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Ðîçâèòîê íàôòîâî¿ ³ íàôòîïåðåðîáíî¿ ãàëóçåé ïðîìèñëîâîñò³ ïîðîäæóº äå-
äàë³ á³ëüøå ïðîáëåì, ïîâ’ÿçàíèõ ³ç çàáðóäíåííÿì íàâêîëèøíüîãî ñåðåäîâè-
ùà [21, 23, 24]. Áîðèñëàâñüêå íàôòîâå ðîäîâèùå (ÁÍÐ), ùî ó Ëüâ³âñüê³é îáë.
Óêðà¿íè, — îäèí ç íàéäàâí³øèõ íàôòîïðîìèñëîâèõ öåíòð³â ñâ³òó. Òðèâàëèé
íàôòîâèäîáóòîê íåãàòèâíî âïëèíóâ íà âñ³ êîìïîíåíòè åêîñèñòåì ÁÍÐ: àò-
ìîñôåðíå ïîâ³òðÿ, ´ðóíò, âîäí³ ðåñóðñè, ðîñëèííèé ñâ³ò òîùî. Íà ñüîãîäí³
îö³íåíî àíòðîïîãåíí³ çì³íè ðîñëèííîãî ïîêðèâó íà òåðèòîð³¿ ì. Áîðèñëàâà
òà éîãî îêîëèöü. Âñòàíîâëåíî âèäîâèé ñêëàä ðîñëèí, ñò³éêèõ äî íàôòîâîãî
çàáðóäíåííÿ, ùî ìîæå áóòè îñíîâîþ á³îëîã³÷íî¿ ðåêóëüòèâàö³¿ öèõ òåðèòîð³é.
Ç’ÿñîâàíî, ùî äîâãîêîðåíåâèùí³ âèäè â³äçíà÷àþòüñÿ íàéá³ëüøîþ ñò³éê³ñòþ
äî íåñïðèÿòëèâèõ óìîâ íàôòîçàáðóäíåíèõ åêîòîï³â [6, 21, 22]. Îäèí ç òàêèõ
âèä³â, Carex hirta L., — ï³îíåð íà ́ ðóíòàõ ÁÍÐ, º îá’ºêòîì íàøèõ äîñë³äæåíü.

Äëÿ íîðìàëüíî¿ æèòòºä³ÿëüíîñò³ ðîñëèí íåîáõ³äíèé ö³ëèé êîìïëåêñ
åëåìåíò³â ì³íåðàëüíîãî æèâëåííÿ, ÿê³ ïîãëèíàþòüñÿ êîðåíåâîþ ñèñòåìîþ ç
´ðóíòó [14, 16, 19]. Çáàëàíñîâàí³ñòü õ³ì³÷íîãî ñêëàäó æèâèõ îðãàí³çì³â —
îñíîâíà óìîâà ¿õ íîðìàëüíîãî ðîñòó ³ ðîçâèòêó [3, 7]. Â ðàç³ íåñòà÷³ îäíèõ ³
íàäëèøêó ³íøèõ åëåìåíò³â ìîæëèâ³ ð³çí³ êîìá³íàö³¿, ÿê³ âïëèâàþòü íà ïðî-
äóêòèâí³ñòü ³ ñò³éê³ñòü ðîñëèí. Çàáåçïå÷åííÿ ðîñëèí ìàêðî- ³ ì³êðîåëåìåí-
òàìè çàëåæèòü â³ä ¿õ êîíöåíòðàö³¿ ó æèâèëüíîìó ñåðåäîâèù³ òà âïëèâó ôàê-
òîð³â íàâêîëèøíüîãî ñåðåäîâèùà [2, 19].

Ìè äîñë³äæóâàëè ìîðôî-ô³ç³îëîã³÷í³ øëÿõè àäàïòàö³¿ ñò³éêîãî âèäó
C. hirta äî íàôòîâîãî çàáðóäíåííÿ [4, 5]. Âîäíî÷àñ ùå íå âèâ÷åíèì çàëèøàºòü-
ñÿ åëåìåíòíèé ñêëàä ï³îíåðíèõ ðîñëèí çà ä³¿ öüîãî âèäó çàáðóäíåííÿ, ùî
ìîæå ñëóãóâàòè ä³àãíîñòè÷íèì êðèòåð³ºì ïðèäàòíîñò³ çàáðóäíåíèõ òåðèòîð³é
äëÿ á³îëîã³÷íî¿ ðåêóëüòèâàö³¿ [9].

Çã³äíî ç âèùåíàâåäåíèì ìåòîþ íàøèõ äîñë³äæåíü áóëî âñòàíîâèòè âì³ñò
ìàêðî- òà ì³êðîåëåìåíò³â ó ðîñëèíàõ C. hirtà äëÿ ïîäàëüøîãî ïðîãíîçóâàííÿ
îñîáëèâîñòåé õ³ì³÷íîãî ñêëàäó ðîñëèííî¿ ìàñè ó ïðîöåñ³ á³îëîã³÷íî¿ ðåêóëü-
òèâàö³¿ íàôòîçàáðóäíåíèõ ´ðóíò³â.

© Í.Ì. ÄÆÓÐÀ, Î.Ì. ÖÂ²ËÈÍÞÊ, Î.². ÒÅÐÅÊ, 2007



ISSN 0372-4123. Óêð. áîòàí. æóðí., 2007, ò. 64, ¹ 1 123

Ìåòîäèêà äîñë³äæåíü

Ó ïðèðîäíèõ óìîâàõ Áîòàí³÷íîãî ñàäó Ëüâ³âñüêîãî íàö³îíàëüíîãî óí³âåðñè-
òåòó ³ìåí³ ²âàíà Ôðàíêà çàêëàäåíî ìîäåëüí³ äîñë³äè çà òàêîþ ñõåìîþ: ó ïî-
ñóäèíè ç ´ðóíòîì âíîñèëè íàôòó ãóñòèíîþ 0,96 ã/ìë ó êîíöåíòðàö³ÿõ 50 ìë
íàôòè íà 1 êã ́ ðóíòó, ùî â³äïîâ³äàº 48 ã/êã, ³ 100 ìë íàôòè íà 1 êã ́ ðóíòó —
96 ã/êã ´ðóíòó. ×åðåç òðè òèæí³ ï³ñëÿ âíåñåííÿ íàôòè ó ´ðóíò (íåîáõ³äíèé
òåðì³í äëÿ âèâ³òðþâàííÿ ëåòêèõ íàôòîïðîäóêò³â) âèñàäæóâàëè âåãåòàòèâí³
îñîáèíè C. hirta ç âèñîòîþ ïàãîí³â 62,5 ± 1,8 ñì. ¥ðóíò ³ ðîñëèíè äëÿ äî-
ñë³äæåíü áðàëè ç åêîëîã³÷íî ÷èñòî¿ òåðèòîð³¿ ì. Áîðèñëàâà. Ï³ñëÿ äâîõ ì³ñÿö³â
ðîñòó C. hirta àíàë³çóâàëè ´ðóíò ³ âèðîùåí³ íà íüîìó ðîñëèíè. Ó ´ðóíò³ âè-
çíà÷àëè âì³ñò ôîñôîðó, êàë³þ ³ ìàãí³þ, ó ðîñëèííîìó ìàòåð³àë³ — ôîñôîðó,
êàë³þ, ìàãí³þ, íàòð³þ, çàë³çà, öèíêó, ìàðãàíöþ, ì³ä³.

Ìàêðîåëåìåíòíèé ñêëàä âñòàíîâëþâàëè ï³ñëÿ ìîêðîãî îçîëåííÿ ñóõîãî
ðîñëèííîãî ìàòåð³àëó çà çàãàëüíîïðèéíÿòèìè ìåòîäèêàìè [1, 18, 25] ç íà-
ñòóïíèì âèçíà÷åííÿì ôîñôîðó — çà ìåòîäîì Åãíåðà ó ìîäèô³êàö³¿ Ð³õìà êî-
ëîðèìåòðè÷íî çà êàë³áðóâàëüíèì ãðàô³êîì, êàë³þ ³ íàòð³þ — çà ³íòåíñèâ-
í³ñòþ çàáàðâëåííÿ ïîëóì’ÿ ó ïîëóì’ÿíîìó ôîòîêîëîðèìåòð³ «ÀÀS 3» ïðè äîâ-
æèí³ õâèë³ 766,5 íì, ìàãí³þ — ôîòîêîëîðèìåòðè÷íî ïðè äîâæèí³ õâèë³ 548 íì
íà ïðèëàä³ «Marcel media elektrofotometer». Ì³êðîåëåìåíòè âèçíà÷àëè àòîì-
íî-àáñîðáö³éíèì ìåòîäîì íà ñïåêòðîôîòîìåòð³ Ñ-115 ó ïîëóì’¿ ñóì³ø³ àöå-
òèëåí—ïîâ³òðÿ [25].

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Ìè âñòàíîâèëè çíà÷íèé âïëèâ íàôòîâîãî çàáðóäíåííÿ íà âì³ñò îñíîâíèõ
ìàêðîåëåìåíò³â ó ´ðóíò³ ³ âèðîùåíèõ íà íüîìó ðîñëèíàõ. Îòðèìàí³ ðåçóëü-
òàòè ïðåäñòàâëåíî íà ðèñóíêàõ 1, 2. Äàí³ ðèñ. 1 çàñâ³ä÷óþòü, ùî ó ´ðóíò³ çà
ä³¿ íàôòè 48 ã/êã (âàð³àíò 2) çá³ëüøóºòüñÿ âì³ñò ôîñôîðó íà 9 %, êàë³þ — íà
20 %, ìàãí³þ — íà 8 % ùîäî êîíòðîëþ. Çàáðóäíåííÿ ́ ðóíòó 96 ã/êã (âàð³àíò
3) ñïðè÷èíþº çìåíøåííÿ âì³ñòó ôîñôîðó íà 13 %, êàë³þ ³ ìàãí³þ — íà 11 %
â³äíîñíî êîíòðîëþ.

Â ðîñëèííîìó îðãàí³çì³ ôîñôîð â³ä³ãðàº âàæëèâó ðîëü â îáì³í³ æèð³â,
âóãëåâîä³â, á³ëê³â, ó ïðîöåñàõ äèõàííÿ ³ ôîòîñèíòåçó. Â ðàç³ éîãî íåñòà÷³
ïðèçóïèíÿºòüñÿ ð³ñò êë³òèí ³ òêàíèí, çàòðèìóºòüñÿ ïåðåõ³ä äî ðåïðîäóêòèâ-
íî¿ ôàçè ðîçâèòêó ðîñëèí [11, 15]. Ìè âèÿâèëè, ùî ïðè çàáðóäíåíí³ ´ðóíòó
48 ã/êã (ðèñ. 2) âì³ñò ôîñôîðó çìåíøóºòüñÿ ó êîðåíåâèùàõ ðîñëèí íà 23 %,
òîä³ ÿê ó ïàãîíàõ çàëèøàºòüñÿ íà ð³âí³ êîíòðîëþ. Ïðè çàáðóäíåíí³ ´ðóíòó
96 ã/êã âì³ñò ôîñôîðó çìåíøóºòüñÿ ÿê ó êîðåíåâèùàõ (íà 34,5 %), òàê ³ ó
ïàãîíàõ (íà 29 %) â³äíîñíî êîíòðîëþ.

Â³äîìî, ùî âì³ñò êàë³þ ó êë³òèíàõ ðîñëèí ó 100—1000 ðàç³â ïåðåâèùóº
éîãî ð³âåíü ó íàâêîëèøíüîìó ñåðåäîâèù³. Íàéá³ëüøå êàë³þ ì³ñòÿòü òêàíè-
íè ç ³íòåíñèâíèì îáì³íîì ðå÷îâèí (ìåðèñòåìà, êàìá³é, ìîëîä³ ëèñòêè, ïà-
ãîíè, áðóíüêè) [11, 14, 16]. Âñòàíîâëåíî, ùî çà ä³¿ íàôòîâîãî çàáðóäíåííÿ
´ðóíòó 48 ã/êã âì³ñò êàë³þ çðîñòàº ÿê ó ´ðóíò³ — íà 20 % (ðèñ. 1, âàð³àíò 2),
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Ðèñ. 1. Âì³ñò ôîñôîðó, êàë³þ ³ ìàãí³þ ó ́ ðóíò³, íà ÿêîìó ðîñëè îñîáèíè Carex hirta L., çà
ä³¿ íàôòîâîãî çàáðóäíåííÿ (òóò ³ íà ðèñóíêàõ 2—6): 1 — êîíòðîëü (´ðóíò áåç íàôòè); 2 —
´ðóíò ç íàôòîþ (48 ã/êã); 3 — ´ðóíò ç íàôòîþ (96 ã/êã)

Fig. 1. Table of content of phosphorus, potassium and magnesium in oil polluted soils planted
with Carex hirta L. (mg/100 g soils) (here and on the figures 2—6): 1 — soil with plant without
oil; 2 — soil with oil (48 g/kg) without plants; 3 — soil with oil (96 g/kg) without plants
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òàê ³ ó êîðåíåâèùàõ — íà 17 % ³ ïàãîíàõ ðîñëèí — íà 18 % (ðèñ. 2) ùîäî
êîíòðîëþ. Çà çàáðóäíåííÿ ́ ðóíòó 96 ã/êã çìåíøóºòüñÿ âì³ñò êàë³þ ó êîðåíå-
âèùàõ íà 16,3 %, ó ïàãîíàõ — íà 24 % â³äíîñíî êîíòðîëþ. Ñòðåñîâ³ ÷èííè-
êè (â äàíîìó ðàç³ — íàôòîâå çàáðóäíåííÿ) çá³ëüøóþòü ïðîíèêí³ñòü ìåìá-
ðàí êë³òèí êîðåí³â, ³îíè êàë³þ ³íòåíñèâíî âèõîäÿòü ó íàâêîëèøíº ñåðåäî-
âèùå, ùî º ñâîºð³äíîþ íåñïåöèô³÷íîþ ñòðåñîâîþ ðåàêö³ºþ ðîñëèí [7, 8].

Ó ðîñëèí³ ìàãí³é âèêîíóº áàãàòî âàæëèâèõ ôóíêö³é ³ íåîáõ³äíèé ó ïî-
ð³âíÿíî âåëèê³é ê³ëüêîñò³. Îñîáëèâà ðîëü íàëåæèòü ìàãí³þ ó ñêëàä³ õëîðî-
ô³ëó: òàì ì³ñòèòüñÿ 15—20 % â³ä éîãî çàãàëüíî¿ ê³ëüêîñò³ [14]. Ìè âèÿâèëè,
ùî âì³ñò ìàãí³þ ó äîñë³äíèõ ðîñëèíàõ çà ä³¿ íàôòîâîãî çàáðóäíåííÿ ñóòòºâî
çíèæóºòüñÿ (ðèñ. 2). Òàê, ó âàð³àíò³ 2 éîãî êîíöåíòðàö³ÿ ó êîðåíåâèùàõ ðîñ-
ëèí çìåíøóºòüñÿ íà 17 %, ó ïàãîíàõ — íà 45 %. Ó âàð³àíò³ 3 ñïîñòåð³ãàºòüñÿ
çíèæåííÿ âì³ñòó ìàãí³þ ó êîðåíåâèùàõ íà 34 %, ó ïàãîíàõ — íà 58 % â³äíîñíî
êîíòðîëþ. Çìåíøåííÿ âì³ñòó ìàãí³þ ó ðîñëèíàõ çà ä³¿ íàôòîâîãî çàáðóäíåííÿ
ïðèçâîäèòü äî çíèæåííÿ âì³ñòó õëîðîô³ë³â à ³ b, ùî ìè ³ âñòàíîâèëè ó ïîïå-
ðåäí³õ äîñë³äæåííÿõ [4]. Òàêèì ÷èíîì, äîâåäåíî âçàºìîçâ’ÿçîê ì³æ äåô³öè-
òîì ìàãí³þ ³ âì³ñòîì õëîðîô³ë³â ó C. hirta. Ïðîöåñ íàäõîäæåííÿ ìàãí³þ ó
ðîñëèíè çàëåæèòü â³ä ñòóïåíÿ ¿õ çàáåçïå÷åííÿ ³íøèìè êàò³îíàìè. Òàê, çà
âèñîêîãî âì³ñòó êàë³þ ó ´ðóíò³ ³ ðîñëèíàõ ð³âåíü ìàãí³þ, îñîáëèâî ó âåãåòà-
òèâíèõ ÷àñòèíàõ ðîñëèí, çíèæóºòüñÿ [14, 16], ùî é ï³äòâåðäæóþòü íàø³ ðå-
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çóëüòàòè. Îòæå, â äàíîìó âèïàäêó ñïîñòåð³ãàºòüñÿ ô³ç³îëîã³÷íèé àíòàãîí³çì
³îí³â êàë³þ ³ ìàãí³þ.

Â³äîìî, ùî äî ñêëàäó íàôòè ó âåëèêèõ ê³ëüêîñòÿõ âõîäèòü íàòð³é. Ô³òî-
òîêñè÷í³ñòü ´ðóíò³â ñïîñòåð³ãàºòüñÿ â ðàç³ çàáðóäíåííÿ ¿õ ñèðîþ íàôòîþ ç
âåëèêèì âì³ñòîì âèñîêîì³íåðàëüíèõ ïîïóòíèõ âîä. Îñòàíí³ ì³ñòÿòü âèñîê³
êîíöåíòðàö³¿ ñîëåé íàòð³þ, ÿê³, ïîòðàïëÿþ÷è ó ´ðóíò, ìîæóòü íàãðîìàäæó-
âàòèñÿ, äîñÿãàþ÷è òîêñè÷íèõ äëÿ ðîñëèí êîíöåíòðàö³é [10, 13].

Íàø³ äîñë³äæåííÿ çàñâ³ä÷èëè (ðèñ. 3), ùî çà ä³¿ íàôòîâîãî çàáðóäíåííÿ
âì³ñò íàòð³þ ó ́ ðóíò³ çðîñòàº ìàéæå óäâ³÷³. Öå ñóòòºâî âïëèâàº íà íàãðîìàä-
æåííÿ íàòð³þ ðîñëèíàìè. Ç äàíèõ ðèñ. 4 âèäíî çðîñòàííÿ êîíöåíòðàö³¿ íà-
òð³þ ÿê ó êîðåíåâèùàõ, òàê ³ ó ïàãîíàõ ðîñëèí, îäíàê á³ëüøîþ ì³ðîþ éîãî
íàêîïè÷óþòü êîðåíåâèùà (ó 5 ðàç³â), àí³æ ïàãîíè (óòðè÷³).

Íàòð³é íàäõîäèòü ó êë³òèíè ðîñëèí ïàñèâíî çà ãðàä³ºíòîì êîíöåíòðàö³¿,
ùî çóìîâëþºòüñÿ çðîñòàííÿì ïðîíèêíîñò³ ìåìáðàí. Àäæå ñòðåñîâ³ ÷èííèêè
(â äàíîìó ðàç³ — íàôòîâå çàáðóäíåííÿ) ïðèçâîäÿòü äî óòâîðåííÿ àêòèâíèõ
ôîðì êèñíþ, ùî ñïðè÷èíþº ÷àñòêîâó äåç³íòåãðàö³þ ìåìáðàí ³ çá³ëüøåííÿ
¿õ ïðîíèêíîñò³ [4]. Çàçíà÷èìî, ùî òðàíñïîðò ³îí³â íàòð³þ ó íàäçåìíó ÷àñòè-
íó ðîñëèíè îáìåæóþòü ïîÿñêè Êàñïàð³. Äîñÿãíóâøè ïåâíî¿ êîíöåíòðàö³¿ ó
êë³òèíàõ êîðåíÿ, â³äáóâàºòüñÿ âèêèä íàòð³þ ÷åðåç ïëàçìàëåìó [11]. Íàø³ äàí³
ñâ³ä÷àòü ïðî òå, ùî âì³ñò íàòð³þ çðîñòàº íå ò³ëüêè â êîðåíåâèùàõ, à é ó
ïàãîíàõ. ²íêîëè 2/3 íåîáõ³äíîãî ðîñëèíàì êàë³þ ìîæå áóòè áåç âèäèìèõ

Ðèñ. 2. Âì³ñò ôîñôîðó, êàë³þ ³ ìàãí³þ ó äâîì³ñÿ÷íèõ ðîñëèíàõ C. hirta çà ä³¿ íàôòîâîãî
çàáðóäíåííÿ ´ðóíòó

Fig.2. Table of content of phosphorus, potassium and magnesium in two-month old C. hirta plants
under oil pollution of soil, % dry matter
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Ðèñ. 4. Âì³ñò íàòð³þ ó äâîì³ñÿ÷íèõ ðîñëèíàõ Carex hirta çà ä³¿ íàôòîâîãî çàáðóäíåííÿ ́ ðóíòó

Fig. 4. Table of content of sodium in two-month old Carex hirta plants under oil pollution of
soil, mg\kg dry weight

Ðèñ. 3. Âì³ñò íàòð³þ ó ´ðóíò³, íà ÿêîìó ðîñëè îñîáèíè C. hirta, çà âïëèâó íàôòîâîãî çàá-
ðóäíåííÿ

Fig. 3. Table of content of sodium in oil polluted soils planted with C. hirta (mg/kg soils)
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ïîðóøåíü çàì³íåíî íàòð³ºì. Ñòóï³íü òàêî¿ çàì³íè º ð³çíèì ³ çàëåæèòü â³ä âèäó
ðîñëèíè [11, 14]. Ìîæëèâî, çðîñòàííÿ âì³ñòó íàòð³þ ó C. hirta â óìîâàõ íàô-
òîâîãî çàáðóäíåííÿ — öå ñâîºð³äíà ñïåöèô³÷íà ðåàêö³ÿ ðîñëèí íà ñòðåñ, ùî
ïîòðåáóº ïîäàëüøèõ äîñë³äæåíü.
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Âàæëèâó ðîëü ó æèòò³ ðîñëèí â³ä³ãðàþòü ì³êðîåëåìåíòè, çîêðåìà, ç’ÿñî-
âàíî ¿õíþ ó÷àñòü ó ïðîöåñàõ àäàïòàö³¿ äî çàñîëåííÿ ´ðóíò³â [2, 3, 7, 17, 20].
Òàê³ åëåìåíòè, ÿê Fe, Mn, Cu, Mo, Co, âõîäÿòü äî ñêëàäó àêòèâíèõ ãðóï, àáî
êîìïîíåíò³â ïðîñòåòè÷íèõ ãðóï ôåðìåíò³â, ïåðåäóñ³ì îêñèäîðåäóêòàç, ÿê³
çàáåçïå÷óþòü ïðîöåñè ôîòîñèíòåçó, äèõàííÿ. Ìàðãàíåöü, ìàãí³é, öèíê ÿê
êîôàêòîðè º äîïîì³æíèìè åëåìåíòàìè ïðè óòâîðåíí³ õåëàò³â, çàáåçïå÷óþòü
ïîºäíàííÿ ôåðìåíò³â àáî êîôåðìåíò³â ³ç ñóáñòðàòàìè [12, 15]. Çàë³çî âõî-
äèòü äî ñêëàäó îêðåìèõ ôåðìåíò³â ³ ö³ëèõ ôåðìåíòíèõ ñèñòåì, ïîâ’ÿçàíèõ ç
îêèñíî-â³äíîâíèìè ðåàêö³ÿìè êë³òèíè. Êð³ì ïðîöåñ³â ôîòîñèíòåçó, äèõàí-
íÿ, éîãî ³îíè áåðóòü ó÷àñòü ó â³äíîâëåíí³ í³òðàò³â, á³îëîã³÷í³é àçîòô³êñàö³¿
ÿê ñêëàäîâ³ êîìïîíåíòè í³òðàòðåäóêòàçè òà í³òðîãåíàçè. Âàæëèâîþ ôóíêö³ºþ
çàë³çà â ðîñëèíàõ º éîãî ó÷àñòü ó ñèíòåç³ õëîðîô³ëó [14, 15].

Ìè âèâ÷àëè âïëèâ íàôòè íà âì³ñò îñíîâíèõ ì³êðîåëåìåíò³â: çàë³çà, ìàð-
ãàíöþ, ì³ä³, öèíêó ó ðîñëèíàõ C. hirta. Îòðèìàí³ äàí³ ïðåäñòàâëåíî íà ðè-
ñóíêàõ 5, 6.

Âèÿâëåíî, ùî çà ä³¿ íàôòîâîãî çàáðóäíåííÿ âì³ñò çàë³çà ó êîðåíåâèùàõ
ðîñëèí (âàð³àíòè 2, 3) çá³ëüøóºòüñÿ ó 2,5 ðàçà, òîä³ ÿê ó ïàãîíàõ (âàð³àíò 3) —
çìåíøóºòüñÿ ó 4 ðàçè â³äíîñíî êîíòðîëþ. Ó äàíîìó âàð³àíò³ ñïîñòåð³ãàëèñÿ
îçíàêè äåô³öèòó çàë³çà (ïîæîâò³ííÿ îêðåìèõ ëèñòê³â, çíèæåííÿ âì³ñòó õëî-
ðîô³ë³â òîùî) [4]. Ç ðèñ. 5 âèäíî, ùî êîðåíåâèùà äîñë³äíèõ ðîñëèí C. hirta
íàãðîìàäæóþòü ó 5—18 ðàç³â á³ëüøå çàë³çà (çàëåæíî â³ä êîíöåíòðàö³é íàôòè
ó ´ðóíò³), í³æ ïàãîíè. Ïðîöåñ íàäõîäæåííÿ ³îí³â ìåòàëó â íàäçåìí³ ÷àñòèíè
ðîñëèí ðåãóëþºòüñÿ çàõèñíèì ô³ç³îëîã³÷íèì áàð’ºðîì íà ìåæ³ êîð³íü—ïàã³í.

Ðèñ. 5. Âì³ñò çàë³çà ³ ìàðãàíöþ ó äâîì³ñÿ÷íèõ ðîñëèíàõ C. hirta ï³ä âïëèâîì íàôòîâîãî
çàáðóäíåííÿ ´ðóíòó

Fig. 5. Table of content of iron en manganese in two-month old C. hirta plants under oil pollution
of soil, mg\g dry weight
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Î÷åâèäíî, çàë³çî ó âåëèêèõ ê³ëüêîñòÿõ ì³ñòèòüñÿ ó çàáðóäíåíîìó íàôòîþ
´ðóíò³. Â³äîìî, ùî çà âèñîêèõ êîíöåíòðàö³é ì³êðîåëåìåíò³â ó íàâêîëèøíü-
îìó ñåðåäîâèù³ ³îíè ìåòàë³â ìîæóòü íå ò³ëüêè àäñîðáóâàòèñÿ êë³òèííîþ
ñò³íêîþ êîðåíÿ, à é íàãðîìàäæóâàòèñÿ â í³é àáî îñàäæóâàòèñÿ íà ïîâåðõí³
êîðåí³â ³ íå âêëþ÷àòèñÿ ó ìåòàáîë³÷í³ ñàéòè âíóòð³øíüîêë³òèííîãî ð³âíÿ [12].

Ìàðãàíåöü â³ä³ãðàº âàæëèâó ðîëü ó ðåãóëþâàíí³ ïðîöåñ³â îêèñíåííÿ ³
â³äíîâëåííÿ çàë³çà; îïòèìàëüíå ñï³ââ³äíîøåííÿ çàë³çà äî ìàðãàíöþ ìàº
ñòàíîâèòè 2,0—2,5:1,0 [19]. Ç’ÿñîâàíî, ùî çà óìîâ çàáðóäíåííÿ ´ðóíòó íà-
ôòîþ 48 ã/êã ó êîðåíåâèùàõ ðîñëèí âì³ñò ìàðãàíöþ çá³ëüøóºòüñÿ ó 4,5 ðàçà,
à 96 ã/êã — óòðè÷³. Ó ïàãîíàõ (âàð³àíòè 2, 3) êîíöåíòðàö³ÿ ìàðãàíöþ çðîñòàº
á³ëüø ÿê óäâ³÷³ ùîäî êîíòðîëþ. Òàêèì ÷èíîì, ó ïàãîíàõ ðîñëèí çà ä³¿ íà-
ôòîâîãî çàáðóäíåííÿ ñïîñòåð³ãàºòüñÿ äèñáàëàíñ ì³æ âì³ñòîì çàë³çà ³ ìàðãàí-
öþ. Òèì÷àñîì ÿê ï³äâèùåí³ êîíöåíòðàö³¿ ìàðãàíöþ ó ëèñòêàõ ðîñëèí çíè-
æóþòü ³íã³áóþ÷ó ä³þ NaCl ïðè ïîãëèíàíí³ åëåìåíò³â ì³íåðàëüíîãî æèâëåí-
íÿ ³ ñòàá³ë³çóþòü îêèñíî-â³äíîâí³ ðåàêö³¿ ôîòîñèíòåçó ³ äèõàííÿ [3]. Ìîæëèâî,
ðîñëèíè C. hirta ðåãóëþþòü ï³äâèùåíó ê³ëüê³ñòü íàòð³þ ñàìå çðîñòàííÿì
âì³ñòó ìàðãàíöþ.

Íàôòîâå çàáðóäíåííÿ âïëèâàº òàêîæ íà íàãðîìàäæåííÿ öèíêó ³ ì³ä³ ðîñ-
ëèíàìè C. hirta (ðèñ. 6). Òàê, ó âàð³àíòàõ 2, 3 âì³ñò öèíêó çìåíøóºòüñÿ ÿê ó
êîðåíåâèùàõ, òàê ³ ó ïàãîíàõ ìàéæå óäâ³÷³ ùîäî êîíòðîëþ. Íåñòà÷à öèíêó ð³çêî
óïîâ³ëüíþº ð³ñò ðîñëèí: ãàëüìóºòüñÿ ïîä³ë êë³òèí, íàñë³äêîì ÿêîãî º  ìîðôî-
ëîã³÷í³ çì³íè ëèñòê³â, ïîðóøåííÿ ôàç ðîçòÿãóâàííÿ ³ äèôåðåíö³àö³¿ êë³òèí [14,
15]. Ñàìå ïðèãí³÷åííÿ ðîñòó ³ ðîçâèòêó ðîñëèí C. hirta çà ä³¿ ð³çíèõ êîíöåíò-
ðàö³é íàôòè ó ´ðóíò³ ìè âñòàíîâèëè ó ïîïåðåäí³õ äîñë³äæåííÿõ [4, 5].

Ðèñ. 6. Âì³ñò öèíêó ³ ì³ä³ ó äâîì³ñÿ÷íèõ ðîñëèíàõ C. hirta çà ä³¿ íàôòîâîãî çàáðóäíåííÿ
´ðóíòó

Fig. 6. Table of content of zinc en copper in two-month old C. hirta plants under oil pollution
of soil, mg\g dry weight
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Ì³äü âïëèâàº íà ìåõàí³çìè, ÿê³ âèçíà÷àþòü ñò³éê³ñòü ðîñëèí äî íåñïðè-
ÿòëèâèõ ôàêòîð³â; ðåãóëþº îêèñíî-â³äíîâí³ ðåàêö³¿ ³ ïðîöåñè ïîãëèíàííÿ
ôîñôîðó òà ³íøèõ åëåìåíò³â ì³íåðàëüíîãî æèâëåííÿ; êîíòðîëþº áàëàíñ âî-
ëîãè, çì³íþþ÷è ïðîíèêí³ñòü ñóäèí êñèëåìè. Äåô³öèò ì³ä³ ãàëüìóº ðåïðî-
äóêö³þ ðîñëèí [3]. Ïîêàçàíî, ùî âì³ñò ì³ä³ (âàð³àíò 2) ó êîðåíåâèùàõ ðîñ-
ëèí C. hirta çìåíøóºòüñÿ íå ñóòòºâî, òîä³ ÿê ó ïàãîíàõ çàëèøàºòüñÿ íà ð³âí³
êîíòðîëþ. Ó âàð³àíò³ 3 â³í çíèæóºòüñÿ ÿê ó êîðåíåâèùàõ (â 1,6 ðàçà), òàê ³
ïàãîíàõ (ó 1,4 ðàçà) ùîäî êîíòðîëþ.

Îòæå, ì³êðîåëåìåíòíèé ñêëàä ðîñëèí á³ëüøîþ ì³ðîþ, í³æ ìàêðîñêëàä,
çàëåæèòü â³ä åêîëîã³÷íèõ óìîâ. Áåç ñóìí³âó, ó ñêëàä³ ðîñëèí ³ç çàáðóäíåíèõ
ä³ëÿíîê â³äîáðàæàþòüñÿ õ³ì³÷í³ îñîáëèâîñò³ ñóáñòðàòó. Â åêñòðåìàëüíèõ
óìîâàõ çàáðóäíåííÿ ́ ðóíò³â íàôòîþ ³ â ðîñëèíàõ, ³ ó ́ ðóíòàõ ñïîñòåð³ãàºòüñÿ
äèñáàëàíñ ïðàêòè÷íî âñ³õ õ³ì³÷íèõ åëåìåíò³â. Çì³íè ó ñêëàä³ ì³íåðàëüíèõ
åëåìåíò³â C. hirta ïåâíîþ ì³ðîþ ìîæíà ââàæàòè ñïåöèô³÷íèìè ðåàêö³ÿìè íà
ä³þ íàôòîâîãî çàáðóäíåííÿ. Îäíàê ñïåöèô³÷í³ñòü ìåõàí³çì³â ñò³éêîñò³ äî
íàäëèøêó äåÿêèõ åëåìåíò³â ó ´ðóíò³, ¿õ êîíêðåòèçàö³ÿ äëÿ ï³îíåðíîãî âèäó
C. hirta é óìîâ ñåðåäîâèùà ïîòðåáóþòü ïîäàëüøèõ äîñë³äæåíü.
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ÂËÈßÍÈÅ ÍÅÔÒßÍÎÃÎ ÇÀÃÐßÇÍÅÍÈß ÍÀ ÑÎÄÅÐÆÀÍÈÅ ÌÀÊÐÎ-

È ÌÈÊÐÎÝËÅÌÅÍÒÎÂ Â ÐÀÑÒÅÍÈßÕ CAREX HIRTA L.

Èçó÷àëè âëèÿíèå íåôòÿíîãî çàãðÿçíåíèÿ íà ñîäåðæàíèå ìàêðî- è ìèêðîýëåìåíòîâ â
ðàñòåíèÿõ. Îáúåêòîì èññëåäîâàíèÿ èçáðàëè Carex hirta L. — ìíîãîëåòíåå òðàâÿíèñòîå
äëèííîêîðíåâèùíîå ðàñòåíèå. Ìîäåëüíûå îïûòû ïðîâîäèëè â ïðèðîäíûõ óñëîâèÿõ. Â
ñîñóäû ñ ïî÷âîé âíîñèëè íåôòü èç ðàñ÷åòà 48 è 96 ã/êã ïî÷âû. ×åðåç òðè íåäåëè ïîñëå
âíåñåíèÿ íåôòè íà ïîäãîòîâëåííóþ ïî÷âó ïåðåñàæèâàëè îñîáè C. hirta. Êîíòðîëåì ñëó-
æèëè ðàñòåíèÿ, âûðîñøèå íà ïî÷âå áåç íåôòè. Ïîñëå äâóõ ìåñÿöåâ ðîñòà â ðàñòåíèÿõ
îïðåäåëÿëè ñîäåðæàíèå ìàêðî- è ìèêðîýëåìåíòîâ. Óñòàíîâëåíî, ÷òî íåôòü ñèëüíî âëè-
ÿåò íà ýëåìåíòíûé ñîñòàâ èçó÷àåìîãî âèäà. Òàê, ïðè ñîäåðæàíèè â ïî÷âå 48 ã/êã íåôòè â
êîðíåâèùàõ è ïîáåãàõ ðàñòåíèé óâåëè÷èâàåòñÿ êîíöåíòðàöèÿ êàëèÿ, íàòðèÿ, ìàðãàíöà è
æåëåçà (â êîðíåâèùàõ) ïî ñðàâíåíèþ ñ êîíòðîëåì. Ïðè âîçäåéñòâèè íåôòè 96 ã/êã â
ðàñòåíèÿõ óìåíüøàåòñÿ ñîäåðæàíèå êàëèÿ, ôîñôîðà, ìàãíèÿ, æåëåçà (â ïîáåãàõ), öèíêà è
ìåäè. Ïðîâåäåííûå èññëåäîâàíèÿ ïîäòâåðæäàþò, ÷òî ðÿä ýêîëîãè÷åñêèõ, ìîðôîëîãè÷åñ-
êèõ è ôèçèîëîãî-áèîõèìè÷åñêèõ îñîáåííîñòåé Carex hirta îáåñïå÷èâàþò åãî ñòîéêîñòü ê
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íåôòÿíîìó çàãðÿçíåíèþ. Òàêèì îáðàçîì, äàííûé âèä ìîæíî ðåêîìåíäîâàòü äëÿ ôèòîðå-
êóëüòèâàöèè òåððèòîðèé, çàãðÿçíåííûõ íåôòüþ è íåôòåïðîäóêòàìè.

Ê ë þ ÷ å â û å  ñ ë î â à: ìàêðîýëåìåíòû, ìèêðîýëåìåíòû, íåôòÿíîå çàãðÿçíåíèå, Carex
hirta, ôèçèîëîãî-áèîõèìè÷åñêèå êà÷åñòâà, ñòîéêîñòü

N.Ì. Dzhurà, O.M. Tsvilynyuk, O.I. Terek

Ivan Franko L’viv National University

INFLUENCE OF SOIL POLLUTION ON MACRONUTRIENT

AND MICRONUTRIENT CONTENT IN CAREX HIRTA L. PLANTS

We investigated influence of oil soil pollution on the macronutrient and micronutrient content
in the plants.  Objects of our investigation were Carex hirta L. plants — long-rooted grasses.
Model experiments carry on in the field condition. Oil were brought into experimental soil 48
and 96 g/soil kg. After three weeks on these soils C. hirta plants were transferred. Contrlol —
plants, that growth on soil without oil. After two month macronutrient and micronutrient content
of plants was studied. It was shown that oil pollution had strong effect on nutrient content of
plants. We investigated, that under 48 g/kg oil pollution of soil content of K, Mn, Na, Fe in the
roots and shoots increased. Under 96 g/kg oil pollution of soil in the plants decreased K, P, Mg,
Fe, Zn and Cu content. In the conclusions of our experiments we conducted that species of
Carex hirta have ecological, morphological and physiology-biochemical traits and they help it to
increase stability to oil pollution. Thus, these species can be recommended for recultivation of
soils polluted by oil and oil-products.

K e y  w o r d s: macronutrient, micronutrient, oil pollution, Carex hirta, physiology-biochemical
traits, plants


