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Äðåâåñíûå ðàñòåíèÿ ýôôåêòèâíû ïðè
ñíèæåíèè ïðîìûøëåííîãî çàãðÿçíåíèÿ [1].
Ñîñòîÿíèå è óñòîé÷èâîñòü äðåâåñíûõ ðàñòå-
íèé ê äåéñòâèþ ïðîìûøëåííîãî çàãðÿçíåíèÿ
çàâèñèò íå òîëüêî îò ñîñòîÿíèÿ àññèìèëÿöè-
îííîãî àïïàðàòà, íî è îò îñîáåííîñòåé ñòðîå-
íèÿ è ñòåïåíè ðàçâèòèÿ êîðíåâûõ ñèñòåì [2].
Ïðîìûøëåííûå öåíòðû èìåþò øèðîêóþ ãåî-
ãðàôèþ è ÷àñòî ðàñïîëàãàþòñÿ âäîëü êðóïíûõ
è ìåëêèõ ðåê è âîäîåìîâ. Èâà áåëàÿ øèðîêî
ïðåäñòàâëåíà â ïîéìåííûõ ëåñàõ, òàêæå ÷àñòî
âñòðå÷àåòñÿ â ãîðîäñêèõ ëåñàõ â ïîéìåííîé
çîíå. Ïðè ýòîì ñëàáî èçó÷åíû îñîáåííîñòè
ðàçâèòèÿ è àäàïòàöèîííûå ðåàêöèè èâû áå-
ëîé â óñëîâèÿõ ïðîìûøëåííîãî çàãðÿçíåíèÿ.

Îáúåêò èññëåäîâàíèÿ – ïîéìåííûå ëåñà
ñ ó÷àñòèåì èâû áåëîé, ðàñïîëîæåííûå â ïîé-
ìàõ ðåêè Áåëîé è ðåêè Äåìà. Ïîäáîð, çàêëàäêó
è îïèñàíèå ïðîáíûõ ïëîùàäåé ïðîâîäèëè ïî
ñòàíäàðòíîé ìåòîäèêå [3]. Ïðîáíûå ïëîùàäè
áûëè çàëîæåíû íà ðàçëè÷íîì óäàëåíèè îò
ãðóïïû íåôòåõèìè÷åñêèõ ïðåäïðèÿòèé: â ñå-
âåðíîé ÷àñòè ãîðîäà, â íåïîñðåäñòâåííîé áëè-
çîñòè ÎÀÎ «Óôàíåôòåõèì» è ÎÀÎ «Íîâî-
Óôèìñêèé íåôòåïåðåðàáàòûâàþùèé çàâîä»
(çîíà ñèëüíîãî óðîâíÿ çàãðÿçíåíèÿ, ïîéìà
ð. Áåëîé), â ñðåäíåé ÷àñòè ãîðîäà â ðàéîíå ìèê-
ðîðàéîíà Çàòîí (çîíà ñðåäíåãî óðîâíÿ çàãðÿç-
íåíèÿ, ïîéìà ð. Áåëîé). Îòíîñèòåëüíûì êîí-
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Èçó÷åíû îñîáåííîñòè ñòðîåíèÿ êîðíåâûõ ñèñòåì èâû áåëîé â óñëîâèÿõ Óôèìñêîãî ïðîìûøëåííîãî
öåíòðà. Óñòàíîâëåíî, ÷òî â óñëîâèÿõ çàãðÿçíåíèÿ îòìå÷àåòñÿ óìåíüøåíèå êîðíåíàñûùåííîñòè ïî÷âû è èç-
ìåíåíèå â ôðàêöèîííîì ñîñòàâå êîðíåâîé ñèñòåìû èâû áåëîé.
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òðîëåì ñëóæèëè íàñàæäåíèÿ, ðàñïîëîæåííûå
â þæíîé ÷àñòè ãîðîäà â ïîéìå ð. Äåìû.

Îñîáåííîñòè ôîðìèðîâàíèÿ êîðíåâîé
ñèñòåìû èâû áåëîé èçó÷àëè ìåòîäîì ìîíî-
ëèòîâ [4–5]. Ïî÷âåííûå òðàíøåè (9 òðàíøåé)
äëÿ èçó÷åíèÿ êîðíåâîé ñèñòåìû èâû áåëîé
çàêëàäûâàëèñü ïåðïåíäèêóëÿðíî ðîñòó ãîðè-
çîíòàëüíûõ êîðíåé â 50 ñì îò ñòâîëîâ ìîäåëü-
íûõ äåðåâüåâ, âñå òðàíøåè èìåëè îäèíàêî-
âûé ðàçìåð (2,5×1 ì). Èñïîëüçîâàëè ìîíîëè-
òû ðàçìåðîì 10×10×10 ñì. Âûáîðêó êîðíåé
èç ïîëó÷åííûõ ìîíîëèòîâ ïðîâîäèëè ïðè ïî-
ìîùè ïèíöåòà ñ ïîñëåäóþùåé îòìûâêîé íà
ñèòàõ (äèàìåòð ÿ÷ååê 0,5 ìì). Ïðè ðàçäåëåíèè
êîðíåé íà ôðàêöèè èñïîëüçîâàëè äðîáíîñòü,
ïðåäëîæåííóþ È.Í. Ðàõòååíêî äëÿ ëåñíûõ
êóëüòóð: äî 1 ìì, 1–3 ìì è áîëåå 3 ìì. Êîðíè
äî 1 ìì îòíîñèëè ê äåÿòåëüíûì è óñëîâíî
äåÿòåëüíûì (ñîñóùèå), 1–3 ìì –  ê ïîëóñêå-
ëåòíûì (ïðîâîäÿùèå), áîëåå 3 ìì – ê ñêåëåò-
íûì (ïðîâîäÿùèå) [6–7].

Äëèíó ïîëóñêåëåòíûõ è ñêåëåòíûõ êîð-
íåé èçìåðÿëè øòàíãåíöèðêóëåì ñ òî÷íîñòüþ
äî 0,01 ñì. Äëèíó ïîãëîùàþùèõ êîðíåé îï-
ðåäåëÿëè ïî ôîðìóëå:
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ãäå ò – ìàññà ïîãëîùàþùèõ êîðíåé â ïðîáå;
ð – îáúåìíàÿ ïëîòíîñòü; d – ñðåäíèé äèàìåòð
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êîðíåé â ïðîáå. Âñå èçìåðåíèÿ äëèíû êîð-
íåé ïðîèçâîäÿòñÿ â âîçäóøíîñóõîì ñîñòîÿ-
íèè êîðíåé.

Èññëåäîâàíèÿ ïîêàçàëè, ÷òî â óñëîâèÿõ
çàãðÿçíåíèÿ îòìå÷àåòñÿ óìåíüøåíèå äëèíû
êîðíåé èâû áåëîé – ñóììàðíàÿ äëèíà êîðíåé
âñåõ ôðàêöèé â çîíå ñèëüíîãî óðîâíÿ çàãðÿç-
íåíèÿ ñîñòàâëÿåò 1145,9 ñì/ì2, â óñëîâèÿõ îò-
íîñèòåëüíîãî êîíòðîëÿ – 1315,8 ñì/ì2, â çîíå

ñðåäíåãî óðîâíÿ çàãðÿçíåíèÿ – 1241,7 ñì/ì2

(ðèñ.). Ìàêñèìóì êîðíåíàñûùåííîñòè ïî÷âû
îòìå÷àåòñÿ íà ãëóáèíå 0–10 ñì: â óñëîâèÿõ
ñèëüíîãî çàãðÿçíåíèÿ äëèíà êîðíåé ñîñòàâ-
ëÿåò 281,4 ñì/ì2 (24,5% îò âñåé äëèíû êîð-
íåé), â çîíå ñèëüíîãî óðîâíÿ çàãðÿçíåíèÿ –
204,5 ñì/ì2 (16,4% îò âñåé äëèíû êîðíåé), â óñ-
ëîâèÿõ îòíîñèòåëüíîãî êîíòðîëÿ – 246,2 ñì/ì2

(18,7% îò âñåé äëèíû êîðíåé).

Ðèñ.  Êîðíåíàñûùåííîñòü ïî÷âû (ïî äëèíå êîðíåé) â íàñàæäåíèÿõ èâû áåëîé (Salix alba L.) â óñëîâèÿõ íåôòåõèìè-
÷åñêîãî çàãðÿçíåíèÿ Óôèìñêîãî ïðîìûøëåííîãî öåíòðà
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Óñòàíîâëåíî, ÷òî êîðíåíàñûùåííîñòü
ìåòðîâîãî ñëîÿ ïî÷âû (ïî äëèíå êîðíåé) ïî-
ãëîùàþùèìè êîðíÿìè â óñëîâèÿõ çàãðÿçíåíèÿ
(240,335 ñì/ì2) íèæå, ÷åì â êîíòðîëå
(275,503 ñì/ì2), à â ñðåäíåé çîíå (388,74 ñì/ì2)
âûøå, ÷åì â îòíîñèòåëüíîì êîíòðîëå.

Â çîíå ñèëüíîãî óðîâíÿ çàãðÿçíåíèÿ ìàê-
ñèìóì äëèíû ïîãëîùàþùèõ êîðíåé îòìå÷àåòñÿ
íà ãëóáèíå 0–10ñì – 55,98 ñì/ì2 (23,3% âñåõ
ïîãëîùàþùèõ êîðíåé). Â çîíå ñðåäíåãî óðîâíÿ
çàãðÿçíåíèÿ è â óñëîâèÿõ îòíîñèòåëüíîãî êîíò-
ðîëÿ ìàêñèìóì äëèíû ïîãëîùàþùèõ êîðíåé îò-
ìå÷àåòñÿ íà ãëóáèíå 10–20 ñì  75,51 ñì/ì2 (19,4%
âñåõ ïîãëîùàþùèõ êîðíåé) è 66,61 ñì/ì2 (23,1%
âñåõ ïîãëîùàþùèõ êîðíåé) ñîîòâåòñòâåííî.
Êîðíåíàñûùåííîñòü ìåòðîâîãî ñëîÿ ïî÷âû ïî-
ãëîùàþùèìè êîðíÿìè â óñëîâèÿõ çàãðÿçíåíèÿ
óìåíüøàåòñÿ: â çîíå ñèëüíîãî óðîâíÿ çàãðÿçíå-
íèÿ äëèíà ïîãëîùàþùèõ êîðíåé ñîñòàâëÿåò
240,335 ñì/ì2, â óñëîâèÿõ îòíîñèòåëüíîãî êîí-
òðîëÿ – 275,503 ñì/ì2. Ìàêñèìóì êîðíåíàñû-
ùåííîñòè ìåòðîâîãî ñëîÿ ïî÷âû ïîãëîùàþùè-
ìè êîðíÿìè îòìå÷àåòñÿ â çîíå ñðåäíåãî óðîâíÿ
çàãðÿçíåíèÿ – 388,74 ñì/ì2.

Óñòàíîâëåíî, ÷òî êîðíåíàñûùåííîñòü ìåò-
ðîâîãî ñëîÿ ïî÷âû (ïî äëèíå êîðíåé) ïîëóñêå-
ëåòíûìè êîðíÿìè â óñëîâèÿõ íåôòåõèìè÷åñêî-
ãî çàãðÿçíåíèÿ (805,57 ñì/ì2) âûøå, ÷åì â îòíî-
ñèòåëüíîì êîíòðîëå (749,27 ñì/ì2). Â çîíå ñðåä-
íåãî óðîâíÿ çàãðÿçíåíèÿ êîðíåíàñûùåííîñòü
ìåòðîâîãî ñëîÿ íàèìåíüøàÿ (655,39 ñì/ì2).

Ìàêñèìóì äëèíû ïîëóñêåëåòíûõ êîðíåé
âî âñåõ èçó÷åííûõ íàñàæäåíèÿõ îòìå÷àåòñÿ

íà ãëóáèíå 0–10 ñì: â çîíå ñèëüíîãî óðîâíÿ
çàãðÿçíåíèÿ – 187,5 ñì/ì2 (23,2% äëèíû âñåõ
ïîëóñêåëåòíûõ êîðíåé), â çîíå ñðåäíåãî óðîâ-
íÿ çàãðÿçíåíèÿ – 110 ñì/ì2 (16,7% äëèíû âñåõ
ïîëóñêåëåòíûõ êîðíåé), â óñëîâèÿõ îòíîñè-
òåëüíîãî êîíòðîëÿ – 145,7 ñì/ì2 (19,4% äëè-
íû âñåõ ïîëóñêåëåòíûõ êîðíåé).

Óñòàíîâëåíî, ÷òî â óñëîâèÿõ íåôòåõèìè-
÷åñêîãî çàãðÿçíåíèÿ îòìå÷àåòñÿ ñíèæåíèå êîð-
íåíàñûùåííîñòè ìåòðîâîãî ñëîÿ ïî÷âû (ïî
äëèíå) ñêåëåòíûìè êîðíÿìè – 100,03 ñì/ì2; â
êîíòðîëå – 291,1 ñì/ì2. Êîðíåíàñûùåííîñòü
ïî÷âû ñêåëåòíûìè êîðíÿìè â çîíå ñðåäíåãî
óðîâíÿ çàãðÿçíåíèÿ âûøå, ÷åì â çîíå ñèëüíî-
ãî óðîâíÿ çàãðÿçíåíèÿ, íî íèæå, ÷åì â óñëîâè-
ÿõ îòíîñèòåëüíîãî êîíòðîëÿ (197,56 ñì/ì2).

Ìàêñèìóì äëèíû ñêåëåòíûõ êîðíåé â çîíå
ñèëüíîãî óðîâíÿ çàãðÿçíåíèÿ (37,97 ñì/ì2,
37,9% äëèíû âñåõ ñêåëåòíûõ êîðíåé) è â çîíå
ñðåäíåãî óðîâíÿ çàãðÿçíåíèÿ (44,5 ñì/ì2, 22,5%
äëèíû âñåõ ñêåëåòíûõ êîðíåé) îòìå÷àåòñÿ íà
ãëóáèíå 0–10 ñì, â óñëîâèÿõ îòíîñèòåëüíîãî
êîíòðîëÿ – íà ãëóáèíå 50–60 ñì, (58,8 ñì/ì2,
20,1% äëèíû âñåõ ñêåëåòíûõ êîðíåé).

Îòìå÷àþòñÿ èçìåíåíèÿ âî ôðàêöèîííîì
ñîñòàâå êîðíåâîé ñèñòåìû èâû áåëîé â óñëî-
âèÿõ ïðîìûøëåííîãî çàãðÿçíåíèÿ (òàáë.).
Â óñëîâèÿõ ñðåäíåãî óðîâíÿ çàãðÿçíåíèÿ îò-
ìå÷àåòñÿ óâåëè÷åíèå äîëè, ïðèõîäÿùåéñÿ íà
ïîãëîùàþùèå êîðíè (21,92%), ïî ñðàâíåíèþ
ñ çîíîé ñèëüíîãî óðîâíÿ çàãðÿçíåíèÿ (21,07%)
è îòíîñèòåëüíûì êîíòðîëåì (20,93%). Ñðàâ-
íèâàÿ ôðàêöèîííûé ñîñòàâ êîðíåâîé ñèñòå-

Ò à á ë è ö à

Ôðàêöèîííûé ñîñòàâ (ïî äëèíå êîðíåé) êîðíåâîé ñèñòåìû èâû áåëîé
â óñëîâèÿõ Óôèìñêîãî ïðîìûøëåííîãî öåíòðà

Çîíà ñèëüíîãî óðîâíÿ 
çàãðÿçíåíèÿ 

Çîíà ñðåäíåãî óðîâíÿ 
çàãðÿçíåíèÿ Îòíîñèòåëüíûé êîíòðîëü Ãëóáèíà, 

ñì > 1 ìì 1–3 ìì <3 ìì > 1 ìì 1–3 ìì <3 ìì > 1 ìì 1–3 ìì <3 ìì 
0–10 19,89 66,62 13,49 24,46 53,78 21,76 22,14 59,18 18,68 
10–20 18,16 74,16 7,68 41,93 34,23 23,84 30,87 51,75 17,38 
20–30 21,78 69,05 9,17 25,25 57,53 17,22 28,02 52,39 19,59 
30–40 20,64 79,36 0,00 28,86 59,36 11,78 17,02 54,49 28,49 
40–50 28,09 62,29 9,62 45,39 41,00 13,61 18,87 65,76 15,37 
50–60 17,47 73,70 8,83 20,33 67,70 11,97 9,77 55,68 34,55 
60–70 18,98 74,65 6,37 47,17 46,14 6,69 8,82 54,12 37,06 
70–80 14,67 85,33 0,00 21,92 62,27 15,81 25,07 67,03 7,90 
80–90 24,73 60,81 14,46 22,01 66,10 11,89 18,00 54,22 27,78 

90–100 26,25 61,65 12,10 40,26 55,46 4,28 18,18 70,93 10,89 
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ìû èâû â óñëîâèÿõ ñèëüíîãî óðîâíÿ çàãðÿç-
íåíèÿ è îòíîñèòåëüíîãî êîíòðîëÿ, ñëåäóåò
îòìåòèòü, ÷òî â óñëîâèÿõ çàãðÿçíåíèÿ îòìå-
÷àåòñÿ ïåðåðàñïðåäåëåíèå êîðíåé â ñòîðîíó
óâåëè÷åíèÿ äîëè ïîëóñêåëåòíûõ êîðíåé
(70,76% â óñëîâèÿõ çàãðÿçíåíèÿ è 58,56% â
óñëîâèÿõ êîíòðîëÿ) íà ôîíå óìåíüøåíèÿ ñêå-
ëåòíîé ñîñòàâëÿþùåé êîðíåâîé ñèñòåìû
(8,17% è 21,77% ñîîòâåòñòâåííî).

Â çàêëþ÷åíèå ñëåäóåò îòìåòèòü, ÷òî â
óñëîâèÿõ íåôòåõèìè÷åñêîãî çàãðÿçíåíèÿ îò-
ìå÷àåòñÿ ñíèæåíèå êîðíåíàñûùåííîñòè ìåò-
ðîâîãî ñëîÿ ïî÷âû èâû áåëîé (ïî äëèíå êîð-
íåé). Îòìå÷àåòñÿ óìåíüøåíèå äëèíû ïîãëî-
ùàþùèõ è ñêåëåòíûõ êîðíåé íà ôîíå óâåëè-
÷åíèÿ äëèíû ïîëóñêåëåòíûõ êîðíåé. Îòìå÷å-
íû èçìåíåíèÿ â ôðàêöèîííîì ñîñòàâå êîðíå-
âîé ñèñòåìû èâû áåëîé – â çîíå ñðåäíåãî
óðîâíÿ çàãðÿçíåíèÿ îòìå÷àåòñÿ óâåëè÷åíèå
äîëè, ïðèõîäÿùåéñÿ íà ïîãëîùàþùèå êîðíè.
Â óñëîâèÿõ ñèëüíîãî çàãðÿçíåíèÿ îòìå÷àåòñÿ
óâåëè÷åíèå äîëè ïîëóñêåëåòíûõ êîðíåé è
ñíèæåíèå äîëè ñêåëåòíûõ êîðíåé ïî ñðàâíå-
íèþ ñ îòíîñèòåëüíûì êîíòðîëåì. Ñëåäóåò
îòìåòèòü, ÷òî, íåñìîòðÿ íà óìåíüøåíèå êîð-
íåíàñûùåííîñòè ïî÷âû â óñëîâèÿõ íåôòåõè-
ìè÷åñêîãî çàãðÿçíåíèÿ, íå îòìå÷àåòñÿ äå-
ñòðóêöèè äðåâîñòîåâ ñ ó÷àñòèåì èâû áåëîé.
Èçìåíåíèÿ â êîðíåíàñûùåííîñòè ïî÷âû è

ñòðîåíèè êîðíåâûõ ñèñòåì èâû áåëîé ìîæíî
ðàññìàòðèâàòü êàê àäàïòèâíûå ðåàêöèè, íà-
ïðàâëåííûå íà îáåñïå÷åíèå óñòîé÷èâîãî ðî-
ñòà äàííîé äðåâåñíîé ïîðîäû â óñëîâèÿõ ïðî-
ìûøëåííîãî çàãðÿçíåíèÿ.
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ROOT  OCCUPATION  OF  SOIL  IN  WHITE  WILLOW  (SALIX  ALBA  L. )  PLANTINGS
UNDER  PETROCHEMICAL  POLLUTION  OF  THE  UFA  INDUSTRIAL  CENTRE

© R.Sh. Akhmadullin, G.A. Zaitsev

The paper considers the peculiar features of a root system structure in white willow under conditions of the
Ufa Industrial Centre. It has been established that pollution causes a reduction in root occupation of soil and
changes the fractional structure of the white willow root system.

Key words: root system, white willow, petrochemical pollution, adaptation.
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