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XAPAKTEPUCTHUKA IIVIACTUIHOTI'O AIIITAPATA
XJTOPOOPUJIVIBHBIX MYTAHTOB JIBHA MACJINYHOI'O
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N3yyena mopdosiorus MIACTHIHOTO ammapara MyTaHTOB JjbHa macimguoro (Linum humile Mill) ¢
pasHbIM THUIOM XJOpOQHIUIBHON Hemoctarounoctu — Viridis, xantha u xantho-viridis B cpaBHeHuu ¢
UCXOOHBIM copToM Lluan. BoisiBieHO, 4YTO XIOPOMUIIbHBIE MYTAHTHI JIbHA HMCIOT H3MEHEHHBIN
IJIACTUIHBIN ammapaT. V3MeHeHHWe IJMHEWHBIX pa3MepoB M TPOM3BOJHBIX IOKa3aTelel (IIIolianu
CeyeHUs U 00beMa) XJIOPOILIACTOB 3aBUCHT OT THIA MyTauuu. MyraHT Tuma Xantha umeeT MUIHHAPO-
00pazHy0 (HopMy XIOPOILIACTOB.

Knioueswvie cnosa: Linum humile Mill., xzopogunneneisi mymanm, viridis, xantha, xanthoviridis, xzoponaacm,

Mopghonoaus.
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BuBueHa MopdoIOrisi MIACTHAHOTO amapaty MyTaHTIB JboHY omiitHoro (Linum humile Mill.)) 3 pizaum
oM xiopodinbHUX HegocTaTHOCTI — Viridis, xantha i xantho-viridis y mopiBHsHHI 3 BUXiZHUM COPTOM
{nan. BusBneHo, mo XiopoginbHi MyTaHTH JBOHY MalOTh 3MIHEHUH IMJIACTHIHHMK amnapaT. 3MiHa
JMHIAHUX PO3MIpIB Ta MOXIAHHUX MOKAa3HHKIB (IJIOMII Hepepidy Ta 00’e€My) XJIOPOIUIACTIB 3aJIe)KHUTh Bij
TUmy MyTarii. Myrtant Tamy Xantha mae numiaaponoaibHy GopMy XJIOPOILIACTIB.
Kniouosi cnosa: Linum humile Mill., xnopoginenuit mymanm, viridis, xantha, xanthoviridis, xzoponaacm,
Mopgonoeis.

CHARACTERISTIC PLASTID APPARATUS CHLOROPHYLL MUTANTS OF OIL FLAX
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Flax is important of technical and oilcrop in the world. Linseed oil is used in food, medicine,
manufacturing oil-based paints, varnishes, linoleum, etc. The variety of areas of cultivation and uses of
this crop required of the creation of various flax varieties with high photosynthetic activity for great yield
formation.

Photosynthesis is an important process which ensures the growth and development of plants. The ability
of plants to photosynthesize and its intensity depends primarily on the pigment composition, structural
features of the photosynthetic apparatus, environmental factors, mineral nutrition, and others. The main
organ of photosynthesis in higher plants is the leaf, and the features of its structure provide autotrophic
type of food which is characteristic for the plant body. Chloroplasts with the contained pigments are the
basic structural and functional unit of the photosynthetic apparatus.

For many years, the chlorophyll mutants that have significant morphological changes in color of plants
are a convenient model for studying the processes of photosynthesis and structures that take a direct part
in it. The intensity of photosynthesis in chlorophyll mutants is about 10 times lower than the rate of
photosynthesis in green plants. Mutants flax produced in the course of research on experimental
mutagenesis are very interesting subject for the study of physiological and biochemical aspects of
photosynthesis.

The aim of this study was to investigate the differences in the structure of the plastid apparatus in
mutants with different types of chlorophyll deficiency.

As a material, the varietn Tsian and received at its base through induced mutagenesis mutant lines M -80,
M-81 and M-84, characterized by different types of chlorophyll deficiency were used.

Tsian is a varietn of linseed. The plant is green, medium-leaved, leaves are broadly lanceolate.
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Mutant line M-80 was obtained by irradiating the seeds of variety Tsian using the dose of 400 Gy.
Cotyledon leaves are light yellow, with the growth of the plant it is green, but its color is different from
the normal green. This chlorophyll change applies to viridis type.
Mutant line M-81 was isolated from a variety Tsian by irradiation dose of 400 Gy. Plants of this line have
a characteristic white-yellow color. With the growth bright yellow pigmentation fades and the plants
before the end of the growing season, have the traits of severe depression. Mutation is related to the type
of xantha.
Plants of the mutant line M-84, obtained by irradiation dose of 700 Gy, have a distinctive dirty-yellow
color of the leaves. Mutation is related to the type of xantho-viridis.
To study the plastid morphology, the selected leaves were fixed in a Temper mixture containing 0.2% of
copper chloride, 0.2% of copper nitrate, and 1% of phenol, which allows to keep the coloring of the
chloroplasts. Then the leaves were waxed, cross-sections were prepared using MPS-2 rotary microtome
and dewaxing was conducted. For this, glass tvilh glued cross sections were washed in three changes of
xylol, two changes of 100% alcohol, a change of 75% alcohol, a 50% alcohol and three changes of
distilled water. The time of each treatment was about 2 — 3 minutes. Then the sections were put into
glycerol and covered with cover glasses. The resultant preparations were photographed using XS-3330
microscope trinocular and MAB88-500 eyepiece cameras at magnification of X640 and x1600 times. The
dimensions of chloroplasts were measured by standard methods using the ocular micrometer. To
characterize the plastid apparatus cross-sectional area and volume of chloroplasts was calculated using
the procedure of A.T. Mokronosov.
The results were processed using standard methods of mathematical statistics.
Mutant lines M-80, M-81 and M-84 are characterized by different expression of negative chlorophyll
changes — viridis, xantha and xantho-viridis, respectively. By the time of the study (at the stage of
«Horring boney) the plants both had chlorophyll part and green part. In this case, the localization of
chlorophyll area (upper, middle or lower part) on the plant depended on the type of mutation. As control
the variety Tsian with normal green color of leaves was used.
As seen from Table 1, the chloroplasts of mutant lines in both length and width, in the most cases were
significahely different from varietiy Tsian. There was a decrease in their linear dimensions.
Chlorophyll mutants of linseed were also characterized changes by the in the shape of chloroplasts.
Thus, chloroplasts of mutant M-81 (xantha) were much narrower than the control. On the basis of the
ratio of length and width chloroplast in the mutant M-81 it was found that its chloroplasts have the shape
of the cylinder. The chloroplasts in mutant M-84 (xantho-viridis) size were not significantly different
from the control, but had a spindle-like shape (Figure 2). The chloroplasts of the mutant M-80 (viridis)
by the shape does not differ from the control, but have a smaller size.
The cross-sectional area and volume of chloroplasts was also calenlated. As seen in Figure 3, cross-
sectional area of chloroplasts most reduced in the mutant M-80 (1.7 times). Mutant M-81 is characterized
by the maximum decreasing in volume of the chloroplasts amory the mutants (2.4-fold). It should be
noted that the mutant M-84 is characterized by the smallest reduction of cross-sectional area and volume
of chloroplasts — 1.3 and 1.5 times, respectively.
It was revealed that the chlorophyll mutants of linseed have a modified plastid apparatus. Change in
linear dimensions of chloroplasts depends on the type of mutation. The mutants xantha and xantho-viridis
types change the shape of the chloroplasts. The mutant of xantha type has chloroplasts of cylinder-like
shape. The mutant of xantho-viridis type is characterized by the lowest changes of indirect parameters of
chloroplasts.

Key words: Linum humile Mill., chlorophyll mutant, viridis, xantha, xanthoviridis, chloroplast, morphology.

BBEJIEHHUE

Jlen — BaxHasi B MHpe TEXHUYECKass U MaciHuyHas KyJabTypa. JIbHSIHOE Macjo HCIONb3yeTcs B
MUTAHUHU, MEIHUILIMHE, TPOU3BOJICTBE MACIISHBIX KPAacoK, on(bl, JIUHOIEYMa U T.1. MHOrooopasue
30H BBbIpAlIMBaHUS U HaNpaBle€HUI HCHOJIb30BAaHUS KYJIbTYpbl OOYyCIaBIMBAaET HEOOXOAMMOCTh
CO3JIaHMsI PA3JIMYHBIX COPTOB JIbHA C BBICOKMMHM MOKa3aTeNsIMU (POTOCHHTETUYECKON aKTUBHOCTH
i popmupoBaHus OosbIoro ypoxas [ 1, 2].

@®oToCHHTE3 SBISETCS BAXKHEWIIMM IMPOLIECCOM B OOECIIEYEHHMH pOCTa U Pa3BUTHUS PACTCHUH.
CriocoOHOCTh pacTeHHH K (OTOCHMHTE3y W €ro HHTEHCHUBHOCTh 3aBHUCAT TNPEXKAE BCEro OT
MUTMEHTHOTO COCTaBa, OCOOCHHOCTEH CTpOeHHs (POTOCHHTETHUECKOro ammapara, 3KOJOIMYECKHX
(bakTopoB, MUHEpaIbHOrOo NMUTaHUS U Jp. Bo Bpems sBomonuu y pacteHuil chopMUPOBAIUCH
cnienu(pudyeckue CTpyKTyphbl, oOecrieurBaroIue mporecchl GOToCHHTE3a, IPUBOAAIINE B KOHEUHOM
WUTOT€ K CBSI3bIBAHUIO YTJIEKHCIIOTHI, BBIACICHUIO KHUCIOpPOJA M CHHTE3y caxapoB. [J1aBHBIM
opraHoM (OTOCHHTE3a Yy BBICIIUX PACTCHUN SBISETCA JIUCT, a OCOOCHHOCTH €ro CTPOEHUS
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o0ecreynBalOT aBTOTPOGHBIA TUN TNUTAHWUSA, XapPaKTEPHBIM Ui PAaCTHTEIBHOTO OpraHH3Ma.
XJIOpOIUTaCThl C COMACPKAIIMMHUCS B HUX MHUTMEHTAaMH SIBJISIIOTCS OCHOBHOW CTPYKTYPHO-
(bYHKIIMOHATIBHOM eMHKIeH (oTOoCHHTETHYECKOoro anmnapara [3-5].

B Teuenue MHOruX JeT yIOOHON MOJENbBIO JUIsl U3YYEHHs MPOLECCOB (POTOCHHTE3A U CTPYKTYP,
KOTOpbIC MPUHUMAIOT B HEM HEMOCPEACTBEHHOE y4acTHe, SBISIOTCS XJIOPO(MUIUIBHBIE MYTaHTHI,
KOTOpbI€ UMEIOT 3HAUYUTEIbHbIE MOP(OIOrHUECKUe U3MEHEHHsI OKPACKU PACTEHUU. Y CTaHOBIIEHO,
YTO MHTEHCUBHOCTH ()OTOCHHTE3a Y XJIOPOPUILILHBIX MYTAaHTOB MPUOIU3UTENbHO B 10 pa3 Hike
MHTEHCUBHOCTU (OTOCHHTE3a 3€JIEHbIX pacTeHuil. VHTepecHbIM OOBEKTOM Uil HW3YYECHHUS
(U3HOIOr0-OMOXMMHYECKUX aCTIEKTOB (JOTOCHHTE3A SIBJISTFOTCSI MYTaHTHI JIbHA, MOTYYCHHBIE B X0OJI€
KCCIICIOBAHUH 110 DKCIIEPUMEHTAIbBHOMY MyTareHesy [6].

ITpu WCIOIB30BAHMK MHIYIIMPOBAHHOIO MyTareHes3a y psijia TeHOTHITOB JbHA Maciuanoro (Linum
humile Mill.) wamu Obuta BbIIENEeHA CepUsi MyTallMid C Pa3IUYHBIMA THIIAMH MHHYC-
XJIOPOGHILUIbHBIX H3MEHEHHUH. JlaHHbIC MyTaIllMd UMEIOT Pa3IMYHOE MOP(POTOTHIECKOE MPOSIBICHHUE
Ha OJTHUX U TE€X K€ CTaausaX pa3Butus [7, 8].

Llenbto Hacrosimieil pabOTbl ObUIO BBISIBUTH Pa3iduMsl B CTPOEHUHU IUIACTUIHOrO ammapara y
MYTaHTOB C pa3HbIM THIIOM XJIOPOPULIbHON HEAOCTATOUHOCTH.

MATEPUAJIBI U METO/bI UCCJIIENOBAHUA

B kauecTBe MaTepuaa MCIOJIb30BAIN JIMHEHHBIN cOpPT JIbHA MaciauuHoro lluaH u nomyyeHHsle Ha
€ro OCHOBE C MOMOIIBI0 MHIYIIUPOBAHHOTO MyTareHe3a MyTaHTHble nmuHuu M-80, M-81 u M-84,
XapaKTepU3YIOIHUECs pa3HbIM TUIIOM XJIOPO(PUIUIBHOM HEOCTATOUHOCTH.

[Muan — copT JpHAa MacIMYHOrO, MEXEyMOK. PacTeHue 3eneHoe, cpelHe-00JIMCTBEHHOE, JIHCTbS
HIUPOKO-TIAHIIETHBIE, JICTIECTKH BEHUWKA, MBUIBHUKU M KWJIKH TOJyOble, TOBEPXHOCTH JICTIECTKOB
TJ1aJIKasi, IIBETOK OTKPBITHIN. MimMeeT BbicOokoe conepkanue macia. CopT MHUPOKO U BECbMa YCIEITHO
KYIbTUBHPYIOT B pa3HbIX KJIMMAaTUYECKUX 30HAX, YTO YKa3bIBaeT HA HCKIIOYUTEIbHYIO
MJIACTUYHOCTD KYJIbTYPHI.

MyrantHas nuHMS M-80 momydeHa mnpu oOinyueHuM ceMsiH copTta Lluan nosoit 400 I'p.
CeMs10/IbHBIE JIUCTBSI CBETJIO-KENTHIE, TI0 MEPE POCTa PAaCTEHUE 3€JICHEET, OJHAKO €ro OKpacka
OTIMYAETCA OT HOPMaJIbHOW 3eneHOM. Ha cragum «emodku» BEpXHAS 4YacThb PACTEHHSI HUMEET
CBETJIO-XKENTYI0 OKpAacKy, a HIKHSS — CBEMIO-3elIeHYy0. JlaHHOe XJIOpOQHIUIBHOE H3MEHEHHE
OTHOCHUTCs K Tty Viridis (puc.1 06).

MyrtantHas nuHuss M-81 Beinenena u3 copra Lluan nmpu obmyuenun noszoit 400 I'p. Pacrenus
JAaHHOM JIMHUM MMEIOT  XapaKTepHylo Oeno-xkenTyro okpacky. Ilo mepe pocra sipko-kenrtas
MUTMEHTANUs TYCKHEET U PACTEHHSI JIOKUBAIOT JI0 KOHI[A BETETAIlMH, COXPaHssl MPU3HAKU CHIIBHOU
YTHETEHHOCTH U OTCTaBaHUsA B pocTe. Ha cTaguu «eao4yku» BEepXHssl 4YacTh pACTEHUS UMEET SpKO-
KENTYI0 OKPACKY JIMCTHEB, B CPEIHEH YaCTH JIMNCThSI CTAHOBATCS OOJiee TYCKIBIMU W 3€JICHEIOT B
00JIaCTH MPOBOSIIUX MTyYKOB, a B HUKHEH — UMEIOT CBETIIO-3€JEHYI0 OKpacKy. MyTaHT coxpaHseT
TaKyl0 XapaKTepUCTHKY IPH JIFOOBIX MOTOIHBIX yCIOBHsAX. CeMeHHasi MPOXYKTHBHOCTh PacTCHUN
HU3Kas. Myranus oTHeceHa K Tumy Xantha (puc.1 B).

Pactenuss myrantHOM nuHuUM M-84, mnomydyeHHble mpu oOmydeHun no3oif 700 I'p, umeror
XapaKTepHYIO T'PSI3HO-KEITYI0 OKPacKy JIMCTheB. Ha cTrainu «emouku» BEpXHSAS U HUXKHSAS 4acTH
pacTeHl UMEIOT CBETIIO-3€JIEHYIO0 OKPACKY, a CPEIHSIS — XJI0pOMWIIbHYI0. PacTeHus 1oKUBarOT 10
KOHIIa BEreTalliM, COXpaHsAs IPU3HAKM YrHETEHHOCTH. CeMeHHass MpOAyKTHMBHOCTb HH3Kasl.
MyrTanus oTHeceHa k Tumy xantho-viridis (puc.1 r) [8].
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B)
Puc. 1. MyTaHTHBIC JIMHUY JIbHA MACJIHYHOTO C PA3HBIM THUIIOM XJIOPOPHIUTBHON HEJJOCTATOYHOCTH:
a) copt I{nan (kouTpOIH), 6) M-80, B) M-81, 1) M-84.

st uccnenoBanusi MOpQOJIOTUU TIACTH]T OTOOpPaHHBIE JTUCThsI (PUKCUPOBAIM B cMecH Temmepa,
conepxameit 0,2 % xmopuga memu, 0,2 % wutpara menu u 1% denona [10, 12], xoropas
MO3BOJISIET COXPAHUTh OKPACKY XJIOPOIUIACTOB. 3aTeM JIMCThs apauHUPOBAIN, U3 HUX TOTOBWIU
MOTIEPEYHbIE Cpe3bl Ha poTannoHHOM Mukporome MIIC-2 u nmpoBoamm ux aenapaduHUPOBAHUE.
s 3TOTO CTEKa ¢ HAaKJIEeHHBIMHM CPE3aMHU NMPOMBIBAIM B TPEX CMEHAX KCUIIONA, JIBYX CMEHaX
100 % crmpta, ogHOM cMeHe 75 % crupta, ogHOM 50 % crupTa u TpEX CMEeHaX MUCTHILTUPOBAHHOMN
BOJIbl. Bpemst HaxoxkieHHsl B KaKI0# cpenie — 2...3 MuHyThI. Jlanee cpe3bl 3aKiIouaiy B TIUIEPUH U
HaKpbIBAIM TMOKPOBHBIMU cTekimamu [11]. Tlomyduennsie mpemapaTsl (oTtorpapupoBaid npu
IIOMOLIM TPUHOKYJISIpHOTO MuKpockona XS-3330 u  okymsapHoil kamepel MAS88-500 npu
yBenudeHuu X640 u x1600 pa3. Pazmepsl XJI0pormiacToB U3MEPSUTA CTaHAAPTHBIMUA METOJIaMH TIPH
MOMOIIHN OKYJsip-Mukpometpa [13]. g xapakTepuCTHUKU TUIACTUIHOTO ammapaTa pacCYUTHIBAIH
IUIOIIAZh CCUYEHUS W O0bEM XJIOPOIUIACTOB, HCIONB3ys MeToauky A.T. Mokponocosa [14].
Pe3ynbraThl 00pabaThiBaiy, UCIIOIb3Ysl METO/IbI CTAHIAPTHON MaTeMaTHYECKOM CTaTUCTUKY [15].
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PE3YJBbBTATBI 1 UX OBCYKAEHUSA

MytanTtHele nuHun M-80, M-81 u M-84 xapakTepus3yroTCsi pa3jau4HbIM IPOSBICHUEM MUHYC-
xnmopoduuibHbix u3MeHenuit — Viridis, xantha u xantho-viridis, coorBerctBenno. K MomeHTy
UCCleIoBaHMs (Ha CTalUU «EJOYKH») OHU MMEJH KaK XJIOpOMWUIbHYIO 4acTh, TaK U OJHM3KYIO K
HopManibHOU. [lpu 3TOM Nokanu3anus XJI0poQUILTFHOTO yyacTKa (BEPXHSA, CPEIHSS WIN HYDKHSSA
4yacTb) Ha pacTeHHM 3aBHcena OoT Tumna myrauuu. Kontponem ciyxun copt Lluan ¢ HopmanbHOI
3esIEHOM OKpacKou JIHUCTheB (puc.l a).

XnopoduiambHbIE MYTaHTBl C HM3MEHEHHBIMH  MOP(OJOTHMYECKUMH U (DU3HOJIOTMYECKUMHU
NPU3HAKAMU XapaKTePU3yIOTCS HM3MEHEHUSMH B CTPOCHMM HUX IUIACTHIHOTO anmaparta. llpum
U3y4CHUU CTPOCHUS Me30(WIIa JIMCTbEB, HAMH BBISBICHBI HM3MEHEHHS MOPQOJIOTUU TaKUX
(OTOCHMHTETHYECKUX CTPYKTYP KIETKH KaK XJIOPOIUIACTHI (puc.2).

Kak BuaHO 13 Tabnuusl 1, XJ10poriactTel MyTaHTHON TUHUK M-80 Kak 1o JUIMHE, TaK U MO0 IIHUPHHE,
CYHIECTBEHHO OTIHMYaIHCh OT copra [lwan. Ilpm 3ToM HaAOIIOMANOCh YMCHBIICHUE JTUHEHHBIX
pa3mepoB xjoporuiactoB. Y myranta M-81 (xantha) xjopormiactel ObUTH HAMHOTO yXe€, YeM y
KOHTPOJIS, 1O TIOKA3aTeNI0 JJIUHBI XJIOPOIUIACTOB, CYNICCTBCHHBIX OTIUYHA HE OOHAPYKEHO.
XnopomnacTel MYTaHTHOTO oOpasna M-84 1o JMHEHHBIM [OKa3aTensiM XJIOPOIIACTOB HE
OTJIMYAINCH OT copra [{naH.

Xn0popubHbIe MYTaHTHI JIbHA MAaclIUYHOTO XapaKTepPU30BAJIUCh TAKKE H3MEHEHHEM (HOpMBI
xJioporiactoB. Ha OCHOBE COOTHONICHHUSI UIMHBI M IMUPUHBI XJIOPOIUIACTOB MyTaHTa M-81 Obii0
BBISIBJIEHO, YTO €ro XJIOpPOIJIAcThl MMEIT LMIMHIpooOpasHyto ¢opmy [14]. V myranta M-84
(xantho-viridis) xyoporuiacTsl UMeln BepeTeHoo0paszHyto dhopmy (puc.2). Y myranra M-80 (viridis)
XJIOPOILIACTHI IO (hOpME HE OTIMYAIUCH OT KOHTPOJIA.
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Puc. 2. Mopdonorus miactug XJI0podWLIbHBIX YacTeld MYTaHTHBIX JIMHHHA JIbHA MAaCIHMYHOIO:
a) Iuan (Bepxusist yacte); 0) Iluan (cpeauss yacts); 8) M-80; r) M-81; 1) M-84.

Tabnuna 1 — JluneitHble pa3Mepsl XJIOPOILIACTOB XJIOPO(MUIUIBHBIX YAaCTeH MYTAHTHBIX JIMHUM JIbHA
MacCJIMYHOTO

JlnmHa [ITupuna
®opma
I'eHotHm XJIOPOILTACTOB, XJIOPOIUIACTOB,
XJIOPOILTACTOB
MKM MKM
XJIOPOTUTACTHI
[uan (Bepx) 4,3+0,21 2,5+0,24 3JIUTICO-TIOJOOHOM
(bopMbI
XJIOPOTUTACTHI
[{uan (cpenHsis 4acThb) 4,9+0,26 2,8+0,19 DJIMIICO-TIOI00HOM
bopmbI
XJIOPOTLIACThI
M-80 3,2+0,13%** 1,9+0,11%* SIIAIICO-TIONO00HOM
bopmbl
XJIOPOTUTACTHI
M-81 4,3+0,39 1,3+0,15%** UUAITUHIPO-
110106HON (OpPMBI
XJIOPOTLIACTHI
M-84 4,1+0,31 2,4+0,18 BEpPETEHO-TIOI00HOM
bopmbl

[pumeuanue: *, ** *** _ ornuums ot KOHTpos cymiectBeHHsI pu P < 0,05; 0,01; 0,001.

B cBs13u ¢ TeM, 4TO OBLIO BBISIBIEHO HE TOJBKO U3MEHEHUE Pa3MEPOB XJIOPOILIACTOB, HO UX (POPMBI,
HaMu OBLIM pacCUMTaHbl MOKa3aTeay IUIONaau cedeHHs U oObema xiyioporutactoB. Kak BuaHO u3
pHUCYHKa 3, TUIOIIAAb CEYSHUS XJIOPOIIaCTOB B HAaOOJIbIIEH CTeneHn u3MeHseTca y myranta M-80
(8 1,7 pa3). Myraut M-81 xapakTepu3yercsi MaKCUMaJbHbIM CHIDKEHHE 00beMa XJIOpOIJIacTOB
cpean MmytaHToB (B 2,4 pasza). Ciemyer OTMETHTh, 4YTO MyTaHT M-84 XxapakTepuzyercs
HAaUMEHBIIMM CHIDKCHHEM IUJIOMAJAN CeueHus W o0bema xioporutactoB — B 1,3 u 1,5 pas
COOTBETCTBEHHO.
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MKM

-
i‘ Bk

LinaH LinaH M-80 M-81 M-84
(BepxHana (cpegHas (Bep3HAa (BepxHasa (cpeaHnasn
4yacTb) 4yacTb) YyacTb) 4yacTb) 4yacTb)

E MNnhowaab cevyeHma EOb6bem

Puc. 3. IInomanb ceueHus u 00BeM XJIOpOILIIaCTOB XJ'IOpO(l)I/IJ'IJ'IBHLIX yacTen MYTAaHTHBIX JIMHAM
JIbHa MAaCJIMYHOTO.

[lepcnieKTHBOW NaNbHEHIIEr0 HMCCIICOBAHUS SIBJISICTCS YIIIYOJICHHE TPEACTABICHUH O aHaTOMO-
MOP(}OITOTHYECKHX OCOOCHHOCTSAX CTPOCHHS (HOTOCHHTETHYECKOTO arapara MYTaHTOB JIbHA
MaCIIMYHOTO Pa3HbIM THUIIOM XJIOPOPWUIBHOH HEJOCTATOYHOCTH, YCTAHOBJICHHUE CBSI3M OSTHX
MapaMeTpoB C MPOAYKTUBHOCTBIO PACTEHHH, YTO MO3BOJHMT OOJiee AETAIBHO HM3YYUTh MPOIIECC
(dhoTocuHTE3A.

BbIBO/IbI

BhisiBIIEHO, YTO XJIOPO(QUILIbHBIE MYTaHTHI JIbHA MACIMYHOTO MMEIOT M3MEHEHHBIN IUIACTHIHBIN
armmapar. V3MeHeHHe JTHHEHHBIX Pa3MEpOB XJIOPOIUIACTOB 3aBHCHUT OT THIA MYyTaludd. MyTaHTBI
tuna Xantha wu xantho-viridis usmensiror dopmy xiopomactoB. Myrant Ttuma Xantha wumeer
XJIOPOIUIACThl LIMIUHAPOOOpa3HOH (HOPMBI, B OTIIMUKE OT AJIUICONOJO0OHOM Yy MCXOAHOIO COpTa.
Myrtantr Ttuna Xxantho-viridis xapakrepu3yercss HAMMEHBIIMMH HXMEHEHHSIMH HPOU3BO/IHBIX
apaMeTPOB XJIOPOILIACTOB.
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