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Ïî÷âåííàÿ ìèêðîáèîëîãèÿ 
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ÈÍÒÐÎÄÓÊÖÈß Â ÏÎ×ÂÓ Bacillus megaterium 501rif: ÔÀÊÒÎÐÛ,  
ÂËÈßÞÙÈÅ ÍÀ ÂÛÆÈÂÀÍÈÅ, ÑÏÎÐÎÎÁÐÀÇÎÂÀÍÈÅ È 

ÐÀÇËÎÆÅÍÈÅ ÃÅÐÁÈÖÈÄÀ ÏÐÎÌÅÒÐÈÍÀ 

Þ.Â. ÊÐÓÃËÎÂ, Ò.Î. ËÈÑÈÍÀ 

Âîïðîñû èíòðîäóêöèè ìèêðîîðãàíèçìîâ â ïî÷âó îòíîñÿòñÿ ê ôóíäàìåíòàëüíûì îñíîâàì 
ïðèìåíåíèÿ ìèêðîáíûõ ïðåïàðàòîâ â çåìëåäåëèè, ðàñòåíèåâîäñòâå è ýêîëîãèè. Ýôôåêòèâíîñòü 
èíòðîäóêöèè çàâèñèò îò ñîâîêóïíîñòè ìíîãèõ ôàêòîðîâ — âèäà è øòàììà ìèêðîîðãàíèçìà, ôèçè-
êî-õèìè÷åñêèõ ñâîéñòâ ïî÷âû, ðàñòèòåëüíîãî ïîêðîâà, êëèìàòà è ò.ä., êîòîðûå èçó÷åíû íåäîñòà-
òî÷íî, ÷òî îáóñëîâëèâàåò âûñîêóþ âàðèàáåëüíîñòü ðåçóëüòàòîâ ïðèìåíåíèÿ ìèêðîáíûõ ïðåïàðà-
òîâ. Â íàñòîÿùåé ðàáîòå âïåðâûå èññëåäîâàíà äèíàìèêà ðîñòà è ñïîðîîáðàçîâàíèÿ ó èíòðîäóöè-
ðóåìîãî â äåðíîâî-ïîäçîëèñòóþ ïî÷âó øòàììà Bacillus megaterium 501rif â çàâèñèìîñòè îò òåìïå-
ðàòóðû ïî÷âû, ñîäåðæàíèÿ îðãàíè÷åñêîãî âåùåñòâà è 2-ìåòèëòèî-4,6-áèñ (èçîïðîïèëàìèíî)-ñèì-
òðèàçèíà (ãåðáèöèä ïðîìåòðèí). Â ëàáîðàòîðíûõ îïûòàõ áûëî óñòàíîâëåíî, ÷òî îïòèìàëüíûå óñ-
ëîâèÿ äëÿ èíòðîäóêöèè áàêòåðèé ñêëàäûâàþòñÿ ïðè òåìïåðàòóðå 20 °Ñ: ñïóñòÿ 3 ñóò ïîñëå èíî-
êóëÿöèè òèòð áàêòåðèé â ïî÷âå âîçðàñòàë ïî÷òè íà ïîðÿäîê è îñòàâàëñÿ òàêèì äî îêîí÷àíèÿ ýêñ-
ïåðèìåíòà (32 ñóò). Èíòðîäóöèðîâàííàÿ êóëüòóðà B. megaterium 501rif â òå÷åíèå âñåãî îïûòà 
íàõîäèëàñü â ôîðìå ôèçèîëîãè÷åñêè àêòèâíûõ âåãåòàòèâíûõ êëåòîê, ñòàíîâÿñü êîíêóðåíòîñïî-
ñîáíûì êîìïîíåíòîì ïî÷âåííîãî ìèêðîáèîìà. Äîïîëíèòåëüíîå ââåäåíèå â ïî÷âó îðãàíè÷åñêîãî 
âåùåñòâà â âèäå ñîëîìû çåðíîâûõ è êóêóðóçíîé ìóêè â ýòèõ óñëîâèÿõ ïðèâîäèëî ê óâåëè÷åíèþ 
÷èñëåííîñòè èíòðîäóöèðóåìûõ áàêòåðèé íà 1-2 ïîðÿäêà. Ïðè 37 °Ñ îáùàÿ ÷èñëåííîñòü B. me-
gaterium 501rif ñíèæàëàñü â íåñêîëüêî ðàç è ñòàáèëèçèðîâàëàñü íà óñòàíîâèâøåìñÿ óðîâíå äî 
êîíöà îïûòà. Ïðè ýòîì 100 % êëåòîê áàêòåðèé ôîðìèðîâàëè ñïîðû è íàõîäèëèñü â ôèçèîëîãè÷å-
ñêè íåàêòèâíîì ñîñòîÿíèè. Òåìïåðàòóðà íèæå ôèçèîëîãè÷åñêîãî ìèíèìóìà ðåïðîäóêöèè B. me-
gaterium (4 °Ñ) ïîäàâëÿëà ñïîðîîáðàçîâàíèå è ïðèâîäèëà ê áûñòðîìó îòìèðàíèþ âåãåòàòèâíûõ 
êëåòîê áàêòåðèé, âíîñèìûõ â ïî÷âó. Èõ îáùàÿ ÷èñëåííîñòü â òå÷åíèå ìåñÿöà óìåíüøàëàñü â 
1000 ðàç. Ýòè äàííûå ïðèâîäÿò ê çàêëþ÷åíèþ, ÷òî íèçêîòåìïåðàòóðíûé øîê ñíèæàåò êîíêó-
ðåíòîñïîñîáíîñòü B. megaterium â îòíîøåíèè àáîðèãåííîé ìèêðîôëîðû è óñòîé÷èâîñòü èíòðî-
äóöèðóåìîé êóëüòóðû ê áàêòåðèöèäíûì ïðîäóêòàì ìåòàáîëèçìà ïî÷âåííîãî áèîìà. Ïîêàçàíî, 
÷òî ïðè îïòèìàëüíîé òåìïåðàòóðå (20 °Ñ) èíîêóëÿöèÿ ïî÷âû øòàììîì B. megaterium 501rif è 
äîïîëíèòåëüíîå âíåñåíèå îðãàíè÷åñêîãî âåùåñòâà â âèäå ñîëîìû óñêîðÿëè ðàçëîæåíèå ïðîìåò-
ðèíà, ÷òî ïîòåíöèàëüíî ìîæåò áûòü èñïîëüçîâàíî â áèîòåõíîëîãèè ðåìåäèàöèè ïî÷âû, çàãðÿç-
íåííîé ýòèì ãåðáèöèäîì. 

Êëþ÷åâûå ñëîâà: Bacillus megaterium, ñïîðîîáðàçîâàíèå, èíòðîäóêöèÿ, ïî÷âà, òåìïåðà-
òóðíûé ðåæèì, îðãàíè÷åñêîå âåùåñòâî, ïðîìåòðèí. 

Áèîïðåïàðàòû íà îñíîâå áàêòåðèé ïðèìåíÿþòñÿ â ïðàêòèêå 
ñåëüñêîãî õîçÿéñòâà äëÿ ñòèìóëÿöèè ðîñòà è ðàçâèòèÿ ðàñòåíèé, èõ çà-
ùèòû îò ôèòîïàòîãåíîâ è âðåäèòåëåé, à òàêæå î÷èùåíèÿ ïî÷â îò êñå-
íîáèîòèêîâ (1-4). Ïðè ýòîì îñîáîå ìåñòî çàíèìàþò áèîïðåïàðàòû 
àýðîáíûõ ñïîðîâûõ áàêòåðèé, îòíîñÿùèåñÿ ê ðîäó Bacillus. Â ðàñòåíèå-
âîäñòâå øèðîêîå ïðèìåíåíèå íàøëè ñðåäñòâà íà îñíîâå B. thuringiensis 
(5, 6), B. subtilis (7), B. megaterium (8-10). Îíè äîñòàòî÷íî òåõíîëîãè÷íû 
ïðè ïðîèçâîäñòâå, èìåþò äëèòåëüíûé ñðîê õðàíåíèÿ, óäîáíû äëÿ ïðèìå-
íåíèÿ â ïîëåâûõ óñëîâèÿõ. Âìåñòå ñ òåì ýôôåêòèâíîñòü èñïîëüçîâàíèÿ 
òàêèõ ïðåïàðàòîâ âàðüèðóåò â øèðîêîì äèàïàçîíå èç-çà ìàëîé èçó÷åííî-
ñòè ïîâåäåíèÿ èíòðîäóöèðóåìûõ â ïî÷âó áàöèëë.  

Ñïîðîâûå áàêòåðèè øèðîêî ðàñïðîñòðàíåíû â ðàçëè÷íûõ òèïàõ 
ïî÷â. Èõ ÷èñëåííîñòü çàâèñèò îò ïî÷âåííî-êëèìàòè÷åñêèõ óñëîâèé è ðàñ-
òèòåëüíîãî ïîêðîâà è ñîñòàâëÿåò îò 103 äî 106 ÊÎÅ/ã (11). Îäíè àâòîðû 
(11, 12) ñ÷èòàþò ýòè áàêòåðèè ñâîáîäíîæèâóùèìè ïî÷âåííûìè ìèêðîîð-
ãàíèçìàìè, äðóãèå (13) — íàïðîòèâ, îáû÷íûìè îáèòàòåëÿì ðèçîñôåðû, ïî 
êðàéíåé ìåðå, ðÿäà ðàñòåíèé, à òàêèõ, êàê B. subtilis è B. megaterim, îòíîñÿò 
ê ôàêóëüòàòèâíûì ýíäîôèòàì (14, 15). Ïî äàííûì À.È. Ìåëåíòüåâà (16), 
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ïðèæèâàåìîñòü ñïîðîâûõ áàêòåðèé â ðèçîñôåðå çåðíîâûõ êóëüòóð çàâèñåëà 
îò âíîñèìîãî êîëè÷åñòâà, âèäà è øòàììà èíòðîäóöåíòà. Èõ ÷èñëåííîñòü 
íà êîðíÿõ ðàñòåíèé âàðüèðîâàëà â ñðåäíåì îò 104 äî 107 ÊÎÅ/ã êîðíåé è, 
êàê ïðàâèëî, ê êîíöó âåãåòàöèè áûëà íèæå èñõîäíîãî ñîäåðæàíèÿ. Áàêòå-
ðèè â îñíîâíîì íàõîäèëèñü â âèäå ñïîð, êîòîðûå ôèçèîëîãè÷åñêè íåàê-
òèâíû è, ñîîòâåòñòâåííî, íå ìîãóò êàêèì-ëèáî îáðàçîì âëèÿòü íà ðîñò è 
ðàçâèòèå ðàñòåíèé.  

×òî êàñàåòñÿ ñóäüáû ñïîðîâûõ àýðîáíûõ áàêòåðèé, èíîêóëèðóåìûõ 
â ïî÷âó, òî ýòîò âîïðîñ ïðàêòè÷åñêè íå èçó÷åí. Íåäîñòàòî÷íûå çíàíèÿ â 
ýòîé îáëàñòè íå ïîçâîëÿþò îïòèìèçèðîâàòü óñëîâèÿ æèçíåäåÿòåëüíîñòè 
áàöèëë â ïî÷âå è ýôôåêòèâíî èñïîëüçîâàòü áèîïðåïàðàòû íà èõ îñíîâå 
äëÿ ïîâûøåíèÿ ïðîäóêòèâíîñòè ðàñòåíèé è áèîðåìåäèàöèè ïî÷â. 

Íàøåé öåëüþ áûëî èçó÷åíèå âëèÿíèÿ ðàçëè÷íûõ ôàêòîðîâ íà ðå-
çóëüòàòû èíòðîäóêöèè Bacillus megaterium â ïî÷âó è äåãðàäàöèþ ãåðáèöèäà 
ïðîìåòðèíà.  

Ìåòîäèêà. Â îïûòàõ èñïîëüçîâàëè óñòîé÷èâûé ê àíòèáèîòèêó ðè-
ôàìïèöèíó ìóòàíòíûé øòàìì B. megaterium 501rif, ïîëó÷åííûé ãðàäèåíò-
íûì îòáîðîì óñòîé÷èâûõ ðåçèñòåíòíûõ ôîðì (17) íà îñíîâå èñõîäíîãî 
ðîäèòåëüñêîãî øòàììà B. megaterium 501, êîòîðûé áûë âûäåëåí íàìè èç 
÷åðíîçåìà îáûêíîâåííîãî ñðåäíåñóãëèíèñòîãî (Êîê÷åòàâñêàÿ îáë., Êàçàõ-
ñòàí). B. megaterium 501 äåïîíèðîâàí â âåäîìñòâåííîé êîëëåêöèè ìèêðî-
îðãàíèçìîâ ñåëüñêîõîçÿéñòâåííîãî íàçíà÷åíèÿ (ÂÊÑÕÌ, Âñåðîññèéñêèé 
ÍÈÈ ñåëüñêîõîçÿéñòâåííîé ìèêðîáèîëîãèè). Áèîìàññó B. megaterium 501rif

âûðàùèâàëè â êîëáàõ Ýðëåíìåéåðà íà ðîòàöèîííîé êà÷àëêå (ÓÌÂÒ-12-
250, «Ýëëèîí», Ðîññèÿ) ïðè èíòåíñèâíîé àýðàöèè (140 îá/ìèí). Ñîñòàâ 
ïèòàòåëüíîé ñðåäû (ã/ë): K2HPO4 — 1,6, KH2PO4 — 0,4, NH4NO3 — 0,5, 
MgSO4 — 0,2, CaCO3 — 0,025, FeSO4 — 0,025, äðîææåâîé ýêñòðàêò — 0,2, 
ñàõàðîçà — 10, ðÍ 6,8-7,0. Äåðíîâî-ïîäçîëèñòóþ ëåãêîñóãëèíèñòóþ 
ïî÷âó (ðÍ 6,7) ðàñôàñîâûâàëè â ïëàñòìàññîâûå åìêîñòè è èíîêóëèðî-
âàëè 2-ñóòî÷íîé æèäêîé êóëüòóðîé B. megaterium 501rif, ñîäåðæàùåé íå 
ìåíåå 90 % âåãåòàòèâíûõ êëåòîê. Âëàæíîñòü ïî÷âû ïîääåðæèâàëè â 
ïðåäåëàõ 50-60 % îò ïîëíîé âëàãîåìêîñòè.  

Âëèÿíèå òåìïåðàòóðíîãî ðåæèìà íà ðîñò è ñïîðîîáðàçîâàíèå 
îöåíèâàëè â òðåõ âàðèàíòàõ — ïðè 4, 20 è 37 °Ñ. Äëÿ èçó÷åíèÿ ýôôåêòà 
îðãàíè÷åñêîãî âåùåñòâà èçìåëü÷åííóþ ñîëîìó îâñà (0,2 ìì) è êóêóðóç-
íóþ ìóêó âíîñèëè â êîëè÷åñòâå 20 ã/êã ïî÷âû. Ïðè èññëåäîâàíèè âëèÿ-
íèÿ ïðîìåòðèíà — 2-ìåòèëòèî-4,6-áèñ (èçîïðîïèëàìèíî)-ñèì-òðèàçèíà 
(18) íà B. megaterium 501rif, à òàêæå äèíàìèêè åãî áàêòåðèàëüíîé äåãðà-
äàöèè ãåðáèöèä âíîñèëè â ïî÷âó â âèäå âîäíîé ýìóëüñèè 50 % ñìà÷è-
âàþùåãî ïîðîøêà («Panama Agrochemicals Inc.», Ðåñïóáëèêà Ïàíàìà) â
äîçå 4 è 20 ìã/êã.

Îáùóþ ÷èñëåííîñòü B. megaterium 501rif (ÊÎÅ/ã ïî÷âû) ó÷èòûâàëè 
îáùåïðèíÿòûì ìåòîäîì ñåðèéíûõ ðàçâåäåíèé (19) ñ âûñåâîì ïî÷âåííîé 
ñóñïåíçèè íà àãàðèçîâàííóþ ìèíåðàëüíóþ ñðåäó ñëåäóþùåãî ñîñòàâà (ã/ë): 
NH4NO3 — 0,5, K2HPO4 — 1,6, KH2PO4 — 0,4, MgSO4 — 0,2, CaCO3 — 
0,025, FeSO4 — 0,025, ñàõàðîçà — 10, äðîææåâîé ýêñòðàêò — 0,2, àãàð-
àãàð — 20, ðèôàìïèöèí — 0,02. Äëÿ ó÷åòà ÷èñëà ñïîð ïî÷âåííóþ ñóñïåí-
çèþ ïåðåä ïîñåâîì ïàñòåðèçîâàëè ïðè 80 °Ñ â òå÷åíèå 10 ìèí. 

Ãåðáèöèä ýêñòðàãèðîâàëè èç ïî÷âû àöåòîíîì è àíàëèçèðîâàëè ñ 
èñïîëüçîâàíèåì ãàçîæèäêîñòíîé õðîìàòîãðàôèè (ÃÆÕ) (20). 

Ñòàòèñòè÷åñêàÿ îáðàáîòêà ðåçóëüòàòîâ áûëà ïðîâåäåíà äî óðîâíÿ 
Ð0,05 (21). 

Ðåçóëüòàòû. Â íåñòåðèëüíîé ïî÷âå â óñëîâèÿõ íèçêîé òåìïåðàòóðû 
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(ðèñ. 1) íàáëþäàëîñü ðåçêîå ñíèæåíèå ÷èñëåííîñòè B. megaterium 501rif ïî-
ñëå èíîêóëÿöèè â ïî÷âó, ïðè ýòîì 12 ñóò áàöèëëû íàõîäèëèñü â ñîñòîÿíèè 
âåãåòàòèâíûõ êëåòîê. Ïðè 4 °Ñ, ÷òî íèæå òåìïåðàòóðíîãî ìèíèìóìà ðàç-
âèòèÿ äëÿ B. megaterium 501rif, çàäåðæèâàëîñü ôîðìèðîâàíèå ñïîð è, ñî-
îòâåòñòâåííî, ïðîèñõîäèëî áûñòðîå îòìèðàíèå âåãåòàòèâíûõ êëåòîê. 
×åðåç 1 ìåñ îáùàÿ ÷èñëåííîñòü èíîêóëÿíòà â ïî÷âå îêàçàëàñü ìåíüøå 
èñõîäíîé â 1000 ðàç. Íàáëþäàëîñü èíòåíñèâíîå ðàçâèòèå ãðèáîâ, îòíî-
ñÿùèõñÿ ê ðîäàì Fusarium è Penicillium. Èç ýòîãî ñëåäóåò, ÷òî «íèçêî-
òåìïåðàòóðíûé øîê» ñíèæàåò çàùèòíûå ôóíêöèè è êîíêóðåíòîñïîñîá-
íîñòü B. megaterium. 

Îòíîñèòåëüíî 
âûñîêóþ âûæèâàåìîñòü 
B. megaterium 501rif ðå-
ãèñòðèðîâàëè ïðè òå-
ìïåðàòóðå 37 °Ñ. Íà
32-å ñóò îáùàÿ ÷èñ-
ëåííîñòü èíîêóëèðî-
âàííûõ â ïî÷âó áàê-
òåðèé ñíèçèëàñü îò-
íîñèòåëüíî èñõîäíîé
â 3 ðàçà, ïðè ýòîì íà-
áëþäàëè àêòèâíîå ñïî-
ðîîáðàçîâàíèå: óæå íà
12-å ñóò ñòåïåíü ñïîðó-
ëÿöèè ñîñòàâèëà 100 %.

Íàèáîëåå áëà-
ãîïðèÿòíûå óñëîâèÿ 
äëÿ B. megaterium 501rif â 

íåñòåðèëüíîé ïî÷âå ñëîæèëèñü ïðè 20 °Ñ. Óæå íà 3-è ñóò ïîñëå èíîêóëÿöèè 
òèòð áàêòåðèé â ïî÷âå âîçðàñòàë ïî÷òè íà ïîðÿäîê è îñòàâàëñÿ òàêèì 
ïðàêòè÷åñêè äî êîíöà îïûòà (32 ñóò). Ñïîðîîáðàçîâàíèå íàáëþäàëîñü íà 
12-å ñóò, íî äîëÿ ñïîð íå ïðåâûøàëà 30 %. Ñëåäîâàòåëüíî, B. megaterium 501rif

â òå÷åíèå âñåãî îïûòà íàõîäèëàñü â àêòèâíîì ñîñòîÿíèè â ìèêðîáèîìå äåð-
íîâî-ïîäçîëèñòîé ïî÷âû.  

Ïðè äîïîëíè-
òåëüíîì âíåñåíèè ñî-
ëîìû â ïî÷âó ÷èñëåí-
íîñòü B. megaterium 501rif 

(ðèñ. 2) óæå íà 12-å ñóò 
ïîñëå èíîêóëÿöèè óâå-
ëè÷èâàëàñü íà ïîðÿäîê. 
Ïðè ýòîì âûñîêèé òèòð 
ñîõðàíÿëñÿ íà ïðîòÿ-
æåíèè 1 ìåñ, à ÷èñëåí-
íîñòü ôèçèîëîãè÷åñêè 
àêòèâíûõ áàêòåðèé ïðå-
âûøàëà 105 ÊÎÅ/ã. Àíà-
ëîãè÷íàÿ çàêîíîìåð-
íîñòü íàáëþäàëàñü è â 
âàðèàíòå ñ êóêóðóçíîé 
ìóêîé. Îäíàêî â ýòîì 
ñëó÷àå ïðîèñõîäèëî èí-
òåíñèâíîå ñïîðîîáðàçî-

Ðèñ. 1. Äèíàìèêà âûæèâàåìîñòè è ñïîðîîáðàçîâàíèÿ Bacillus megateri-
um 501rif ïðè èíîêóëÿöèè â çàâèñèìîñòè îò òåìïåðàòóðû ïî÷âû: à, á, 
â — ñîîòâåòñòâåííî 4, 20 è 37 °Ñ; ñåðûé è áåëûé öâåò — ñîîòâåò-
ñòâåííî ÷èñëî ñïîð è âåãåòàòèâíûõ êëåòîê (ëàáîðàòîðíûé îïûò). 

Ðèñ. 2. Äèíàìèêà âûæèâàåìîñòè è ñïîðîîáðàçîâàíèÿ Bacillus
megaterium 501rif ïðè èíîêóëÿöèè ñ äîïîëíèòåëüíûì âíåñåíèåì 
îðãàíè÷åñêîãî âåùåñòâà: à, á, â — ñîîòâåòñòâåííî êîíòðîëü, 
îâñÿíàÿ ñîëîìà è êóêóðóçíàÿ ìóêà; ñåðûé è áåëûé öâåò —
ñîîòâåòñòâåííî ÷èñëî ñïîð è âåãåòàòèâíûõ êëåòîê (ëàáîðà-
òîðíûé îïûò). 
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âàíèå: ÷åðåç 1 ìåñ 100 % áàêòåðèé íàõîäèëèñü â âèäå ñïîð. 
Ïîëîæèòåëüíîå äåéñòâèå ñîëîìû è êóêóðóçíîé ìóêè íà B. me-

gaterium 501rif, áåçóñëîâíî, ñ îäíîé ñòîðîíû, ñâÿçàíî ñ äîïîëíèòåëüíûì 
ââåäåíèåì â ïî÷âó ïèòàòåëüíûõ ýëåìåíòîâ, ïîääåðæèâàþùèõ æèçíåäåÿ-
òåëüíîñòü ýòîãî ìèêðîîðãàíèçìà, ñ äðóãîé — îáóñëîâëåíî âëèÿíèåì ýòèõ 
ñóáñòðàòîâ íà ôîðìèðîâàíèå ìèêðîáíîé àññîöèàöèè, áëàãîïðèÿòíîé äëÿ 
B. megaterium.

Íà ïðîòÿæåíèè ðÿäà äåñÿòèëåòèé îáñóæäàþòñÿ âîïðîñû âçàèìîäåé-
ñòâèÿ ìèêðîîðãàíèçìîâ è êñåíîáèîòèêîâ â ïî÷âå, ê êîòîðûì, â ÷àñòíîñòè, 
îòíîñÿòñÿ ãåðáèöèäû, èñïîëüçóåìûå â ñåëüñêîõîçÿéñòâåííîì ïðîèçâîäñòâå 
äëÿ áîðüáû ñ ñîðíÿêàìè (18). Àêòóàëüíîñòü òàêèõ èññëåäîâàíèé îáóñëîâ-
ëåíà âîçäåéñòâèåì ýòèõ ïðåïàðàòîâ íà ïî÷âåííî-ìèêðîáèîëîãè÷åñêèå ïðî-
öåññû è â öåëîì íà ïëîäîðîäèå ïî÷âû, à òàêæå ïðîáëåìîé äåòîêcèêàöèè è 
äåãðàäàöèè ïåñòèöèäîâ â îêðóæàþùåé ñðåäå, ïîñêîëüêó ìíîãèå èç íèõ 
ïðåäñòàâëÿþò îïàñíîñòü äëÿ ýêîëîãèè è çäîðîâüÿ ÷åëîâåêà è æèâîòíûõ. 

Â ñâÿçè ñ ýòèì ìû èññëåäîâàëè âçàèìîäåéñòâèå èíîêóëèðîâàííîé â 
ïî÷âó B. megaterium 501rif è ãåðáèöèäà ïðîìåòðèíà, êîòîðûé ýôôåêòèâíî 
èñïîëüçóåòñÿ äëÿ áîðüáû ñ ñîðíÿêàìè â ïîñåâàõ êàðòîôåëÿ, ñîè, ìîðêîâè 
è äðóãèõ ñåëüñêîõîçÿéñòâåííûõ êóëüòóð. Óñòàíîâëåíî, ÷òî ïðîìåòðèí â äî-
çàõ, ïðåâûøàþùèõ ïðîèçâîäñòâåííûå â äåñÿòêè ðàç, íå îêàçûâàë îòðèöà-
òåëüíîãî âëèÿíèÿ íà B. megaterium 501rif, à ïðè äîïîëíèòåëüíîì âíåñåíèè 
ñîëîìû ÷èñëåííîñòü ýòîé áàêòåðèè ñóùåñòâåííî âîçðàñòàëà (òàáë.).  

Äèíàìèêà ÷èñëåííîñòè è ñïîðîîáðàçîâàíèÿ (ÊÎÅ, òûñ/ã) ïðè èíîêóëÿöèè â 
ïî÷âó Bacillus megaterium 501rif íà ôîíå âíåñåíèÿ ðàçíûõ äîç ãåðáèöèäà ïðî-
ìåòðèíà è îâñÿíîé ñîëîìû (Õ±õ, ëàáîðàòîðíûé îïûò) 

Ïðîìåòðèí 
Âðåìÿ, ñóò Êîíòðîëü 

4 ìã/êã ïî÷âû 20 ìã/êã ïî÷âû 20 ìã/êã ïî÷âû + ñîëîìà (2 %)
0 80±1,2 

 13±0,5 
80±1,2 
13±0,5 

80±1,2 
13±0,5 

80±1,2 
13±0,5 

3 200±3,4 
150±12,6 

135±24,2 
65±0,9 

90±6,0 
40±6,2 

1600±100,8 
500±8,0 

12 135±5,3 
115±1,5 

114±3,5 
112±4,0 

100±10,0 
54±2,7 

1200±150,0 
1000±21,0 

32 110±10,7 
90±2,7 

140±1,5 
140±10,3 

118±9,4 
115±1,5 

1200±63,6 
1100±49,5 

Ï ð è ì å ÷ à í è å. Íàä ÷åðòîé — îáùàÿ ÷èñëåííîñòü, ïîä ÷åðòîé — ÷èñëî ñïîð. 

Â ïî÷âå, èíîêóëèðîâàííîé B. mega-
terium 501rif, ñêîðîñòü äåãðàäàöèè ïðîìåò-
ðèíà çíà÷èòåëüíî óâåëè÷èâàëàñü (ðèñ. 3). 
Íàèáîëåå èíòåíñèâíî ýòîò ïðîöåññ ïðîòå-
êàë ïðè äîïîëíèòåëüíîì âíåñåíèè ñîëîìû 
(ñïóñòÿ 1 ìåñ ñîäåðæàíèå ãåðáèöèäà áûëî 
â 10 ðàç íèæå, ÷åì â êîíòðîëå), è ýòî êîð-
ðåëèðîâàëî ñ óâåëè÷åíèåì îáùåé ÷èñëåí-
íîñòè B. megaterium 501rif.  

Ðåçóëüòàòû ýòèõ èññëåäîâàíèé ïî-
çâîëÿþò ñäåëàòü âûâîä, ÷òî âàæíûì, à ìî-
æåò áûòü, è îñíîâíûì óñëîâèåì ïîâûøå-
íèÿ ýôôåêòèâíîñòè ïðîöåññà áèîðåìåäèà-
öèè ïðè çàãðÿçíåíèè ïðîìåòðèíîì ñëóæèò 
ââåäåíèå â ïî÷âó îðãàíè÷åñêîãî âåùåñòâà 
â âèäå ðàñòèòåëüíûõ îñòàòêîâ, áîãàòûõ öåë-
ëþëîçîé, è èíîêóëÿöèÿ ïî÷âû ìèêðîîðãà-
íèçìàìè, ñïîñîáíûìè ðàçëàãàòü ãåðáèöèä. 

Èòàê, ïîêàçàíî, ÷òî èíîêóëèðóåìûå â ïî÷âó âåãåòàòèâíûå êëåòêè 

Ðèñ. 3. Äèíàìèêà äåãðàäàöèè ãåðáèöè-
äà ïðîìåòðèíà â ïî÷âå ïðè ðàçíûõ âà-
ðèàíòàõ èíîêóëÿöèè Bacillus megaterium 
501rif: 1 — êîíòðîëü, 2 — èíîêóëÿöèÿ, 
3 — èíîêóëÿöèÿ ñ âíåñåíèåì îâñÿíîé 
ñîëîìû (2 %) (ëàáîðàòîðíûé îïûò). 
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Bacillus megaterium 501rif äîñòàòî÷íî äëèòåëüíîå âðåìÿ íàõîäÿòñÿ â ôèçèîëî-
ãè÷åñêè àêòèâíîì ñîñòîÿíèè. Äîïîëíèòåëüíîå âíåñåíèå â ïî÷âó îðãàíè÷å-
ñêèõ âåùåñòâ â âèäå ñîëîìû çåðíîâûõ è êóêóðóçíîé ìóêè ïðèâîäèò ê áûñò-
ðîìó ðàçìíîæåíèþ áàêòåðèé. Èõ ÷èñëåííîñòü âîçðàñòàåò â ñîòíè ðàç, è 
òèòð ñòàáèëüíî ñîõðàíÿåòñÿ. ×åðåç 12 ñóò ïîñëå èíîêóëÿöèè áàêòåðèé â 
ïî÷âó íà÷èíàåòñÿ àêòèâíîå ñïîðîîáðàçîâàíèå. Ýôôåêòèâíîñòü èíòðîäóêöèè 
è ôèçèîëîãè÷åñêèé ñòàòóñ áàêòåðèé íàïðÿìóþ çàâèñÿò îò òåìïåðàòóðíîãî 
ðåæèìà ïî÷âû. Íàèáîëåå áëàãîïðèÿòíà äëÿ âûæèâàíèÿ B. megaterium (ïðè 
îïòèìàëüíîé âëàæíîñòè ïî÷âû) òåìïåðàòóðà â äèàïàçîíå 20-37 °Ñ, à òàêæå 
íàëè÷èå îðãàíè÷åñêîãî âåùåñòâà â âèäå ðàñòèòåëüíîé ìàññû, áîãàòîé öåë-
ëþëîçîé (ñîëîìåííàÿ ðåçêà, ïîæíèâíûå îñòàòêè è ò.ä.). Âûäåëåííûé íàìè 
øòàìì B. megaterium 501rif çàìåòíî óñêîðÿåò ïðîöåññ äåãðàäàöèè ïðîìåòðèíà 
è ìîæåò áûòü ïîëåçåí ïðè ðàçðàáîòêå áèîòåõíîëîãèè ðåìåäèàöèè ïî÷âû, 
çàãðÿçíåííîé ýòèì ãåðáèöèäîì.  
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A b s t r a c t  

Introduction of microorganisms into the soil is a fundamental problem in application of 
microbial preparations in agriculture, crop production and ecology. Its effectiveness depends on 
many factors (i.e. the type and strain of microorganism, the physical and chemical properties of the 
soil, plant cover, climate and so on), which are not well understood, leading to a high variability of 
the results of application of microbial preparations. In this article, there is reported the first investi-
gation of survival and sporulation dynamics of Bacillus megaterium 501rif introduced into sod-
podzolic soil, depending on the temperature of the soil, organic matter content and herbicide prome-
tryn, the 2-methylthio-4,6-bis (iso-propylamino)-sim-triazine, application. In laboratory experiments 
it was found that the optimal conditions for the Bacillus megaterium 501rif introduced into the soil are 
achieved at a temperature of 20 °Ñ. After the third day after inoculation the titer of bacteria in the 
soil increased almost 10 times and remained at that level until the end of the experiment (32 days). 
B. megaterium 501rif throughout the experiment was mainly in the form of a physiologically active 
cells and fits well into the soil microbiom. Under these conditions an additional incorporation into 
the soil of the organic matter, such as cereal straw and corn flour, leads to 10-100-fold increase of 
the amount of B. megaterium 501rif. At 37 °Ñ the total number of B. megaterium 501rif reduced 
several times, and stabilized at this level until the end of the experiment. In this case, 100 % of 
B. megaterium 501rif revert into spores and are physiologically inactive. The temperature below the 
minimum for physiological reproduction of B. megaterium (4 °Ñ) inhibits spore formation and leads 
to a rapid loss of physiologically active bacterial cells introduced into the soil. The total number of 
bacteria decreases 1000 times within a month. These data lead to the conclusion that the «low-
temperature shock» reduces the competitiveness of B. megaterium to the indigenous microflora and 
its resistance to bactericidal metabolic products of soil biome. It is shown that at the optimum tem-
perature (20 °Ñ) of soil the B. megaterium inoculation and the use of additional organic matter such 
as straw accelerate the decomposition of herbicide prometryn, can potentially be used in a biotech-
nology of remediation of the soil, contaminated by herbicide.

Keywords: Bacillus megaterium, sporulation, introduction, soil, temperature, organic mat-
ter, prometryn herbicide. 
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