
33

ÁÈÎËÎÃÈß,  ÁÈÎÕÈÌÈß  È  ÃÅÍÅÒÈÊÀ

ÈÇÂÅÑÒÈß  ÓÔÈÌÑÊÎÃÎ  ÍÀÓ×ÍÎÃÎ  ÖÅÍÒÐÀ  ÐÀÍ.  2013.  ¹  2.  Ñ.  33–37

Ïîãëîùåíèå âîäû è ðàñòâîðåííûõ â íåé
ýëåìåíòîâ ìèíåðàëüíîãî ïèòàíèÿ è ïîääåð-
æàíèå èõ ïîòîêîâ èç êîðíåé â ïîáåã – æèç-
íåííî âàæíûå ïðîöåññû. Èõ äâèæóùåé ñè-
ëîé ÿâëÿåòñÿ ãðàäèåíò âîäíîãî ïîòåíöèàëà
ìåæäó ëèñòîì è ïî÷âåííûì ðàñòâîðîì. Õî-
ðîøî èçâåñòíî, ÷òî ñîëè íåðàâíîìåðíî ðàñ-
ïðåäåëåíû â ïî÷âå, îáðàçóÿ î÷àãè ñ èõ ïîâû-
øåííîé êîíöåíòðàöèåé [1]. Óìåíüøåíèå âîä-
íîãî ïîòåíöèàëà ïî÷âåííîãî ðàñòâîðà â òà-
êèõ î÷àãàõ óìåíüøàåò ãðàäèåíò âîäíîãî ïî-
òåíöèàëà ìåæäó íèì è ëèñòîì è òåì ñàìûì
ñíèæàåò ïîãëîùåíèå âîäû è ðàñòâîðåííûõ â
íåé ñîëåé. Â òîì ñëó÷àå, êîãäà â î÷àãå íàõî-
äÿòñÿ òîêñè÷íûå ñîëè (íàïðèìåð, õëîðèä íà-
òðèÿ), óìåíüøåíèå ïîãëîùåíèÿ ýòèõ ñîëåé çà-
ùèùàåò îò íèõ ðàñòåíèå [2]. Íî â ñëó÷àå, êîã-
äà î÷àã ñîäåðæèò íóæíûå äëÿ ðàñòåíèÿ ìàê-
ðîýëåìåíòû (íàïðèìåð, ïðè ëîêàëüíîì âíå-
ñåíèè óäîáðåíèé [3]), ïðèòîê âîäû èç î÷àãà
ðàñòåíèþ íåîáõîäèì. Õîðîøî èçâåñòíî, ÷òî
ïîòîê âîäû çàâèñèò íå òîëüêî îò äâèæóùåé
ñèëû, íî è îò ïðîâîäèìîñòè òêàíåé ðàñòå-
íèé [4]. Ìåõàíèçìàì ðåãóëÿöèè ãèäðàâëè÷å-
ñêîé ïðîâîäèìîñòè òêàíåé ðàñòåíèé óäåëÿåò-
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ñÿ ìíîãî âíèìàíèÿ [5]. Ðàíåå íàìè áûëà ïðî-
âåäåíà îöåíêà ïîòîêîâ âîäû èç êîðíåâûõ ïðÿ-
äåé, ïîäåëåííûõ ìåæäó ðàñòâîðàìè ñ âûñî-
êîé è íèçêîé êîíöåíòðàöèåé ìàêðîýëåìåíòîâ
(èìèòàöèÿ ëîêàëüíîãî âíåñåíèÿ óäîáðåíèé)
[6–7]. Îäíàêî ðàñ÷åòû ãèäðàâëè÷åñêîé ïðî-
âîäèìîñòè â ýòèõ îïûòàõ íå ïðîâîäèëè. Öå-
ëüþ äàííîé ðàáîòû áûëà îöåíêà ñïîñîáíîñ-
òè ðàñòåíèé àêòèâíî ðåãóëèðîâàòü ãèäðàâëè-
÷åñêóþ ïðîâîäèìîñòü ïðè êîíòàêòå êîðíåé ñ
ðàñòâîðàìè ðàçëè÷íîé êîíöåíòðàöèè ìàêðî-
ýëåìåíòîâ. Ïîñêîëüêó ïðåäïîëàãàåòñÿ, ÷òî
îáðàçîâàíèå áîêîâûõ êîðíåé ìîæåò âëèÿòü íà
ïðîâåäåíèå âîäû êîðíÿìè [8], â ýòèõ îïûòàõ
ïàðàëëåëüíî ïðîâîäèëè îöåíêó êîëè÷åñòâà
ïðèìîðäèåâ áîêîâûõ êîðíåé.

Îáúåêòû è ìåòîäû èññëåäîâàíèÿ. Èñ-
ñëåäîâàíèÿ ïðîâîäèëè íà ïðîðîñòêàõ ÿðîâîé
òâåðäîé ïøåíèöû (T.durum Desf.) ñîðòà Ñà-
ðàòîâñêàÿ çîëîòèñòàÿ. Ñåìåíà ïðîðàùèâàëè
íà ïëîòèêàõ íà äèñòèëëèðîâàííîé âîäå â òå-
÷åíèå ÷åòûðåõ ñóòîê. Çà ñóòêè äî ïîñòàíîâêè
ýêñïåðèìåíòà âîäó çàìåíÿëè ïèòàòåëüíûì
ðàñòâîðîì Õîãëàíäà-Àðíîíà 1 (5% îò íîðìû)
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ñ ìèêðîýëåìåíòàìè. Â ôàçå âûõîäà èç êîëå-
îïòèëÿ ïåðâîãî ëèñòà (5 ñóò) ïðîðîñòêè ïå-
ðåâîäèëè íà ãåòåðîãåííîå ïèòàíèå, äëÿ ÷åãî
âûñàæèâàëè íà ñðåäû, ñîäåðæàùèå 300% (âû-
ñîêîñîëåâàÿ, ÂÑ) è 5% (íèçêîñîëåâàÿ, ÍÑ)
ïèòàòåëüíîé ñìåñè Õîãëàíäà-Àðíîíà (Õ-À),
ðàñïðåäåëÿÿ êîðíè êàæäîãî ðàñòåíèÿ â ñî÷å-
òàíèè ÂÑ:ÍÑ=2:3, êîòîðîå ÿâëÿåòñÿ íàèáîëåå
áëàãîïðèÿòíûì ïðè âûðàùèâàíèè ðàñòåíèé
ÿðîâîé ïøåíèöû â óñëîâèÿõ èçîëèðîâàííî-
ãî ïèòàíèÿ [9]. Ðàñòåíèÿ âûðàùèâàëè â ñïà-
ðåííûõ (ñ ÍÑ è ÂÑ ñðåäîé ñîîòâåòñòâåííî)
öèëèíäðè÷åñêèõ ãðàäóèðîâàííûõ ñîñóäàõ
(ïðîáèðêàõ), âìåùàþùèõ ïî 60 ìë ïèòàòåëü-
íîãî ðàñòâîðà, íà ñâåòîïëîùàäêå ïðè 14-÷à-
ñîâîì äíå è îñâåùåííîñòè 16000 ëê. Ó÷åò
ïîãëîùåííîé ðàñòåíèÿìè âîäû ïðîâîäèëñÿ
åæåäíåâíî. Òðàíñïèðàöèþ ïîäñ÷èòûâàëè,
ó÷èòûâàÿ èñïàðåíèå èç êîíòðîëüíûõ ïðîáè-
ðîê áåç ðàñòåíèé, ñîäåðæàùèõ òîëüêî ïèòà-
òåëüíûå ðàñòâîðû. Áèîëîãè÷åñêàÿ ïîâòîð-
íîñòü – 12-êðàòíàÿ.

Âîäíûé ïîòåíöèàë ëèñòüåâ îöåíèâàëè ñ
ïîìîùüþ ïñèõðîìåòðà (PSYPRO, Wescor,
USA). Îñìîòè÷åñêèé ïîòåíöèàë ïèòàòåëüíîé
ñðåäû (Õ-À 5% è 300% Õ-À) îïðåäåëÿëè ïî
òî÷êå çàìåðçàíèÿ ñ ïîìîùüþ îñìîìåòðà
(Camlab Limited, Cambridge, UK). Ãèäðàâëè÷å-
ñêóþ ïðîâîäèìîñòü êîðíåé (Lpr) ïî àíàëîãèè
ñ çàêîíîì Îìà ðàññ÷èòûâàëè ïî ôîðìóëå:

Lpr = Jv / ((Ψs-Ψl)Ð),               (1)

ãäå Jv – ïîòîê âîäû ÷åðåç êîðíè, Ð – âåñ êîð-
íåé, Ψs è Ψl – âîäíûé ïîòåíöèàë ïèòàòåëü-
íîãî ðàñòâîðà è ëèñòà ñîîòâåòñòâåííî [10].

Äëÿ ïîäñ÷åòà ÷èñëà áîêîâûõ êîðíåé è èõ
çà÷àòêîâ (ïðèìîðäèåâ) êîðíè ôèêñèðîâàëè ïî
Êëàðêó â ñìåñè ýòèëîâîãî ñïèðòà ñ ëåäÿíîé
óêñóñíîé êèñëîòîé (3:1), à çàòåì îêðàøèâàëè
àöåòîêàðìèíîì [11]. Áîêîâûìè êîðíÿìè ñ÷è-
òàëè áóãîðêè, ïîëíîñòüþ ïðîðâàâøèå êîðó
ìàòåðèíñêîãî êîðíÿ.

Ñòàòèñòè÷åñêóþ îáðàáîòêó äàííûõ ïðî-
âîäèëè ñ èñïîëüçîâàíèåì ñòàíäàðòíûõ
ñðåäñòâ MS Excel. Íà ðèñóíêàõ ïðåäñòàâëåíû
ñðåäíèå çíà÷åíèÿ ïàðàìåòðîâ, áàðû îòðàæà-
þò ñðåäíåêâàäðàòè÷íûå îøèáêè (SE).

Ðåçóëüòàòû è îáñóæäåíèå. Èçìåðåíèå
ïîòîêîâ âîäû ïî óáûëè ïèòàòåëüíîãî ðàñòâî-
ðà èç ñîñóäîâ ïîêàçàëî, ÷òî íà ïðîòÿæåíèè
ïåðâûõ ïÿòè äíåé ïîñëå ðàçäåëåíèÿ êîðíåé
ìåæäó ðàñòâîðàìè ñ ðàçíîé êîíöåíòðàöèåé
ìàêðîýëåìåíòîâ ïîòîê âîäû ÷åðåç íèçêîñîëå-
âûå êîðíè áûë âûøå, ÷åì ÷åðåç âûñîêîñîëå-
âûå êîðíè (ðèñ. 1). Ýòè äàííûå, êàê è ïîëó-
÷åííûå íàìè ðàíåå, ñîîòâåòñòâóþò ïðåäñòàâ-
ëåíèþ î ôóíêöèîíàëüíîé ñïåöèàëèçàöèè êîð-
íåé ïðè ãåòåðîãåíèòåòå ìèíåðàëüíîãî ïèòà-
íèÿ, êîãäà êîðíè â î÷àãå ñ ïîâûøåííîé êîí-
öåíòðàöèåé èîíîâ ñïåöèàëèçèðóþòñÿ ãëàâíûì
îáðàçîì íà èõ ïîãëîùåíèè, â òî âðåìÿ êàê âíå
î÷àãà â îñíîâíîì ïîãëîùàþò âîäó [12].

Ïîòîê âîäû â öåëîì âîçðàñòàë ïî ìåðå íà-
êîïëåíèÿ ìàññû êîðíåé (ðèñ. 2), íî ðàçíèöà
ìåæäó âûñîêî- è íèçêîñîëåâûìè êîðíÿìè ñî-
õðàíÿëàñü. Ýòî áûë îæèäàåìûé ðåçóëüòàò, ïî-
ñêîëüêó îñìîòè÷åñêèé ïîòåíöèàë ïèòàòåëüíî-
ãî ðàñòâîðà ñ âûñîêîé êîíöåíòðàöèåé ìàêðî-
ýëåìåíòîâ áûë íèæå (–0,05 è –0,2 ÌÏà ó ÍÑ- è
ÂÑ-ðàñòâîðà ñîîòâåòñòâåííî), ÷òî äîëæíî áûëî
ñíèçèòü ñïîñîáíîñòü êîðíåé ïîãëîùàòü âîäó èç
ýòîãî ñîñóäà. Âìåñòå ñ òåì ðàçëè÷èÿ â ïîòîêàõ
âîäû ÷åðåç êîðíåâûå ïðÿäè ðàçíîãî ñîëåâîãî
ñòàòóñà áûëè íå ñòîëü çíà÷èòåëüíûìè, íàñêîëü-
êî ìîæíî áûëî îæèäàòü, èñõîäÿ èç ñíèæåíèÿ
èõ äâèæóùåé ñèëû â ñëó÷àå âûñîêîñîëåâûõ êîð-

Ðèñ.  1.  Ïîòðåáëåíèå âîäû ïðîðîñòêàìè ïøåíèöû Ñà-
ðàòîâñêàÿ çîëîòèñòàÿ íà ãåòåðîãåííîì ïèòàíèè – 2 âû-
ñîêîñîëåâûõ (ÂÑ, 300% Õ-À) è 3 íèçêîñîëåâûõ êîðíÿ
(ÍÑ, 5% Õ-À), ìë êîðåíü–1 ñóò–1
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íåé. Ïðè êîëåáàíèÿõ âîäíîãî ïîòåíöèàëà ëèñ-
òà îò –0,3 äî –0,4 ÌÏà ãðàäèåíò âîäíîãî ïî-
òåíöèàëà ìåæäó ëèñòîì è ïèòàòåëüíûì ðàñòâî-
ðîì ñîñòàâèë –0,27...0,37 ÌÏà â ñëó÷àå íèçêî-
ñîëåâûõ êîðíåé è –0,1...0,2 – â ñëó÷àå âûñîêî-
ñîëåâûõ. Òàêèì îáðàçîì, èñõîäÿ èç ðàçíèöû â
ãðàäèåíòå âîäíîãî ïîòåíöèàëà, ìîæíî áûëî
îæèäàòü, ÷òî óáûëü âîäû èç íèçêîñîëåâîãî ðà-
ñòâîðà áóäåò ïðèìåðíî â 2–3 ðàçà áîëüøå, ÷åì
èç âûñîêîñîëåâîãî. Ìåæäó òåì ïîòîê âîäû, ïðî-
õîäÿùèé ÷åðåç íèçêîñîëåâîé êîðåíü, áûë òîëü-
êî íà 20–25% áîëüøå, ÷åì ÷åðåç âûñîêîñîëåâîé,
à ÷åðåç ñóòêè ïîñëå íà÷àëà âîçäåéñòâèÿ ýòîò ïî-
êàçàòåëü áûë äàæå âûøå â ñëó÷àå âûñîêîñîëå-
âûõ êîðíåé. Ýòè ðåçóëüòàòû óêàçûâàþò íà òî,
÷òî âûñîêîñîëåâûå êîðíè èìåëè áîëåå âûñî-
êóþ ñïîñîáíîñòü ïðîâîäèòü âîäó. Ìàññà âûñî-
êîñîëåâîãî êîðíÿ áûëà íåñêîëüêî áîëüøå, ÷åì
íèçêîñîëåâîãî (íà 20%), îäíàêî ýòî ïðåâîñõîä-
ñòâî áûëî íå íàñòîëüêî áîëüøèì, ÷òîáû êîì-
ïåíñèðîâàòü íèçêèé âîäíûé ïîòåíöèàë âûñî-
êîñîëåâîãî ïèòàòåëüíîãî ðàñòâîðà (ñì. ðèñ. 2).
Ðàñ÷åò ãèäðàâëè÷åñêîé ïðîâîäèìîñòè ÂÑ è ÍÑ
êîðíåé ïî àíàëîãèè ñ çàêîíîì Îìà ïîêàçàë, ÷òî
â ðàñ÷åòå íà åäèíèöó èõ ìàññû îíà áûëà äåé-
ñòâèòåëüíî âûøå ó âûñîêîñîëåâûõ êîðíåé, ÷òî
íàèáîëåå ÿðêî ïðîÿâëÿëîñü ÷åðåç ñóòêè ïîñëå
ðàçìåùåíèÿ êîðíåé â ðàñòâîðû ñ ðàçíîé êîí-
öåíòðàöèåé ìàêðîýëåìåíòîâ (ðèñ. 3).

Áûëî âûñêàçàíî ïðåäïîëîæåíèå, ÷òî ãèä-
ðàâëè÷åñêàÿ ïðîâîäèìîñòü êîðíåé ìîæåò âîç-
ðàñòàòü çà ñ÷åò íàðóøåíèÿ öåëîñòíîñòè ïîÿñ-
êîâ Êàñïàðè â ïðîöåññå ôîðìèðîâàíèÿ áîêî-
âûõ êîðíåé [8]. Õîðîøî èçâåñòíî, ÷òî îòëî-
æåíèå ëèãíèíà è ñóáåðèíà â ýíäî- è ýêçîäåð-
ìå êîðíåé ñíèæàåò èõ ãèäðàâëè÷åñêóþ ïðî-
âîäèìîñòü [13]. Â ïðîöåññå ñâîåãî ðîñòà áî-
êîâûå êîðíè, çàêëàäêà êîòîðûõ ïðîèñõîäèò â
ïåðèöèêëå, ðàçäâèãàþò êëåòêè ýíäîäåðìû è
êîðû, íàðóøàÿ òåì ñàìûì öåëîñòíîñòü ãèä-
ðîôîáíîãî ñëîÿ. Âìåñòå ñ òåì ýòè òåîðåòè÷å-
ñêèå ðàññóæäåíèÿ íå áûëè ïîäòâåðæäåíû ýê-
ñïåðèìåíòàëüíî, è âîçìîæíûé âêëàä îáðàçî-
âàíèÿ áîêîâûõ êîðíåé â ãèäðàâëè÷åñêóþ ïðî-
âîäèìîñòü íå îöåíèâàëñÿ.

Ðàíåå íàìè áûëî ïîêàçàíî óñèëåíèå âåòâ-
ëåíèÿ âûñîêîñîëåâûõ êîðíåé ïî ñðàâíåíèþ ñ
íèçêîñîëåâûìè [14]. Èç ðèñ. 4 âèäíî, ÷òî ó
ðàñòåíèé äàííîãî ñîðòà ïðèìîðäèè áîêîâûõ
êîðíåé âûÿâëÿëèñü óæå ÷åðåç ñóòêè ïîñëå íà-
÷àëà âîçäåéñòâèÿ. Íà âòîðîé äåíü ïðîÿâëÿëèñü
ðàçëè÷èÿ ìåæäó êîðíÿìè ðàçíîãî ñîëåâîãî ñòà-
òóñà: áîëüøå ïðèìîðäèåâ áûëî çàðåãèñòðèðî-
âàíî ó ÂÑ êîðíåé. Êîëè÷åñòâî ïðèìîðäèåâ
áîêîâûõ êîðíåé äîñòèãàëî ìàêñèìóìà íà òðå-
òèé äåíü, êîãäà ðàçëè÷èÿ ìåæäó ÂÑ è ÍÑ çàðî-
äûøåâûìè êîðíÿìè áûëè âûðàæåíû â íàè-

Ðèñ.  2.  Ìàññà êîðíåé ïðîðîñòêîâ ïøåíèöû Ñàðàòîâñêàÿ
çîëîòèñòàÿ íà ãåòåðîãåííîì ïèòàíèè – 2 âûñîêîñîëåâûõ
(ÂÑ, 300% Õ-À) è 3 íèçêîñîëåâûõ êîðíÿ (ÍÑ, 5% Õ-À),
ìã êîðåíü–1
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Ðèñ.  3.  Ãèäðàâëè÷åñêàÿ ïðîâîäèìîñòü ïðîðîñòêîâ
ïøåíèöû Ñàðàòîâñêàÿ çîëîòèñòàÿ íà ãåòåðîãåííîì
ïèòàíèè – 2 âûñîêîñîëåâûõ (ÂÑ, 300% Õ-À) è
3 íèçêîñîëåâûõ êîðíÿ (ÍÑ, 5% Õ-À), ã ÷àñ–1 (ã ñûðîãî
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áîëüøåé ñòåïåíè. Çàòåì èõ êîëè÷åñòâî ñíèæà-
ëîñü çà ñ÷åò àêòèâíîãî óäëèíåíèÿ è ïðåâðàùå-
íèÿ â ñîáñòâåííî áîêîâûå êîðíè.

Òîò ôàêò, ÷òî êîëè÷åñòâî ïðèìîðäèåâ áî-
êîâûõ êîðíåé áûëî áîëüøå ó âûñîêîñîëåâûõ
êîðíåé, êîòîðûå èìåëè, ïî íàøèì äàííûì, áî-
ëåå âûñîêóþ ãèäðàâëè÷åñêóþ ïðîâîäèìîñòü,
ñâèäåòåëüñòâóåò î âîçìîæíîì âêëàäå ôîðìè-
ðîâàíèÿ ïðèìîðäèåâ â ïîâûøåíèå ãèäðàâëè-
÷åñêîé ïðîâîäèìîñòè êîðíåé. Âìåñòå ñ òåì
òî÷íîãî ñîîòâåòñòâèÿ ìåæäó ýòèìè ïîêàçàòå-
ëÿìè âûÿâèòü íå óäàëîñü. Òàê, ìàêñèìàëüíî
áîëüøîå êîëè÷åñòâî ïðèìîðäèåâ è íàèáîëåå
âûðàæåííîå ïðåâîñõîäñòâî âûñîêîñîëåâûõ
êîðíåé ïî ýòîìó ïîêàçàòåëþ áûëî çàðåãèñòðè-
ðîâàíî íà òðåòèé äåíü ïîñëå íà÷àëà âîçäåé-
ñòâèÿ, íî â ýòîò ïåðèîä ðàçëè÷èÿ ìåæäó êîð-
íåâûìè ïðÿäÿìè ïî ãèäðàâëè÷åñêîé ïðîâîäè-
ìîñòè íå áûëè íàèáîëüøèìè, à, íàîáîðîò, íà-
ìåòèëàñü òåíäåíöèÿ ê èõ íèâåëèðîâàíèþ
(ñì. ðèñ. 3). Êðîìå òîãî, íàèáîëåå ÿðêèå ðàç-
ëè÷èÿ ïî ãèäðàâëè÷åñêîé ïðîâîäèìîñòè êîð-
íåé áûëè çàðåãèñòðèðîâàíû ÷åðåç ñóòêè ïîñ-
ëå íà÷àëà âîçäåéñòâèÿ, êîãäà óäàâàëîñü ëèøü
òîëüêî âûÿâèòü ïåðâûå ïðèìîðäèè. Õîòÿ â
ýòîò ïåðèîä ìîãëà ïðîèñõîäèòü çàêëàäêà ïðè-
ìîðäèåâ, êîòîðûå ÷åðåç ñóòêè â áîëüøåì êî-
ëè÷åñòâå ïîÿâëÿëèñü íà âûñîêîñîëåâûõ êîð-
íÿõ, – íà ýòîé ñòàäèè ñâîåãî ôîðìèðîâàíèÿ,

êîãäà åùå íå áûëî âîçìîæíîñòè îáíàðóæèòü
èõ âèçóàëüíî, ïðèìîðäèè áûëè íå â ñîñòîÿ-
íèè íàðóøèòü öåëîñòíîñòü ïîÿñêîâ Êàñïàðè.
Ýòè ðåçóëüòàòû óêàçûâàþò íà òî, ÷òî íà ïåð-
âîì ýòàïå îòâåòà íà ãåòåðîãåíèòåò ìèíåðàëü-
íîãî ïèòàíèÿ ïîâûøåíèå ãèäðàâëè÷åñêîé
ïðîâîäèìîñòè âûñîêîñîëåâûõ êîðíåé äîëæíî
áûëî ïðîèñõîäèòü çà ñ÷åò èíîãî ìåõàíèçìà.

Èçâåñòíî, ÷òî ãèäðàâëè÷åñêàÿ ïðîâîäè-
ìîñòü çàâèñèò îò êîëè÷åñòâà è àêòèâíîñòè âîä-
íûõ êàíàëîâ àêâàïîðèíîâ â ìåìáðàíàõ êëå-
òîê [15]. Áûëî âûñêàçàíî ïðåäïîëîæåíèå î
òîì, ÷òî ñíèæåíèå èõ àêòèâíîñòè ïðè çàñîëå-
íèè ñíèæàåò ãèäðàâëè÷åñêóþ ïðîâîäèìîñòü è
ïðèòîê ñ âîäîé òîêñè÷íûõ èîíîâ [16], à ñòè-
ìóëîì äëÿ ýòîãî ýôôåêòà ìîæåò áûòü îñìîòè-
÷åñêèé ñèãíàë. Â íàøèõ îïûòàõ îñìîòè÷åñêèé
ñèãíàë (ñóùåñòâåííîå ñíèæåíèå îñìîòè÷åñêî-
ãî ïîòåíöèàëà âûñîêîñîëåâîãî ðàñòâîðà) ïðè-
âîäèë íå ê ñíèæåíèþ, à ê ïîâûøåíèþ ãèäðàâ-
ëè÷åñêîé ïðîâîäèìîñòè. Âåðîÿòíî, õàðàêòåð
èçìåíåíèÿ ãèäðàâëè÷åñêîé ïðîâîäèìîñòè â
îòâåò íà ñíèæåíèå îñìîòè÷åñêîãî ïîòåíöèà-
ëà çàâèñèò îò èîííîãî ñîñòàâà ñðåäû: ïîâû-
øàåòñÿ ïðè íàëè÷èè â íåì ìàêðîýëåìåíòîâ è
ñíèæàåòñÿ â ïðèñóòñòâèè òîêñè÷íûõ ñîëåé.
Ïîëó÷åííûå íàìè ðåçóëüòàòû ñîîòâåòñòâóþò è
çàðóáåæíûì äàííûì î òîì, ÷òî ëîêàëüíîå ïî-
âûøåíèå êîíöåíòðàöèè íèòðàòîâ óâåëè÷èâà-
ëî ãèäðàâëè÷åñêóþ ïðîâîäèìîñòü êîðíåé [17].

Òàêèì îáðàçîì, íàøè ðåçóëüòàòû ñâèäå-
òåëüñòâóþò î òîì, ÷òî íåðàâíîìåðíîå ðàñïðå-
äåëåíèå ìàêðîýëåìåíòîâ â ïðèêîðíåâîé ñðå-
äå (ãåòåðîãåíèòåò ìèíåðàëüíîãî ïèòàíèÿ) âû-
çûâàåò îòíîñèòåëüíî áûñòðûå (çàìåòíûå óæå
÷åðåç ñóòêè) èçìåíåíèÿ ãèäðàâëè÷åñêîé ïðî-
âîäèìîñòè â îáëàñòè ïîâûøåííîé êîíöåíò-
ðàöèè ìàêðîýëåìåíòîâ, ÷òî äîëæíî ñïîñîá-
ñòâîâàòü èõ àêòèâíîìó çàõâàòó ðàñòåíèåì.
Âîçðàñòàíèþ ãèäðàâëè÷åñêîé ïðîâîäèìîñòè
ïðè áîëåå äëèòåëüíîì âîçäåéñòâèè ïîâûøåí-
íîé êîíöåíòðàöèè ìàêðîýëåìåíòîâ ìîæåò
ñïîñîáñòâîâàòü è àêòèâàöèÿ âåòâëåíèÿ âûñî-
êîñîëåâûõ êîðíåé.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåð-
æêå Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ èñ-
ñëåäîâàíèé (ãðàíòû ¹ 110497023, ¹ 120401111).

Ðèñ.  4.  ×èñëî ïðèìîðäèåâ áîêîâûõ êîðíåé ó ïðîðîñòêîâ
ïøåíèöû Ñàðàòîâñêàÿ çîëîòèñòàÿ íà ãåòåðîãåííîì
ïèòàíèè – 2 âûñîêîñîëåâûõ (ÂÑ, 300% Õ-À) è
3 íèçêîñîëåâûõ êîðíÿ (ÍÑ, 5% Õ-À), øò. êîðåíü–1
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Ã.Ð. Êóäîÿðîâà, Â.Ê. Òðàïåçíèêîâ, È.È. Èâàíîâ. Ãèäðàâëè÷åñêàÿ ïðîâîäèìîñòü êîðíåé...
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HYDRAULIC  CONDUCTIVITY  OF  ROOTS  UNDER  HETEROGENEOUS
DISTRIBUTION  OF  NUTRIENTS

© G.R. Kudoyarova, V.K. Trapeznikov, I.I. Ivanov

Under heterogeneous distribution of nutrients the main water flow moves through the low salt roots. However,
one day after the start of the treatment the roots in higher concentration of nutrients (HS-roots) increased their
ability to conduct water. Fast increase in hydraulic conductivity of HS-roots and increased formation of primoridia
on them serve as an evidence of possible contribution of primordial formation to the increase in hydraulic conductivity.
However, there was no exact correspondence between these characteristics, and initially the increase in hydraulic
conductivity of the high-salt roots in response to heterogeneity must have occurred through some other mechanisms.

Key words: Triticum durum, root, water uptake, hydraulic conductivity, development, root branching,
heterogeneity.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




