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Êðóïíûå ïðîìûøëåííûå ïëàíòàöèè è ó÷àñòêè ñàäîâîäîâ-ëþáèòåëåé ÷àñòî ðàñïîëîæåíû 
â çîíå âëèÿíèÿ ïðîìûøëåííûõ öåíòðîâ, ãäå âåëèê ðèñê íàêîïëåíèÿ òÿæåëûõ ìåòàëëîâ (ôîíîâûå 
ïîêàçàòåëè ïî Cu, Zn è Pb ìîãóò áûòü ïðåâûøåíû â 4-55 ðàç). Â ðàñòèòåëüíîì îðãàíèçìå íà 
ãðàíèöàõ «êîðåíü—ñòåáåëü», «ñòåáåëü—ëèñò» è «ñòåáåëü—ðåïðîäóêòèâíûå îðãàíû» ñóùåñòâóþò 
ôèçèîëîãè÷åñêèå áàðüåðû, ïðåïÿòñòâóþùèå ïîñòóïëåíèþ òîêñèêàíòîâ â ïëîäû. Â 2006-2008 
ãîäàõ â Ìöåíñêîì ðàéîíå Îðëîâñêîé îáëàñòè â óñëîâèÿõ ïîëèýëåìåíòíîãî òåõíîãåííîãî çàãðÿç-
íåíèÿ ñâåòëî-ñåðîé ëåñíîé ïî÷âû íàìè èçó÷åíî ñîäåðæàíèå ñâèíöà, íèêåëÿ, öèíêà, æåëåçà è 
ìåäè â âåãåòàòèâíûõ îðãàíàõ (êîðíè, êîðíåâèùà, ÷åðåøêè ëèñòüåâ, ëèñòüÿ) è ïëîäàõ ó ÷åòûðåõ 
ñîðòîâ çåìëÿíèêè ñàäîâîé Fragaria ½ ananassa (Duchesne ex Weston): Ðóáèíîâûé êóëîí, Ìàìî÷-
êà, Áûëèííàÿ è Áîãåìà. Äëÿ êàæäîãî ýëåìåíòà íàáëþäàëè ñïåöèôè÷åñêîå ðàñïðåäåëåíèå â îðãà-
íàõ ðàñòåíèé, îñîáåííîñòè êîòîðîãî çàâèñåëè îò ôèçèîëîãè÷åñêîãî çíà÷åíèÿ ýëåìåíòà, åãî õèìè-
÷åñêèõ ñâîéñòâ è òåõíîãåííîé íàãðóçêè. Â òî æå âðåìÿ áûëè îòìå÷åíû ñóùåñòâåííûå ñîðòîâûå 
ðàçëè÷èÿ. Ó ñîðòîâ Ðóáèíîâûé êóëîí, Ìàìî÷êà è Áûëèííàÿ ëèñòüÿ ñîäåðæàëè áîëüøå ñâèíöà, 
÷åì êîðíè, ÷òî ìîæåò îáúÿñíÿòüñÿ äîïîëíèòåëüíûì ôîëèàðíûì ïîãëîùåíèåì ýëåìåíòà èç àòìî-
ñôåðû. Ó ñîðòà Áîãåìà íàáëþäàëîñü ïîñòåïåííîå ñíèæåíèå àêêóìóëÿöèè ñâèíöà â ðÿäó êîðíè—
êîðíåâèùà—ëèñòüÿ—ïëîäû. Çàìåòíàÿ ôèêñàöèÿ íèêåëÿ â êîðíÿõ îòìå÷åíà òîëüêî ó ñîðòà Ìà-
ìî÷êà. Ó îñòàëüíûõ ñîðòîâ ïëîäû ñîäåðæàëè äîñòîâåðíî áîëüøå íèêåëÿ, ÷åì ïîäçåìíûå îðãàíû. 
Ðàñïðåäåëåíèå öèíêà è æåëåçà ïî îðãàíàì áûëî îáóñëîâëåíî ãåíåòè÷åñêèìè îñîáåííîñòÿìè ñîð-
òîâ çåìëÿíèêè. Öèíê íå íàêàïëèâàëñÿ â âåãåòàòèâíûõ îðãàíàõ ó ñîðòîâ Ðóáèíîâûé êóëîí è Ìà-
ìî÷êà. Â êîðíÿõ ó ñîðòà Áîãåìà è â êîðíåâèùàõ ó ñîðòà Áûëèííàÿ, íàïðîòèâ, íàáëþäàëàñü âûñî-
êàÿ àêêóìóëÿöèÿ ýòîãî ýëåìåíòà. Ðàñòåíèÿ ñîðòîâ Ðóáèíîâûé êóëîí, Ìàìî÷êà è Áîãåìà ñîäåðæàëè 
æåëåçî ïðåèìóùåñòâåííî â êîðíÿõ è ïëîäàõ, ñîðò Áûëèííàÿ — â êîðíåâèùàõ è ÷åðåøêàõ ëèñòüåâ. 
Äëÿ Pb — ÍÑÐ À = 0,24; ÍÑÐ Â = 0,27; ÍÑÐ ÀÂ = 0,53; äëÿ Ni — ÍÑÐ À = 0,04; ÍÑÐ Â = 0,05; 
ÍÑÐ ÀÂ = 0,10; äëÿ Zn — ÍÑÐ À = 0,24; ÍÑÐ Â = 0,27; ÍÑÐ ÀÂ = 0,53; äëÿ Fe — ÍÑÐ 
À = 0,79; ÍÑÐ Â = 0,89; ÍÑÐ ÀÂ = 1,77; äëÿ Cu — ÍÑÐ À = 0,47; ÍÑÐ Â = 0,52; ÍÑÐ 
ÀÂ = 1,05 (ôàêòîð À — ñîðòà çåìëÿíèêè; ôàêòîð Â — îðãàíû ðàñòåíèÿ). Ñîðòîâûå ðàçëè÷èÿ â 
íàêîïëåíèè òÿæåëûõ ìåòàëëîâ ñâèäåòåëüñòâóþò î âîçìîæíîñòè óìåíüøèòü ýêîëîãè÷åñêèé ðèñê 
çàãðÿçíåíèÿ ïëîäîâ çåìëÿíèêè ïðè ïîìîùè öåëåíàïðàâëåííîãî ïîäáîðà ñîðòîâ.  

 

Êëþ÷åâûå ñëîâà: çåìëÿíèêà, ÿãîäíûé àãðîöåíîç, òåõíîãåííîå çàãðÿçíåíèå, òÿæåëûå 
ìåòàëëû. 

 

Â Ðîññèè íà êóëüòóðó çåìëÿíèêè ïðèõîäèòñÿ äî 70 % îò îáùåé 
ïëîùàäè ÿãîäíèêîâ, ÷òî ñîñòàâëÿåò ïðèìåðíî 125 òûñ. ãà (1). Ïëîäû çåì-
ëÿíèêè ñëóæàò äèåòè÷åñêèì ïðîäóêòîì è äîëæíû áûòü ýêîëîãè÷åñêè áåç-
îïàñíû. Â òî æå âðåìÿ êðóïíûå ïðîìûøëåííûå ïëàíòàöèè è ó÷àñòêè ñà-
äîâîäîâ-ëþáèòåëåé ÷àñòî ðàñïîëîæåíû â çîíå âëèÿíèÿ ïðîìûøëåííûõ 
öåíòðîâ, ãäå âåëèê ðèñê íàêîïëåíèÿ òÿæåëûõ ìåòàëëîâ (ÒÌ) â ïëîäàõ. Ïî  
äàííûì Ë.À. Èçåðñêîé ñ ñîàâò. (2), â ïî÷âå ñàäîâî-îãîðîäíûõ ó÷àñòêîâ 
ôîíîâûå ïîêàçàòåëè ïî Cu, Zn è Pb ìîãóò áûòü ïðåâûøåíû â 4-55 ðàç. 

Ñîäåðæàíèå ÒÌ â ðàñòèòåëüíîé ïðîäóêöèè îïðåäåëÿåòñÿ êîìïëåê-
ñîì ôàêòîðîâ, îñíîâíûå èç êîòîðûõ — âèäîâûå îñîáåííîñòè ðàñòåíèé, ôè-
çèîëîãè÷åñêàÿ çíà÷èìîñòü ýëåìåíòîâ è èõ ñîäåðæàíèå â îêðóæàþùåé ñðåäå. 
Ïîä âëèÿíèåì ýòèõ ôàêòîðîâ ôîðìèðóåòñÿ õàðàêòåðíîå äëÿ âèäà ðàñïðåäå-
ëåíèå ýëåìåíòîâ ïî îðãàíàì è òêàíÿì.  

Â ðàñòèòåëüíîì îðãàíèçìå íà ãðàíèöàõ «êîðåíü—ñòåáåëü», «ñòå-
áåëü—ëèñò» è «ñòåáåëü—ðåïðîäóêòèâíûå îðãàíû» ñóùåñòâóþò ôèçèîëîãè-
÷åñêèå áàðüåðû, ïðåïÿòñòâóþùèå ïîñòóïëåíèþ òîêñèêàíòîâ â ïëîäû (3-5). 
Ýôôåêòèâíîñòü âíóòðåííèõ áàðüåðîâ â çíà÷èòåëüíîé ñòåïåíè îïðåäåëÿåò-
ñÿ ãåíåòè÷åñêèìè îñîáåííîñòÿìè êóëüòóð è ñîðòîâ. Â óñëîâèÿõ àãðîãåííî-
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ãî çàãðÿçíåíèÿ ïî÷âû ÒÌ äåéñòâèå ôèçèîëîãè÷åñêèõ áàðüåðîâ ó ðàçíûõ 
ÿãîäíûõ êóëüòóð íåîäèíàêîâî. Òàê, ó ñìîðîäèíû ÷åðíîé â ÿãîäàõ ñîäåðæà-
ëîñü â 30-50 ðàç ìåíüøå Pb, Ni, Zn è Cu, ÷åì â ëèñòüÿõ; ó êðûæîâíèêà 
êîëè÷åñòâî ÒÌ â ëèñòüÿõ ïðåâûøàëî ñîîòâåòñòâóþùèé ïîêàçàòåëü â ïëî-
äàõ íå áîëåå ÷åì â 15 ðàç (6).  

Ñïîñîáíîñòü ðàçíûõ âèäîâ ðàñòåíèé ïîãëîùàòü ÒÌ èç îêðóæàþ-
ùåé ñðåäû çàâèñèò íå òîëüêî îò ãåíåòè÷åñêèõ îñîáåííîñòåé, íî è îò èñ-
òî÷íèêà çàãðÿçíåíèÿ. Èçó÷àÿ ðåàêöèþ êàðòîôåëÿ íà çàãðÿçíåíèå ïî÷âû 
âûáðîñàìè ìåòàëëóðãè÷åñêèõ ïðåäïðèÿòèé, Â.Á. Èëüèí (7) îòìåòèë íèç-
êóþ ñòåïåíü çàùèùåííîñòè ýòîé êóëüòóðû ïðè çàãðÿçíåíèè òÿæåëûìè ìå-
òàëëàìè, îñîáåííî êàäìèåì. Òàêæå èìåþòñÿ äàííûå (8), ÷òî ïðè âíåñåíèè 
â ïî÷âó îñàäêà ñòî÷íûõ âîä (1600 ò/ãà), êîãäà ñîäåðæàíèå Cd äîñòèãàëî 3 
ÏÄÊ, Zn è Pb — 1,5 ÏÄÊ, êîëè÷åñòâî òÿæåëûõ ìåòàëëîâ â êëóáíÿõ êàð-
òîôåëÿ áûëî ñîïîñòàâèìî ñ êîíòðîëåì. Íåîäèíàêîâàÿ ðåàêöèÿ íà çàãðÿç-
íåíèå ÒÌ èç ðàçíûõ èñòî÷íèêîâ îòìå÷åíà äëÿ ÿ÷ìåíÿ è ïøåíèöû (9, 10).  

Ïîñòóïëåíèå ÒÌ â ðàñòåíèÿ çåìëÿíèêè èçó÷àëîñü ïðåèìóùåñòâåí-
íî â ëàáîðàòîðíûõ è âåãåòàöèîííûõ îïûòàõ, ãäå ôîíû ïî îòäåëüíûì ýëå-
ìåíòàì â ïî÷âå ñîçäàâàëèñü èñêóññòâåííî ïðè ïîìîùè âíåñåíèÿ ëåãêîðàñ-
òâîðèìûõ ñîëåé (11, 12).  

Öåëüþ íàøåé ðàáîòû áûëî èññëåäîâàíèå îñîáåííîñòåé íàêîïëåíèÿ 
òÿæåëûõ ìåòàëëîâ â âåãåòàòèâíûõ îðãàíàõ è ïëîäàõ çåìëÿíèêè ñàäîâîé â 
óñëîâèÿõ ðåàëüíîãî òåõíîãåííîãî çàãðÿçíåíèÿ. 

Ìåòîäèêà. Ìèêðîïîëåâîé îïûò ïðîâîäèëè íà çåìëÿíèêå ñîðòîâ 
Ðóáèíîâûé êóëîí, Ìàìî÷êà, Áûëèííàÿ è Áîãåìà â 2006-2008 ãîäàõ. Ïëîò-
íîñòü ïîñàäêè — 80×20 ñì. Ïëîùàäü äåëÿíêè — 1,6 ì2. Ïîâòîðíîñòü îïû-
òà 6-êðàòíàÿ. Àãðîòåõíèêà ñòàíäàðòíàÿ äëÿ êóëüòóðû çåìëÿíèêè (13).   

Ó÷àñòîê, âûáðàííûé äëÿ èññëåäîâàíèé, áûë ðàñïîëîæåí íà ðàññòîÿ-
íèè 1 êì îò êðóïíîãî îòâàëà ñîëåâûõ øëàêîâ — îòõîäîâ ïðåäïðèÿòèÿ ïî 
ïåðåðàáîòêå ëîìà öâåòíûõ ìåòàëëîâ è ñïëàâîâ (Îðëîâñêàÿ îáë., Ìöåí-
ñêèé ð-í). Ïî÷âà — ñâåòëî-ñåðàÿ ëåñíàÿ ñóãëèíèñòàÿ, õîðîøî îêóëüòóðåííàÿ. 
Ñîäåðæàíèå ãóìóñà — 3,4 %, ïîäâèæíîãî ôîñôîðà è îáìåííîãî êàëèÿ — 
ñîîòâåòñòâåííî 34,3 è 49,9 ìã/100 ã ïî÷âû, ðÍKCl 5,4, Íãèäð. 3,0 ìã-ýêâ/100 ã 
ïî÷âû, ÅÊÎ (åìêîñòü êàòèîííîãî îáìåíà) — 37,5 ìã-ýêâ/100 ã ïî÷âû.  

Â 2007-2008 ãîäàõ îïðåäåëÿëè ñîäåðæàíèå ÒÌ (Pb, Ni, Zn, Fe, Cu) 
â êîðíÿõ, êîðíåâèùàõ, ÷åðåøêàõ ëèñòüåâ, ëèñòüÿõ è ïëîäàõ çåìëÿíèêè. 
Êîëè÷åñòâî òÿæåëûõ ìåòàëëîâ â ðàñòèòåëüíûõ ïðîáàõ è ïîäâèæíûõ ôîðì 
ÒÌ â ïî÷âå (â âûòÿæêå CH3COONH4, pH 4,8) îöåíèâàëè ìåòîäîì âûñîêî-
ýôôåêòèâíîé æèäêîñòíîé õðîìàòîãðàôèè (ÌÓÊ 4.1.053-96; æèäêîñòíûé 
ìèêðîêîëîíî÷íûé õðîìàòîãðàô Ìèëëèõðîì, ÍÏÀÎ «Íàó÷ïðèáîð», Ðîñ-
ñèÿ), âàëîâîå ñîäåðæàíèå ÒÌ — ðåíòãåíîôëóîðåñöåíòíûì ìåòîäîì (ñïåê-
òðîìåòð Ñïåêòðîñêàí ÌÀÊÑ-G, ÍÏÎ «Ñïåêòðîí», Ðîññèÿ). Àãðîõèìè÷å-
ñêèå ïîêàçàòåëè ïî÷âû îïðåäåëÿëè ïî ñòàíäàðòíûì ìåòîäèêàì: pHKCl — 
ïîòåíöèîìåòðè÷åñêè (ÃÎÑÒ 26483-85); ñîäåðæàíèå ïîäâèæíîãî ôîñôîðà è 
îáìåííîãî êàëèÿ â ïî÷âåííûõ âûòÿæêàõ — ïî ×èðèêîâó (ÃÎÑÒ 26204-84); 
ãóìóñà — ïî Òþðèíó (ÃÎÑÒ 26213-84).  

Äàííûå îáðàáàòûâàëè ìåòîäîì äâóõôàêòîðíîãî äèñïåðñèîííîãî 
àíàëèçà ñ èñïîëüçîâàíèåì ïðîãðàììû TVA (ÃÍÓ ÂÍÈÈÑÏÊ) è ïàêåòà 
Microsoft Excel. 

Ðåçóëüòàòû. Ñîäåðæàíèå òÿæåëûõ ìåòàëëîâ â ïî÷âå îïûòíîãî ó÷à-
ñòêà â ñðàâíåíèè ôîíîâûì óðîâíåì è ñàíèòàðíûìè íîðìàòèâàìè áûëî 
ïîâûøåííûì (òàáë.). 

Â èññëåäîâàíèÿõ 1995-2000 ãîäîâ îòìå÷åíî ïðåâûøåíèå ÏÄÊ òÿæå-
ëûõ ìåòàëëîâ â ïëîäàõ ÿáëîíè íà ðàññòîÿíèè 2-3 êì îò øëàêîîòâàëà (17).  
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Ïëîäû çåìëÿíèêè âñåõ èçó÷àåìûõ ñîðòîâ, âûðàùåííûå â óñëîâèÿõ 
òåõíîãåííîãî çàãðÿçíåíèÿ, ñîäåðæàëè òÿæåëûå ìåòàëëû â êîëè÷åñòâàõ, íå 
ïðåâûøàâøèõ ïðèíÿòûå â íàñòîÿùåå âðåìÿ ãèãèåíè÷åñêèå íîðìàòèâû. 
Îäíàêî ñîïîñòàâëåíèå ïîëó÷åííûõ äàííûõ ñî ñðåäíèìè ôîíîâûìè ïîêà-
çàòåëÿìè äëÿ ýòîé êóëüòóðû (18) ñâèäåòåëüñòâîâàëî î âëèÿíèè íà ìèíå-
ðàëüíûé ñîñòàâ âíåøíèõ òåõíîãåííûõ ôàêòîðîâ: äîëÿ áèîãåííûõ ýëåìåí-
òîâ (Fe, Cu) óìåíüøèëàñü â 2-4 ðàçà, â ñîcòàâå ïëîäîâ ïîÿâèëèñü òîêñè÷-
íûå ýëåìåíòû — Pb è Ni (ðèñ. 1). 

Ñîäåðæàíèå òÿæåëûõ ìåòàëëîâ (ìã/êã) â ïî÷âå îïûòíîãî ó÷àñòêà (Îðëîâñêàÿ 
îáë., Ìöåíñêèé ð-í, 2006-2008 ãîäû) 

Ïîêàçàòåëü Pb Ni Zn Cu 
Âàëîâîå ñîäåðæàíèå (X±x) 29,1±0,78 39,3±0,87 65,8±1,69 69,0±2,53 
Ðåãèîíàëüíî-ôîíîâîå âàëîâîå 
ñîäåðæàíèå (14) 12,7 15,0 13,4 12,3 
ÎÄÊâàë. (15) 65,0 40,0 110,0 66,0 
Ñîäåðæàíèå ïîäâèæíûõ ôîðì (X±x) 0,45±0,07 0,96±0,08 4,77±0,54 1,5±0,09 
ÏÄÊïîäâ. (16) 6,0 4,0 23,0 3,0 
Ï ð è ì å ÷ à í è å. ÎÄÊâàë. è ÏÄÊïîäâ. — ñîîòâåòñòâåííî îðèåíòèðîâî÷íî äîïóñòèìûå êîíöåíòðàöèè 
òÿæåëûõ ìåòàëëîâ â ïî÷âàõ (âàëîâîå ñîäåðæàíèå) è ïðåäåëüíî-äîïóñòèìûå êîíöåíòðàöèè ïîäâèæíûõ 
ôîðì òÿæåëûõ ìåòàëëîâ â ïî÷âàõ. 

 

 

Ðèñ. 1. Ñîîòíîøåíèå ìèêðîýëåìåíòîâ â ïëîäàõ 
çåìëÿíèêè ñîðòîâ Ðóáèíîâûé êóëîí (À), Áû-
ëèííàÿ (Á), Ìàìî÷êà (Â), Áîãåìà (Ã), âûðà-
ùåííîé â óñëîâèÿõ òåõíîãåííîãî çàãðÿçíåíèÿ
(Îðëîâñêàÿ îáë., Ìöåíñêèé ð-í, 2006-2008 
ãîäû). Íà îòäåëüíîé äèàãðàììå (Ä) ïðèâåäå-
íû ñðåäíèå ôîíîâûå ïîêàçàòåëè äëÿ ïëîäîâ 
çåìëÿíèêè (18). 

 
Íåâûñîêîå ñîäåðæàíèå ÒÌ â 

ïëîäàõ ìîæåò áûòü ñëåäñòâèåì ýô-
ôåêòèâíîé ðàáîòû ôèçèîëîãè÷åñêèõ áàðüåðîâ â ðàñòåíèè. Äëÿ êàæäîãî 
ìåòàëëà ìû îòìå÷àëè õàðàêòåðíûå îñîáåííîñòè ðàñïðåäåëåíèÿ ïî îðãàíàì, 
êîòîðûå çàâèñåëè îò ôèçèîëîãè÷åñêîé çíà÷èìîñòè ýëåìåíòà, åãî õèìè÷å-
ñêèõ ñâîéñòâ è òåõíîãåííîé íàãðóçêè. Â òî æå âðåìÿ íàáëþäàëèñü ñóùåñò-
âåííûå ñîðòîâûå ðàçëè÷èÿ (ðèñ. 2). 

Â âåãåòàöèîííûõ îïûòàõ Á.Ê. Öèëó (12) 80-95 % ñâèíöà, ïîãëî-
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ùåííîãî çåìëÿíèêîé, àêêóìóëèðîâàëîñü â ìíîãîëåòíèõ îðãàíàõ. Â íàøèõ 
èññëåäîâàíèÿõ íà ôîíå íåâûñîêîãî ñîäåðæàíèÿ ïîäâèæíûõ ôîðì ìåòàëëà 
â ïî÷âå ïîñòåïåííîå ñíèæåíèå íàêîïëåíèÿ ñâèíöà â ðÿäó êîðíè—êîð-
íåâèùà—ëèñòüÿ—ïëîäû íàáëþäàëîñü òîëüêî ó ñîðòà Áîãåìà. Ó ñîðòîâ Ðó-
áèíîâûé êóëîí, Ìàìî÷êà è Áûëèííàÿ íàèìåíüøåå êîëè÷åñòâî Pb îòìå÷àëè 
â êîðíåâèùàõ, à ëèñòüÿ ñîäåðæàëè áîëüøå ìåòàëëà, ÷åì êîðíè, ÷òî ìîæåò 
îáúÿñíÿòüñÿ äîïîëíèòåëüíûì ôîëèàðíûì ïîãëîùåíèåì Pb èç àòìîñôåðû. 

 

Ðèñ. 2. Ñîäåðæàíèå ìèêðîýëåìåíòîâ â êîðíÿõ 
(1), êîíåâèùàõ (2), ÷åðåøêàõ ëèñòüåâ (3), ëè-
ñòüÿõ (4) è ïëîäàõ (5) çåìëÿíèêè ñàäîâîé: à —
ñîðò Ðóáèíîâûé êóëîí, á — ñîðò Ìàìî÷êà, â —
ñîðò Áûëèííàÿ, ã — ñîðò Áîãåìà (Îðëîâñêàÿ 
îáë., Ìöåíñêèé ð-í, 2007-2008 ãîäû).   
 

Ôàêòîð À — ñîðòà çåìëÿíèêè; ôàêòîð Â —
îðãàíû ðàñòåíèÿ.  
 

Pb: ÍÑÐ À = 0,24; ÍÑÐ Â = 0,27; ÍÑÐ ÀÂ = 0,53. 
Ni: ÍÑÐ À = 0,04; ÍÑÐ Â = 0,05;  ÍÑÐ ÀÂ = 0,10.
Zn: ÍÑÐ À = 0,24; ÍÑÐ Â = 0,27; ÍÑÐ ÀÂ = 0,53.
Fe: ÍÑÐ À = 0,79; ÍÑÐ Â = 0,89; ÍÑÐ ÀÂ = 1,77.
Cu: ÍÑÐ À = 0,47; ÍÑÐ Â = 0,52; ÍÑÐ ÀÂ = 1,05. 

 

Íèêåëü áûë ðàñïðåäåëåí â ðàñòåíèÿõ áîëåå ðàâíîìåðíî. Åãî âàëî-
âîå ñîäåðæàíèå â ïî÷âå ïðàêòè÷åñêè ñîîòâåòñòâîâàëî ÎÄÊâàë., ïðè ýòîì 
çàìåòíàÿ ôèêñàöèÿ Ni â êîðíÿõ íàáëþäàëàñü òîëüêî ó ñîðòà Ìàìî÷êà. Ó 
îñòàëüíûõ ñîðòîâ ïëîäû ñîäåðæàëè äîñòîâåðíî áîëüøå Ni, ÷åì ïîäçåìíûå 
îðãàíû. Íàøè ðåçóëüòàòû ñîãëàñóþòñÿ ñ äàííûìè èññëåäîâàòåëåé, ñîîá-
ùàâøèõ, ÷òî ïðè êîðíåâîì ïîãëîùåíèè áîëüøàÿ ÷àñòü Ni íå ëîêàëèçóåòñÿ 
â àïîïëàñòå, à ïðîíèêàåò âíóòðü êëåòîê (19). Â ðåçóëüòàòå òðàíñïîðòà ïî 
ñèìïëàñòó íèêåëü ñëàáî óäåðæèâàåòñÿ ýíäîäåðìîé, ñâîáîäíî ïðîíèêàåò â 
ïðîâîäÿùèå òêàíè êîðíÿ è òðàíñïîðòèðóåòñÿ â äðóãèå îðãàíû. Â óñëîâèÿõ 
òåõíîãåííîãî çàãðÿçíåíèÿ áîëåå âûñîêîå ñîäåðæàíèå Ni â íàäçåìíûõ îð-
ãàíàõ ó ðàñòåíèé çåìëÿíèêè ïî ñðàâíåíèþ ñ êîðíåâèùàìè è êîðíÿìè ìî-
æåò òàêæå îáúÿñíÿòüñÿ ïðèòîêîì ìåòàëëà èç àòìîñôåðû.  
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Êàê è â ñëó÷àå ñ íèêåëåì, â âåãåòàòèâíûõ îðãàíàõ ó ñîðòîâ Ðó-
áèíîâûé êóëîí è Ìàìî÷êà ìû íå âûÿâèëè íàêîïëåíèÿ öèíêà. Ïëîäû â 
óñëîâèÿõ íàøåãî îïûòà ñîäåðæàëè â 4-20 ðàç áîëüøå ýòîãî ìåòàëëà, ÷åì 
ëèñòüÿ, êîðíåâèùà è êîðíè. Â òî æå âðåìÿ íàáëþäàëîñü íàêîïëåíèå Zn 
â êîðíÿõ ó ñîðòà Áîãåìà è â êîðíåâèùàõ ó ñîðòà Áûëèííàÿ. Â ðåçóëüòà-
òå ñîäåðæàíèå Zn â ïëîäàõ ó ñîðòîâ Áûëèííàÿ è Áîãåìà áûëî äîñòî-
âåðíî (â 2 ðàçà) íèæå, ÷åì ó ñîðòîâ, íå ôèêñèðîâàâøèõ ýëåìåíò â âåãå-
òàòèâíûõ îðãàíàõ. 

Ïëîäû ó âñåõ èçó÷åííûõ ñîðòîâ ñîäåðæàëè áîëüøå æåëåçà, ÷åì 
ëèñòüÿ, à ëèñòüÿ — ìåíüøå, ÷åì äðóãèå âåãåòàòèâíûå îðãàíû. Ñîðòà Ðó-
áèíîâûé êóëîí, Ìàìî÷êà è Áîãåìà íàêàïëèâàëè Fe ïðåèìóùåñòâåííî â 
êîðíÿõ è ïëîäàõ, ñîðò Áûëèííàÿ õàðàêòåðèçîâàëñÿ ïîâûøåííîé àêêó-
ìóëÿöèåé ìåòàëëà â êîðíåâèùàõ è ÷åðåøêàõ ëèñòüåâ. Äîñòîâåðíûå ñîð-
òîâûå ðàçëè÷èÿ (ñì. ðèñ. 2) â íàêîïëåíèè Fe ðàçíûìè îðãàíàìè ñâèäå-
òåëüñòâóþò, ÷òî ïîñòóïëåíèå ýëåìåíòà îïðåäåëÿëîñü ïðåèìóùåñòâåííî 
ïîòðåáíîñòüþ ñàìèõ ðàñòåíèé çåìëÿíèêè. 

Áèîãåííûé ýëåìåíò ìåäü â óñëîâèÿõ íàøåãî îïûòà áûë ïðèîðèòåò-
íûì çàãðÿçíèòåëåì (ñîäåðæàíèå â ïî÷âå âûøå ÎÄÊâàë.). Ðàñïðåäåëåíèå Cu 
ïî îðãàíàì îêàçàëîñü ñõîæèì ñ ðàñïðåäåëåíèåì ñâèíöà: âûñîêàÿ àêêóìó-
ëÿöèÿ ýëåìåíòà íàáëþäàëàñü â êîðíÿõ è â ÷åðåøêàõ ëèñòüåâ, ìèíèìàëü-
íàÿ — â ïëîäàõ è êîðíåâèùàõ. Òàêîå ñõîäñòâî ìîæíî îáúÿñíèòü òåì, ÷òî 
ìåäü êàê çàãðÿçíèòåëü óäåðæèâàåòñÿ áàðüåðíûìè òêàíÿìè — ýíäîäåðìîé 
êîðíåé è ïîÿñîì Êàñïàðè. Êðîìå òîãî, ìåäü è ñâèíåö èìåþò âûñîêîå 
ñðîäñòâî ê êîìïîíåíòàì êîðíåâîé ñëèçè è êëåòî÷íûõ ñòåíîê ïðîâîäÿùèõ 
òêàíåé. Èçâåñòíî, ÷òî ïî óñòîé÷èâîñòè ñâÿçåé, îáðàçóåìûõ ñ êëåòî÷íîé 
ñòåíêîé, äâóõâàëåíòíûå êàòèîíû ìåòàëëîâ ìèêðîýëåìåíòîâ ðàñïîëàãàþòñÿ 
â ðÿäó Cu2+ > Zn2+ > Mn2+ (20). 

Â òî æå âðåìÿ ëèñòüÿ ó âñåõ èçó÷åííûõ ñîðòîâ çåìëÿíèêè ñîäåðæà-
ëè äîñòîâåðíî ìåíüøå ìåäè, ÷åì êîðíè. Ìîæíî ïðåäïîëîæèòü, ÷òî êîð-
íåâîå ïîãëîùåíèå ýòîãî ýëåìåíòà â óñëîâèÿõ îïûòà ïðåîáëàäàëî íàä ôî-
ëèàðíûì. Êðîìå òîãî, ýôôåêòèâíî äåéñòâîâàë ôèçèîëîãè÷åñêèé áàðüåð, 
ïðåïÿòñòâóþùèé èçëèøíåìó ïîñòóïëåíèþ ìåäè â íàäçåìíûå îðãàíû.  

Òàêèì îáðàçîì, â óñëîâèÿõ ðåàëüíîãî ïîëèýëåìåíòíîãî òåõíîãåí-
íîãî çàãðÿçíåíèÿ íà ïðèìåðå ÷åòûðåõ ñîðòîâ çåìëÿíèêè ìû âûÿâèëè ýô-
ôåêòèâíîå äåéñòâèå ôèçèîëîãè÷åñêèõ áàðüåðîâ â îòíîøåíèè ñâèíöà è ìå-
äè è ñëàáîå — â îòíîøåíèè íèêåëÿ. Ïðè ýòîì ðàñïðåäåëåíèå öèíêà è æå-
ëåçà ïî îðãàíàì ðàñòåíèé áûëî îáóñëîâëåíî ïðåèìóùåñòâåííî ãåíåòè÷å-
ñêèìè îñîáåííîñòÿìè ñîðòîâ. Ñóùåñòâåííûå ñîðòîâûå ðàçëè÷èÿ â íàêîï-
ëåíèè òÿæåëûõ ìåòàëëîâ ñâèäåòåëüñòâóþò î âîçìîæíîñòè óìåíüøåíèÿ 
ýêîëîãè÷åñêîãî ðèñêà çàãðÿçíåíèÿ ïëîäîâ çåìëÿíèêè ïîñðåäñòâîì öåëåíà-
ïðàâëåííîãî ïîäáîðà ñîðòîâ.   
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A b s t r a c t  
 

In case the large strawberry plantations and the plots of amateur gardeners are located in 
the areas, influenced by industrial centers, the risk of soil and air pollution with heavy metals is high, 
and the background values of Cu, Zn and Pb, for instance, can be 4-55 times increased. In plant 
there are physiological barriers between the root and the stem, the stem and the leaf, and the stem 
and reproductive organs, which prevent penetration of the toxicants into fruits. During 2006-2008 we 
evaluated the accumulation of Pb, Ni, Zn, Fe, and Cu in roots, rhizomes, petioles, leaves and fruits 
in four strawberry Fragaria ½ ananassa (Duchesne ex Weston) varieties, grown on the light gray for-
est soil under multielement anthropogenic pollution in Orlovskaya Province. The accumulation of 
each element was shown to be specific, depending on its physiological effect and chemical proper-
ties, and on the anthropogenic load. Significant differences among the varieties were also observed. 
In Rubinovii kulon, Mamochka, and Bylinnaya varieties the Pb content in leaves was higher than in 
the roots, probably due to extra foliar absorption from air. In Bogema variety the Pb accumulation 
gradually decreased from the roots to rhizomes, then to leaves and finally to fruits. Considerable Ni 
content in the roots was indicated only in Mamochka variety. In other tested varieties the Ni accu-
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mulation in fruits was significantly higher than in the underground organs. Zn and Fe distribution 
among strawberry plant organs was specified by the varietal genetic features. Zn was not accumulated 
in the vegetative organs of Rubinovii kulon and Mamochka plants. Conversely, the high accumula-
tion of Zn was found in the roots of Bogema plants and in the rhizomes of Bylinnaya plants. In 
Rubinovii kulon, Mamochka and Bogema plants the Fe accumulation was mainly detected in the 
roots and in the berries, whereas in Bylinnaya plants this element was mainly concentrated in the 
rhizomes and petioles. The least significant difference for factor A (strawberry varieties), factor B (plant 
organs) and their combination (AB) makes for Pb 0.24, 0.27, and 0.53, respectively; for Ni — 0.04, 
0.05, and 0.10, respectively; for Zn — 0.24, 0.27, and 0.53, respectively; for Fe — 0.79, 0.89, and 
1.77, respectively; for Cu — 0.47, 0.52, and 1.05, respectively. An unequal accumulation of toxicants 
among the varieties, which were not bred with a view to low heavy metal penetration under soil and 
air pollution, shows that the ecological risk of the heavy metal accumulation in fruits could be de-
creased by purposeful choosing varieties for cultivation with respect to their physiological features.  

 

Êåywords: strawberry, berry agrocoenosis, technogenic pollution, heavy metals. 
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