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Ñèìáèîòè÷åñêàÿ ýôôåêòèâíîñòü (ÑÝ) êëóáåíüêîâûõ áàêòåðèé (ðèçîáèé) õàðàêòåðè-
çóåò èõ àäàïòèâíûé ïîòåíöèàë è ïðàêòè÷åñêóþ çíà÷èìîñòü. Ýòîò ïðèçíàê ñâÿçàí â ïåðâóþ 
î÷åðåäü ñ ôèêñàöèåé ìîëåêóëÿðíîãî àçîòà (N2), êîòîðàÿ îñóùåñòâëÿåòñÿ ðèçîáèÿìè â êîðíå-
âûõ êëóáåíüêàõ è êîíòðîëèðóåòñÿ ãåíîòèïàìè îáîèõ ïàðòíåðîâ. Íàèáîëüøàÿ èíòåíñèâíîñòü 
N2-ôèêñàöèè õàðàêòåðíà äëÿ áûñòðîðàñòóùèõ ðèçîáèé (Rhizobium, Sinorhizobium). Îäíàêî 
ÑÝ (âëèÿíèå èíîêóëÿöèè ðèçîáèÿìè íà áèîìàññó ðàñòåíèé) îïðåäåëÿåòñÿ ìíîãèìè ãåííûìè 
ñèñòåìàìè ðèçîáèé, â òîì ÷èñëå íå ó÷àñòâóþùèìè â ðàáîòå íèòðîãåíàçû, â ñâÿçè ñ ÷åì N2-
ôèêñèðóþùóþ àêòèâíîñòü è ÑÝ ñëåäóåò ðàññìàòðèâàòü êàê äâà ðàçíûõ ñèìáèîòè÷åñêèõ ïðè-
çíàêà. Òàê, ðèçîáèè ñïîñîáíû ñèíòåçèðîâàòü áèîëîãè÷åñêè àêòèâíûå âåùåñòâà (ôèòîãîðìî-
íû, âèòàìèíû, ëþìèõðîì), êîòîðûå âëèÿþò íà ðàçâèòèå ðàñòåíèé-õîçÿåâ. Íàøåé öåëüþ áû-
ëî èçó÷åíèå âëèÿíèÿ øòàììîâ ðèçîáèé Sinorhizobium meliloti, àêòèâíî ôèêñèðóþùèõ N2, íî 
êîíòðàñòíî ðàçëè÷àþùèõñÿ ïî ñîëåóñòîé÷èâîñòè, íà ïîêàçàòåëè ãàáèòóñà (ñîîòíîøåíèÿ ðàç-
ëè÷íûõ ìîðôîìåòðè÷åñêèõ ïîêàçàòåëåé) è ïðîäóêòèâíîñòè ó ìíîãîëåòíåé òåòðàïëîèäíîé 
ëþöåðíû (Medicago sativa L.) ïðè äåéñòâèè ñîëåâîãî ñòðåññà, à òàêæå ïðè ìóòàöèÿõ ìèêðî-
ñèìáèîíòîâ, ñíèæàþùèõ ÑÝ. Â ðàáîòå èñïîëüçîâàëè øòàììû S. meliloti: 1021 (ñòàíäàðòíûé 
ëàáîðàòîðíûé øòàìì), ÑÕÌ1-188 (ÓÔ-èíäóöèðîâàííûé ìóòàíò øòàììà ÑÕÌ1, îáëàäàþùèé 
ïîâûøåííîé ÑÝ) è ÑÀ67 (øòàìì, âûäåëåííûé èç ïî÷âû â Òàäæèêèñòàíå). Êðîìå òîãî, èñ-
ñëåäîâàëè Tn5-èíäóöèðîâàííûå ìóòàíòû ñ ïîíèæåííîé ÑÝ — F (ïîëó÷åí îò øòàììà ÑÀ67 â 
íàñòîÿùåé ðàáîòå) è GL1 (ïîëó÷åí îò øòàììà 1021 â óíèâåðñèòåòå ã. Äàëüõàóñ, Êàíàäà). Ñå-
ìåíà ëþöåðíû ïîñåâíîé ñîðòà Àãíèÿ, óñòîé÷èâîãî ê ýäàôè÷åñêèì ñòðåññàì, áûëè ïîëó÷åíû 
âî Âñåðîññèéñêîì ÍÈÈ êîðìîâ èì. Â.Ð. Âèëüÿìñà (ã. Ëîáíÿ, Ìîñêîâñêàÿ îáë.). Áîáîâî-
ðèçîáèàëüíûé ñèìáèîç èçó÷àëè â ìèêðîâåãåòàöèîííûõ îïûòàõ, àíàëèçèðóÿ ðàçëè÷íûå ìîð-
ôîìåòðè÷åñêèå ïîêàçàòåëè (ìàññà è äëèíà ïîáåãîâ è êîðíåé) è èõ ñîîòíîøåíèÿ. Äëÿ àíàëèçà 
äåéñòâèÿ íà ÑÝ ñîëåâîãî ñòðåññà ëþöåðíó âûðàùèâàëè íà ñðåäå ñ äîáàâëåíèåì 0,6 % NaCl. 
Ïîêàçàíî, ÷òî â îòñóòñòâèå ñòðåññà èíîêóëÿöèÿ âñåìè øòàììàìè S. meliloti âûçûâàëà óâåëè-
÷åíèå ìàññû è äëèíû ïîáåãîâ, îäíàêî äëèíà êîðíåé ëþöåðíû ñíèæàëàñü. Ýòî ïðèâîäèëî ê 
ðåçêîìó èçìåíåíèþ ãàáèòóñà ðàñòåíèé (ñîîòíîøåíèå äëèí ïîáåãîâ è êîðíåé âîçðàñòàëî â 
2-3 ðàçà), êîòîðîå, ïî-âèäèìîìó, îáåñïå÷èâàëî âûñîêóþ èíòåíñèâíîñòü èõ ñèìáèîòðîôíîãî 
ðàçâèòèÿ. Â óñëîâèÿõ ñîëåâîãî ñòðåññà ñóùåñòâåííîãî èçìåíåíèÿ â ñîîòíîøåíèè äëèí ïîáå-
ãîâ è êîðíåé ïðè èíîêóëÿöèè ðèçîáèÿìè âûÿâëåíî íå áûëî, îäíàêî ñîîòíîøåíèå ìàññû ïî-
áåãîâ ê èõ äëèíå âîçðàñòàëî îò 0,16-0,34 ìã/ìì äî 0,52-0,68 ìã/ìì. Ó ðàñòåíèé ëþöåðíû, 
èíîêóëèðîâàííûõ ñîëå÷óâñòâèòåëüíûì øòàììîì S. meliloti ÑÀ67 (íå ñïîñîáåí ðàñòè â ïðè-
ñóòñòâèè 3 % NaCl), óòðàòà ÑÝ ñîïðîâîæäàëàñü óäëèíåíèåì ïîáåãîâ è êîðíåé ñîîòâåòñòâåííî 
íà 36 è 79 %, õîòÿ èõ ìàññà íå èçìåíÿëàñü ïî ñðàâíåíèþ ñ òàêîâîé ó íåèíîêóëèðîâàííûõ 
ðàñòåíèé. Ó ðàñòåíèé, èíîêóëèðîâàííûõ ñîëåóñòîé÷èâûìè øòàììàìè ÑÕÌ1-188 è 1021, ïðè 
âîçäåéñòâèè ñòðåññà ÑÝ ñîõðàíÿëàñü, îäíàêî ñòèìóëèðóþùåãî äåéñòâèÿ ðèçîáèé íà ðîñò ïî-
áåãîâ è êîðíåé íå îáíàðóæèëè. Tn5-ìóòàíòû F è GL1, íåñìîòðÿ íà ñíèæåííóþ ÑÝ, îêàçû-
âàëè òàêîå æå âëèÿíèå íà ãàáèòóñ ðàñòåíèé, êàê è ðîäèòåëüñêèå øòàììû. Â íàñòîÿùåé ðàáî-
òå ìû âïåðâûå ïîêàçàëè, ÷òî ïðîÿâëåíèå ÑÝ çàâèñèò îò ôàêòîðîâ äâóõ òèïîâ — òðîôè÷åñêèõ 
(îïðåäåëÿþòñÿ èíòåíñèâíîñòüþ ñèìáèîòè÷åñêîé N2-ôèêñàöèè) è ðåãóëÿòîðíûõ (ïðåäïîëî-
æèòåëüíî ñâÿçàíû ñ ìîäèôèêàöèÿìè ãîðìîíàëüíîãî ñòàòóñà ðàñòåíèé, âëèÿþùèìè íà àêòèâ-
íîñòü êîðíåâûõ è ïîáåãîâûõ ìåðèñòåì). Ãåíåòè÷åñêèå ìîäèôèêàöèè ðåãóëÿòîðíîé (ðîñòñòè-
ìóëèðóþùåé) àêòèâíîñòè ðèçîáèé ìîãóò áûòü âàæíûì ïîäõîäîì äëÿ îïòèìèçàöèè ñèìáèî-
òðîôíîãî ïèòàíèÿ áîáîâûõ êóëüòóð àçîòîì, à òàêæå äëÿ èõ àäàïòàöèè ê ýäàôè÷åñêèì (îñìî-
òè÷åñêèì) ñòðåññàì. 

 

Êëþ÷åâûå ñëîâà: êëóáåíüêîâûå áàêòåðèè (ðèçîáèè), áîáîâûå ðàñòåíèÿ, àçîòôèêñà-
öèÿ, ðîñòñòèìóëèðóþùàÿ àêòèâíîñòü, ñèìáèîòè÷åñêàÿ ýôôåêòèâíîñòü, ñîëåâîé ñòðåññ, ãàáè-
òóñ ðàñòåíèé, Medicago sativa, Sinorhizobium meliloti. 

 

Ñèìáèîòè÷åñêàÿ ýôôåêòèâíîñòü (ÑÝ), èëè ñïîñîáíîñòü óâåëè÷è-
âàòü ïðîäóêòèâíîñòü (ìàññó, íàêîïëåíèå àçîòà, êîëè÷åñòâî ñåìÿí) ó áîáî-

                                                            
* Ðàáîòà ïîääåðæàíà ãðàíòîì Ðîññèéñêîãî íàó÷íîãî ôîíäà ¹ 14-26-00094.  
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âûõ ðàñòåíèé-õîçÿåâ, — âàæíåéøèé ïðèçíàê êëóáåíüêîâûõ áàêòåðèé (ðè-
çîáèé), õàðàêòåðèçóþùèé èõ àäàïòèâíûé ïîòåíöèàë è ïðàêòè÷åñêóþ çíà-
÷èìîñòü (1, 2). Ýòîò ïðèçíàê îïðåäåëÿåòñÿ â ïåðâóþ î÷åðåäü ôèêñàöèåé 
ìîëåêóëÿðíîãî àçîòà (N2), êîòîðàÿ îñóùåñòâëÿåòñÿ ðèçîáèÿìè â êîðíåâûõ 
êëóáåíüêàõ è êîíòðîëèðóåòñÿ ãåíîòèïàìè îáîèõ ïàðòíåðîâ (3). Îäíàêî ãå-
íåòè÷åñêèå ìåõàíèçìû êîíòðîëÿ ÑÝ äî ñèõ ïîð îñòàþòñÿ ìàëîèçó÷åííûìè.  

Íàèáîëüøàÿ èíòåíñèâíîñòü N2-ôèêñàöèè õàðàêòåðíà äëÿ áûñòðî-
ðàñòóùèõ ðèçîáèé (Rhizobium, Sinorhizobium), êîòîðûå â óñëîâèÿõ ñèì-
áèîçà ñïîñîáíû ê òðàíñôîðìàöèè â íåæèçíåñïîñîáíûå âíóòðèêëåòî÷íûå 
áàêòåðîèäû. Èõ âûñîêàÿ N2-ôèêñèðóþùàÿ àêòèâíîñòü äîñòèãàåòñÿ áëàãî-
äàðÿ íåîáðàòèìîìó èíãèáèðîâàíèþ êëåòî÷íûõ ôóíêöèé, íåîáõîäèìûõ äëÿ 
àâòîíîìíîãî ñóùåñòâîâàíèÿ, âêëþ÷àÿ ðÿä ñòàäèé àçîòíî-óãëåðîäíîãî îá-
ìåíà è áèîãåíåçà êëåòî÷íûõ ñòðóêòóð (4).  

Èçâåñòíî, ÷òî ÑÝ îïðåäåëÿåòñÿ ìíîãèìè ãåííûìè ñèñòåìàìè 
ðèçîáèé, â òîì ÷èñëå íå ñâÿçàííûìè ñ ðàáîòîé íèòðîãåíàçû (ôåðìåíòà, 
êàòàëèçèðóþùåãî âîññòàíîâëåíèå N2 â NH3), ïîýòîìó ñëåäóåò ðàññìàò-
ðèâàòü N2-ôèêñèðóþùóþ àêòèâíîñòü è ÑÝ êàê äâà ðàçíûõ ñèìáèîòè÷å-
ñêèõ ïðèçíàêà (2). 

Òàê, àíàëèç Tn5-ìóòàíòîâ ðèçîáèé ëþöåðíû (Sinorhizobium meli-
loti ), îáëàäàþùèõ ïîâûøåííîé ÑÝ (5), âûÿâèë ñåðèþ íåãàòèâíûõ ðåãóëÿ-
òîðîâ ñèìáèîçà (eff-ãåíîâ), íè îäèí èç êîòîðûõ íå âõîäèò â ñîñòàâ nif- è 
fix-îïåðîíîâ, êîäèðóþùèõ ñòðóêòóðó íèòðîãåíàçû, àêòèâàöèþ åå ñèíòåçà è 
ñíàáæåíèå ýíåðãèåé (6). Ôóíêöèîíàëüíàÿ ñâÿçü ñ N2-ôèêñàöèåé âûÿâëåíà 
ëèøü äëÿ íåêîòîðûõ eff-ãåíîâ, íàïðèìåð äëÿ ãåíà phbA, èíàêòèâàöèÿ êî-
òîðîãî íàðóøàåò ñèíòåç ïðåäøåñòâåííèêà ïîëè-β-ãèäðîêñèáóòèðàòà (àöåòî-
àöåòèë-ÊîÀ), óâåëè÷èâàÿ êîëè÷åñòâî óãëåðîäà, íàïðàâëÿåìîãî áàêòåðèàëü-
íîé êëåòêîé íà ýíåðãîñíàáæåíèå íèòðîãåíàçû (7). 

Ðèçîáèè ñïîñîáíû ñèíòåçèðîâàòü ìíîæåñòâî áèîëîãè÷åñêè àêòèâ-
íûõ âåùåñòâ, êîòîðûå âëèÿþò íà ðàçâèòèå ðàñòåíèé-õîçÿåâ: ôèòîãîðìîíû 
(8-10), âèòàìèíû (11-12), ëþìèõðîì (14-15). Ëèïîõèòîîëèãîñàõàðèäíûå 
Nod-ôàêòîðû, ñ ïîìîùüþ êîòîðûõ ðèçîáèè àêòèâèðóþò ðàçâèòèå êëó-
áåíüêîâ, ðåçêî èçìåíÿþò ñèíòåç ðàñòåíèÿìè ôèòîãîðìîíîâ, ïîâûøàÿ ñî-
îòíîøåíèå öèòîêèíèíîâ ê àóêñèíàì â êîðíÿõ, â ðåçóëüòàòå ÷åãî àêòèâè-
ðóåòñÿ äåëåíèå êëåòîê êîðòåêñà è ïåðèöèêëà, ïðèâîäÿùåå ê çàêëàäêå 
êëóáåíüêîâûõ ïðèìîðäèåâ (16). Ìîäèôèêàöèè ãîðìîíàëüíîãî ñòàòóñà áî-
áîâûõ, âûçûâàåìûå ðèçîáèÿìè, ìîãóò èçìåíÿòü ñîîòíîøåíèÿ êëþ÷åâûõ 
ìîðôîìåòðè÷åñêèõ ïàðàìåòðîâ íàäçåìíûõ è ïîäçåìíûõ îðãàíîâ (ãàáèòóñ 
ðàñòåíèé), ñâÿçàííûõ ñ ÑÝ (17).  

Ðàíåå ìû óñòàíîâèëè, ÷òî ó îäíîëåòíåé äèïëîèäíîé ëþöåðíû 
(Medicago truncatula) ïîä äåéñòâèåì ñîëåâîãî ñòðåññà ðåçêî óìåíüøàåòñÿ 
äëèíà ïîáåãîâ (â 3-14 ðàçà) ïðè ñîõðàíåíèè èõ ìàññû (18). Ó íåêîòîðûõ 
ëèíèé M. truncatula ãàáèòóñ íîðìàëèçóåòñÿ ïðè èíîêóëÿöèè N2-ôèêñè-
ðóþùèìè øòàììàìè Sinorhizobium meliloti, ÷òî ïîäòâåðæäàåò ñõîäñòâî ìå-
õàíèçìîâ ðàçâèòèÿ ñèìáèîçà è ðåàêöèè ðàñòåíèé íà ñîëåâîé ñòðåññ. Ëî-
ãè÷íî ïðåäïîëîæèòü, ÷òî ðåãóëÿòîðíûå âîçäåéñòâèÿ ìèêðîñèìáèîíòîâ íà 
ðàñòåíèÿ áóäóò íàèáîëåå âûðàæåííûìè íà ôîíå âëèÿíèÿ ãåíîòèïè÷åñêèõ 
èëè ñðåäîâûõ ôàêòîðîâ, ñíèæàþùèõ èíòåíñèâíîñòü N2-ôèêñàöèè.  

Â íàñòîÿùåé ðàáîòå ìû âïåðâûå ïîêàçàëè, ÷òî ïðîÿâëåíèå ÑÝ ðè-
çîáèé çàâèñèò îò ôàêòîðîâ äâóõ òèïîâ — òðîôè÷åñêèõ (îïðåäåëÿþòñÿ èí-
òåíñèâíîñòüþ ñèìáèîòè÷åñêîé N2-ôèêñàöèè) è ðåãóëÿòîðíûõ (ïðåäïîëî-
æèòåëüíî ñâÿçàíû ñ ìîäèôèêàöèÿìè ãîðìîíàëüíîãî ñòàòóñà ðàñòåíèé, 
âëèÿþùèìè íà àêòèâíîñòü êîðíåâûõ è ïîáåãîâûõ ìåðèñòåì). 

Öåëüþ íàøåé ðàáîòû áûëî èçó÷åíèå âëèÿíèÿ àêòèâíî ôèêñèðóþ-
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ùèõ N2, íî êîíòðàñòíî ðàçëè÷àþùèõñÿ ïî ñîëåóñòîé÷èâîñòè øòàììîâ ðè-
çîáèé Sinorhizobium meliloti íà ïîêàçàòåëè ãàáèòóñà è ïðîäóêòèâíîñòè ó 
ìíîãîëåòíåé òåòðàïëîèäíîé ëþöåðíû (Medicago sativa L.) ïðè äåéñòâèè 
ñîëåâîãî ñòðåññà, à òàêæå ïðè ìóòàöèÿõ ìèêðîñèìáèîíòîâ, ñíèæàþùèõ  
cèìáèîòè÷åñêóþ ýôôåêòèâíîñòü.  

Ìåòîäèêà. Â ðàáîòå èñïîëüçîâàëè àêòèâíî ôèêñèðóþùèå N2 øòàì-
ìû êëóáåíüêîâûõ áàêòåðèé ëþöåðíû: 1021 — ñòàíäàðòíûé ëàáîðàòîðíûé 
øòàìì (19), ÑÕÌ1-188 — ÓÔ-èíäóöèðîâàííûé ìóòàíò øòàììà ÑÕÌ1, 
îáëàäàþùèé ïîâûøåííîé ÑÝ (20), è ÑÀ67 — øòàìì, âûäåëåííûé èç ïî÷-
âû â Òàäæèêèñòàíå (21). Êðîìå òîãî, èññëåäîâàëè Tn5-èíäóöèðîâàííûå 
ìóòàíòû — F (ïîëó÷åí îò øòàììà ÑÀ67 â íàñòîÿùåé ðàáîòå) è GL1 (ïîëó-
÷åí îò øòàììà 1021 â óíèâåðñèòåòå ã. Äàëüõàóñ, Êàíàäà). Ñîëåóñòîé÷è-
âîñòü øòàììîâ îïðåäåëÿëè íà ïëîòíîé (1,5 % àãàð-àãàðà) ñðåäå TY ñ ðàç-
íûìè êîíöåíòðàöèÿìè NaCl (îò 2,0 äî 4,5 %).  

Ñåìåíà ëþöåðíû ïîñåâíîé ñîðòà Àãíèÿ, óñòîé÷èâîãî ê ýäàôè÷å-
ñêèì ñòðåññàì, ïîëó÷åíû âî Âñåðîññèéñêîì ÍÈÈ êîðìîâ èì. Â.Ð. Âèëü-
ÿìñà (Ìîñêîâñêàÿ îáë., ã. Ëîáíÿ).  

Áîáîâî-ðèçîáèàëüíûé ñèìáèîç èçó÷àëè â ìèêðîâåãåòàöèîííûõ 
îïûòàõ ïðè âûðàùèâàíèè ðàñòåíèé â ñòåðèëüíûõ ïðîáèðêàõ íà àãàðèçî-
âàííîé (0,7 %) áåçàçîòíîé ñðåäå Êðàñèëüíèêîâà-Êîðåíÿêî â 8-10-êðàòíîé 
ïîâòîðíîñòè â òå÷åíèå 30 ñóò (20). Ïîêàçàòåëåì ÑÝ ñëóæèëà ïðèáàâêà ñó-
õîé ìàññû ïîáåãîâ ó èíîêóëèðîâàííûõ ðèçîáèÿìè ðàñòåíèé ïî ñðàâíåíèþ 
ñ êîíòðîëüíûìè (íåèíîêóëèðîâàííûìè).  

Äëÿ àíàëèçà äåéñòâèÿ ñîëåâîãî ñòðåññà íà ïîêàçàòåëè ðàçâèòèÿ 
(äëèíà ïîáåãîâ, äëèíà êîðíåé, ñóõàÿ ìàññà êîðíåé) ðàñòåíèé ëþöåðíû èõ 
âûðàùèâàëè â ñðåäå ñ äîáàâëåíèåì 0,6 % NaCl. 

Ñòàòèñòè÷åñêóþ îáðàáîòêó äàííûõ ïðîâîäèëè ïîñðåäñòâîì äèñïåð-
ñèîííîãî àíàëèçà (22) â ïðîãðàììå Microsoft Office Excel 2007.   

Ðåçóëüòàòû. Øòàììû, èñïîëüçîâàííûå â ðàáîòå, êîíòðàñòíî ðàçëè-
÷àëèñü ïî óñòîé÷èâîñòè ê ñîëåâîìó ñòðåññó: 1021 è ÑÕÌ1-188 áûëè  ñïî-
ñîáíû ðàñòè íà òâåðäîé àãàðèçîâàííîé ñðåäå 79 ïðè äîáàâëåíèè 3 % 
NaCl (R-ôåíîòèï), òîãäà êàê ðîñò øòàììà ÑÀ67 íà ýòîé ñðåäå îêàçàëñÿ 
ïîäàâëåí (S-ôåíîòèï). Tn5-èíäóöèðîâàííûå ìóòàíòû ïðîÿâëÿëè ïîíè-
æåííóþ ÑÝ (ôåíîòèï Eff+/–), ïðè÷åì ìóòàíò F øòàììà ÑÀ67 îáëàäàë 
òàêæå ïîâûøåííîé ñîëåóñòîé÷èâîñòüþ (áûë ñïîñîáåí ðàñòè â ïðèñóòñò-
âèè 3,5 % NaCl). 

Ïðè ñèìáèîçå ñ ëþöåðíîé â îòñóòñòâèå ñîëåâîãî ñòðåññà íàè-
áîëüøóþ ÑÝ ïðîÿâèë S-øòàìì ÑÀ67: ó èíîêóëèðîâàííûõ èì ðàñòåíèé 
ìàññà è äëèíà ïîáåãîâ ïîâûøàëèñü ñîîòâåòñòâåííî íà 163 è 169 % ïî 
ñðàâíåíèþ ñ êîíòðîëåì, òîãäà êàê äëèíà êîðíåé íåñóùåñòâåííî (íà 7 %) 
ñíèæàëàñü (òàáë. 1).  

1. Îòíîñèòåëüíûå èçìåíåíèÿ (%) ïîêàçàòåëåé ðàçâèòèÿ ó ðàñòåíèé ëþöåðíû 
Medicago sativa L., èíîêóëèðîâàííûõ øòàììàìè ðèçîáèé Sinorhizobium 
meliloti, ðàçëè÷àþùèìèñÿ ïî ñîëåóñòîé÷èâîñòè (ìèêðîâåãåòàöèîííûé îïûò) 

Áåç ñîëåâîãî ñòðåññà 
Â óñëîâèÿõ ñîëåâîãî ñòðåññà 
(0,6 % NaCl) Øòàìì 

ÌÏ ÄÏ ÄÊ ÌÏ ÄÏ ÄÊ 
ÑÀ67 (S) +163* +169* 7 +5 +36* +79* 
1021 (R)  +73* +90* 28* +138* 1 7 
ÑÕÌ1-188 (R) +96* +56* 21* +160* 24* 6 
Ï ð è ì å ÷ à í è å. Â ñêîáêàõ óêàçàíà ñïîñîáíîñòü øòàììîâ ê ðîñòó íà ñðåäå ñ 3 % NaCl: R — íàëè÷èå, 
S — îòñóòñòâèå ðîñòà. ÌÏ — ñóõàÿ ìàññà ïîáåãîâ, ÄÏ — äëèíà ïîáåãîâ, ÄÊ — äëèíà êîðíåé. 
*P0 < 0,05 (äîñòîâåðíîå îòëè÷èå îò êîíòðîëÿ áåç èíîêóëÿöèè). 

 

Èíîêóëÿöèÿ R-øòàììàìè ÑÕÌ1-188 è 1021 ïîâûøàëà ìàññó è 



äëèíó ïîáåãîâ íà 56-96 %, à äëèíà êîðíåé äîñòîâåðíî ñíèæàëàñü (íà 21-
28 %). Ïðè ýòîì íàáëþäàëèñü ðåçêèå èçìåíåíèÿ ãàáèòóñà ëþöåðíû: ñîîò-
íîøåíèå äëèíû ïîáåãîâ è êîðíåé âîçðàñòàëî â 2-3 ðàçà ïî ñðàâíåíèþ ñ 
êîíòðîëåì áåç èíîêóëÿöèè (ðèñ.). 

Äåéñòâèå ñîëåâîãî ñòðåñ-
ñà (0,6 % NaCl) ïðèâîäèëî ê 
óòðàòå ÑÝ ó S-øòàììà ÑÀ67: 
ìàññà ïîáåãîâ íå èçìåíÿëàñü ïî 
ñðàâíåíèþ ñ êîíòðîëåì, õîòÿ èõ 
äëèíà äîñòîâåðíî âîçðàñòàëà íà 
36 % (ñì. òàáë. 1). Äëèíà êîð-
íåé óâåëè÷èâàëàñü íà 79 %, 
÷òî ìîãëî áûòü ñâÿçàíî ñ ïðå-
èìóùåñòâåííîé ñòèìóëÿöèåé 
áàêòåðèÿìè ðàçâèòèÿ êîðíåâûõ 
ìåðèñòåì. ÑÝ ó R-øòàììîâ â 
óñëîâèÿõ ñîëåâîãî ñòðåññà îêà-
çàëàñü áîëåå âûñîêîé, ÷åì áåç 
íåãî: ìàññà ïîáåãîâ âîçðàñòàëà 
íà 138-160 % ïî ñðàâíåíèþ ñ 
êîíòðîëåì, îäíàêî èõ äëèíà 

äîñòîâåðíî óìåíüøàëàñü (äëÿ øòàììà ÑÕÌ1-188), ëèáî îñòàâàëàñü ïðåæ-
íåé (äëÿ øòàììà 1021). Ïðè ýòîì íàáëþäàëîñü íåäîñòîâåðíîå (íà 6-7 %) 
ñíèæåíèå äëèíû êîðíåé, ïîýòîìó ãàáèòóñ ðàñòåíèé èçìåíÿëñÿ íåçíà÷è-
òåëüíî (ñì. ðèñ.).  

Cîîòíîøåíèå äëèíû ïîáåãîâ è êîðíåé (ÄÏ/ÄÊ) ó 
ëþöåðíû Medicago sativa L. â îòñóòñòâèå (1) è ïðè 
äåéñòâèè ñîëåâîãî ñòðåññà (0,6 % NaCl) (2) ïðè
èíîêóëÿöèè ðàçëè÷íûìè øòàììàìè Sinorhizobium
meliloti: à — ÊÁÈ (êîíòðîëü áåç èíîêóëÿöèè), á —
ÑÕÌ1-188, â — 1021, ã — ÑÀ67 (ìèêðîâåãåòàöèîí-
íûé îïûò). 

Ïîñêîëüêó â óñëîâèÿõ ñòðåññà äëèíà ïîáåãîâ è êîðíåé âîçðàñòàëà 
òîëüêî ïðè èíîêóëÿöèè ëþöåðíû S-øòàììîì ÑÀ67, ëîãè÷íî ïðåäïîëî-
æèòü, ÷òî îïòèìàëüíûå óñëîâèÿ äëÿ ðîñòñòèìóëèðóþùåãî âîçäåéñòâèÿ 
áàêòåðèé íà ðàñòåíèÿ ñîçäàâàëèñü èìåííî ïðè ïîäàâëåíèè ÑÝ. Îäíàêî ó 
íèçêîýôôåêòèâíîãî (Eff+/–) ìóòàíòà F, íåñìîòðÿ íà åãî ïîâûøåííóþ ñî-
ëåóñòîé÷èâîñòü, âîçäåéñòâèå íà ãàáèòóñ ðàñòåíèé îêàçàëîñü òàêèì æå, êàê 
ó ðîäèòåëüñêîãî øòàììà CF67 (òàáë. 2).  

2. Ñèìáèîòè÷åñêàÿ ýôôåêòèâíîñòü ìóòàíòíîãî (F) è ðîäèòåëüñêîãî (ÑÀ67) 
øòàììîâ Sinorhizobium meliloti íà ðàñòåíèÿõ ëþöåðíû Medicago sativa L. 
â çàâèñèìîñòè îò äåéñòâèÿ ñîëåâîãî ñòðåññà (ìèêðîâåãåòàöèîííûå îïûòû) 

Ãàáèòóñ ðàñòåíèé 
Èíîêóëþì ÌÏ, ìã ÄÏ, ìì ÄÊ, ìì 

ÄÏ/ÄÊ ÌÏ/ÄÏ 
Á å ç  ñ î ë å â î ã î  ñ ò ð å ñ ñ à  

ÑÀ67 23,7a 86,1a 195,3a 0,44a 0,28a 
F 17,3b 64,3a 140,1b 0,46a 0,27a 
Îòñóòñòâóåò 9,0c 32,5b 210,9ñ 0,15b 0,28a 
ÍÑÐ0,05 4,85 23,27 15,53 0,08 

Â  ó ñ ë î â è ÿ õ  ñ î ë å â î ã î  ñ ò ð å ñ ñ à  (0,6 % NaCl) 
ÑÀ67 9,8c 15,2c 75,5c 0,20a 0,65a 
F 8,0c 15,3c 64,7c 0,23a 0,52b 
Îòñóòñòâóåò  9,3c 11,0d 42,8d 0,26a 0,85c 
ÍÑÐ0,05 1,94 2,08 15,73 0,07 
Ï ð è ì å ÷ à í è å. ÌÏ — ìàññà ïîáåãîâ, ÄÏ — äëèíà ïîáåãîâ, ÄÊ — äëèíà êîðíåé. Ðàçíûìè áóêâàìè (a, 
b, c, d) îáîçíà÷åíû äîñòîâåðíî (P0 < 0,05) ðàçëè÷àþùèåñÿ çíà÷åíèÿ äëÿ êàæäîãî ïðèçíàêà.  

 

Íå áûëî âûÿâëåíî èçìåíåíèé ãàáèòóñà ðàñòåíèé è ó Eff+/– ìóòàíòà 
øòàììà GL1, íå îòëè÷àþùåãîñÿ ïî ñîëåóñòîé÷èâîñòè îò ðîäèòåëüñêîãî 
øòàììà 1021 (òàáë. 3). 

Âëèÿíèå èíîêóëÿöèè êëóáåíüêîâûìè áàêòåðèÿìè íà ãàáèòóñ ëþ-
öåðíû (ñîîòíîøåíèå äëèíû ïîáåãîâ è êîðíåé) ïðîÿâëÿëîñü òîëüêî â îò-
ñóòñòâèå ñîëåâîãî ñòðåññà. Ïðè ñòðåññå ýòîò ïîêàçàòåëü ïðàêòè÷åñêè íå ìå-
íÿëñÿ, îäíàêî ñîîòíîøåíèå ìàññû ïîáåãîâ ê èõ äëèíå âîçðàñòàëî ñ 0,16-
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0,34 äî 0,52-0,68 ìã/ìì (ñì. òàáë. 2 è 3). Àíàëîãè÷íîå èçìåíåíèå ãàáèòóñà 
ìû íàáëþäàëè ðàíåå ïðè âîçäåéñòâèè ñîëåâîãî ñòðåññà íà èíîêóëèðîâàí-
íûå ðèçîáèÿìè ðàñòåíèÿ äèïëîèäíîé ëþöåðíû M. truncatula (18). Ïîñêîëü-
êó êîëè÷åñòâî êëóáåíüêîâ ïðè ñîëåâîì ñòðåññå äîñòîâåðíî íå ìåíÿåòñÿ, 
î÷åâèäíî, ÷òî ó îáîèõ âèäîâ ëþöåðíû àêòèâíîñòü ïîáåãîâûõ ìåðèñòåì ïî-
äàâëÿåòñÿ â áîëüøåé ñòåïåíè, ÷åì àêòèâíîñòü êëóáåíüêîâûõ ìåðèñòåì (18).  

3. Ñèìáèîòè÷åñêàÿ ýôôåêòèâíîñòü ìóòàíòíîãî (GL1) è ðîäèòåëüñêîãî (1021) 
øòàììîâ Sinorhizobium meliloti íà ðàñòåíèÿõ ëþöåðíû Medicago sativa L. 
â çàâèñèìîñòè îò äåéñòâèÿ ñîëåâîãî ñòðåññà (ìèêðîâåãåòàöèîííûé îïûò) 

Ãàáèòóñ ðàñòåíèé 
Èíîêóëþì ÌÏ, ìã ÌÊ, ìã ÄÏ, ìì ÄÊ, ìì 

ÌÏ/ÌÊ ÄÏ/ÄÊ ÌÏ/ÄÏ 
Á å ç  ñ î ë å â î ã î  ñ ò ð å ñ ñ à  

1021 17,9a 4,3a 53,1a 129,6a 4,16a 0,40a 0,34a 
GL1 10,5b 2,4b 65,6a 145,5a 4,38a 0,45a 0,16b 
Îòñóòñòâóåò 7,5bd 6,5c 27,9b 181,1b 1,15b 0,15b 0,27a 

Â  ó ñ ë î â è ÿ õ  ñ î ë å â î ã î  ñ ò ð å ñ ñ à  (0,6 % NaCl) 
1021 10,7b 5,0a 20,7b 145,2a 2,14c 0,14b 0,52c 
GL1 10,4b 5,3a 15,2c 151,8a 1,96c 0,10b 0,68d 
Îòñóòñòâóåò 4,5cd 7,3c 20,8b 156,0a 0,61b 0,13b 0,22ab 
ÍÑÐ0,05 4,23 1,27 5,11 32,54 0,97 0,08 
Ï ð è ì å ÷ à í è å. ÌÏ — ìàññà ïîáåãîâ, ÌÊ — ìàññà êîðíåé, ÄÏ — äëèíà ïîáåãîâ, ÄÊ — äëèíà êîðíåé. 
Ðàçíûìè áóêâàìè (a, b, c, d) îáîçíà÷åíû äîñòîâåðíî (P0 < 0,05) ðàçëè÷àþùèåñÿ çíà÷åíèÿ äëÿ êàæäîãî 
ïðèçíàêà.  

 

Ëîãè÷íî ïðåäïîëîæèòü, ÷òî óâåëè÷åíèå äëèíû ïîáåãîâ â ñî÷åòàíèè 
ñ óêîðî÷åíèåì êîðíåé, êîòîðîå ìû íàáëþäàëè ïðè èíîêóëÿöèè ëþöåðíû 
ðèçîáèÿìè â îòñóòñòâèå ñòðåññà, óëó÷øàëî óñâîåíèå ôèêñèðîâàííîãî àçî-
òà, ñïîñîáñòâóÿ åãî òðàíñëîêàöèè â íàäçåìíûå îðãàíû è èñïîëüçîâàíèþ 
äëÿ ðàçâèòèÿ âåãåòàòèâíîé ìàññû è ñåìÿí. Óäëèíåíèå ïîáåãîâ è óêîðî÷å-
íèå êîðíåé ìîãëè áûòü îáóñëîâëåíû âûÿâëåííîé ðàíåå (16) âûðàáîòêîé 
ðèçîáèÿìè èíãèáèòîðîâ ñèíòåçà àóêñèíîâ, êîòîðàÿ ïðèâîäèëà ê ñíèæåíèþ 
ñîîòíîøåíèÿ àóêñèíû:öèòîêèíèíû, ñòèìóëèðóÿ ðàçâèòèå ìåðèñòåì ïîáå-
ãîâ è êëóáåíüêîâ (ñõîäíûõ ïî òêàíåâîé ñòðóêòóðå ñ ïîáåãàìè), íî èíãèáè-
ðîâàëà àêòèâíîñòü êîðíåâûõ ìåðèñòåì. Äåéñòâèòåëüíî, ó ðèçîáèé ñîè 
(Bradyrhizobium japonicum) èíòåíñèâíîñòü ñèíòåçà öèòîêèíèíîâ êîððåëè-
ðóåò ñ ÷èñëîì îáðàçóåìûõ êëóáåíüêîâ è ñ ÑÝ (23). Âûÿâëåííîå íàìè âîç-
ðàñòàíèå äëèí êîðíåé è ïîáåãîâ ó M. sativa ïðè èíîêóëÿöèè S-øòàììîì 
ÑÀ67 â óñëîâèÿõ ñòðåññà ìîãëî áûòü îáóñëîâëåíî òåì, ÷òî ïðè ïîäàâëåíèè 
íèòðîãåíàçíîé àêòèâíîñòè óñèëèâàëñÿ ñèíòåç ôèòîãîðìîíîâ, êîòîðûé îñó-
ùåñòâëÿþò ëèáî áàêòåðèè, ëèáî ðàñòèòåëüíûå êëåòêè, ïîäâåðãøèåñÿ âîç-
äåéñòâèþ áàêòåðèàëüíûõ ñèãíàëîâ (16, 25). 

Îïèñàííûå íàìè ýôôåêòû, âîçìîæíî, áûëè îáóñëîâëåíû ñèñòåì-
íîé ðåãóëÿöèåé êëóáåíüêîîáðàçîâàíèÿ, êîòîðàÿ ó ìîäåëüíîãî áîáîâîãî 
Lotus japonicus L. íà÷èíàåòñÿ ñ èíäóêöèè áàêòåðèÿìè ñèíòåçà ñèãíàëüíûõ 
CLE-ïåïòèäîâ â êîðíÿõ (16). Âîçäåéñòâèå CLE-ïåïòèäîâ íà ðåöåïòîðíóþ 
êèíàçó HAR1, ñèíòåçèðóåìóþ â ïîáåãàõ, âûçûâàëî ïðîäóêöèþ îòâåòíûõ 
ñèãíàëîâ, êîòîðûå ïåðåìåùàëèñü â êîðíè è áëîêèðîâàëè ôîðìèðîâàíèå 
èçáûòêà êëóáåíüêîâ. Ïðè ýòîì â íàäçåìíîé ÷àñòè ðàñòåíèé àêòèâèðîâàëñÿ 
ñèíòåç öèòîêèíèíîâ (ïîä êîíòðîëåì áåëêà LjIPT3), êîòîðûå ïîâûøàëè àê-
òèâíîñòü ïîáåãîâûõ ìåðèñòåì, íî ñíèæàëè àêòèâíîñòü ìåðèñòåì êîðíÿ (24). 

Ìîäèôèêàöèè ãàáèòóñà ó ðàñòåíèé M. sativa, íàáëþäàåìûå íàìè 
ïðè ñî÷åòàíèè ñîëåâîãî ñòðåññà è èíîêóëÿöèè ÷óâñòâèòåëüíûì ê íåìó 
øòàììîì S. meliloti ÑÀ67, ìîãëè áûòü ñâÿçàíû ñ ðàçëè÷íîé íàïðàâëåííî-
ñòüþ èçìåíåíèé ãîðìîíàëüíîãî ñòàòóñà, âûçûâàåìûõ ýòèìè âîçäåéñòâèÿìè 
â íàäçåìíûõ è ïîäçåìíûõ îðãàíàõ. Èçâåñòíî, ÷òî íàðóøåíèÿ ñèíòåçà ôè-
òîãîðìîíîâ, âûÿâëåííûå ó ñîè (26) è ó ðÿäà íåáîáîâûõ ðàñòåíèé (27) ïðè 
ñîëåâîì ñòðåññå, íîñÿò ñëîæíûé õàðàêòåð: îíè âêëþ÷àþò èçìåíåíèÿ ñî-
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äåðæàíèÿ ñàëèöèëîâîé è æàñìîíîâîé êèñëîò, ó÷àñòâóþùèõ â ðåàêöèè ðàñ-
òåíèé íà èíîêóëÿöèþ ôèòîïàòîãåííûìè è ñèìáèîòè÷åñêèìè ìèêðîîðãàíèç-
ìàìè. Ýòè èçìåíåíèÿ ìîãóò îòðàæàòü ýâîëþöèîííóþ ñâÿçü ðèçîáèé ñ ðèçî-
ñôåðíûìè è ýíäîôèòíûìè ñèìáèîíòàìè, ðîñòñòèìóëèðóþùàÿ àêòèâíîñòü 
êîòîðûõ îáóñëîâëåíà ãëàâíûì îáðàçîì ñèíòåçîì ôèòîãîðìîíîâ (28, 29). 

Òàêèì îáðàçîì, àíàëèç èçìåíåíèé ãàáèòóñà ðàñòåíèé ëþöåðíû 
Medicago sativa ïðè èíîêóëÿöèè øòàììàìè ðèçîáèé Sinorhizobium meliloti 
è ïîä äåéñòâèåì ñîëåâîãî ñòðåññà ïîêàçàë, ÷òî ýôôåêòèâíîñòü áîáîâî-
ðèçîáèàëüíîãî ñèìáèîçà çàâèñèò íå òîëüêî îò èíòåíñèâíîñòè N2-ôèê-
ñàöèè, íî è îò ðåãóëÿòîðíûõ âîçäåéñòâèé ìèêðîñèìáèîíòîâ, êîòîðûå îï-
ðåäåëÿþò ãîðìîíàëüíûé ñòàòóñ ðàñòåíèé-õîçÿåâ. Ëîãè÷íî ïðåäïîëîæèòü, 
÷òî â ñèñòåìå êëóáåíüêîâîãî ñèìáèîçà ðåãóëÿòîðíûå âîçäåéñòâèÿ ðèçîáèé 
íà áîáîâûå ðàñòåíèÿ ñóùåñòâåííî àêòèâèðóþò èõ ñèìáèîòðîôíîå ðàçâèòèå 
(íàïðèìåð, óëó÷øàÿ àññèìèëÿöèþ ïðîäóêòîâ N2-ôèêñàöèè àêòèâíî ðàñ-
òóùèìè íàäçåìíûìè îðãàíàìè). Ãåíû, êîíòðîëèðóþùèå ýòè âîçäåéñòâèÿ, 
ìîãóò áûòü èñïîëüçîâàíû äëÿ êîíñòðóèðîâàíèÿ øòàììîâ ðèçîáèé ñ ïîâû-
øåííîé cèìáèîòè÷åñêîé ýôôåêòèâíîñòüþ, êîòîðàÿ îïðåäåëÿåòñÿ àêòèâíî-
ñòüþ óñâîåíèÿ áîáîâûìè ôèêñèðîâàííîãî àçîòà, à òàêæå èõ óñòîé÷èâîñòüþ 
ê ýäàôè÷åñêèì ñòðåññàì.  

 

Àâòîðû ïðèçíàòåëüíû Ë.À. Ëóòîâîé çà êðèòè÷åñêèå çàìå÷àíèÿ ïî ñòàòüå è 
Ñ.Í. Þðãåëü, ïðåäîñòàâèâøåé ìóòàíò GL1. 
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A b s t r a c t  
 

Symbiotic efficiency (SE) in nodule bacteria (rhizobia) characterizers their adaptive poten-
tial and practical significance. This trait is closely related to fixation of molecular nitrogen (N2) 
which is implemented by rhizobia in root nodules and is controlled by genotypes of both partners. 
The highest intensity of N2 fixation is typical for fast-growing rhizobia (Rhizobium, Sinorhizobium). 
However, SE (impact of the rhizobia inoculation on the plant biomass) is determined by many gene 
systems of rhizobia including those not related to operation of nitrogenase. Therefore, N2-fixing ac-
tivity and SE should be considered as two different symbiotic features. Specifically, rhizobia can syn-
thesize biologically active substances (phytohormones, vitamins, lumichrome) which influence the 
development of host plants. The aim of our research was to explore the impacts of Sinorhizobium 
meliloti strains which are fixing actively N2 but are contrasting in salt resistance on productivity and 
on the indices of habitus (ratios of different plant morphometric traits) in perennial tetraploid alfalfa 
(Medicago sativa). These impacts were studied under influences of the salinity stress and of the mi-
crosymbiont mutations affecting SE. We used S. meliloti strains: 1021 (standard laboratory strain), 
ÑÕÌ1-188 (UV-induced mutant of strain ÑÕÌ1 possessing an increased SE) and ÑÀ67 (strain iso-
lated from the Tajikistan soils). Besides, we used Tn5-induced mutants with a decreased SE: F (ob-
tained from strain ÑÀ67 in this research) and GL1 (obtained from strain 1021 at Dalhouse Univer-
sity, Canada). Seeds of alfalfa cultivar Agnia resistant to edaphic stresses were obtained from All-
Russia Research Institute of Fodders named after V.R. Williams (Lobnya, Moscow Province). The 
legume-rhizobia symbiosis was studied in the microvegetative trials by analyzing different mor-
phometric traits (mass and length of shoots and roots) and their ratios as dependent on the salinity 
stress (0.6 % NaCl). In the absence of stress, all S. meliloti strains possessing the high N2-fixing ac-
tivities but contrasting in salt tolerance resulted in the increased mass and length of alfalfa shoots 
combined with the decreased length of roots. These effects lead to a drastic change in the plant habi-
tus (shoot:root ratios for length increased 2-3 fold) which are perhaps responsible for the high inten-
sity of symbiotrophic alfalfa development. Under the salinity stress, no significant changes of the 
shoot:root length ratio were revealed, while the mass:length ratio in shoots was increased from 0.16-
0.34 mg/mm to 0.52-0.68 mg/mm. In plants inoculated with the salt-sensitive S. meliloti strain 
CA67 (unable to grow in the presence of 3 % NaCl), loss of SE induced by the salinity stress was 
accompanied by the increase of shoot and root length (by 36 % and 79 %, respectively) although 
their masses were not changed with respect to non-inoculated control. In plants inoculated with the 
salt-tolerant strains CXM1-188 and 1021, SE under the salinity stress was retained while the stimula-
tory impacts on the shoot and root growth were not revealed. The Tn5 mutants F and GL1 charac-
terized by the decreased SE did not differ from parental strains in their influences on plant habitus. 
In this work we demonstrated for the first time that the SE depends on two factors — nutritional 
(determined by N2 fixation) and regulatory (possibly mediated by modulations of hormonal status in 
plants which influence the activities of shoot and root meristems). The genetic modifications of regu-
latory (growth-stimulatory) rhizobia activities may represent an important approach for optimizing 
the symbiotrophic nitrogen nutrition in the leguminous crops and for their adaptations to the ed-
aphic (osmotic) stresses.  

 

Keywords: nodule bacteria (rhizobia), leguminous plants, N2 fixation, growth-stimulatory 
activity, symbiotic efficiency, salinity stress, plant habitus, Medicago sativa, Sinorhizobium meliloti. 
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