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Äîñë³äæåíî âì³ñò ôîòîñèíòåòè÷íèõ ï³ãìåíò³â ó êë³òèíàõ çåëåíèõ ì³êðîâîäî-
ðîñòåé Tetradesmus dimorphus (Turpin) M.J. Wynne òà Desmodesmus brasiliensis (Boh-
lin) E. Hegew. ïðè ôîðìóâàíí³ öåíîá³¿â â óìîâàõ øòó÷íîãî âèðîùóâàííÿ. Âñòàíîâëå-
íî, ùî â îáîõ âèä³â ì³êðîâîäîðîñòåé âì³ñò õëîðîô³ëó à, b òà êàðîòèíî¿ä³â óïðîäîâæ
äîñë³äæóâàíîãî ïåð³îäó ðîñòó êóëüòóð ìàâ òåíäåíö³þ äî çðîñòàííÿ. Ïðè öüîìó
ñóòòºâå çá³ëüøåííÿ ôîòîñèíòåòè÷íèõ ï³ãìåíò³â ó T. dimorphus ñïîñòåð³ãàëîñü íà
ïî÷àòêó åêñïîçèö³¿ êóëüòóðè, à ó D. brasiliensis — íàïðèê³íö³. Ó äîñë³äæåíèõ êóëüòóð
âîäîðîñòåé â³äì³÷åíî âèñîê³ ïîêàçíèêè ñï³ââ³äíîøåííÿ Ñõë à /Ñõë b ³ Ñêàð /Ñõë à, ùî âêàçóº
íà ¿õíþ çíà÷íó ôóíêö³îíàëüíó àêòèâí³ñòü. Ïîêàçàíî, ùî êóëüòóðà T. dimorphus, ÿêà
õàðàêòåðèçóºòüñÿ íèçüêèì ñòóïåíåì ôîðìóâàííÿ öåíîá³¿â, íà ïî÷àòêîâèõ åòàïàõ
ñâîãî ðîñòó ìàëà âèñîêèé âì³ñò õëîðîô³ëó à, ÿêèé ó ïîäàëüøîìó ïîñòóïîâî çíèæó-
âàâñÿ. Âîäíî÷àñ âì³ñò õëîðîô³ëó à ó êë³òèíàõ D. brasiliensis ïðè àêòèâíîìó ôîðìó-
âàíí³ âèñîêî¿ ÷àñòêè 4-êë³òèííèõ öåíîá³¿â ³ñòîòíî çíèæóâàâñÿ, à ïðè ¿õíüîìó ðîç-
ïàä³ — ï³äâèùóâàâñÿ. Âèäîñïåöèô³÷í³ñòü äîñë³äæóâàíèõ öåíîá³àëüíèõ çåëåíèõ ì³êðî-
âîäîðîñòåé ïîëÿãàº ó ïåðåâàæàíí³ îäíîêë³òèííèõ ôîðì ó ïðîöåñ³ ðîñòó T. dimorphus,
à 2- ³ 4-êë³òèííõ öåíîá³¿â — ó ïðîöåñ³ ðîñòó D. brasiliensis.

Êëþ÷îâ³ ñëîâà: ôîòîñèíòåòè÷í³ ï³ãìåíòè, çåëåí³ ì³êðîâîäîðîñò³, öåíîá³¿,
øòó÷íå âèðîùóâàííÿ.
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Ôîòîñèíòåç º íàéá³ëüø ÷óòëèâèì ïðîöåñîì, ùî ïðîò³êàº ó êë³òèíàõ
ì³êðîâîäîðîñòåé ïðè ¿õíüîìó âèðîùóâàíí³. Éîãî ³íòåíñèâí³ñòü òà ñïðÿ-
ìîâàí³ñòü çíà÷íîþ ì³ðîþ çàëåæèòü â³ä âèäó âîäîðîñòåé, ô³ç³îëîã³÷íîãî
ñòàíó, âïëèâó àá³îòè÷íèõ òà á³îòè÷íèõ ÷èííèê³â [24].

Îñíîâíèì êîìïîíåíòîì ôîòîñèíòåòè÷íîãî àïàðàòó ì³êðîâîäîðîñ-
òåé º ï³ãìåíòíèé êîìïëåêñ, ÿêèé ó çåëåíèõ âîäîðîñòåé ñêëàäàºòüñÿ ç õëî-
ðîô³ë³â a ³ b òà êàðîòèíî¿ä³â [21, 22].

Åôåêòèâí³ñòü ïåðâèííèõ ïðîöåñ³â ôîòîñèíòåçó âèçíà÷àºòüñÿ çäå-
á³ëüøîãî ï³ãìåíòíèì ñêëàäîì ôîòîðåöåïòîðíèõ ñèñòåì, ñòðóêòóðîþ ï³ã-
ìåíò-á³ëêîâèõ êîìïëåêñ³â, çàãàëüíîþ îðãàí³çàö³ºþ ôîòîñèíòåòè÷íèõ
îäèíèöü òà øâèäê³ñòþ ðåãåíåðàö³¿ ðåàêö³éíèõ öåíòð³â. Ïðîöåñè óòâîðåí-
íÿ ³ ðóéíóâàííÿ õëîðîô³ë³â ó êë³òèíàõ ïîâ’ÿçàí³ ³ç çàãàëüíèì ìåòàáî-
ë³çìîì ì³êðîâîäîðîñòåé. Çá³ëüøåííÿ ¿õíüîãî âì³ñòó ñâ³ä÷èòü ïðî ïåðåâà-
æàííÿ ñèíòåçó íàä äåãðàäàö³ºþ [25].

Õëîðîô³ë a º îñíîâíèì êîìïîíåíòîì ñâ³òëîçáèðàëüíîãî êîìïëåêñó
õëîðîïëàñò³â [19]. Éîãî âì³ñò ó êë³òèíàõ º âàæëèâèì ô³ç³îëîã³÷íèì ïàðà-
ìåòðîì, ùî õàðàêòåðèçóº ôóíêö³îíàëüíó àêòèâí³ñòü ôîòîñèíòåòè÷íîãî
àïàðàòó ðîñëèí òà ¿õíþ ðåàêö³þ íà âïëèâ íåãàòèâíèõ ÷èííèê³â ñåðåäîâè-
ùà [6]. Çìåíøåííÿ âì³ñòó õëîðîô³ëó à ñâ³ä÷èòü ïðî ïðèãí³÷åííÿ ôîòî-
ñèíòåòè÷íî¿ àêòèâíîñò³ êë³òèí ì³êðîâîäîðîñòåé àáî ¿õíº «ñòàð³ííÿ» [19].
Õëîðîô³ë b — äîïîì³æíèé ï³ãìåíò, ÿêèé ðîçøèðþº ñïåêòð ñâ³òëà, ùî ïî-
ãëèíàºòüñÿ ì³êðîâîäîðîñòÿìè äëÿ ôîòîñèíòåçó. Çàãàëüíà ê³ëüê³ñòü õëî-
ðîô³ëó à ³ b ó ì³êðîâîäîðîñòåé çíàõîäèòüñÿ â ìåæàõ 0,5—1,5 % â³ä ¿õíüî¿
á³îìàñè [22].

Âåëè÷èíà ñï³ââ³äíîøåííÿ õëîðîô³ëó à ³ b òàêîæ çàëåæèòü â³ä ³íòåí-
ñèâíîñò³ îñâ³òëåííÿ, âèêëèêàíî¿ ðîñòîì á³îìàñè («åôåêò óïàêîâêè»).
Çá³ëüøåííÿ öüîãî ïîêàçíèêà ñâ³ä÷èòü ïðî á³ëüø åôåêòèâíå çä³éñíåííÿ
ôîòîñèíòåçó çà ó÷àñò³ õëîðîô³ëó à [16].

Êàðîòèíî¿äè º äîïîì³æíèì êîìïîíåíòîì ôîòîñèíòåòè÷íèõ ñèñòåì
[23]. Âîíè º á³ëüø ñòàá³ëüíèì êîìïîíåíòîì ï³ãìåíòíî¿ ñèñòåìè, í³æ õëî-
ðîô³ë à [1]. ¯õíÿ êîíöåíòðàö³ÿ ó ì³êðîâîäîðîñòÿõ ñòàíîâèòü áëèçüêî
0,1—0,2 % â³ä á³îìàñè [22]. Âèä³ëÿþòü äâ³ îñíîâí³ ãðóïè êàðîòèíî¿ä³â: êà-
ðîòèíè òà ¿õí³ êèñíåâì³ñí³ ïîõ³äí³ — êñàíòîô³ëè. Îñòàíí³ âèêîíóþòü
ñâ³òëîçáèðàëüíó ôóíêö³þ øëÿõîì ïîãëèíàííÿ ñâ³òëîâèõ õâèëü â ñèíüî-
çåëåíîìó ä³àïàçîí³ ñïåêòðó ³ ïåðåäàþòü ïîãëèíåíó åíåðã³þ õëîðîô³ëó à.
Âîäíî÷àñ êàðîòèíè âèêîíóþòü çàõèñíó ôóíêö³þ: âîíè çäàòí³ «ãàñèòè»
íàäëèøêîâó åíåðã³þ òðèïëåòíèõ ñòàí³â õëîðîô³ëó òà ñèíãëåòíîãî êèñíþ
[23]. Çàãàëüíà ê³ëüê³ñòü êàðîòèíî¿ä³â â³äîáðàæàº çäàòí³ñòü ì³êðîâîäîðî-
ñòåé ïðèñòîñîâóâàòèñÿ äî óìîâ ñåðåäîâèùà ³ñíóâàííÿ, à ï³äâèùåííÿ
âì³ñòó æîâòèõ ï³ãìåíò³â ó êë³òèíàõ ñâ³ä÷èòü ïðî ïîã³ðøåííÿ ¿õíüîãî
ô³ç³îëîã³÷íîãî ñòàíó.

Ìåòîþ ðîáîòè áóëî äîñë³äèòè âì³ñò ôîòîñèíòåòè÷íèõ ï³ãìåíò³â ó çå-
ëåíèõ ì³êðîâîäîðîñòåé ïðè ôîðìóâàíí³ ¿õí³õ öåíîá³¿â çà óìîâ øòó÷íîãî
âèðîùóâàííÿ.
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Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Îá’ºêòîì äîñë³äæåíü áóëè àëüãîëîã³÷íî ÷èñò³ êóëüòóðè çåëåíèõ ì³ê-
ðîâîäîðîñòåé (Chlorophyta) ³ç êîëåêö³¿ êóëüòóð (HPDP) ²íñòèòóòó ã³ä-
ðîá³îëîã³¿ ÍÀÍ Óêðà¿íè [2], à ñàìå: Tetradesmus dimorphus (Turpin)
M.J. Wynne (=Acutodesmus dimorphus (Turpin) P. Tsarenko) HPDP-108 ³
Desmodesmus brasiliensis (Bohlin) E. Hegew. HPDP-102.

Åêñïåðèìåíòàëüí³ äîñë³äæåííÿ ïðîâîäèëè ó ñïåö³àëüíî ðîçðîáëåíî-
ìó áîêñ³, îáëàäíàíîìó îá³ãð³âà÷àìè ç òåðìîðåãóëÿòîðàìè, ñâ³òèëüíèêàìè
ç ëàìïàìè äåííîãî ñâ³òëà (ù³ëüí³ñòü ôîòîñèíòåòè÷íîãî ôîòîííîãî ïîòî-
êó (PPFD) ñòàíîâèëà 47,5 ìêìîëü/ì2·ñ) ³ ðåëå ÷àñó (ðåæèì ÷åðãóâàííÿ
ñâ³òëà ³ òåìðÿâè — 16:8 ãîä). Òåìïåðàòóðíèé ðåæèì ñòàíîâèâ 31,0 °Ñ òà
28,0 °Ñ â³äïîâ³äíî äëÿ T. dimorphus òà D. brasiliensis, ÿêèé º äëÿ äàíèõ êó-
ëüòóð íàéá³ëüø ñïðèÿòëèâèì çà ïîêàçíèêîì ïèòîìî¿ øâèäêîñò³ ðîñòó
[15].

Ïîñ³â ³íîêóëÿòó (0,5 ìëí. êë/ñì3) ïðîâîäèëè íà ñåðåäîâèùå, ùî ì³ñ-
òèëî â³äñòîÿíó âîäîïðîâ³äíó âîäó, á³îãåíí³ åëåìåíòè (àçîò ³ ôîñôîð) òà
³íø³ ì³íåðàëüí³ ñïîëóêè ó ê³ëüêîñò³, àíàëîã³÷í³é ñåðåäîâèùó Ô³òöäæåðà-
ëüäà â ìîäèô³êàö³¿ Öåíäåðà ³ Ãîðåìà [7]. Âì³ñò àçîòó í³òðàò³â òà ôîñôîðó
ôîñôàò³â ñòàíîâèâ: äëÿ D. brasiliensis — â³äïîâ³äíî 81,7 ìã N/äì3 ³
7,1 ìã P/äì3, à äëÿ T. dimorphus — 692,7 ìã N/äì3 ³ 60,0 ìã P/äì3, ùî º îïòè-
ìàëüíèì äëÿ íàêîïè÷åííÿ á³îìàñè öèõ âèä³â âîäîðîñòåé [15].

Êóëüòóðè ïåðåì³øóâàëè øëÿõîì ïîäà÷³ ó êóëüòèâàö³éí³ ºìíîñò³
ñòèñëîãî àòìîñôåðíîãî ïîâ³òðÿ (38 äì3/õâ). Åêñïîçèö³ÿ òðèâàëà 39 ä³á.

Îö³íêó ôóíêö³îíàëüíî¿ àêòèâíîñò³ çåëåíèõ ì³êðîâîäîðîñòåé çä³é-
ñíþâàëè çà âì³ñòîì ôîòîñèíòåòè÷íèõ ï³ãìåíò³â (Ñõë à, Ñõë b, Ñêàð) òà âåëè-
÷èíàìè ñï³ââ³äíîøåíü Ñõë à/Ñõë b ³ Ñêàð /Ñõë à.

Âì³ñò ôîòîñèíòåòè÷íèõ ï³ãìåíò³â ó êóëüòóðàõ âîäîðîñòåé óïðîäîâæ
¿õíüîãî ðîñòó âèçíà÷àëè ñòàíäàðòíèì ñïåêòðîôîòîìåòðè÷íèì ìåòîäîì ç
âèêîðèñòàííÿì â³äïîâ³äíèõ ð³âíÿíü [14, 20].

Â³äíîñíèé âì³ñò õëîðîô³ëó à (Ñõë à /êë) ðîçðàõîâóâàëè ç âèêîðèñòàí-
íÿì çíà÷åíü ÷èñåëüíîñò³ êë³òèí âîäîðîñòåé òà âì³ñòó õëîðîô³ëó à â êîæ-
í³é â³ä³áðàí³é ïðîá³ ñóñïåíç³¿.

Îòðèìàí³ ðåçóëüòàòè îïðàöüîâàíî ñòàòèñòè÷íî çà äîïîìîãîþ ïðî-
ãðàìíîãî ïàêåòà Microsoft Excel. Äîñòîâ³ðí³ñòü ïîêàçíèê³â (n = 3) îö³íþ-
âàëè ïðè ð³âíÿõ çíà÷óùîñò³ ð ≤ 0,95—0,99.

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Ïðè âèðîùóâàíí³ çåëåíèõ ì³êðîâîäîðîñòåé T. dimorphus ³ D. brasili-

ensis ó íàêîïè÷óâàëüíîìó ðåæèì³ â³äì³÷åíî äèíàì³÷íèé ïðèð³ñò õëî-
ðîô³ëó à âïðîäîâæ óñüîãî ïåð³îäó ðîñòó êóëüòóð (ðèñ. 1, à).

Ïîêàçàíî, ùî âì³ñò õëîðîô³ëó à ó êóëüòóð³ T. dimorphus çðîñòàâ ³í-
òåíñèâíî äî 25-¿ äîáè åêñïîçèö³¿ ³ç ïîäàëüøèì íåçíà÷íèì çìåíøåííÿì
íà 39-òó äîáó (äèâ. ðèñ. 1, à), òîä³ ÿê ó D. brasiliensis âì³ñò öüîãî ï³ãìåíòó
âïðîäîâæ ïåðøèõ 14 ä³á çðîñòàâ äîñèòü ïîâ³ëüíî (1,9 ìêã/äîáà — ç 1-¿ ïî
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7-ìó äîáó ³ 7,7 ìêã/äîáà — ç 7-¿ ïî 14-òó äîáó), à íàéâèùîãî ïðèðîñòó
(30,6 ìêã/äîáà) äîñÿãàâ ç 14-¿ ïî 25-òó äîáó.

Ìîæíà ïðèïóñòèòè, ùî çá³ëüøåííÿ âì³ñòó õëîðîô³ëó à ó êë³òèíàõ
äîñë³äæóâàíèõ âèä³â ì³êðîâîäîðîñòåé óïðîäîâæ ðîñòó ¿õí³õ êóëüòóð â³ä-
áóâàºòüñÿ çàâäÿêè àêòèâíîìó ïðèðîñòó á³îìàñè (äèâ. ðèñ. 1, á) òà ÷åðåç
á³ëüøèé ðîçì³ð êë³òèí ó D. brasiliensis.

Äèíàì³êà âì³ñòó õëîðîô³ëó b ó êóëüòóðàõ T. dimorphus òà D. brasiliensis
ìàëà ïîä³áíèé õàðàêòåð äî çì³í âì³ñòó õëîðîô³ëó à âïðîäîâæ óñ³º¿ åêñïî-
çèö³¿, àëå ç äåùî ìåíøèìè çíà÷åííÿìè (ðèñ. 2).

Àíàë³ç âì³ñòó êàðîòèíî¿ä³â ó êë³òèíàõ äîñë³äæåíèõ êóëüòóð âêàçóº íà
ïîä³áí³ñòü äî äèíàì³êè íàêîïè÷åííÿ õëîðîô³ëó à. Çîêðåìà, óïðîäîâæ
ïåðøèõ 14 ä³á ðîñòó âì³ñò äàíîãî ï³ãìåíòó áóâ íåçíà÷íèì (ðèñ. 3), ùî,
éìîâ³ðíî, ñâ³ä÷èòü ïðî ñïðèÿòëèâèé ô³ç³îëîã³÷íèé ñòàí êóëüòóð.

Äèíàì³êà âì³ñòó êàðîòèíî¿ä³â ó êóëüòóð³ T. dimorphus õàðàêòåðèçóâà-
ëàñÿ ï³äâèùåííÿì ¿õíüîãî âì³ñòó íà 137 % ç 14-¿ äî 25-¿ äîáè åêñïîçèö³¿, ç
ïîäàëüøèì íåçíà÷íèì çìåíøåííÿì íà 39-òó äîáó. Íàòîì³ñòü äëÿ D. brasi-
liensis ñïîñòåð³ãàëîñÿ ï³äâèùåííÿ âì³ñòó êàðîòèíî¿ä³â óïðîäîâæ äðóãî¿
ïîëîâèíè ïåð³îäó ðîñòó êóëüòóðè (14—39-òà äîáà) íà 342 % (äèâ. ðèñ. 3),
ùî ìîãëî áóòè íàñë³äêîì âèñîêî¿ á³îìàñè êóëüòóð (äèâ. ðèñ. 1, á). Âîäíî-
÷àñ íà çá³ëüøåííÿ âì³ñòó öèõ ï³ãìåíò³â, â³ðîã³äíî, âïëèâàëî ³ ë³ì³òóâàííÿ
ïîæèâíèìè ðå÷îâèíàìè ó äàíèé ïåð³îä, ÿêå ïðèçâîäèëî äî ïîäàëüøîãî
ïåðåõîäó êóëüòóðè íà ñòàö³îíàðíó ôàçó ðîñòó, îñê³ëüêè âîäîðîñò³ âèêî-
ðèñòîâóþòü êàðîòèíî¿äè ÿê àíòèîêñèäàíòè äëÿ çàõèñòó â³ä ñòðåñó [23].

Â³äîìî [18], ùî ì³æ âì³ñòîì õëîðîô³ë³â à ³ b òà ê³ëüê³ñòþ êàðîòè-
íî¿ä³â ³ñíóº ïðÿìèé çâ’ÿçîê. Íà íàøó äóìêó, ïåâíà çàëåæí³ñòü âì³ñòó õëî-
ðîô³ë³â â³ä ê³ëüêîñò³ æîâòèõ ï³ãìåíò³â ìîæå áóòè îáóìîâëåíà àíòèîêñè-
äàíòíèìè òà ïðîòåêòîðíèìè âëàñòèâîñòÿì êàðîòèíî¿ä³â, ÿê³ áåðóòü
ó÷àñòü ó çàõèñò³ ôîòîñèíòåòè÷íèõ ìåìáðàí â³ä ôîòîîêèñíåííÿ òà çíåø-
êîäæåíí³ ïåðîêñèäíèõ ðàäèêàë³â. Çì³íè ê³ëüêîñò³ êàðîòèíî¿ä³â çàïîá³ãà-
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Ðèñ. 1. Âì³ñò õëîðîô³ëó à (à) òà á³îìàñè (á) ó êóëüòóðàõ çåëåíèõ ì³êðîâîäîðîñòåé
T. dimorphus (1) ³ D. brasiliensis (2) â ïðîöåñ³ ¿õíüîãî ðîñòó



þòü îêèñíåííþ ë³ï³ä³â ìåìáðàí õëîðîïëàñò³â òà ðóéíóâàííþ õëîðîô³ëó
[12].

Ç îãëÿäó íà òå, ùî äëÿ îá`ºêòèâíî¿ îö³íêè ô³ç³îëîã³÷íîãî ñòàíó âîäî-
ðîñòåé âèêîðèñòîâóþòü âåëè÷èíè ñï³ââ³äíîøåíü âì³ñòó ï³ãìåíò³â
(Ñõë à/Ñõë b òà Ñêàð/Ñõë à ) [17], áóëî äîö³ëüíèì ïðîàíàë³çóâàòè çì³íè öèõ ïî-
êàçíèê³â äëÿ êóëüòóð äîñë³äæóâàíèõ âèä³â âîäîðîñòåé.

Â³äîìî [6, 11, 17], ùî çà äîïîìîãîþ ñï³ââ³äíîøåííÿ Ñõë à/Ñõë b ìîæíà
îõàðàêòåðèçóâàòè ôîòîñèíòåòè÷íó àêòèâí³ñòü âîäîðîñòåé, çîêðåìà,
çìåíøåííÿ âåëè÷èíè öüîãî ïîêàçíèêà âêàçóº íà òå, ùî â³äáóâàºòüñÿ «ñòà-
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Ðèñ. 2. Âì³ñò õëîðîô³ëó b ó êóëüòóðàõ çåëåíèõ ì³êðîâîäîðîñòåé T. dimorphus (1) ³
D. brasiliensis (2) â ïðîöåñ³ ¿õíüîãî ðîñòó

Ðèñ. 3. Âì³ñò êàðîòèíî¿ä³â (ìêãSPU/äì3) ó êóëüòóðàõ T. dimorphus (1) ³ D. brasiliensis
(2) â ïðîöåñ³ ¿õíüîãî ðîñòó



ð³ííÿ» ¿õí³õ êë³òèí. Îäåðæàí³ äàí³ ñâ³ä÷àòü, ïðî òå, ùî ó T. dimorphus òà
D. brasiliensis äî 25-î¿ äîáè åêñïîçèö³¿ êóëüòóð ñïîñòåð³ãàëîñÿ çá³ëüøåííÿ
âåëè÷èíè ñï³ââ³äíîøåííÿ Ñõë à /Ñõë b (â³äïîâ³äíî íà 33 ³ 42 % ïîð³âíÿíî ç
1-þ äîáîþ) ³ ïîäàëüøå çìåíøåííÿ íà 39-òó äîáó (â³äïîâ³äíî íà 4 ³ 28 %
ïîð³âíÿíî ç 25-þ äîáîþ) (ðèñ. 4).

Íàéâèù³ çíà÷åííÿ Ñõë à/Ñõë b äëÿ îáîõ âèä³â âîäîðîñòåé äîð³âíþâàëè
2,8 (25-òà äîáà), ùî âêàçóº íà òå, ùî ôîòîñèíòåòè÷íà àêòèâí³ñòü äîñë³äæå-
íèõ êóëüòóð äî 25-¿ äîáè áóëà îäíàêîâîþ. Íàäàë³ çìåíøåííÿ âåëè÷èíè çà-
çíà÷åíîãî ñï³ââ³äíîøåííÿ ç 25-¿ äî 39-¿ äîáè âêàçóº íà «ñòàð³ííÿ» êë³òèí
âîäîðîñòåé ó öåé ïåð³îä ðîñòó, ÿêå ó D. brasiliensis â³äáóâàëîñÿ äåùî
ïîì³òí³øå (äèâ. ðèñ. 4).

Çà äîïîìîãîþ ñï³ââ³äíîøåííÿ Ñêàð/Ñõë à òàêîæ ìîæíà îö³íèòè ôîòî-
ñèíòåòè÷íó àêòèâí³ñòü âîäîðîñòåé [3, 9, 17]. Â³äîìî, ùî êàðîòèíî¿äè º
á³ëüø ñò³éêèìè ï³ãìåíòàìè äî ä³¿ íåñïðèÿòëèâèõ ÷èííèê³â, ïîð³âíÿíî ç
õëîðîô³ëîì à, ÿêèé ïåðøèì ðóéíóºòüñÿ çà òàêèõ óìîâ [3, 8, 13]. Òîìó
íèçüê³ çíà÷åííÿ Ñêàð/Ñõë à ââàæàþòüñÿ ³íäèêàòîðîì ñïðèÿòëèâèõ óìîâ äëÿ
«íîðìàëüíîãî» ô³ç³îëîã³÷íîãî ñòàíó ì³êðîâîäîðîñòåé, òîä³ ÿê âèñîê³, íà-
âïàêè, â³äîáðàæàþòü ïðèãí³÷åíèé ñòàí êë³òèí.

Ðåçóëüòàòè ïðîâåäåíèõ åêñïåðèìåíò³â ïîêàçàëè, ùî âåëè÷èíà ñï³â-
â³äíîøåííÿ Ñêàð/Ñõë à äëÿ T. dimorphus ç 1-¿ ³ ïî 14-òó äîáó ðîñòó êóëüòóðè
ìàëà òåíäåíö³þ äî çìåíøåííÿ íà 21 %, ç ïîäàëüøèì ï³äâèùåííÿì íà 41 %
(24—39-òà äîáà). Âîäíî÷àñ ó D. brasiliensis ñïîñòåð³ãàëàñÿ çâîðîòíà òåí-
äåíö³ÿ — ï³äâèùåííÿ âåëè÷èíè äàíîãî ñï³ââ³äíîøåííÿ íà 40 % ç 1-¿ ³ ïî
14-òó äîáó ðîñòó ç ïîäàëüøèì íåçíà÷íèì çìåíøåííÿì (14—39-òà äîáà)
(ðèñ. 5).

Îòæå, îòðèìàí³ âåëè÷èíè ñï³ââ³äíîøåííÿ Ñêàð/Ñõë à ñâ³ä÷àòü ïðî âè-
ñîêèé ð³âåíü ôóíêö³îíàëüíî¿ àêòèâíîñò³ T. dimorphus ïðîòÿãîì ïåðøî¿
ïîëîâèíè ïåð³îäó ðîñòó êóëüòóðè, à ó D. brasiliensis — íàïðèê³íö³ åêñïî-
çèö³¿.
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Ðèñ. 4. Ñï³ââ³äíîøåííÿ Ñõë à/Ñõë b ó êë³òèíàõ çåëåíèõ ì³êðîâîäîðîñòåé T. dimorphus
(1) ³ D. brasiliensis (2) â ïðîöåñ³ ðîñòó ¿õí³õ êóëüòóð



Çã³äíî ë³òåðàòóðíèõ äàíèõ [6, 11], çà îïòèìàëüíèõ óìîâ âèðîùóâàííÿ
T. dimorphus âåëè÷èíà ñï³ââ³äíîøåííÿ Ñêàð/Ñõë à çðîñòàº ë³í³éíî ç³ çíà÷åí-
íÿìè 1,2—1,3.

Ñï³âñòàâëåííÿ îòðèìàíèõ äàíèõ ùîäî ñï³ââ³äíîøåíü Ñõë à/Ñõë b ³
Ñêàð/Ñõë à ñâ³ä÷èòü ïðî òå, ùî õàðàêòåðèñòèêà ô³ç³îëîã³÷íîãî ñòàíó êë³òèí
âîäîðîñòåé çà öèìè ïîêàçíèêàìè â óìîâàõ øòó÷íîãî âèðîùóâàííÿ T. di-
morphus ñï³âïàäàº, òîä³ ÿê äëÿ D. brasiliensis öå ñïîñòåð³ãàºòüñÿ íå çàâæäè.

Îäí³ºþ ç îñîáëèâîñòåé äîñë³äæóâàíèõ âèä³â âîäîðîñòåé º ôîðìóâàí-
íÿ íèìè öåíîá³àëüíèõ êîëîí³é. Òàê, çà óìîâ øòó÷íîãî âèðîùóâàííÿ êó-
ëüòóðà T. dimorphus âïðîäîâæ óñüîãî ïåð³îäó ðîñòó õàðàêòåðèçóºòüñÿ íè-
çüêîþ ÷àñòêîþ öåíîá³¿â (1 %), òîä³ ÿê D. brasiliensis — âèñîêîþ (90—94 %)
[4]. Â³äîìî òàêîæ, ùî öåíîá³¿ ñèíòåçóþòü ìåíøó ê³ëüê³ñòü õëîðîô³ëó à,
í³æ îêðåì³ êë³òèíè [10]

Ïðîâåäåíèé ðîçðàõóíîê â³äíîñíîãî âì³ñòó õëîðîô³ëó à (Ñõë à /êë) ïî-
êàçàâ äåÿêó ð³çíèöþ â äèíàì³ö³ öüîãî ïîêàçíèêà äëÿ äîñë³äæóâàíèõ âèä³â
âîäîðîñòåé (ðèñ. 6). Òàê, ó T. dimorphus íà ïî÷àòêó àêòèâíîãî ðîñòó êóëü-
òóðè (1-øà—7-ìà äîáà) â³äáóâàëîñÿ çá³ëüøåííÿ âì³ñòó Ñõë à /êë íà 21 %, ç
ïîäàëüøèì çíèæåííÿì éîãî âåëè÷èíè íà 73 % (7-ìà — 39-òà äîáà) ùî,
î÷åâèäíî, çóìîâëåíî åôåêòîì «çàòåìíåííÿ» êóëüòóðè âíàñë³äîê çðîñòàí-
íÿ á³îìàñè [4, 6].

Âîäíî÷àñ âåëè÷èíà Ñõë à/êë ó D. brasiliensis íà ïî÷àòêó åêñïîíåíö³éíî¿
ôàçè ïåð³îäó ðîñòó çìåíøóâàëàñÿ íà 76 % (1-øà — 7-ìà äîáà), ç íàñòóï-
íèì çá³ëüøåííÿì íà 71 % (14—25-òà äîáà) ó äðóã³é ïîëîâèí³ åêñïîçèö³¿
(äèâ. ðèñ. 6). Çìåíøåííÿ âåëè÷èíè äàíîãî ïîêàçíèêà ó D. brasiliensis,
â³ðîã³äíî, ìîæå áóòè ïîâ’ÿçàíî ç âèñîêîþ ÷àñòêîþ 4-êë³òèííèõ öåíîá³¿â
[4], êîëè âíàñë³äîê çäð³áíåííÿ êë³òèí ó ïåðø³ 10 ä³á ðîñòó êóëüòóðè íà
29 % çíèæóâàâñÿ ñèíòåç öüîãî ï³ãìåíòó. Îòæå, çà óìîâ «êîëîí³àëüíîãî çà-
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Ðèñ. 5. Ñï³ââ³äíîøåííÿ Ñêàð /Ñõë à ó êë³òèíàõ çåëåíèõ ì³êðîâîäîðîñòåé T. dimorphus
(1) ³ D. brasiliensis (2) â ïðîöåñ³ ¿õíüîãî ðîñòó



òåìíåííÿ» öåíîá³¿ ñèíòåçóþòü ìåíøó ê³ëüê³ñòü õëîðîô³ëó à, í³æ îêðåì³
êë³òèíè, ùî îïèñàíî ó ðîáîòàõ ³íøèõ àâòîð³â [10]. Íàäàë³, ïðè ðîçïàä³
4-êë³òèííèõ öåíîá³¿â íà 2-êë³òèíí³, ÿêèé â³äáóâàâñÿ ó äðóãó ïîëîâèíó åê-
ñïîçèö³¿ êóëüòóð, â³äíîñíèé âì³ñò õëîðîô³ëó à ó D. brasiliensis çðîñòàâ.

Âèñíîâêè

Ïðè âèðîùóâàíí³ çåëåíèõ ì³êðîâîäîðîñòåé T. dimorphus òà D. brasili-
ensis ó øòó÷íèõ óìîâàõ â³äì³÷àëîñÿ çðîñòàííÿ âì³ñòó õëîðîô³ë³â à ³ b òà
êàðîòèíî¿ä³â óïðîäîâæ äîñë³äæóâàíîãî ïåð³îäó ðîñòó êóëüòóð.

Âèñîê³ âåëè÷èíè ñï³ââ³äíîøåííÿ Ñõë à/Ñõë b äëÿ êóëüòóð T. dimorphus
òà D. brasiliensis ñâ³ä÷àòü ïðî çíà÷íó ôóíêö³îíàëüíó àêòèâí³ñòü êë³òèí âî-
äîðîñòåé òà ïîñèëåíèé ñèíòåç õëîðîô³ëó à.

Îòðèìàí³ âåëè÷èíè ñï³ââ³äíîøåííÿ Ñêàð/Ñõë à ñâ³ä÷àòü ïðî âèñîêèé
ð³âåíü ôóíêö³îíàëüíî¿ àêòèâíîñò³ êë³òèí T. dimorphus óïðîäîâæ ïåðøî¿
ïîëîâèíè ïåð³îäó ðîñòó êóëüòóðè, à ó D. brasiliensis — íàïðèê³íö³ åêñïî-
çèö³¿.

Êóëüòóðà T. dimorphus, ç íèçüêèì ñòóïåíåì ôîðìóâàííÿ öåíîá³¿â, íà
ïî÷àòêîâèõ åòàïàõ ðîñòó õàðàêòåðèçóâàëàñü âèñîêèìè çíà÷åííÿìè
Ñõë à/êë ç òåíäåíö³ºþ ¿õíüîãî ïîäàëüøîãî çíèæåííÿ. Âîäíî÷àñ ó D. brasili-
ensis, ïðè àêòèâíîìó ôîðìóâàíí³ âåëèêî¿ ê³ëüêîñò³ 4-êë³òèííèõ öåíîá³¿â,
çàçíà÷åíèé ïîêàçíèê ³ñòîòíî çíèæóâàâñÿ, à ïðè ¿õíüîìó ðîçïàä³ — ï³äâè-
ùóâàâñÿ.
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CONTENT OF PHOTOSYNTHETIC PIGMENTS IN THE CELLS OF GREEN
MICROALGAE UNDER CONDITIONS OF THEIR CULTIVATION

The content of photosynthetic pigments in the cells of the green microalgae Tetrades-
mus dimorphus (Turpin) M.J. Wynne and Desmodesmus brasiliensis (Bohlin) E. Hegew
was determined during the formation of their coenobia under conditions of cultivation. It
has been found that in both species of microalgae the content of chlorophyll a, b, and caro-
tenoids during the studied period of growth had tends to increase. At the same time, a sig-
nificant increase in the content of photosynthetic pigments in T. dimorphus was observed
at the beginning of exposure, and in D. brasiliensis — at its end. High values of the ratio of
Ñchl à/Ñchl b and Ñcar/Ñchl à were noted in the studied cultures, which indicate their high func-
tional activity. It was shown that the culture of T. dimorphus, which is characterized by a
low degree of coenobia formation, had high chlorophyll a content at the initial stages of its
growth, which subsequently gradually decreased. At the same time, the content of chlorop-
hyll a in D. brasiliensis cells during the active formation of a high number of 4-celled coeno-
bia significantly decreased, and during their disintegration — increased. The species speci-
ficity of the studied coenobial green microalgae is the predominance of unicellular forms in
the growth process of T. dimorphus, and 2- and 4-celled coenobia – in D. brasiliensis.

Key words: photosynthetic pigments, green microalgae, coenobia, cultivation.
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