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ANHAMHUKA CYTOYHOTI'O POCTA AMCTBEB TOMATA
N ITEPLIA ITPU PASANYHBIX PEJKMMAX OCBEIIIEHUA

0. 0. KOJIOMHEI", C. B. 'TYIIEH"

YBenopycckuii 2ocyoapemeennwiii yuusepcumem, np. Hesasucumocmu, 4, 220030, 2. Munck, Berapyco

HccnenoBan CyTOUYHBIH POCT JIMCTHEB TOMATa U CTPYYKOBOTO TEpIia B JTaOOPATOPHBIX YCIOBHUSX. JlaHHBIH MOHHTO-
puHT mpoBomm MetogoM DISP (digital image sequence processing). Ilpu KpymTOCyTOUHOM OCBEIICHHUH HAOIIOMAIICS
MOCTOSIHHBIN POCT JIUCTHEB B TEUCHUE BCEX CyTOK. [Ipu ocBerenuu B peskume 12/12 4 (1eHb/HOYB) y 000MX BHIOB KPHU-
BBIC POCTA U3MEHWINCH KapIUHAIbHO, IMKHU [IPUPOCTA CTAIU OTPAaHUYEHBI 110 BpeMEHU. MaKCUMaJIbHBII IPUPOCT y Hep-
11a PErHCTPUPOBAIICS OJIMIKE K Hadally HOYH, TOT/Ia KaK y TOMaTa MaKCUMYM IPUPOCTa MPUXOIUIICS Ha BTOPYIO ITOJIOBUHY
HouH. TakuM 00pa3oM, IOJTyYeHHBIE PE3YJIbTaThl CBHECTEIBCTBYIOT, YTO (DOTONIEPHOIU3M MOXKET UTPATh POJIb BHEIIHETO
(haxTopa CHHXPOHHM3AIMU IIUPKAHBIX YaCOB, KOTOPbIC YIPABISIOT mpoleccamu nponudepanuu u auddepeHImpoBKa

KJICTOK B JIMCTBAX paCTeHHfI.

Knrouesvle cnosa: Tomar; CTPYUIKOBBIH TIEPEIl; CyTOYHBINA POCT PACTCHUIT; (POTOMEPUOIM3M; IUPKATHBIC YaChl, KOMITHIO-
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THE DYNAMICS OF DIEL GROWTH OF TOMATO
AND CAPSICUM LEAVES WITH DIFFERENT LIGHTING MODES

0. 0. KOLOMIETS', S. V. GLOUSHEN"*

*Belarusian State University, 4 Niezalieznasci Avenue, Minsk 220030, Belarus
Corresponding author: O. O. Kolomiets (oleg_inna.90@mail.ru)

The diel growth of tomato and capsicum leaves under laboratory conditions was studied. Plant growth was monitored
by DISP — digital image sequence processing method. Under round-the-clock lighting mode in both species was observed
more or less permanent growth of leaves. When lighting mode of 12/12 h (day/night) was applied growth curves have
changed dramatically. The maximum increment at a capsicum was registered at the beginning of night whereas at a to-
mato the maximum increment was observed for the second half of night and early morning. The obtained results show
photoperiodism can play triggering role for inner circadian clock that control processes of cell proliferation and differen-
tiation in leaves of plants.

Key words: tomato; capsicum; diel plant growth; photoperiodism; circadian clock; computer monitoring of growth.

BBenenue

[Iponecc pocTa sBIsIETCS OAHUM M3 HanOoJIee CIOKHBIX SIBICHUN B Ononorun pacteHuil. OH MOXET ObITh
OIIpelieieH KaK HeoOpaTuMoe yBeJIMUEHHE Pa3MEepPOB PACTEHUS U €ro OMOMacchl, Ha KOTOPOE B IIEPBYIO Oue-
penb BIUSIOT Takue (akToOphl, KaK MOCTYIUIGHHE MMUTATEJIbHBIX BELIECTB U BOABI, TEMIIEPaTypa, HHTEHCHUB-
HOCTB U PEXXUM OCBeIIeHHA. POCT 3aBUCHUT TakXe OT BUAOBON NPUHAAJICKHOCTH, CTaJUH PA3BUTHSI U yCIOBUI
npouspactanus. Ha TkaHeBOM ypoBHE OH oOecrednBaeTcs ACJICHUEM, PAacTsKeHUEM U TuddepeHInpoBKOi
kieTok [1].

CyTouHast TUHaMHUKa POCTa PACTCHUS [TOAUUHSIETCSI PUTMY, KOTOPBIH JIEMOHCTPUPYET BHIOBYIO crieLu(pry-
HOCTb. B JIMCTBSIX OZHOJONBHBIX PACTEHUH HAOIIOAAETCS ITOCTOSIHHBIA POCT, MHTEHCUBHOCTH KOTOPOTO 3aBU-
CHUT OT BPEMEHH CYTOK. [IByOJIbHBIC pacTEeHHsI OTJIMYAOTCS KPATKOBPEMEHHBIM POCTOM B Hadasle WM B KOHIIE
HO4M. PocToBBIE ITpoIiecChl HAXOAATCS MO KOHTPOJIEM I'€HOB, KOTOpbIEe 00ecnednBaoT (PyHKIMOHUPOBAHNE
BHYTPEHHUX OCLMJUIATOPOB, WIIN LHUPKAAHBIX YacoB. IlocieaHne ucnonp3yoTest pacTeHUMH AJIS1 TOT0, YTOObI
[IPOTHO3UPOBATh CYyTOUHBIE U C€30HHBIE (ITyKTyaluu (aKToOpoB BHEIIHEH cpensl [2].

Temnbl pocTa Ha Pa3IMYHBIX YPOBHIX OPraHU3ALMK PACTEHHSI ONPEAEIISIIOT €r0 BO3MOKHOCTH (DYHKIINO-
HUPOBATh B HEONTUMAJIbHBIX YCIOBUSIX. V3MepeHre TeMIOB poCcTa OPraHoB PacTEHHs C IOMOIbIO COBPEMEH-
HBIX KOMIIBIOTEPHBIX METOJOB IEPCIEKTUBHO KaK JJIsI HAyYHBIX MCCICJOBAaHUN, TaK U AJsl arPOHOMHYECKOI
WM CEJIEKIMOHHON NPAKTUKHU. B 4acTHOCTH, 3TH METO/IbI MOTYT OBITh MCIIOIBb30BaHbI TSl M3yUEHHsI TeHHBIX
ceTel, KOHTPOJIMPYIOIIUX POCT M Pa3BUTHE PACTEHUH, 0TOOpa yCTOMUYMBBIX K 3acyXe, HU3KUM TeMIleparypam
WM 3aCOJICHUIO TeHOTUIIOB MJIM U3yUEHUS BIHUSHUS BHEIIHUX (PAKTOPOB Pa3IMUHON IPUPOIBL.

Lesnp nanHOM pabOTHI — UCCIIEIOBAHUE CYyTOYHBIX PUTMOB POCTA JIUCTHEB TAKUX PACIIPOCTPAHEHHBIX OBOIL-
HBIX KYIBTYp, Kak ToMar (Solanum lycopersicum L.) n ctpyuxoBsii iepett (Capsicum annuum L.), ¢ TOMOITHIO
KOMIIBIOTEPHOTO METOA PErHCTPALUH POCTA PACTEHUH.

MarepuaJbl 1 METOAbI UCCJIEIOBAHUS

B kauecTBe MaTepmaa HCIIOIB30BANINCH MMPOPOCTKH ToMara copra «IIpamecka» u mepma copra «Amecs».
PacTenws BeIpanBaivich B CTaHAAPTHBIX Ja00paTOPHBIX YCIOBHAX B KOHTeHEpax oobeMoM 150 x 110 x 70 mm
10 5—7 WITyK Ha YHUBEPCAIbHOM IpyHTE. MOHUTOPUHI pOCTa HAUMHAIU [TOCJE NOSBIEHUS 3—4 JIUCTKOB MPU
CpeaHel JJIMHE NPOPOCTKOB 5—8 CM.

N3yueHue pocTa JUCTHEB KYJATUBUPYEMBIX H AUKOPACTYLIUX BUOB pacTeHUi Havasnock B 1930-x rr. [lep-
BbIe M3MEPEHUS BHITIONHSIN C TIOMOIIBIO TMHEEK U APYTUX MPOCTHIX MPHUCIIOCOOICHNH, TIOITOMY OHU UMEINN
HU3KYIO0 TOYHOCTh. COBPEMEHHBIH IMOIXO/T TPEATIOIaraeT UCTIOIh30BaHNE METOIOB, OCHOBAHHBIX HAa KOMITHIO-
TEPHOM aHAJIN3e U300pPKEHNH, OH OTIIMYAETCS] BEICOKUM TPOCTPAHCTBEHHBIM H BPEMEHHBIM pPa3peIicHUEM.
OnnHa u3 mepBBIX Pa3paboTok B 3Toi obmactu oTHOCUTCSA K 1990-M rT. m oOo3HaueHa aBropamu kak DISP
(digital image sequence processing) [3]. B Hamem ucciie1oBaHUH UCTIOIH30BAIACH MOTUPUKAIIHS STOTO METO-
71a, KOTOpasi OTIIMYaeTcs MPUMEHEHNEM IIMPOKO PACTIPOCTPAHEHHBIX TEXHUYECKUX U MTPOTPAMMHBIX CPEJICTB,
YTO 3HAYUTEIHFHO YIPOIIAeT €ro BHEIPEHNE B IA00OPATOPHYIO MTPAKTHKY.
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YcraHoBKa 111 MOHUTOPUHTA pocTa pactenuit merogom DISP mpencrasnena Ha puc. 1. OHa cocTouTt u3
HITaTHBA M JIepKaTelist poToarnmapara ¢ peryJIupoBKoOii Mo BeIcoTe, U(ppoBoii (oToKamMeps (B HAIIIEM ClTydyae
D40 dupmsr Nikon, Slnonus), o0bexTuBa st MakpocheMku (MHayctap-40) 1 KOMIIbIOTEpa ¢ MPOrpaMMoin
JUIs yripasieHus: potokamepoii nmo kanairy USB. B cBsi3u ¢ TeM 4TO cpoK HEeNpepbIBHOW paboOThl POTOKaMEphI
coctaBiisit Oonee 24 4, oHa ObljIa MOJKIIFOUCHA K CETeBOMY ONoKy muTanus. CheMKa MPOBOMIACKH ITPH ClIe-
IYIONINX ycIoBUsAX: Temmeparypa 18—20 °C, oTHocuTenbHas BIaKHOCTh 51 %, ocBelIeHne JIaMITOi THEBHOTO
cera 50 nk. B cepusix ¢ pesxumom ocBemnienns 12/12 1 (eHb/HOYB), 4TOOBI 00ecnednTh padboTy HoTOKaMeph
B HOYHOU TIEPHOJI, pACTEHHSI MTOJCBEYNBAIIHN JIAMIION ¢ TEMHO-KPACHBIM (DHIIBTPOM.

Puc. 1. Ycranoska s meroga DISP: / — ¢potokamepa; 2 — cToiika mrarnBa;
3 — perynupyeMslii 1o BBICOTE JiepiKaTeib (POTOKaMephl;
4 — OCHOBaHHeE IITATHUBA; 5 — KOHTEHHEP C MPOPOCTKAMH;
6 — xommeiotep; 7 — USB-kabens, coequnsiomuii poroanmapar ¢ KOMIBIOTEPOM

Fig. 1. Installation for the DISP: / — camera; 2 — stand; 3 — adjustable camera holder;
4 — the base of stand; 5 — container with seedlings;
6 — computer; 7 — USB cable to connect camera and computer

Kax 1l UK CheMKH HAaYUHAIH B TIPOMEXYTKe ¢ 17 1o 18 4 1 3aBepInanu Ha CIEAYIONINE CYTKH B 3TO Ke
Bpemsi. IHTepBaia MKy CHUMKaMH COCTaBJIsUT 3 MHUH. B pe3ysibTare B OJJHOM CyTOYHOM ITUKJIC PETUCTPALIUU
pocta nomydanu 480 cuuMkoB. [lepron aganTanuy pacTeHUN K yCIOBUSM OCBEIICHUS 3aHUMAall OKOJo 1 .
[Mocneayromnue MUKIBI MOHUTOPUHTA TTOBTOPSUTH YePE3 CYTKH.

O0paboTKa MONTYYEHHBIX TU(PPOBBIX CHUMKOB BKJIIOYasa JBa 3Tarma. Ha mepBoM 3Tare u3Mepsuin Iio-
[a/1b MPOCKIIMK JINCTA U JPYTrUe MapaMeTphl, 3aBUCAIIUME OT €ro pa3mepoB. Ha BTOpoM a3rtame rpaduku,
OTpaXKarolrue CyTOUHBIH POCT JIMCTHEB, CIVIAXKUBAJIM JIJII YCTPAHCHUS! BHICOKOYACTOTHBIX MOMeX U Audde-
PEHIIMPOBANIN JIJIs TIOJYYEHHUsT KPUBBIX HpuUpocTa. [paduku Kaxaoro THa MOHUTOPUHIA YCPEAHSIIH 10
6—9 KpUBBIM poOCTa.

Pe3yJ'[])TaT])I U UX 06cy>lcﬂelme

B nepBoii ceprn HaOMIONEHUH MTPOBOAMIICS MOHUTOPUHI CyTOYHOTO POCTa JIMCTHEB TOMATa M Tepla Ipu
MOCTOSTHHOM OCBEIICHUH. YCTaHOBJICHO, YTO TIPU TAKOM PEKUME KaK y TOMara, TaK U y Tepia pocT JIHCTHEB
ObUT KpYIIOCYTOUYHBIM. OO0 3TOM CBHIIETEIBCTBYIOT KPHBBIE POCTa, MPEICTaBICHHBIE Ha pHc. 2, a u 0. CooT-
BETCTBEHHO, M KPUBbIC IPUPOCTA MPOXOJIAT BJOJb JIMHUH, TIApaJUIeTIbHOM ocu abeiuce (puc. 2, g U 2).

Bropast ceprst MOHUTOpHHTA POCTA JHCTHEB ObLIIa MPOBE/ICHA B peskuMe ocBerieHus 12/12 1 (eHb/HOYb).
B aT0li cepuu Bce KpUBBIE POCTa JIMCTHEB TOMATa U Teplia MMENI BBIPaKEHHBIN 1obeM (puc. 3, a ¥ ), 4To
COOTBETCTBYET OTPAaHUYCHHOMY TI0 BPEMEHHU MPUPOCTY (pHC. 3, 6 U 2). Y Teplia MAKCUMYyM MPUPOCTa HAOIIO-
Jascs ONvke K Hauary HOYH, TOTZA KaK y ToMara OH MPHUXOIUIICS Ha BTOPYIO NIOJIOBUHY HOYH. B CBSI3M STHMHU
HaOJIOIEHUSIMUA MOYKHO 3aKJIIOYUTh, YTO B OTIIMYKE OT MOCTOSIHHOTO OCBEUICHUS pexkuM 12/12 4 (1eHb/HOUb)
o0ecrieurnBaeT CHHXPOHU3AIUIO MTPOIECCOB POCTa JIMCTHEB TOMATA U Ieplia Ha KJIETOYHOM yYPOBHE.

VY IBYNONBHBIX PACTEHUH MMEIOTCS JIBA THIIA CYTOYHOTO pocta [4]. s mepBoro xapakTepeH MaKCHMallb-
HBIH POCT JIMCTHEB B KOHIIE HOYM WIJIM paHo yTpoM. K HeMy, B 4aCTHOCTH, OTHOCSTCSI TaKH€ BUIBI, KaK Kile-
uieBuHa (Ricinus communis L.), Tabak (Nicotiana tabacum L.) u apabunoncuc (Arabidopsis thaliana (L.)
Heynh.). Ko BropoMy THITY pruHajIekKaT paCTEHHUS C MAKCUMAaIIbHBIM POCTOM JINCTHEB BEYEPOM HIJIHM B HaYalle
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Puc. 2. lunamMHKa CyTOYHOTO pocTa (a, 6) ¥ IpupocTa (8, ¢) TMCTbEeB TOMaTa (a, 6)
u niepia (6, 2) Py MOCTOSHHOM OCBEIICHUH

Fig. 2. Deil growth (a, b) and growth increment (c, d) of tomato (a, ¢)
and capsicum (b, d) leaves under constant lighting

HOYM. DTOT TUN HaOJIONAeTCs, HAIPUMED, Y TOTOJs AenbToBUAHOTO (Populus deltoids Bartr. ex Marsh.), ku-
napucoBukoB (Chamaecyparis sp.) u cou (Glycine max (L.) Merr.). CormacHo MOJy4eHHBIM HaMU JTaHHBIM,
TOMaT OTHOCHUTCS K IIEPBOMY THILy CYTOYHOI'O POCTa JBYIOJbHBIX PACTCHUH, TOTAA KaK CIAJKUN meper —
KO BTOPOMY THITY.

Poct nucTheB OYCHb YYBCTBHUTENICH K M3MECHEHHSM BHEIHEH Cpefbl. AHAIN3 CYTOYHOTO POCTA JIMCTHEB
MO3BOJISICT, B YACTHOCTH, OLICHUTH YCTOMUMBOCTh paCTEHHH K TAKUM (hopMaM aOMOTHYECKOTO CTpecca, Kak 3a-
cyxa, Jkapa Wi Je(UIUT MUTATEIbHBIX BELIECTB, YTO NPEACTAaBISCT 3HAUNTEIbHbBIN HHTEPEC KaK B HAYYHOM,
TaK U B [IPAKTUYECKOM ACIIEKTE.

PutM cyTOUHOrO pOCTa JIMCTHEB ABYIONBHBIX PACTEHUH KOHTPOJIUPYETCS LIMPKAJIHBIMU YacaMH, KOTOPbIE
MIPECTABIISIOT COOOW TEHHYIO CETh U3 TPeX PeryIsTopHbIX KOHTYpoB — CCA1l, LHY u TOC1. Dta ceTh corna-
CYeT MPOLECChl B TKAHU JIMCTA HA KJICTOYHOM YPOBHE C CyTOUHBIMHU KOJCOaHUSIMH aOMOTHYECKUX (aKTOPOB
BHeIIHeH cpenpl. OTpunaTenabHble 00paTHBIE CBS3H MOJIEKYSIPHBIX KOHTYPOB HACTPOEHBI Ha 24-4acoBoii me-
pHon KosileOaHuil 1 CHHXPOHU3UPYIOTCSL CBETOM M TEMIIEPaTypoi [5].

Posib BHYTpEeHHUX LMPKaIHBIX 9aCOB U BHELIHUX CHHXPOHM3MPYIOMIMX (DAaKTOPOB TPAKTYETCs B JHUTEpa-
Type no-pasHomy. ComiacHo Oonee pacrpoCTPaHEHHOM TOYKE 3PEHHs], IUPKaIHbIC Yachl UTPAIOT BELYLIYIO
pOJb, TaK KaK OHM COXPAHAIOT CYTOUHBIM PUTM Jake€ B OTCYTCTBHE BHEIIHWX CUTHANOB [2; 4]. B mannoii
paboTe 1MoKa3aHo, YTO MPH IMOCTOSIHHOM OCBEIIEHUH JINCThsI TOMara U Mepla pacTyT KPYIIOCYTOUYHO MpUOIIH-
3UTENILHO B OIHOM Temrie. Eciu ucnomip30Barh peskuM ocBerieHust 12/12 4 (1eHb/HOub), TUCThS KaK TOMara,
TaK 1 Ieplia pacTyT HOUBIO B OTPaHHMYCHHBIN EPHOJ BPEMEHHU. JTO CBUAETENILCTBYET B MOJIB3Y TMIIOTE3bI, YTO
paloTa HUpPKaIHbIX YaCOB y ABYIOJIbHBIX PACTEHHI CYILIECTBEHHO 3aBUCUT OT PEKMMa OCBEILEHHS, YTO MOXKET
OBbITH UCIIOJIB30BAHO HA IIPAKTUKE VIS YIIPABICHUS POLECCAMU POCTA.
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Puc. 3. luramuka cyTodHOTo pocta (a, 6) u npupocTa (8, 2) TMCTheB TOMaTa (a, 8)
u niepua (6, 2) npu ocserennn 12/12 4 (nens/Houb) (Ha rpaduKe 3aTeHeHA)

Fig. 3. Deil growth (a, b) and growth increment (¢, d) of tomato (a, ¢)
and capsicum (b, d) leaves under regime 12/12 h (day/night) (shade)

3ak/roueHue

YeraHoBIIEHO, UTO y cTpydKoBoro repia Capsicum annuum L. THK mpupocTa INCTHEB HaOMIOnaeTcs Onmxke
K HayaJly HOYH, TOT1a Kak y Tomara Solanum lycopersicum L. MakCUMyM IpUpOCTa IPUXOTUTCS Ha BTOPYIO
MOJIOBHHY HOYM. TakuM 00pa3oM, TOMaThl OTHOCSATCS K IIEPBOMY THITy CyTOYHOTO POCTa JIBYAOJIBHBIX pacTe-
HUI, TIeper — KO BTOPOMY THITY.

YeTKkHe MMKN MPHPOCTA JIMCTHEB Y TOMAra M Iepla MOXKHO MOJTYYUTh IPH HCIIOIB30BAaHUHU PEXHMA OC-
Bemierns 12/12 4 (nenn/Houb). [Ipu KpyrIocyTOYHOM OCBEUIEHHH, OHAKO, Y OTHUX JK€ BHUJIOB HaOIIOomaeTcs
MIOCTOSIHHBIN POCT JINCTBEB. JTO CBHIETENBCTBYET B MOJIB3Y MPEANOIOKEHHS, YTO KOHTPOIUPYIOIIUE POCT
JIMCTHEB IIMPKAIHBIE YaChl CHHXPOHU3UPYIOTCSI CMEHOMU JTHS U HOYH.
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