äîñòîâåðíîñòü óðàâíåíèé ïðîâåðÿëè ïî êîýôôèöèåíòó ìíîæåñò-
âåííîé äåòåðìèíàöèè (R2 = 85-94) è F-êðèòåðèþ Ôèøåðà (F = 4,1-5,6) 
ïðè óðîâíå çíà÷èìîñòè ð = 0,05. 

Ïîëó÷åííàÿ ðåãðåññèîííàÿ ìîäåëü äàåò âîçìîæíîñòü îöåíèòü âåëè-
÷èíó âèäèìîãî ôîòîñèíòåçà â êîíêðåòíóþ ôàçó ðàçâèòèÿ ðàñòåíèé äëÿ êà-
æäîãî ñîðòà ïðè ðàçíûõ óñëîâèÿõ è ðàññ÷èòàòü ñî÷åòàíèÿ çíà÷åíèé ôàê-
òîðîâ ñðåäû, îáåñïå÷èâàþùèõ äîñòèæåíèå ñîîòâåòñòâóþùåé èíòåíñèâíî-
ñòè ôîòîñèíòåçà, â òîì ÷èñëå ïðè íàëè÷èè ëèìèòèðóþùåãî ôàêòîðà. 

Ìû îïðåäåëèëè ìàêñèìàëüíûå çíà÷åíèÿ âèäèìîãî ôîòîñèíòåçà 
ïðè åñòåñòâåííîì ñîäåðæàíèè â âîçäóõå ÑÎ2, à òàêæå îáëàñòè îïòèìóìà 
(90 % îò ìàêñèìóìà) è èíòåíñèâíîñòü ñâåòà è òåìïåðàòóðû, íåîáõîäèìûå 
äëÿ åãî äîñòèæåíèÿ, ó çàêàëåííûõ ê õîëîäó è íåçàêàëåííûõ ðàñòåíèé. Ñî-
÷åòàíèå ôàêòîðîâ ñðåäû, îáåñïå÷èâàþùåå äîñòèæåíèå ïîòåíöèàëüíîãî 
ìàêñèìóìà âèäèìîãî ôîòîñèíòåçà, â åñòåñòâåííûõ óñëîâèÿõ íàáëþäàåòñÿ 
êðàéíå ðåäêî. Èíòåíñèâíûé ðîñò è ðàçâèòèå ðàñòåíèé ïðîèñõîäÿò â îñ-
íîâíîì â ôîíîâîé çîíå — çîíå îïòèìóìà (13, 14), ýêîëîãè÷åñêèå õàðàêòå-
ðèñòèêè êîòîðîé è âõîäÿò â ïîíÿòèå îïòèìóìà ýêîëîãè÷åñêîé íèøè ýêî-
òèïà (7, 8). Îäíàêî â íåêîòîðûõ ðàéîíàõ íî÷íûå òåìïåðàòóðû çíà÷èòåëü-
íî ñíèæàþòñÿ, îêàçûâàÿ íà ðàñòåíèÿ, îñîáåííî òåïëîëþáèâûå, çàêàëè-
âàþùèé ýôôåêò è òåì ñàìûì âëèÿÿ íà ýêîëîãè÷åñêóþ õàðàêòåðèñòèêó èõ 
ÑÎ2-ãàçîîáìåíà.   

Ïîòåíöèàëüíûé ìàêñèìóì íåòòî-ôîòîñèíòåçà ó èíòàêòíûõ ðàñòå-
íèé àìàðàíòà ñîðòîâ Ñóëòàí è Êðåïûø ñîñòàâëÿë ñîîòâåòñòâåííî 37,5 è 
37,8 ìã ÑÎ2/(ãŸ÷). Ïðè ýòîì ðàñòåíèÿ ñîðòà Ñóëòàí áûëè áîëåå òåïëî- è 
ñâåòîëþáèâû ïî ñðàâíåíèþ ñ ïðåäñòàâèòåëÿìè ñîðòà Êðåïûø è èìåëè 
çíà÷èòåëüíî áîëåå øèðîêóþ ñâåòî-òåìïåðàòóðíóþ çîíó îïòèìóìà, îñîáåí-
íî â îáëàñòè ïîâûøåííûõ òåìïåðàòóð (òàáë.). 

Ïîêàçàòåëè íåòòî-ôîòîñèíòåçà è ñâåòî-òåìïåðàòóðíûå óñëîâèÿ, îáåñïå÷èâàþ-
ùèå åãî äîñòèæåíèå, ó äâóõ âèäîâ àìàðàíòà â ôàçó 6-7 ëèñòüåâ â óñëîâèÿõ õî-
ëîäîâîãî çàêàëèâàíèÿ (ëàáîðàòîðíûé îïûò) 

Íåòòî-ôîòîñèíòåç 
ìàêñèìóì îïòèìóì Âèä, ñîðò Âàðèàíò 

NP Ò Å NP Ò Å 
Êîíòðîëü 37,5 36,8 459 > 33,8 26,7-47,0 335-580 Àìàðàíò áàãðÿíûé Amaranthus 

cruenthus L., ñîðò Ñóëòàí Çàêàëèâàíèå 15,8 24,1 303 > 14,3 17,7-30,5 218-388 
Êîíòðîëü 37,8 31,5 393 > 34,0 23,5-39,6 284-501 Àìàðàíò îâîùíîé A. hypo-

chondriacus L., ñîðò Êðåïûø Çàêàëèâàíèå 10,4 21,1 323 > 9,6 15,9-26,2 226-420 
Ï ð è ì å ÷ à í è å. NP — èíòåíñèâíîñòü âèäèìîãî ôîòîñèíòåçà, ìã ÑÎ2/(ã⋅÷); Ò — òåìïåðàòóðà âîçäóõà, 
°Ñ; Å — îñâåùåííîñòü, Âò/ì2. 

 

Ìàêñèìóì âèäèìîãî ôîòîñèíòåçà ó ñîðòà Ñóëòàí äîñòèãàëñÿ ïðè 
òåìïåðàòóðå 36,8 °Ñ è îñâåùåííîñòè 459 Âò/ì2, ó ñîðòà Êðåïûø — ñîîò-
âåòñòâåííî ïðè 31,5 °Ñ è 393 Âò/ì2. Îáà ñîðòà çàìîðîçêîóñòîé÷èâû è âû-
äåðæèâàëè êðàòêîâðåìåííîå ïðîìîðàæèâàíèå íèæå −4 °Ñ. Íåñêîëüêî áî-
ëåå óñòîé÷èâûì îêàçàëñÿ ñîðò Êðåïûø, ó êîòîðîãî çàêàëèâàíèå íà÷èíà-
ëîñü ïðè áîëåå íèçêîé ïîëîæèòåëüíîé òåìïåðàòóðå.  

Õîëîäîâîå çàêàëèâàíèå ðàñòåíèé ðåçêî óìåíüøàëî èíòåíñèâíîñòü 
âèäèìîãî ôîòîñèíòåçà è çíà÷èòåëüíî îñëàáëÿëî âëèÿíèå òåìïåðàòóðû, 
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îñîáåííî ïîíèæåííîé, íà ýòîò ïîêàçàòåëü (ðèñ. 1). Êàê ïðîäåìîíñòðèðî-
âàëè ðàíåå ïðîâåäåííûå èññëåäîâàíèÿ (15, 16), ñíèæåíèå èíòåíñèâíîñòè 
âèäèìîãî ôîòîñèíòåçà ó çàêàëåííûõ ðàñòåíèé ïðîèñõîäèò â ðåçóëüòàòå 
âîçðàñòàíèÿ èíòåíñèâíîñòè äûõàíèÿ, ãëàâíûì îáðàçîì çà ñ÷åò ñîñòàâ-
ëÿþùåé ïîääåðæàíèÿ. 

 Âîçäåéñòâèå òåìïåðàòóðû 35 °Ñ íà çàêàëåííûå ðàñòåíèÿ ìåíåå òå-
ïëîëþáèâîãî ñîðòà Êðåïûø ïðèâîäèëî ê îòðèöàòåëüíîìó ãàçîîáìåíó íå-
çàâèñèìî îò èíòåíñèâíîñòè îñâåùåíèÿ. Òåìïåðàòóðíûå êðèâûå ó íåçàêà-
ëåííûõ ðàñòåíèé îáîèõ ñîðòîâ èìåëè âûðàæåííóþ êóïîëîîáðàçíóþ ôîð-
ìó, à ìàêñèìóì íåòòî-ôîòîñèíòåçà ñ ïîâûøåíèåì òåìïåðàòóðû íàñòóïàë 
ïðè áîëüøåé îñâåùåííîñòè (400 Âò/ì2). 

 

Ðèñ. 1. Èíòåíñèâíîñòü íåòòî-ôîòîñèíòåçà ó èíòàêòíûõ ðàñòåíèé àìàðàíòà ñîðòîâ Ñóëòàí (Ama-
ranthus cruenthus L.) (À) è Êðåïûø (A. hypochondriacus L.) (Á) â ôàçó 6-7 ëèñòüåâ â çàâèñèìîñòè 
îò òåìïåðàòóðû âîçäóõà: 1 è 2 — êîíòðîëüíûå ðàñòåíèÿ ïðè îñâåùåííîñòè ñîîòâåòñòâåííî 200 
è 400 Âò/ì2; 3 è 4 — çàêàëåííûå ðàñòåíèÿ ïðè îñâåùåííîñòè ñîîòâåòñòâåííî 200 è 400 Âò/ì2

(ëàáîðàòîðíûé îïûò). 
 

Ðèñ. 2. Èíòåíñèâíîñòü íåòòî-ôîòîñèíòåçà ó èíòàêòíûõ ðàñòåíèé àìàðàíòà ñîðòîâ Ñóëòàí (Ama-
ranthus cruenthus L.) (À) è Êðåïûø (A. hypochondriacus L.) (Á) â ôàçó 6-7 ëèñòüåâ â çàâèñèìîñòè 
îò îñâåùåííîñòè: 1, 2 è 3 — êîíòðîëüíûå ðàñòåíèÿ ïðè òåìïåðàòóðå ñîîòâåòñòâåííî 10, 25 è 
35 °Ñ; 4, 5 è 6 — çàêàëåííûå ðàñòåíèÿ ïðè òåìïåðàòóðå ñîîòâåòñòâåííî 10, 25 è 35 °Ñ (ëàáî-
ðàòîðíûé îïûò).  

 

Ñâåòîâûå êðèâûå íåòòî-ôîòîñèíòåçà, ïîëó÷åííûå â ðåçóëüòàòå äâóõ-
ôàêòîðíîãî ýêñïåðèìåíòà â ðåãóëèðóåìûõ óñëîâèÿõ âíåøíåé ñðåäû, òîæå 
ñòðåìèëèñü ê êóïîëîîáðàçíîé ôîðìå (ðèñ. 2). Òàêèì îáðàçîì, âûõîä âè-
äèìîãî ôîòîñèíòåçà íà ïëàòî ïðè óñèëåíèè îñâåùåííîñòè â îäíîôàêòîð-
íûõ ýêñïåðèìåíòàõ (13, 17) ïðîèñõîäèò íå ïî ïðè÷èíå ñâåòîâîãî íàñûùå-
íèÿ, êàê ïðåäïîëàãàþò àâòîðû ýòèõ ðàáîò, à â ðåçóëüòàòå ïðîÿâëåíèÿ ëè-
ìèòèðóþùåãî ôàêòîðà, âîçìîæíî òåìïåðàòóðû. Ïðîòèâ ñâåòîâîãî íàñû-
ùåíèÿ ñâèäåòåëüñòâóþò äàííûå î âëèÿíèè èçáûòî÷íîé îñâåùåííîñòè íà 
ïîÿâëåíèå ñèíãëåòíîãî êèñëîðîäà è åãî ðàçðóøèòåëüíîì äåéñòâèè íà ôî-
òîñèíòåòè÷åñêèé àïïàðàò (18). Â òî æå âðåìÿ ñâåòîâûå êðèâûå îáîèõ ñîð-
òîâ ïîäòâåðæäàëè íåîáõîäèìîñòü óâåëè÷åíèÿ îñâåùåííîñòè ïðè âûñîêèõ 



 100 

òåìïåðàòóðàõ âîçäóõà (ñì. ðèñ. 2). Õîëîäîâîå çàêàëèâàíèå ðàñòåíèé ïîâû-
øàëî èõ õîëîäîóñòîé÷èâîñòü è èçìåíÿëî ñòåïåíü âëèÿíèÿ ñâåòà, îñîáåííî 
â îáëàñòè ïîíèæåííûõ òåìïåðàòóð. 

Èòàê, ïîòåíöèàëüíûé ìàêñèìóì íåòòî-ôîòîñèíòåçà ðàñòåíèé ïðè 
åñòåñòâåííîì ñîäåðæàíèè â âîçäóõå ÑÎ2 ó àìàðàíòà áàãðÿíîãî ñîðòà Ñóë-
òàí è àìàðàíòà îâîùíîãî ñîðòà Êðåïûø ñîñòàâëÿåò 37-38 ìã ÑÎ2/(ã⋅÷), íî 
íàñòóïàåò ïðè ðàçíûõ ñâåòî-òåìïåðàòóðíûõ óñëîâèÿõ âíåøíåé ñðåäû. Ñîðò 
Ñóëòàí çíà÷èòåëüíî áîëåå ñâåòî- è òåïëîëþáèâ. Åãî ñâåòîâàÿ çîíà îïòè-
ìóìà â ôàçó 6-7 ëèñòüåâ ëåæèò â ïðåäåëàõ 335-580 Âò/ì2, òåìïåðàòóðíàÿ — 
26,7-47,0 °Ñ. Â òî æå âðåìÿ ó ñîðòà Êðåïûø äèàïàçîí îïòèìóìà ïî îñâå-
ùåííîñòè ñîñòàâëÿåò 284-501 Âò/ì2, ïî òåìïåðàòóðå — 23,5-39,6 °Ñ. Ó 
îáîèõ ñîðòîâ çàêàëèâàíèå ðàñòåíèé íèçêèìè ïîëîæèòåëüíûìè òåìïåðà-
òóðàìè (8-10 °Ñ) ïîâûøàåò èõ òåðìîðåçèñòåíòíîñòü, çíà÷èòåëüíî ñíèæà-
åò ìàêñèìóì íåòòî-ôîòîñèíòåçà è ïðèâîäèò ê ñóæåíèþ ãðàíèö, â ïðåäå-
ëàõ êîòîðûõ îñâåùåííîñòü è òåìïåðàòóðà âëèÿþò íà äîñòèæåíèå åãî îï-
òèìàëüíûõ çíà÷åíèé.   
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A b s t r a c t  
 

Among the numerous taxonomic group of Amaranthus L., 12 species are cultivated as vege-
table, cereal and fodder crops, medicinal and ornamental plants. A limitation for their introduction 
in Russia results particularly from lack of data on the physiological and ecological parameters of 
plant growth and development, which prevents the effective breeding investigations, especially with a 
view to create varieties for cultivation in northern regions, where the temperatures during spring 
vegetation are low. In controlled conditions of two factorial preplanned experiment we studied the 
effect of light intensity and temperature to net photosynthesis in intact Amaranthus cruenthus L. 
plants (Sultan variety) and A. hypochondriacus L. plants (Krepysh variety). At 6-7 leaf phase, the 
experimental plants were subjected to hardening for 3 days at 8 °Ñ and 10 °Ñ (for A. hypochondriacus 
and A. cruenthus, respectively). To evaluate the CO2 concentration, the infrared gas analyzer In-
fràlót-IV (SAXON Junkalor GmbH, Germany) was used according to differential scheme. To de-
scribe the relationship between CO2 exchange and external factors, the nonlinear equations (a 
model) were obtained: NP = a0 + a1E + a2T + a3ET + a4E2 + a5T2, with NP as the intensity of ob-
served photosynthesis, mg ÑÎ2/(g⋅h); Å as illumination, W/m2; Ò as air temperature, °Ñ; a0-a5 as the 
coefficients calculated basing on the experimental data. A reliability of the equations was verified by 
the multiple determination index (R2 = 85-94) and F-Fisher test (F = 4.1-5.6) at ð = 0.05. This 
model can be applied for estimating photosynthetic activity at definite vegetation phase for each 
cultivar under different conditions and predicting parameters necessary to achieve definite net photo-
synthesis even under limiting factors. Thus, using multiple regression analysis, the equations were 
obtained, which allow estimating favorable combinations of the light intensity and temperature for 
maximal and optimal net photosynthesis at natural CO2 concentration in the air. In both examined 
varieties, the net photosynthesis value of 37-38 ìã ÑÎ2/(g⋅h) was registered as a potential maximum. 
Sultan variety was more light- and heat-loving, while Krepysh variety demonstrated more cold-
resistance. The photosynthetic optimum was provided within the limits of 26.7-47.0 °Ñ and 335-
580 W/m2 for Sultan variety and at 23.5-39.6 °Ñ and 284-501 W/m2 for Krepysh variety. Plant 
hardening increased their tolerance to low temperature, decreased significantly the peak of net pho-
tosynthesis and led to a narrowing the range of light intensity and temperature, necessary to achieve 
the optimal net photosynthetic parameter.  

 

Keywords: Amaranthus L., preplanned multifactorial experiment, net photosynthesis, light 
and temperature parameters, ÑÎ2-exchange.  
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