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Hayuenn  npoay Xapakrep P PCKOR  Kp BOJIOP: Gracilaria
verrucosa (Huds.) Papenf. f procerrima (Esp.) Ag. 8 nep ofl pep i KyaeType npH
Temneparype cpeast 18; 23; 27 °C W unrencusHocH ceera 30 u 40 Brim'. ¥ 4TO T paTypa
cpeasl onp T Th anam NepecTpoex ee 1, 41O parypa

cpesi 23 °C ABAACTCA ONMTHMANLHON MO KPHTEPHIO MPOAYKTHBHOCTH TANNOMOB. POCT rpalMnspwy Taoke
JABMCHT W OT YPOBHA Tax, npu patype cpeast 27 °C yeToiuMBLIA POCT HIYHEHHOTO

TAKCOHE TPALMARPHA OTMEYEH TONBKO MPH HHTEHCHBHOCTH cheta 40 Br/m’. HenocpeacTsensoro insmma

HIH 0ro

G2 NOAYH FNTARKA HA NPOAYKIHOHHBIC XAPAKTCPHCTHKH

BonopocnH He oGuapyxeno. Ommako 8 nepsom cnydae Hab noCh  MEHee

IMHPHTOB. MakcHMATbHbIE IHayeHHs NpoaykKunu (1214 r ceipofi GHoMacckl ¢ M* B CYTKH) W yAe/bHOH
ckopocH pocta (0,13 cyr™) rp p Y B Henpep Ky/bTYpe npw TeMneparype cpeam 23 °C
W nHTeHCHBHOCTH cBeTa 40 Br/w’.

Knwueewe cnoea: Gracilaria verrucosa, KyNbTHBHDOBAHHE, NPOAYKUHS, TEMNEpaTypa

Cpeiibl, OCBCIICHHOCTD.
Bpeaenne

MeToa  HenpephiBHOrO  BHIPANIHBAHMA  OJHOK/NETOMHBIX  BoAOpocnei
JOCTATOYHO XOpOmO pa3paGoTaH W YCMENIHO MPHMEHAETCs B HaydHo# W mpous-
BojicTBeHHOH npaktuke. [Monywenue nenpepuiBHOi Mo OGHOMacce KyJabTYphl Makpo-
GHTOBR M3-38 MX JUIHTENBHOTO M CNOXKHOTO JKH3HEHHOrO LMKNA, MHOrooGpasus
Moponoruieckux (opM ABAAETCA upe3BhIYAHO TpyaHo# 3lamaued (Cwikun W ap.,
1992). HecmoTpA Ha HAaKOTUIEHHBIH OMBIT, KyJTbTHBHPOBAHHWE MaKpoBoJopocnedt
0CTAETCA TPYAHOPEANHIYEMbIM KaK B TEOPETHYECKOM, TaK M B MPAKTHYECKOM MaHe.
JinA KaXaoro BRIPALIMBAEMOrO BHIA MAKpo(HTOB, B T.W. arapocojepiatieli rpaumn-
nApHH, TPeOyIOTCA CNeUMATbHO PacCYHTAHHBIE KOHLIEHTPAUMM 2JIEMEHTOB MHHe-
PAILHOrO MHTAHMSA, OMPENEJCHHOE COYETAHHE OCBEIICHHOCTH, TEMMNEPATYpPhl H APYTrHX
(haKkTopoB cpenbi, KOTOphie PEry/HpYIOT HHTEHCHBHOCTH MPOUECCOB MeTabonuiMa
nutanna (Smith, 2002).

© B.A. Cunxun, H.B. Muponoea, 2007

ISSN 0868-8540 Anmszonozun. 2007. T. 17. M0 3 Algologia. 2007. V. 17. N 3 397



B.A. Cumxun, Muponosa H.B.

BenuvuHa ONTHMANLHON MUIOTHOCTH MOCAAKH, KoTopas obecniequnae
MAKCHMANBHBIE TEMITbl POCTA HIYMAEMOro BHIA [PALMIAPHH, HBAAETCHA BHAO-
cretMHYHLIM TPU3HAKOM H 3aBHCHT OT JKCTEPHMEHTANBHBIX YCIOBHH KyTbTH-
suposanns (Nagler et al., 2003).

Iens paborhi — nonyuesue HenpepbBHON Mo OHOMAacce KyJIbTYpbi HepHO-
mopckoit rpaunnspuu Gracilaria verrucosa (Huds.) Papenf. f. procerrima (Esp.) Ag,
H3yYeHHE NPOAYKUHOHHbIX XapaKTepPHCTHK H ONpele/ileHHe BINAHUA Ha ee pocT cnocoba
obecneueHus eMEHTAMH MHHEPATBHOTO MATAHHA.

MaTtepHanbl M METO/TbI

Cnoesnwa Gracilaria verrucosa f. procerrima cobupanu 8 6. Kasauss (peruon
Cesactonona) Ha rayGune 3-5 M, spnmowedics onTuManbHoit ana Buna. B
nabopaTOPHLIX YCNOBHAX HX TINATENbHO OYHILATH OT MHQHTOB, MPOMBIBATH, 3aTeM
anuKaibHble (PArMEHThl TALIOMOB MOMEMATH B (OTOPEAKTOPHl C PeryinpyeMbiMi
napaMeTpamu CBeTa W Temnepatypbl. OCBelleHHE OCYIIECTBAATH MOMWHECLIEHTHBIMH
namnamu J1B-20. TTponomkuTensHOCTL CBETOBOTO IHA cocTasasna 16 4 B cyTku. Beuo
MCIMONBL30BAHO BOCEMb 2-MHTPOBLIX (JOTOPEAKTOPOR, YTO MO3BOMMIO NMPOBECTH OMBITH
N0 CXeMe TONHOTO (JAKTOPHOrD JKCnepHMenTa 2° ¢ ABYMA TIOBTOPHOCTAMH A
NojcyeTa AMCNEpCHH BocrnponsBoanMocTH (Makcumos, 1980). Vrnepoaxoe nutanue
BOAOPOCIH ODecre MBI NoAaYeil CMeCH BO3LyXa H yriekucioTsl. Macca (parmenton
TAUIOMOB B KawaoM ¢otopeaktope cocrasnsia 5 r. Jina toro urobbl Temnbl pocTa
rPALANAPHH He CHH3WIHCh M3-38 CAMO3ATEHEHHA CIOEBHMIL, W3 Kaaoro oTopeakTopa
nepsoHauansHo uepes 10 aHed, a 3aTem vepes 5 aHeH, oTGHpaNH HapacTAIOULYIO Maccy
TannomoBs, octapaas npu atom 10 r. Takum obpazom, B OnBITAX peanH3OBaHa Kak
HAKOMHTE/IbHAA, TAK W HempepbiBHaA no GHomacce KyIbTypa MakpoHTa.

Bbiio npoBefieHO nBE CEPHHM IKCNEPHMEHTOB MPOOIIKHTENLHOCTRIO 45 1 30
cyt. B nepsoii cepun onbiToB BeiGpaHbl chenywoliHe yposHH dakropos: (aktop X,
(uHTeHcHBHOCTL cBeta 30 u 40 Br/M%), (axrop X, (remneparypa cpemni B repebie
naTHaguath aHel 18 1 23 °C, a B eneayromme TpuALaTh aHed — 23 u 27 °C) (tabun. 1, 2).
ONeMeHTbl MHHEPAIBLHOrO TMHTAHHA TOJABATH IMyTeM €KEeIHEBHOH CMeHBl npo-
tunbTpoBanHHO# MOpcKoH BOABI ¢ pacTBOpeHHBIMH B Hel conamu azota (KNOs) B
konuuectse 4,8 mr/in n docdopa (K,HPO,) — 0,8 mr/n. CornacHo pacueram, poct
IPauMIApHH NPH JAHHOM peXHMe MOAKOPMKH MPOHCXOIM] B HEJMMHTHPOBAHHON no
azoty W tocopy cpene (Cunkuu u ap., 1992).

Jins yMeHbIEHUA BIHAHHA SMHPHTOB HCCNEIOBANH PEAKIHIO MPOLYKLUHOHHbIX
XapaKTepHCTHK BOJIOPOC/IH Ha NEPHOAHYECKYIO NoaYy MHHepanbHoro nutanus. C atoif
uensto Obiia MpoBeieHa BTOpas CepHA KCTEPHMEHTOB JnATenbHocThio 30 cyt, rae
maccy (pparMeHTOB TAANOMOB (M3 ONbLITOB | W 3) 04MH pa3 B CyTKH B TedeHHe 70 MuH
Conepamu B MNHTaTelbHOM pacTBope obGbemom 300 mn, comepxautem 9,6 Mr
HATpaTHOro asora u 1,0 Mr dochopa. B onbitax 2 1 4 coXpaHsiu HeNpepbiBHbIA Crocod
nojia4yd EMEHTOB MHTAHHA TO TOH e cXeme, 4TO H B mpeablaymed cepui
sxcnepumenTos. Takum obpazom, ommn u3 daxropos (pakrop X,) umen cyryo
Ka4eCTBEHHLIH XapakTep, rae 3HAK MHUHYC O3Ha4yaeT MEPHOMHUYECKYIO NOMKOPMKY
IMEMEHTAMH MUTAHHA, 3HAK TUIIOC — HenpepeiBHYI0. B kauecTse BToporo daktopa (X,)
Gbina BoIOpaHa HHTEHCHBHOCTH cBeTa (Tabn. 3). Temnepatypa cpelbl BO BCEX BApHAHTAX
oneiToB cocTaBnana 23 °C.
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Jlia  KakAOro OJKCMEpPHMEHTa PpAacCUMTBIBANM H3MEeHeHHe Macchl (W, 1),
npoxykTHBHOCTH (P, T chipoii Gnomaccel ¢ B CYTKH) W YIENbHOH CKOpOCTH pocTa
cnoesmmt (p, cyT'). Ha OCHOBE MONYYEHHBIX NAHHBLIX GEUIA MOCTPOEHEI YpABHEHHS
perpeccHH. 3Ha4YHMOCTh KO3p(HIHEHTOB perpecCHH OUCHMBAIW C TMOMOIIBIO
JMCTIEPCHH BOCTIPOM3BOAMMOCTH [U1A 0BEpHTENEHON BeposaTHocTH 0,90. B ypaBHenus
perpeccHH BKIIOYEHB! TONBKO 3HaYHMBIe KOIPHHUHEHTBI.

PesyabTaTsl
Ha nepsom 3tane uccienosauuii (15 nueit) naywanu nponykumorHsie ceoiicTsa

G. verrucosa f. procerrima B HAKOMHTEAbHOH KyNbType NMPH Pa3THYHBIX COYETAHHAX
OCBEIIIEHHOCTH W TeMnepartypsl cpelsi (cM. Taba. 1, pucyHok).

TaGauya 1. Himenenue yreannoii cKopocTs pocra (1) Gracilari (Huds.)
Papenf. [ procerrima (Esp.) Ag. w ec nponykumn (P) npwm palaHumeiXx YpOBHSX
HHTEHCHBHOCTH cBeTR (X)) 0 TeMnepaTypsi epeast (X;)

Howmep DakTop cpes! u P, tim’
i X, Brim? X, °C 3-meyr. | T-ecyr. | 10-ecyr | 14-c eyt 14-¢ cyr.
1 30 18 0.038 0.07 0.085 0.029 437
2 40 18 0.017 0.064 0.098 0.042 41.6
3 30 23 0.079 0.089 0.084 0.062 71.2
4 40 23 0.06 011 0.102 0.04 55.0

Ha 3-W cyTKW BHIpAlIMBaHWA BONOPOCTH Macca Tannomos (6,05+0,3 u 6,0+
0,3 r) B onbiTax 3 ¥ 4 [OCTOBEPHO OTIMYANACHL OT TAKOBBIX 3HaueHuii (5,6£0,4 n
5,26+0,01 r cooTBeTcTBEHHO) B OnbiTax | M 2. OnHAKO BAMAHHE TEMTEPATYpPhl Cpeabl U
OCBELIEHHOCTH HA H3IMEHEHHE MAcChl C/IOEBHIL B ITOT MEPHOJL OKA3ANOCh CPABHHMO C
omubKkoH JKkcmepumenTa, W KodQHUMEHTEI B YpaBHEHHWH perpeccHn Onuin
HE3HAYHMBIMH.

MaxcumanbHan (B OHOM M3 BADHAHTOB ONbITa 4 cocTasnAia 46,7 /M’ B CYTKH)
H MHHMMA/IbHAA MPOAYKIUHA CIOEBHII rPAUHIAPHH (B OIIHOM W3 BAPHAHTOB OMbITa | —
40 r/M* B cytku) Gbina comocTamkva, TakuM 00pasoM, ¢ MOMOWBIO ypaBHeHHii
perpeccHH He YyIanoch BBIIBUTE BIHAHHA (JaKTOPOB cpelbl Ha oburylo maccy M
nponykumto G. verrucosa f. procerrima w B neppbie Tpoe CyTOK €€ KyIbTHBHPOBAHHMS,

OnHako ynenbHas CKOPOCTb POCTa COEBHIL HMena Gonee YeTKO BHIPaKEHHYIO
peakumio Ha Te ke (aktopsl cpemsl. Tak, B ombitax 3 ¥ 4 oHa Obuna Bblme Mo
cpaBHeHHIO ¢ onbiTaMH | B 2 (cM. Tabn. 1). Koadduumentsl B ypaBHeHHH perpeccun
NOKA3ATH, YTO BJAHAHHE TEMMEPATYPh! cpelbl Gonee CyeCTBEHHO, YeM HHTCHCHBHOCTH
Najalolero CBeTa, HO, TEM HE MEHEe, MNOBHIUIEHHE OCBCWIEHHOCTH MNPHBOAHT K
YBeHUeHHIO yAeNbHONH CKOPOCTH pocTa BosiopociH (p; = 0.0485 + 0,01 X, + 0,21 X,).
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Pucynox. Mamenenue macesl cnoesuur Gracilaria verrucosa f. procerrima (Esp.) Ag. B 3kcnepumenTax. /-4 -
HOMEDA OMBITOB.

Ha 7-¢ CyTKM KyAbTHBHDOBAHHA TIPALMIAPHH HabMIONANHM [OCTOBEpHBIE
oTHuHMA no obumed Macce croeBuil Mexay onbitamu | 1 2 (7,57+0,67 u 6,80+0,75 r) i
onertamu 3 1 4 (10,30 £0,93 1 9,68+0,93 r coorsercTBerHO). [TonoKHTENLHOE BAHAHNE
TEMNEPaTypbl CPefibl HA POCT MACCHI TAIOMOB MONTBEPHIAET YPABHEHUE PErpeccHi
(W7=8,59 + 1,4 X;).

MakcumanbHOe 3HaYeHHe MPONYKUMH crnoesuul G. verrucosa f. procerrima
OTMEYany B OJJHOM M3 BapHAHTOB onbiTa 4 (105 riM’ B CYTKH), MHHHMaLHOE — B OJTHOM
3 BapHaHTOB ombiTa 2 (45 r/M’ B cyTku). B MIMEHEHNAX yIenbHOMN CKOPOCTH pocTa
TAJIIOMOB MPOABHIIACK €€ 3ABUCHMOCTB OT TeMMepaTyphl cpelbl. Tak, npy Temnepatype
cpenst 23 °C (onbitet 3 u 4) ona mmeer Gonee BhICOKHe 3HaueHnd, 9eM npu 18 °C
(onmeitel 1 W 2) (cm. Tabn. 1). YpaBHeHHe perpecCHW ykasbiBaeT Ha 3HAUYMMOCTH
TeMIepaTyphl cpeabl kak daktopa (p; = 0,083 + 0,016 X,). [lelicTBre HHTEHCHBHOCTH
CBETA HA ITOT NOKA3ATEb HE MPEBBLIANO TIOPOT OIHGKH IKCTIEPHMEHTA,

Ha 10-e cyTkuM BbIpalIMBaHMS BOZOPOC]M TEMIIEPATYPA CPElbl OCTAETCH
(hakTopoM, BIHAIOMHM Ha 0011yi0 Maccy cioesHm (W= 11 + 1,9 X;). B onsitax 3 u 4
ona coctamana 13,2+1,20 r, B onbitax | 1 2 — 9,840,90 u 9,1+0,68 r cOOTBETCTBEHHO
(cM. prcyHOK). MakcuMansHas NPOJAYKUMA TAUIOMOB TAKKE OTMedYeHa B OIHOM W3
BapHaHTOB onbiTa 4 (127 /M’ B CYTKH), MHHUMANBHAS — B OJIHOM W3 BapHAHTOB OTbITa |
(67 v’ B cytku). ONHAKO ylenbHas CKOPOCTh POCTA CJIOEBHIL BO BCEX BApMaHTAX
3IKCMEPHMEHTA CYIIECTREHHO He OT/HYANACh OT CPe/Hero 3HaueHus, pasHoro 0,092 cyt”,
4TO CBUACTENBCTBOBANO 00 OTCYTCTBHH BANAHUS (aKTOPOB.

Ha 10-e cyTku Ky/bTypy BOJOPOCIH TIEPEBETH HA HENPEpRIBHBIA Mo GHoMacce
PEKHM BbIPALIHBAHHA. [NA 3TOTO HIBAMH MPUPOCIIYIO MACCY TAIJIOMOB B TEX OMNBITAX,
rae ee 3HaueHwe mpesbiwano 10 r. B cBAsM ¢ 3THM JNanbHeHluWe CpPaBHEHHA pocTa
G. verrucosa f. procerrima npoOBOAKIH 110 €€ Y IETBLHON CKOPOCTH POCTA M NMPOAYKLHH.

Ha 14-e cyTku KyNbTHBHPOBaHWS Makpo(uTa nokasarenn 6MoMacchl ClOeBHIL
CHH3H/IUCH BO BCEX IKCrepuMenTax. OHAKO B OMBITAX 3 M 4 OHM NO-NpexHeMy Gbiin
suime (71,2 u 55,0 r/M® B cyTki), yem B ombitax 1 u 2 (43,7 u 41,6 /M’ B cyTki
COOTBETCTBEHHO). TeM He MeHee, BIMAHME TEMIEPATYPHl CPe/bl H OCBEIUEHHOCTH HA
M3MEHEHHE 3TOrO [MOKAa3aTeNs O0KalaioCh CPaBHHMO ¢ OWHMOKOM 3KCrepUMeHTa.
YaensHas CKOPOCTbL POCTA TALIOMOB TAKXKE MOHH3HAACh BO BCEX OmbITax (oM. Tabn. 1).
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BuifiBneHo, 4To (AKTOpPhl CPelbl HE OKA3LIBAIOT HA Hee CYMIECTBEHHOTO BIMAHMA,
HeCMOTPA Ha 3HAYMTENbHOE BapPLHPOBAHHE JTOro MoKasatens B mpemenax 0,029-
0,062 cyr™.

TMocne 15-tw cyTOK BhipammBaHHA (ParMEHTOB B IKCMEPHMEHTAX Mbl
H3MEHHIH TeMTIepaTypy cpesl: B onbitax | 1 2 ona coctasuna 23 °C, B onbitax 3 w4 —
27 °C (cm. Tabn. 2). Peakums G. verrucosa f. procerrima wa woBbll TemnepatypHbiii
pexnm Gbisla 0OTMEYEHA yKe Ha 2-€ CYTKH Ky/IbTHBHpoBaHuA (cM. Tabn. 2). B onwitax 1
2 Habmojany ysenHyeHHe MPOAYKIUHH CIOEBHIIL, TOTIA KAK B OMbITAX 3 M 4 BLIABNECHO
HeKoTOpoe ee cHinkeHHe (eM. Tabn. 1, 2). Maxkropamu, BIAHSIONIHMHA HA 3TOT MOKA3ATENb
B TEYEHHE NAHHOrO repHona, GbUTH HHTEHCHBHOCTH NAJAIONIErD CBETA W TEMreparTypa
cpemsl (P17 =512+ 10X, -8,3 Xa).

Ha 28-e cyTkn BbipamMBaHHA Makpo(HTa OTMEYEHO MOHIKEHWE MPOAYKUHH
TANIOMOB BO BCeX 3kcrepuMenTtax. OaHako no-npexHeMy B onbitax 1 n 2 ormevams
fonee BHICOKHME 3HAYEHHA ITOrO MApameTpa, 1Mo CPABHEHHIO ¢ TAKOBLIM Y CIOEBHIL M3
ombitoB 3 M 4 (cMm. Tabn. 2). VpaBHeHHe perpeccHH MoKa3biBAeT, 4TO TeMIepaTypa
Cpellbl ABAAETCA EIMHCTBEHHO 3HAYMMBIM (JAKTOPOM, BIMAIOMIHM HA MPOAYKUHH
(parmenTos rpauuaspun (P = 39,2 - 15 X,).

Ha 35-¢ cyTkW KynbTHBHpOBaHHA BOJOPOCNTH MPH 3aJaHHBIX MNapameTpax
cpe/ibl CYWECTBEHHO CHH3HIACH TPOAYKUHA CNOSBHUL B onbiTax 3 u 4, Torja kak
oneitax | w 2 owa Gbina 3nauntensHo Beine (cM. Tabn. 2). YpaBHenue perpeccHn
yKa3blBaeT Ha OTPHUATENLHOC BJIMSAHHE [OBBIIEHWS TEMMEPATYPHl CPemsl Ha
npoaykukio gpparmentos Makpodura (Pys = 25,3 - 13,3 X,).

Ha 45-e cyTkm BbIpalIMBaHWA TANIOMOB NpH TeMmnepatype cpeast 27 °C u
uHTeRCHBHOCTH cBeta 30 Br/M® (OmBIT 3) NpONYKUMA KyJbTYphl CHH3WNACE O HYJA.
Tlpw Toif ke TeMmepaType cpemsi, Ho oceemienHocTy 40 Br/m® (onbiT 4) oma cocTaBuia
16,2 /M’ B cytku. Tlpn Temneparype cpemsi 23 °C oTmeuamu Gomee cTabuibHbie M
BBICOKHE noKaszatenu nponykumu G. verrucosa f. procerrima (cm. Tabn. 2). Hecmotpa
Ha Gonuuryio BapuabensHOCTh 3HAYeHHHi MNPONYKIMH CNOEBHII B  OMBITaX,
NONOKATEBHOE BANSHHE WHTEHCHBHOCTH CBETa M OTpHuATeNbHbI 3ddext ot
TIOBBIIICHHA TEMMEPATyphl CPe/ibl HAMHOTO MpeBBICHT oWHMOKY IKcmepuMenta (Pys =
27,9+ 10,4 X; - 19,8 X3).

Tabauya 2. P P Gracilaria (Huds.) Papent. I. procerrima
(Esp.) Ag. nps PALIHYHBLIX YPOBHAX HHT T cBeTa (X)) B patypsi cpeant (X;)
Howmep daxTop cpeant P, riw?
OnBITR Xy, Brin? X3, °C 17-ecyr| 28-ecyr 35-e eyt 38-e eyt 45-c cyT
1 30 23 110 49 30 257 350
2 40 23 80 595 47,1 30 60,5
3 30 27 3 15 282 10 14 0
4 40 27 506 245 14,7 15,7 16,2

Bo Bcex BBILIENIPHBEJCHHBIX OMNBITAX HCMOAL30BATH HENMPEPBLIBHYHO nogavy
INEMEHTOB MHHEPATLHOTO MUTAHKA, YTO, BEPOATHO, ABWIOCH NPHYHHON HHTEHCHBHOIO
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nossaeHna dnuduToB. Ytobbl paspewuts 3Ty npobaemy, B TeueHHe BCero
IKCMEPUMEHTA HX NMPHXOJHIOCH YAAIATL CO CI0eBHLL rpauunapun. IMostoMy ana Toro,
4TO0BI  YMEHBIUHTE BIMAHHE JNHQHUTOB, WCCHEAOBAH PEAKUHIO BOJOPOCHH Ha
MEpPHOAHHECKYIO NMOAa4y 3EeMEHTOB MHHEpaIbHOTO nuTaHua (Tabn. 3). JMaHHblii pexum
MHTAHUA WHPOKO UCTONB3YETCA B MHPOBOH NPaKkTHKE NPH MHTEHCHBHOM BIPAIIHBAHHN
sunoB Gracilaria (Smit et al., 1997, Capo et al., 1999, Liu, Dong, 2001).

Bo Bropofi cepun skcnepuMenToB 4Yepes 10 cyTok KynbTHBHpOBaHMA G. ver-
rucosa f. procerrima cambie BBICOKHE 3HAYEHHA NPOAYKUWM CNOEBHUL MONY4eHb B
ombiTax 3 # 4 npH MHTEHCHBHOCTH cBeta 40 Br/m’, B ombitax 1 u 2, rjie OCBElIeHHOCTS
uMena Gonee HU3KYIO BEJIMMHHY, ITH NMOKasaTenu OblIM 3HAUHTENLHO MeHbLue (Tabn. 3).
MakcumanbHas yaenbHas CKOPOCTh POCTa TA/LTOMOB TAaKke OTMEYeHa B onbiTax 3 H 4, B
TO BpeMA Kak B onbiTax | M 2 OHA okasanach Mo4MTH B ABa pasa Huwke (Tabn. 3).
VpaBHeHHA PErpeccHH YKa3blBalOT Ha MOJOKHTENLHOE BIMAHWE OCBEIUIEHHOCTH Ha
NaHHbIE MPOIYKLUMOHHbIE XaPAKTEPHCTHKH TPalUMIAPHH, AeHCTBHE e pPazTHYHBIX
cnocoboB MoJauM 3NEMEHTOB MHMHEPAJBHOTO MUTAHMA B JTOT MEPHOA HHKAK He
npoABHAOCK (P = 92,4 + 29 Xy; pye = 0,106 + 0,024 X,).

Tabauya 3. Himewenwe yneasnoil cxopocrs pocra (p) w npoaykunmn (P) cnoesnm Gracilario
verrucosa (Huds.) Papent. f. procerrima (Esp.) Ag. npn paannaneix cnocobax nuramns (X,) u
HHTEHCHBHOCTH CBETA

Homep | Daxrop cpenst 10-¢ cyr 17-e eyt 24-e eyt 30-e eyt

omira | Xy |Xa, Bus?| Pt [uieyrt | Pood | poeyr! | Poi? | pleyr! | P | pleyr!
1 = 30 62,9 0,087 | by i 0,031 343 0,046 30 0,059
2 + 30 64 | 0078 | 264 | 0038 | 414 0,05 457 | 0,069
3 - 40 1214 0,13 486 | 0072 | 664 0,062 36 0,053
4 17 40 1214 | 0,3 23,6 | 004 | 30,7 0,04 15,7 | 0,028

Ha 17-e cyTkn BblpammuBaHuA MakpoduTa HauGonbiune 3HAYECHUA MPOXYKLHH
cnoesuiy Habmopanu B onbitax 2 u 3, B onbitax | u 4 oun ObuTH HIDKe (cM. Tabn. 3).
YnenbHasA CKOPOCTb POCTA TA/IOMOB, N0 CPABHEHHIO ¢ HX MPOAYKLMel, BapbHPOBATa 0T
0,031 10 0,072 cyr™'. Kax enenyer u3 ypasHenuii perpeccuu, 1A AaHHLIX nokasatenedl
BBISBJIEHO MONOMMTENbHOE BIHAHWE HHTEHCHBHOCTH CBETA W OTpHUATenbHbIA 3ddext
OT B3aumMoeHcTBHA crniocoba nuTanus u oceewenHocTH (P, = 28,9 + 7.2 X, — 8,6 X, Xy;
w7 = 0,045 + 0,011 X, - 0,010 X, X5).

Ha 24-e cyrku kynstusuposanus nponykums G. verrucosa f. procerrima
NOBBIWAETCA BO BCEX BApHaHTaX JKCMEPHMEHTOB, HO Mo-NpekHeMy HauGonblHe ee
3HAYEHHA OTMEUEeHBI B OTILITAX 2 M 3, B onbiTax 1 1 4 3TH nokasarenu ke (cm. tabn. 3),
[Mponykumio TanJOMOB BHOBb ONpEENAeT OTPHLIATEbHOE BIaUMOEHCTBHE H3ydaeMbiX
thakTopoB (P = 43,2 — 10,7 X, X;). YIensHas CKOPOCTb POCTA CAOEBHIL H3MEHSIACH OT
0,040 50 0,062 ey1™' (cm. Tabn. 3). HeeMoTpa Ha To, uTO B OMbITax 2 M 3 HaGmonans
Gonee BBICOKHE €€ 3HAYCHHMA, BIWAHHE OT B3AHMOLEHCTBHA Ccnocofa NHTAHKA
MaKpO(pHUTA H HHTEHCHBHOCTH CBETA HE MPEBBICHIIO YPOBHA OIHOKH IKCNIEPHMEHTA,

Ha 30-e cyTky BEIpaLIMBAHKA BOJOPOCTH MAKCHMA/IbHBIE 3HAYEHHSA MPOIYKIHH
TAIOMOB BHOBb OTMEUATH B ONbITAX 2 ¥ 3, B onbltax | H 4 OHK GBLIM CHOBA HECKO/ILKO
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Hike (cM. Tabn. 3). YpaBHeHHe perpeccHi YKasblBacT, 4TO BEIMYMHY ITOFO napamerpa
onpejeNseT OTPHUATENLHOE BIHAHHE BIAUMOACHCTBHA Mccneayembix dakropos (Py =
31,86 — 9 X,X;). Peakums ynensHoit ckopoctn pocrta cnoesum G. verrucosa f.
procerrima Ha uiMeHeHHe (akTOpoB cpeabl HeoaHo3HawHa. HanGonsurne ee 3HavweHun
nofydeHsl B onbitax 1 ¥ 2, Toraa kak B oneitax 3 ¢ 4 nabmopanu Gosee HUIKME
nokasaten# (cM. Tabn. 3). 3HauMMoro BAHSHKUA criocoba Mozaun NEMEHTOB NTHTAHAA |
OCBEIIIEHHOCTH HA BEHUMHY YIeNbHOH CKOPOCTH POCTa TAIOMOB He 0GHapykeHo.

Obcyxnenne

[puBeneHHble Bbille HCCNENOBAHMA TMOKA3ANH, YTO NPH HHTEHCHBHOM
KyJTTHBHDPOBAHMH YepPHOMOpCKOTO BHAA G. verrucosa f. procerrima, ontumansHoli no
KPHTEPHIO MPOAYKUHH C/IOEBHIL H HX yAelbHOH CKOpPOCTH pocta Obina TemmepaTtypa
cpenni 23 °C. Tpu Temnepatype cpeasi 18 °C onTHMansHbIH POCT TAIIOMOB ele He
Habmopnanca, a npn 27 °C npowcxoamno uxruGuposanue ux pocra. Tem He menee,
temneparypa cpeabl 18 °C Gbita GAM3KA K ONTHMANBLHON, YTO MOATBEPIKIAETCH
3HAYEHHUAMH K03 (HUHEHTOB B ypaBHEHHAX perpeccHi. Hx ananms nokasan, uto Ha 3-#
CYTKH BbIPAIIMBAHHA ()PATMEHTOB TIPALMIAPHH BAMSAHHE TEMMEPATYPh! Cpeibl Ha
YIENBHYIO CKOPOCTh pocTa TAWIOMOB Obhisio Haubonee CyLIECTBEHHBIM, HA 7-e CYTKH
AeficTBHE ABYX ypoBHeii temnepatyp (18 u 23 °C) 3HaYMTENBHO CHHKANOCK, a Ha 10-¢ 1
l4-¢ cytkn Obulo conocraBuMo ¢ owubkoil akcnepumenta. [locne ysenwdeHHs
TemnepaTypel cpensl a0 27 °C ee HeraTWBHOE BO3IEHCTBME Ha CIOEBHMINA, HAOGOPOT,
TONLKO YCHITMIOCH BO BPEMEHH.

3uauenns Temnepatypsl cpeast 23 °C Gau3Ku K TeMniepaType, NOMydeHHOH
IOpyruMH uccrienoBatenamu. Tak, NpH npoTouHoOM BhipammBaHuk (. verrucosa B
TPONHYEeCKHX  ycnosuax (Puiunnuubl) wanbonbuyio yAensHYlO CKOpOCTh pocta
TannoMos (24 cyr’") naGmonanu nipu Temneparype soast 25 °C (Chirapart, Ohno, 1993).
[pyrie naHHble, MOTYYeHHbIE /I8 3ITOFO K€ BHAA, COOPAHHOrO M3 ECTECTBEHHBIX
nonynauuii  y nobepexssn Hopeerwn, nokasanu, 4YTO ONTHMANLHOH ABNSETCH
Temnepatypa cpensi 24 °C (Rueness, Tananger, 1984)

Mo Hawemy MHEHHIO, NOC/IE NEPEHOCA BOAOPOCIH B YCIOBHA MHTEHCHBHOTO
KyIbTHBHDOBaHHA Y Hee NPOHCXONAT aJanTalMOHHbIE MNEPecTPOiKH, KOTOpbie
Peanu3yioTes B YBEIHYEHHH NPOAYKUHH CNOEBHLUL H UX Y/ENbHOH CKOPOCTH pocTa (cM.
tabn. 1). Onwako xapaktep M Temnsl amantauumn G. verrucosa f. procerrima
HEO/IHHAKOBBI BO BCEX JKCIMEPHMEHTAX W 3ABMCAT OT KOHKPeTHbIX ycnosuil. Tak, B
onbiTax 3 H 4 yxe Ha 7-¢ CYTKH BbIPAIIHBAHHA BOLOPOCTH MPOAYKUNA TANIOMOB H HX
yAeabHAA CKOPOCTh POCTA AOCTHIATH MAKCHMATBHBIX 3HAaUeHHii, a B onsitax 1 1 2 — 310
NPOMCXOAHNO TO/ILKO Ha 10-¢ cyTKH.

Ananornussiii 3¢pdhexT TeMnepaTypHoll peryisiMH MpoAyKLIHOHHBIX CBOHCTB
G. verrucosa f. procerrima OTMe4eH NPH M3MEHEHAHN TeMMIEPaTyph! cpesi ¢ 18 10 23 °C
(cm. Tabn. 2). B aTom ciydae yxe uepes ABOE CYTOK BhIPAUIHBAHMA B ombiTax | u 2
NPOAYKUHA CHOEBHUI Bo3pactana Basoe. Takum oOpasom, TemmnepaTtypa cpesl
onpejenAeT He TONLKO MPOMYKUHOHHBIHA MOTEHLMHAN IPALMIAPHH, HO W KOHTPONHPYET
CKOPOCTb €€ aflanTalHOHHBIX MePECTPoeK.

B xome 3kcniepumenTa GbUl0 ycTaHOBNEHO, WTO OTKMAK G. verrucosa f.
procerrima Ha TeMNEPAaTypy Cpelbl HENMOCPEACTBEHHO CBA3aH C  YPOBHEM
ocsewenHocTH. [pH ogHOMH 1 ToM e Temmepatype cpeasl (27 °C) BeHYHHA MPOLYKIAH
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TANNOMOB CVOIECTBEHHO pasnuuaercd (cM. Tabn. 2). Tak, nMpH HATEHCHBHOCTH CBET:
30 Br/m® 10T nokasatens Ha 45- CYTKH KyJTbTHBMPOBAHWA paBeH HYJIO, 4 MPH
40 Br/m® — 16,2 r/m” B cyTkn. OTciona criefyer, 9To npu Temneparype cpensi 27 °C #
HIDKHEM YPOBHE OCBEILEHHOCTH MOTOK MOT/OMEHHOH JHEPrHi He KOMIEHCHPYET Tpat
Ha [bIXaHHe PAlLMIAPHH, TOTAA KaK NMPH BEPXHEM YPOBHE WHTEHCHBHOCTH CBETA 3Toi
IHEPTHH CTAHOBMTCA I0CTATOYHO /UIA POCTA BOIOPOCIH.

OueBNAHO, YTO NPOAYKUMA C/IOEBHUL TPAUMIAPHH TaKKe JHMHTHPOBAHA
YPOBHEM CBETOBOTO MNOTOKA, HTO NOATBepkaaeTcA KOIPQHUHEHTAMH B ypaBHEHHAX
perpeccun. O[HAKO BAHAHHE OCBEHIEHHOCTH Ha MPOJAYKUMIO TaNIOMOB BOJOPOCHTH
3HAYHMO TONBKO B MEPBbie [HH BLIPALIWBAHWA, KOTAA BOCMPOM3BOAMMOCTb ONBITOR
senuka. [IpH AMMTENBHOM KyAGTHBHPOBAHHH 3(PEKT NOBBINEHHA WHTEHCHBHOCTH
CBETA He MPOABIACTCA BCIEACTBHE CHIDKEHHA BOCMPON3BOAMMOCTH SKcTiepumenTos. Tlo-
BHAMMOMY, TIPH YBEIHUEHHH MHTEPBAA BAPLHPOBAHHA OCBEIIEHHOCTH MONOKHUTENLHOE
BIHAHHE 3TOr0 (hAaKTOpa Ha MPOAYKLMIO CNOEBHII coxpananock Gkl  Ha Gonee no3nHmX
sranax BbipamuBanHus G. verrucosa f. procerrima. Tem Gonee 4TO HCHONb3yeMble B
HACTOAIIHX IKCTEPHMEHTAX IHEPreTHHeCKHe NMOTOKH HAMHOrO MEHLIIE ONTHMAJIBHBIX
WHTEHCHBHOCTEl CBeTa, MPHMEHAEMBIX NMPH KYTbTHBHPOBAHHW BHIOB POIA FPALMIAPHE
(Rosenberg, Ramus, 1981; Friedlander et al., 1987; Liu, Dong, 2001). Kpome Toro,
peakuMs BOJAOPOCHEH Ha CBET He TONBKO Bunocneumbnuﬂa. HO W 3aBHCHT OT HX
NOMYNAUMOHHOI NpUHALIEXKHOCTH. (. Verrucosa U3 MaHrpoBelX 3apocriedt npubpexs
®nopuabl NOKa3biBacT HAWGOMBLIAN pocT NpH  ocsemennocTH 150 Bia’, a
4epPHOMOPCKAn MOMY/ALMA — MPH HHTEHCHBHOCTH CBETA B TpH pasa vinke (Dawes, Koch,
1990; Muponosa 1 ap., 1994).

Bonpoc 0 BAHAHWH cniocofa MUTAHWA TPALMIAPHH HA €€ NPONYKLMOHHBIC
XapaKTEPHCTHKH HE HMEET 0HO3HAYHOTO OTBETA, MOCKONLKY B ABHOM BHIE neifcTue
HenpepbIBHONH WIH NEPHOIHYECKOH MONAYH 3JEMEHTOB MHHEPANLHOTO THTaHHA B
YPABHEHHAX PEIrPECCHH HE MPOABHAOCH, A BBIABJIEH JALIL OTPHUATENbHbIH I(dekT ero

ACTBHA C HHT OCTBIO CBeTa. B JKkcnepHMEHTaX ¢ HenpepbiBHON
NoAKOPMKOH BosOpocau npoaykuus G. verrucosa f. procerrima Bbilie B ONBITAX, IA€
Gbina Gomee HU3KaA OCBeLIEHHOCTH (cM. Tabn. 3). B onsiTax ¢ nepHonHyeckod monadel
3NEMEHTOB MHHEPANLHOIO NWTaHuA Haubosiee NOAHO NPOAYKUHOHHBIE CBOHCTBA
MakpodHTa peanusyloTcs B IKCMEPHMEHTAX C MOBBILIEHHBIM YPOBHEM HHTEHCHBHOCTH
ceera. JlornvyeckuMm 0ObACHEHHMEM TAKOro SBJIEHHA MOKET ObITh caenyiomiee: npu
HENpepeIBHOH NOJKOPMKE B KYNbTYpe MNOABIAETCA 3HAYHTENLHOE KOJHYECTBO IMU(HTOR
(Enteromorpha intestinalis, Cladophora albida., Sphacelaria cirrhosa), kotopsie npn
Gonee BLICOKMX 3HAYEHHAX OCBEUICHHOCTH MMEIOT NPEHMYILECTBA Mepe/l rpalHIspHeii
3a cuet Oonee BBICOKOH ckOpocTH pocTa 1 Gonmbmedi yAensHON MIOMANH MOBEPXHOCTH
cnoeBHIl. BeseicTsie 3TON0 OHM BLIMTPBIBAIOT KOHKYPEHUMIO 33 CBETOBYIO IHEPIHIO 1
okaswiBaloTcs B Haubonee OGnaronpuATHBIX ycnoBuAX. Tak, 3HAYEHWA YHENbHON
MIOWAAH NOBEPXHOCTH TANIOMOB BhIllENpHBENEHHLIX obpacTtateneit B 5, 12, u 13 pa3,
COOTBETCTBEHHO, BbIIIE, YEM OPHIHHAIbHAA BENHYHHA ITOTO MOKA3aTENA ANA CHOEBHIT
G. verrucosa f. procerrima (Mwnnuuesa, 1990; Cunkun, Mupowosa, 2005). Xots
Guomacca SNHGHTOB B LENOM OTHOCHTENLHO HEBENHKA, TeM He MeHee OHH 3aTeHAIT
TALIOMbl TPALMIAPHIA W CHHKAIOT ee Temrbl pocta. [pH HHIKOH OCBEIEHHOCTH W
HENpepsIBHOM MHTAHWH, & TAKKeE MPH NepHOAHYECKOl NOJIKOPMKe OHH Pa3BUBAIOTCA He
CTOJIb AKTHBHO, B TO BpeMA KaK CNOEBHIA rPAUMIAPHH AJIEKBATHO pearupyior Ha
NOBBILUEHHE HHTEHCHBHOCTH NANAIOLIETO CBETA.
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Ecnn NpuHATE rHNOTE3y 00 3KCNOHEHUHAILHOM POCTE MAcChl TalIOMOB, @ B
HAKOMHTENBHOH Ky/IbType OHA HMEET NpaBo Ha CYILECTBOBAHHE, TO MHHHMANbHOE
Bpems yaBoeHus Guomaccel G. verrucosa f. procerrima npu HauanbHON KOHUEHTPALHH
5 r cocrasaser 5,3-6,3 cyrok (Cunkun u ap., 1992). PeansHo nonyueHo yasoenwe
Macchl BOXOPOCAH B onbiTax 3 U 4 3a 7 cyTok (cMm. pucyHok). OnHako MakCHManbHbie
NPOYKIHOHHbIE XAPaKTEPHCTHKH MakpoHTa peanu3yioTca B KyJbTYpe He NOCTOAHHO,
a JMIbL B OTHOCHTE/IHO HEGONMbIIHE NPOMEXYTKH BpeMEHH. Tak, MPH HAKOMUTENbHOM
pekHMe BLIPAIMBAHUA HAMOOMBIUIHE 3HAYEHHA MPOAYKLUMH CJIOEBMUL M HX YAeNbHOI
CKOPOCTH pocTa nonyueHsl uepes 7-10 nHeH, npH HenmpepbiBHOM KYJIbTHBHPOBAHHH
BOJIOPOCHH (MOCTOAHHOE MIBATHE HAPACTAIOMIEH MACChl) MAKCHMANbHbBIE NOKa3aTenu
ITHX BeIHYMH Takke HaGmopaiotcs depes 10 cyrok (cm. Taba. 1, 3). Janee obsiuno
clieflyeT CHHXKEHWe NPOAYKUHMOHHLIX cBOWCTB G. verrucosa f. procerrima w B uenom
IMHAMMKA TPOAYKUMH BHOA HOCHT, 3a PpEINKHM HCKTIOYEHHEM, CHHXPOHHBIN
konebaTenbHblif  XapakTep, 4TO CBHIETENbCTBYET © CHOXKHOCTH Ky/IbTHBHPOBAHHA
makposojopocneit. Uepenosanue (a3  akTHBHOrO pPOCTA  TPALMAAPHH W e
OTHOCHTE/ILHOTO MOKOA OTMEYANH paHee, H Kak cnocob ITo Aenenue Grino Npeano¥eHo
1A HCMOJIb30BAHKA TPH NMPOMBILUICHHOM BblpaliMBaHuK makpogurtos (Laing et al.,
1989; JKunsuosa, Ji3usiopos, 1991; Beases, Muponosa, 1997).

BoiBoab!

1. MakcumanbHble 3Ha4YeHHA mpoaykumn cnoesuwy Gracilaria verrucosa f.
procerrima (127 T ceipolt Guomacchi ¢ | M® B cyTkn) U ee yaensHol CKOPOCTH pocTa
0,11 cyr') oTMewaTM TPH HAKOMHTETLHOM pEKHME KYNbTHBHPOBAHHA NPH
WHTEHCMBHOCTH cBeTa 40 B1/m” 1 Temnepatype cpensi 23 °C.

2. Tlpy NOCTOAHHOM HW3BATHH HapacTalouielf Macchl TaMIOMOB, T.€. TNpH
HEMPEepLIBHOM PEXHME BbIPALIMBAHHA BOAOPOCTH, HaWGONLIIHE MPOLYKLHOHHbIE
nokasatenu rpaumnspun (121,4 © cwipoii Gromacch ¢ M2 B cytkn H 0,13 eyt co-
OTBETCTBEHHO) HAbIOAANH NPH TEX XKe YCOBHAX IKCTIEPHMENTA.

3. Tlpun wuHTEeHCHBHOM KyabruupoBawwu G. verrucosa f. procerrima
Hab/moaaercs Yepenosanue (has ee aKTHBHOTO POCTA H OTHOCHTEJILHOTO MOKOA, KOTOPbIE
HeoOGX0MMO YYHTHIBATb MPH MPOMbILLIEHHOM BHIPAIHBAHHH BOAOPOCITH.

4. Ot cnocoba BHECEHHA IIEMEHTOB MHHEPATLHOTO MHTAHHA B Cpely BbIpalln-
BaHHA TPALMIADHH 3ABHCHT KONHYECTBO MOABMBILMXCA 3NHPUTOB, NPH ITOM MepHo-
JHIECKYIO NOAKOPMKY BOAOPOCIH MOXHO HCTIONB3OBATH /UTA CHIKEHHA WX KONHYECTBa.

V.A. Sitkin', N.V. Mironova®

'Institute of Plant Physiology, Russian Academy of Sciences,

35, Botanicheskaya St., 127276 Moscow, Russia, e-mail: vadimsilkin{@yahoo.com
"Institute of Biology of the Southern Seas, National Academy of Sciences of Ukraine,
2, Nakhimova Pr., 99001 Sevastopol, Ukraine

PRODUCTIONAL CHARACTERISTICS GRACILARIA VERRUCOSA (HUDS.) PAPENE. F.
PROCERRIMA (ESP.) AG. OF BLACK SEA IN CONDITIONS OF CULTURE

Productional characteristics Gracilaria verrucosa (Huds.) Papenf. f. procerrima (Esp.) Ag. of Black
Sea are investigated in periodic and continuous culture at ambient temperatures 18; 23. 27 °C and light
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intensity 30 and 40 W/m’, It is revealed, that the ambient temy defines i ity of adaptabl
rear of thalli of ph It is shown, that the ambient p 23:9¢ s
productivity by criterion thalli. Growth Gracilaria, besides an ambient temperature, depends and on a level of
light intensity. At an ambient temperature 27 °C stable growth Gracilaria is marked only at intensity of light of
40 W/m’. Immediate influence of a periodic or continuous mean of feed on productional characteristics of an
alga it is not revealed, however, in the first event observed less i i of epiph The
maximal values of production (121.4 g of crude biomass from m’ day) and specific growth rate (0.13 day”)
Grazilaria are received in continuous culture at an ambient temperature 23 °C and intensity of light of 40 W/m’.
Keywords: Graciaria verrucosa, cultivation, production, an ambient temperature, light

intensity.
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