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B pabome npusoosmca pezyibmamvl UCCIC008AHUL, CEA3AHHBLIX C U3YYEHUEM HOMOCUHMEMULECKO20
2a3000Mena na ypoeHe aucma in situ mpexaemnux casxcenyes Hopea odorata Roxb. 6o epems cyxoeo cezona (FOxchulii
Bvemuam). I[lpeocmasnena cymounas OUHAMUKA UHMEHCUBHOCTNU (HOMOCUHINE3A CAJICEHUE8, NPOUPACMAWux 6
paziuunsix  yeaosusix. Ilpu mamemamuueckom ORUCAHUU  3A6UCUMOCTIE  UHMEHCUBHOCTU HOMOCUHmMe3a om
domocunmemuuecku axmusnou paouayuu (PAP) ucnoavsosanroce ypasnenue Muxasnuca—Menmen. Bviseneno, umo
OCHOBHBIM haKmopom, erusOwumM Ha omocunmes casicenyes (3a uckmouenuem PAP), sensemcs codepoicanue 6nazu
6 noyge. Haubonvuweli Hemmo-npooyKkmueHocmolo (Omocunmesd OMIUYALUCL CANCEHYbL, Npouspacmaiowue 8 boiee
oceewennblx yenogusx. @omocunmes U COCMOAHUE CANCEHYEB, PACMYWUX NOO KPOHAMU O0epe6bes, OMIUYAIUChH
MeHblell 3A8UCUMOCTNBIO 0N GIAJICHOCTIU Nouebl. DOMOCUHmMe3 U COCMOSIHUE CAdNCeHYes, NPOUPACMAIOWUX HA
2panuye jieca, CUIbHO 3A8UCENU OM KOHKYPEHMHBIX 83AUMOOMHOUEHUL C TECHOL PACTNUNENbHOCTIbIO.

Pesynomamor  uccreoosanusi 6yoym cnocobcmeosams ayduleMy Meopemudeckomy HOHUMAHUIO pOCma U
pazeumus  pacmenuii  9moz2o  euda. Iloryuennvie  KOIUHECMBEHHbIE — GEAUYUHBL  CYIMOYHBIX  HOMOKO8
gomocunmemuueckozo 2az000mena, a makdice QUUOIOSUYECKUEe pPeaKyuu pAcmenust Ha YCI08usi 6HeuHell cpeobl,
no3eoasim Ha Ooiee KaueCmeeHHOM YPOBHe NOOOUMU K OYeHKe NHOMOKO8 Y2aepood 8 COOMEEMCMEYIOUUX IKOCUCTEMAX.
Ilpusedenvr Hexomopwvle pexomeHOAyUU NPAKMUYECKO20 XaAPaKmepd, CESA3aHHble C J1eCO80CCMAHOGUMENbHBIMU
MePONpUATUAMU.

KnaroueBble ciioBa: JTUCT, MHTEHCHBHOCTh (oTocuHTe3a, PAP, BIaKHOCTh MOYBBI, CyTOYHAas AMHAMHUKA, CBETOBAs
KpHBas.

The paper presents the results of studies related to the study of photosynthetic gas exchange at the leaf level in
situ of three-year-old seedlings of Hopea odorata Roxb. during the dry season (South Vietnam). The results obtained
will contribute to a better theoretical understanding of the growth and development of plants of this species. The
obtained quantitative values of the daily fluxes of photosynthetic gas exchange, as well as the physiological reactions of
the plant to environmental conditions, will allow a more qualitative approach to the assessment of carbon fluxes in the
corresponding ecosystems.

OBJECTS AND METHODS OF RESEARCH

The research was conducted from January to April 2020 on the territory of the Cat Tien National Park (South
Vietnam) (11.41530° s.w., 107.42460° v.d.) during the dry season. Three-year-old H. odorata seedlings planted in mid-
January 2020 were selected as the object of the study. 25 seedlings were selected for observation. The average height of
seedlings is 110.0< 0.5 cm (SD = 14.4 cm), and their average diameter at a height of ~10 cm is 8.3+ 0.1 mm (SD = 0.6
mmy). According to the illumination conditions of the site and the location of the seedlings, the site was divided into
three experimental sites (SA1, SA2, SA3), Fig. 1. The SAl site (seedlings Ne 1-16) was located in a relatively open
space. The total value of photosynthetically active radiation (FAR) per seedling of this site was 25.7+1.2 mol-m™. The
SA?2 site (seedlings Ne 17-20) was located under the crowns of adult trees. The total value of FAR is 10.8+0.5 mol-m~.
The SAZS site (seedlings Ne 21-25) was adjacent to an untouched part of the forest. The total value of FAR is 9.2+0.4
mol-m™.

During planting, as well as on 12.02 and 19.03, the seedlings were watered. On 17.02 there was heavy rain at
the site. To clarify the question of the effect of the moisture content in the soil on the condition of the studied plants,
seedlings Ne 4-9 were watered from 26.03 to 5.04.
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The processes of photosynthesis were considered from the standpoint of CO;, gas exchange. Photosynthesis was
measured in situ using the Portable Photosynthesis System LI-6800 (Li-Cor, USA). The formed intact leaves in the
upper part of the crowns were used for the study.

The moisture content in the soil was determined in a 12 cm surface layer using the HydroSense Il soil moisture
meter (Campbell Scientific, Inc. USA). Soil moisture below 10% corresponded to withering humidity. To study the
growth of seedlings in thickness, the stem diameters were measured at a height of 10 cm.

The Michaelis—Munten equation was used as a basis for the mathematical description of the dependence of
photosynthesis on FAR. We used this equation in a modified form [Kaibeyainen, 2009] :

A=A4,,0/(0 + Ky + A, (1)

To evaluate the efficiency of photosynthesis, we used the angular coefficient of the tangent (a) to the curve of the
function (1) at the point corresponding to Ky. From a physical point of view, this coefficient reflects the rate of change
in photosynthesis when the headlights change by one unit.

RESULTS

Figures 3, 4, 5 show graphs showing the daily dynamics of photosynthesis and FAR of seedlings growing on
SA1, SA2, SA3. Figure 6 shows graphs showing the daily dynamics of photosynthesis and FAR of watered and non-
watered seedlings. The soil moisture under the watered seedlings was ~25.1%, under the non-watered ones - ~8.0%.
Photosynthesis of watered seedlings was well associated with FAR, r = 0.84 (for non-watered seedlings, r = -0.34).

Fig. 7 shows the values of photosynthesis depending on the FAR, the curves approximating these values obtained
according to (1), and tangents to these curves at points corresponding to K,. The indicators characterizing the
photosynthetic features of the leaves of seedlings obtained according to (1) are summarized in Table. .

Figure 8 (a) shows the dynamics of the growth of the studied plants by the diameter of the trunk, and Figure 8
(b) shows its derivative, showing the rate of growth per day.

DISCUSSION

In the morning, the daily dynamics, Fig. 3-5, were characterized by a high degree of association of
photosynthesis with FAR, as well as a rapid increase in the values of photosynthesis to maximum values. At the same
time, saplings growing on SA1 had a high degree of association of photosynthesis with FAR and in the evening hours,
with the decline of FAR. In the midday hours, except for SA2 seedlings, the values under consideration were not
associated, and the midday depression of photosynthesis was clearly traced on the daily curves. At the same time, on
SA3 seedlings, midday depression was traced until the end of the day. In SA2 seedlings, photosynthesis was well
associated with FAR throughout the day. It should be noted that the maximum values of the FAR on SA2 were ~ 640
mmol-m’-s”', whereas on other sites - 1600 mmol-m?-s" and more.

The analysis of environmental factors showed that in our case, the main factors that could have inhibitory effects
on the photosynthesis of seedlings are FAR and their water supply, determined by soil moisture. To find out which of
these factors had the greatest inhibitory effect on photosynthesis, an experiment was conducted with additional
watering of seedlings. As can be seen from Fig. 6, FAR did not have any noticeable inhibitory effect on the
photosynthesis of the watered seedlings. However, as follows from the comparison of the dynamics of photosynthesis
with the dynamics of soil moisture, with a decrease in soil moisture, there is an increasingly depression of
photosynthesis.

The depression of photosynthesis caused by lack of water has a close effect on its net productivity. Net
productivity can be estimated by the increase in plant biomass. Indirectly, the increase in plant biomass can be
estimated by the growth of the plant in the thickness of the trunk. When comparing the dynamics of the growth of the
studied seedlings in thickness with the dynamics of soil moisture, it can be seen that with a decrease in soil moisture,
the increase also decreases, up to a negative value observed in plants at SA3, which we associate with a certain
shrinkage of wood.

The maximum values of photosynthesis for saplings on SA1 and SA3, Table 1, were approximately the same and
were limited by insufficient moisture content in the soil. Nevertheless, saplings on SA1, in comparison with SA3, were
characterized by better parameters of leaf growth and development, and, accordingly, biomass growth, Fig. §.

For SA2 seedlings, Table I, the maximum values of photosynthesis intensity were 5.0 mmol-m*s” and were
mainly limited by a limited FAR. Photosynthesis indicators of these plants were better than those of others, which
suggests that SA2 seedlings had a certain shade tolerance.

The watered seedlings were not subjected to any noticeable inhibitory effects from environmental factors. The
maximum value of photosynthesis for them was 10.5 mmol-m’-s”, and the values of photosynthesis efficiency indicators
showed that the leaves of these plants were still in the development stage.

Based on the analysis, we can make an assumption explaining the high degree of association of photosynthesis
of seedlings with FAR, as well as the rapid growth of photosynthesis to the maximum values observed in the morning.
This assumption is that during the dark time of the day, seedlings could restore their water balance. At the same time,
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the restoration of the water balance was possible until the moisture content in the soil corresponding to the withering
humidity was reached.

Thus, the depression of photosynthesis of H. odorata seedlings revealed during the study was a consequence of
their insufficient water supply, which was regulated by the moisture content in the soil. The greatest net productivity of
photosynthesis was distinguished by seedlings growing in more illuminated conditions. Seedlings growing in shaded
conditions were less exposed to lack of moisture. Seedlings growing in competitive relationships were subjected to the
greatest depression of photosynthesis.

Keywords: leaf, photosynthesis intensity, PAR, soil moisture, diurnal dynamics, light curve.

BBEJIEHHME

OTHOCHTENBPHO HEIABHO MYCCOHHBIE TPOIUYECKHE Jieca 3aHMMald oOmmHpHbIE Tepputopun FOro-
Bocrounoit Asum. K Hactosimemy BpeMeHH, B pe3ysbTaTe BO3ACHCTBHS Ha OTH Jeca aHTPOIOTEHHBIX
(akTOpoB, WX TUIOMIA]L CYIIECTBEHHO COKpaTuiach. JJaHHOE OOCTOSATENBCTBO OTMEUAETCS, B YACTHOCTH, U
Bo Brername. Tak, Hanpumep, Tonbko B iepuof ¢ 1943 mo 1995 miommaas necoB B 3TOi cTpaHe COKpaTHIIach
¢ 14 mo 8 mmu ra. Ilpm 3TOM clemyeT KOHCTAaTHPOBAaTh M TEHICHIIMIO JIETpajallliil COXPaHWUBIIUXCS
npesocroeB [Lung, 2001; Luong, 2014.].

EcrecTBenHOE BO30OHOBIIEHHE THX JIECOB TpeOyeT O4eHb OONBIIMX BPEMEHHBIX MepuooB. [1o 3Toit
MPUYMHE TIPUOOpETaeT aKTyaJbHOCTh HAINpPABICHUE HCKYCCTBEHHOTO TOJICPKAHHUS HMMEIOIIUXCS JIECHBIX
9KOCUCTEM, a TaKKe PEKOHCTPYKIIHs pa3pylieHHbIX. Hanboree 3HAUMMBIM pelIeHHEM, Peau3yIoNM dTH
HaTpaBJICHISI, SBJISICTCS BhIpAIIMBAaHHE B TAKUX HYKOCUCTEMAX Ca)KEHIIEB IPEBECHBIX PACTCHUH.

Jnst HanOolee panMoHAIBHON peanu3ani 0003HAYEHHOTr0 HaNpaBJIeHUs! BOZHUKAET HEOOXOIUMOCTh
B M3Y4YCHUH (PU3UOIOTHICCKUX OCOOCHHOCTEH HCIIONBb3yEMbIX JUISl 3TOTO BHJIOB pacTeHUi. B aToMm pakypce,
HanboJee 3HAYMMBIMU SIBJISIFOTCSl MICCIICAOBAHMS, CBSI3aHHBIC C ()OTOCHHTETHYECKHM Ta3000MEHOM. JTHM
WCCIIEIOBaHUsAM yJemnsiercsi ocoboe BHHMaHuwe. OJHAKO 10 OTHONICHHIO K JPEBECHBIM II0pOJiaM,
MPOU3PACTAIONIMM B YCIOBHAX TPOIMHMYECKOTO Jeca, OOO03HAUCHHBIM AacleKT WCCIEAOBAHUHN SIBISCTCS
MaJou3y4eHHbIM. B 0COOEHHOCTH 3TO OTHOCHTCS K JiecHbIM MaccuBaM FOkHoro Beernama. [lo kpaiineit
Mepe, HaMH He ObUI0 OOHApY)KEHO KaKuX-TuOo padoT, 3aTparnBarolmIMX O003HAUEHHOE HaIpaBicHUE
HCCIIEIOBAaHUI B ’TOM pailoHeE.

B nmanHO#t paboTe TpeACTaBIIEHBI PE3YNbTaThl HCCIENOBAHWW, CBSI3aHHBIE C HM3yYEHUEM
¢dorocunTeTHYEeCcKOro razoodoMena CO, Ha ypOBHE JIMCTa in Situ cakeHieB Xomed Aymmcron (Hopea
odorata Roxb.). H. odorata sBnsiercst omHON M3 3HAYMUMBIX JIECOOOPA3YIOIIUX MOPOJ TPOMUYECKOro jeca
IIMPOKO HCIOJB3YETCS B JICCOBOCCTAHOBUTEIBHBIX Meponpusatusax [Mahani et al., 2002; Hazandy et al.,
2009; Dong et al., 2014].

[ony4eHHble pe3ynbTaThl OYAyT CHOCOOCTBOBATH JYYIIEMY TEOPETHYECKOMY MOHUMAHHUIO POCTa W
pa3sBUTHA pPACTCHUI 3TOro BHJA, 4YTO OyJeT cojelcTBOBaTh Oojee palMOHAILHOMY IUIAHUPOBAaHHUIO
JIECOBOCCTAHOBHTEIFHBIX MeponpusaTHii. Kpome 3Toro, nogydeHHbIe KOMTUYECTBEHHBIC BETUYMHBI CYTOYHBIX
MOTOKOB (POTOCHHTETHYECKOT'0 Ta3000MeHa Ha YPOBHE JIMCTA, a TAKKe (PU3HONOTHYECKIE PeaKIui PacTeHUS
Ha YCJIOBHS BHEIIHEW Cpeibl, MO3BONAT Ha Oojee KauyeCTBEHHOM YpPOBHE TOAOHTH K OIIGHKE IMOTOKOB
yriiepojia B COOTBETCTBYIOIIUX YKOCHCTEMAX.

OBBEKTBI 1 METO/JIbI UCCJIEAOBAHU A

OO0beKT uccae10BaHNS U YCJAOBUS NPOU3PACTAHUA

UccnenoBanus npoBoauiuchk ¢ sHBaps no ampens 2020 Ha TeppUTOpHH HaIMOHAIBHOrO mapka Kat
Teern (FOxwubrii Brernam) [Nguen, Anichkin, 2011]. [lapk HaxoauTcsi B 30HE CyOIKBaTOPHAILHOTO
TPOMHMYECKOI0 MYCCOHHOTO KJIMMAaTa, XapaKTEePU3YIOIIErocs IBYMs BBIPAKEHHBIMH CE30HAMHU: CYXUM,
MPOJIOJDKAIONIMMCS C HOSIOPS TI0 arpeiib, U BIAXHBIM - ¢ Mas 1o OoKTsA0ps. CyMMa 0caJKoB B CYXOil CE30H
cocrapysier 10 15 MM-Mec™, BO BaxHsIii - 10 440 MM Mec' . Cpe/lHEMeCSUHas TEMIIEPATypa U3MEHSETCS OT
24°C B suBape a0 28°C B anpene [Deshcherevskaya et al., 2013]. ITouBsl OonblIeH YaCTH TEPPUTOPHUH MTApKa
KpacHO-XeNThle heppaluiTHBIE, CYTITMHICTOrO TpanynoMerprueckoro cocraBa [Okolelova et al., 2014].
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OOBeKTOM HCCIIeAOBaHUS ObUIM BBIOpaHBI TpexjeTHUE caxeHUbl H. odorata. CaxeHIbl OBbLIH
BBICaXKEHBI B cepeaune ssHBaps 2020 B XO7e JIECOBOCCTAHOBUTEIBHBIX MEPOIPHUSATHH HAa PACUUIIICHHOM OT
KyCTapHHKOBOH pacTuTeNbHOCTH ydacTtke jieca (11.41530° c.mr., 107.42460° B.x.). [{nst HabroneHuid ObLTH
oroOpanbl 25 caxeHieB. CpelHss BBICOTA CaKEHIICB HA MOMEHT mocaiku coctaBisuia 110.0+0.5 cm
(CranpmaptHoe oTtknonenue SD = 14.4 cm), a ux cpennuid quamerp Ha Bbicote ~10 cm - 8.3+0.1 mm (SD = 0.6
MM). [lo ycloOBUSIM OCBEHIEHHOCTH Yy4YacTKa HM  MECTOPAcCHONOKEHUS CaKEHIICB OTHOCHTEIBLHO
MPOU3PACTAIONICH 3/IeCh PACTUTENBHOCTH, YYACTOK OBUI pa3jelneH Ha TPU DKCIIEPUMEHTANBHBIC TUIOMAJIKH
(SAI1, SA2, SA3), puc. 1.

oY 22 N | [JpeBecHo-KycTapHUKOBas pacTUTENbHOCTb 5m

Pucynok 1. Tlnan y4yacrka ¢ pacHOJIOKEHHBIMA HA HEM HCCIENYEMBIMU CaKeHIAMHU (CAKEHIBI 00O3HAYEHBI
3aKpalleHHBIMH KPY)KKaMH), a TaKKe B3POCIBIMH JIEPEBBIMU (JIepeBbsi 0003HAYEHBI KPY)KKaMHU Pa3IMYHOrO AUaMETpa,
OTpa)karoLIUMH UX pa3Mep).

[Tnomanka SA1 (caxenus! Ne 1-16) pacmonaramack Ha OTHOCHUTEIBHO OTKPBITOM IPOCTPAHCTBE.
OcCHOBHOE 3aTE€HEHHE TUIONIAJKU TPOUCXOUIIO MPH BOCXOJE CONHIA - M3-3a PACTyIIMX C €€ BOCTOYHOH
CTOPOHBI B3pOCIbIX AepeBbeB. CymmapHoe 3HadeHne OAP, mpuxonsieiics Ha CakeHEI[ 3TON TUIOIIAIKH,
coctaBsio 25.7+1.2 Momb-M~ (3Hauenus DAP monydeHsl mo JaHHBIM m3MepeHmii 06.02.2020, B
MPaKTUYECKH 0€300JIaYHbIN ACHB ).

[Tmomanaka SA2 (caxkenisl Ne 17-20) pacmonaraiachk moa KpoHaAMHU B3pPOCIHEBIX JepeBbeB. OcBelieHne
IJIOIIAIKY MPSIMBIMH COTHEUHBIMH JIydaMy HaOJII0aJI0Ch TOJIBKO B YTpeHHHUE Yachl 0koiio 9:30. CymMmMapHoe
snauenne AP, npuxouIeiics Ha caXKeHell Toil IIOMAAKH, cocTaBsuio 10.8+0.5 Momb M~

[Tnomanka SA3 (caxenupst Ne 21-25) pacmnomaranack HENOCPEICTBEHHO Y 3alaJHOW TPaHMIIBI
y4acTKa, MPUMBIKAIOIICTO K HeTPOHYTOH yacTH Jieca. HaOmoqaeMble Ha Hell CasKeHIIBI ¢ 3amaJHOi CTOPOHBI
W YACTHYHO CBEPXY 3aTCHSUIMCH MPOU3PACTAIONICH PSIOM PACTHTENHLHOCThIO. TakuMm 00pa3oMm, y4acTok
XapaKTCprU30BaJICd HEPABHOMCPHLIM OCBCHICHHUEM OTACIBHBIX CAXXCHIIEB B TCUCHHUC CYTOK. HpHMBIe JIydun
COJIHIIA TTOTTAJIAJT Ha OT/ICIbHBIC CaXKEHIIBI TOJBKO B MIEPBOH MoJIoBHHE JTHS, 10 ~11 1. CymMMapHOe 3HaveHHe
OAP, mpuxoasiencs Ha caxeHelr, cocTaBisuio 9.2+0.4 MOJIb M 2.

Bo Bpems mocamkm, a tarkke 12.02 m 19.03 caxxeHIBI MOIMBAINCh. Pacxos BOABI MpHU TOITHBE
coctaBsul o 3-5 11 Ha pacrenue. 17.02 Ha yJacTKe mpoImien MPOIWBHOW JAOXKIh — BhIMano 7.9 mm. s
BBIICHCHHUA BOIIpOCa O BJIIMAHUM COACPIKAHHA BJIalr'M B MOYBE€ HA COCTOAHHUE MCCIICAYEMBIX paCTeHI/Iﬁ,
caxxeHIrsl Ne 4-9 ¢ 26.03 mo 5.04 yepes kaxapie 2-3 JHS MOJUBAIUCH. Pacxo BOJBI Ha TIOJUB COCTABIIUI 5 J1
MOJ| K&XKJ0€ pacTeHue.

H3mepenne (pOTOCHHTETHYECKOTO Ira3000MeHa

IIporecchl  (hoTocuHTE3a MBI  paccMaTpuBaiud ¢ mo3uiuii razoodomeHa CO,. MHTeHCHBHOCTB
¢dorocunTe3a (POTOCHHTE3) M3MEPSIIACh C MTOMOIIBIO MOPTATHBHOMN ra3oaHalu3upyloliel cucremsl Portable
Photosynthesis System LI-6800 (Li-Cor, CIIIA).

Jnst MccnenoBaHusl MCHONB30BAINCH C(HOPMUPOBABIIMECS HHTAKTHBIC JIMCTHS, MMPOU3PACTAIOIINE B
BEpXHEW YacTH KPOH ca)XeHlEeB. M3MepeHus BBIMOIHSINCH in Sifu Ha YaCTH JIMCTA, OTPAHUYEHHON paMKOH
W3MEpUTENHHON KaMephl prbopa ¢ aneptypoit 3x3 cMm. M3mepeHue Ha OTACTHHOM Ca)XXeHIIe TPOU3BOTUIIOCH
OJTHOKPATHO, HO B cIy4ae HEOOXOIMMOCTH TyOIHpPOBAaIOCh.

OcHoBHBIe U3Mepenus Obutn npoeeneHs 06.02.2020, 23.02.2020, 18.03.2020 u 06.04.2020, Hauunas
C TEMHOI'O BPEMEHHU CYTOK B IIPEAYTPCHHUEC YaChl, 1 3aKaHYMBAasd TCMHBIM BPEMCHEM CYTOK B BECUCPHUEC YaChI.
N3mepenust ObUTH OpraHU30BaHbl B BUJIE IIUKIIOB, B KOXK/BIA U3 KOTOPBIX BXOIMIIN MTOOYEPEIHBIC U3MEPEHUS
Ha KaXIOoM Hu3 25 caxkeHIleB. Bpems, 3aTpaunBaeMoe Ha MPOXOXKIEHHE OJHOTO LMK, cocTaBisio 10-50
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MUH U 3aBHCENIO OT BPEMEHH CYTOK. Tak, BO BpeMsI OTHOCHUTENLHO OBICTPO MEHSIFOIIECHCSI OCBEIICHHOCTH, B
YTpEeHHHE U B BEUEpHHUE 4achl, 3T0 BpeMms cocTaBiaio 10-20 muH. B monmyneHHple 9achl U TEMHOE BpeMs
CYTOK 3TO BPEMsl YBEITHYHUBAIOCh.

[Ipu mpoBeneHnn wu3MepeHuit, B u3MepuTenbHol kamepe LI-6800 ycraHaBIMBaIWChH CIETYIOLINE
napamMeTpbl MUKpOKIMMaTa: KoHnentparus CO, 400 MKMob-Monb ', TeMmepaTypa Bo3ayxa 33-35 °C, ero
OTHOCHUTENbHAST BIAXHOCTh — ~60%. DAP wu3mepsnack ¢ MOMOIIBIO JaTYMKA, PACIOJIOKEHHOTO B
M3MEPHUTEILHON KaMepe mpudopa.

H3Mepenne BIaKHOCTH MOYBBI U PUPOCTA

ConeprxaHure BJIard B MTOYBE ONPEAEsIOCh B 12 ¢M MOBEPXHOCTHOM ciioe. J[JIsl 3TOro ncmosb30Baics
nouBeHHbIN Bilaromep HydroSense II (Campbell Scientific, Inc. CIIIA). Binaromep mo3BojsieT onpenensTh B
MPOIIeHTaxX 00BEMHOE COJEpKaHue BOABI B MUHepallbHbIX mouBax (VWC). [ns KOPpEeKTHPOBKU TOKA3aHUH
BIaroMepa OblIa TIPOBEACHA €ro rpaJyHpoBKa, MO pe3ysibTraTaM KOTOpPO ObLia MoiydeHa (yHKIMOHAIbHAS
3aBHUCHMOCTb, TIO3BOJISIONIAS MepecyuThiBaTh VW(C B 3HaYeHHs] OTHOCHUTENHHOW BIAXKHOCTHU MOYBBI: W =
1.722-VWC*** (R’ = 0.96).

Jia v3ydeHus MmpupocTa Ca)KeHIIeB B TOJIIMHY, Ha BeicoTe 10 cM OT 3eMin B ABYX a3UMyTaJbHBIX
HanpasieHmsix - CHO u 3B, m3mepsiuchk auamerpbl creOis, KOTOpble ycpemHsuich. st ompeneneHus
MPUPOCTa CaKEHIIEB B BBICOTY, 3aMephl IPOM3BOAMIIUCH OT PEMEpHBIX TOYEK, OTMEUYEHHBIX Y OCHOBAaHUU
BEPXHHX MYTOBOK pacTeHuid. V3MepeHusi MpOBOAMIKMCH C TOMOIIBIO IM(PPOBOTO IMTAHTEHIHMPKYIS H
PYJETKH.

CyTouHasi AJMHAMUKA U KPUBbIE 3aBUCUMOCTU (oTocUHTE3a 0T DAP

W3mepeHHbIe BETHYMHBI (POTOCHHTE3a IPYIIMPOBAIMCH 110 BPEMEHH MPOBEIACHUS 0YEPEIHOr0 UK
3aMEpOB U yCPeIHsIMCh. [10 MoMydeHHBIM JaHHBIM CTPOMJIN CYTOYHYIO TUHAMHUKY.

JlIs  MaTeMaTHYeCKOro OMHCAHMS 3aBUCUMOCTH (orocuHTe3a oT DAP ObUIO HCIIOIB30BAaHO
ypaBHeHne Muxasnuca — Menren [Michaelis, Menten, 1913; Briggs, Haldane, 1925]. Oto ypaBHeHUE MBI
KCIOB30BaANIM B MoauduiiupoBanHoi ¢popme [Kaibeyainen, 2009]:

A=An Q/(Q + Ky) + Aq, (1)
rae A — MHTEHCUBHOCTH (POTOCHHTE3a, MKMOIb M ~-C ' Ay — MAKCHMAabHAs MHTCHCHBHOCTD (DOTOCHHTE3A,
KOTOpasi HAaONIOMACTCS Yy PACTEHHs, MPOM3PACTAIONIEr0 B AAHHBIX YCIOBHAX, MKMOIb-M -c' [Berezina,
Afanas’eva, 2009, p. 13]; Q — AP, MKMOJIb'M >*C”'; A4 — HHTEHCHBHOCTD [IBIXQHHS pu O=0, MKMOJIb"M 2+
(mokazarenb A4 XapaKTepu3yeT HHTEHCUBHOCTh PAacxojia 3alaceHHbIX MUTATEIbHBIX BEIIECTB HA Pa3BUTHE U
nojepkanue xkuzHenearenpHoctr mcra [Hieke et al., 2002]); Ky - xorncranta Muxasnnca (KOHCTaHTa
yucnenHo paBHa OAP, mnpuH KOTOPOM MHTEHCHBHOCTH (POTOCHHTE3a COCTABIISICT IIOJOBHHY OT
MaKCUMajbHOH). 3HaueHusi Ky MCIONB3YIOTCS HCCICAOBATEIAMUA TPU CPAaBHEHUH (DU3HMOJIOTHUYECKUX
ocobenHocreit pacrenuit [Hieke et al., 2002; Kaibeyainen, 2009]. 13 ypaBuenus (1) omnpezaensiach Touka
komrnencanun csera (TKC), MKMOJII)‘M-Z‘C-], KOTOpasi TOKasbIBaeT, MpU Kakod wuHTeHcHMBHOCTHU DAP
(doTocuHTE3 CTaHOBUTCA paBHbIM HymO [Farah Shahanim et al., 20170mu6ka! McTOYHHK CCHUIKH He
Haiigen.]. [Tokazatens 7KC cBsi3aH ¢ MHTEHCUBHOCTBIO JBIXAHHUS JTUCTA M XapaKTEePHU3yeT MPOIIECC U CTAIUIO
€ro pa3BUTHSL

Juis onerku 3¢ HEeKTUBHOCTH (DOTOCHHTE3a Mbl MCITOJIb30BAIN YIIIOBOW KO3(D(HIMEHT KacaTelbHOM
(a) x xpuBoit ¢ynkiuu (1) B Touke, coorBercTByomiel Ky. C (U3MYECKOH TOYKH 3pEHHS, 3TOT
ko3 durmeHT oTodbpakaer CKOpocTh U3MEHEeHHUs (oTocuHTE3a Npu n3MeHeHnn O AP Ha oflHY eMHUILY.

CraTucTuyeckuii anaaus

AHanM3 JaHHBIX U IOCTPOCHHE TpaMKOB IMPOBOIWIMCH C IOMOIIBI) MATEeMaTHYCCKHX METOJI0B
CTaTHCTUKU C HCIoib30BaHueM cpenasl MS Excel. O0paboTka HaHHBIX MPOBOAMIACH C IOMOILNBIO MaKeTa
"OnwucarenbHas cratuctuka” (p<0.05). CreneHu accolualyy UCcCieyeMbIX HaOOpOB JaHHBIX ONMPEEISUIHCh
¢ noMomplo ko3 ¢uimeHToB Koppemsauuu [lupcona (v). s OlEHKM MaTeMaTHYeCKOro OIMHCaHHUS
MOJTyYEHHBIX HA0OPOB JaHHBIX MCIIOIL30BANICA KOI(DOHUIIMEHT AeTepMUHAIIUH (RZ).

3nauenus Ky B ypaBHenuu (1) monbupanuch ¢ momomnipio nakera "[lapamerpsl moucka pemeHus"
(npenenpHOE uncnmo ureparuit 100, otHOCcHTEnpHAs morpemHOCcTh 0.00001, momyctumoe orkioneHnue 5%,
cxomqumocth  0.0001). VrmoBoit koadduumeHT @ KacaTedbHOW K KpuBod QyHkmum (1) B TOUKe,
coorBercTByIOIICH Ky, a Takke KOI(DQUIMEHTH ypaBHEHHS MJIs 3TOW KacaTeIbHOW, OMPEACISIMCH C
MTOMOIIIBIO MaTEMaTUYECKHX METO0B auddhepeHnnpoanrs. CyMMapHbIe 3HAYCHUS HCCACAYEMbIX BETHUNH
OTIPECISTUCH METOIOM HHTETPUPOBAHUSI.
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PE3VJIBTATBI

BiakHoCTb MOYBBI
Cpennuie 3HaUYEHUS OTHOCUTEIHHOW BIAXXKHOCTH MOYBHI W/ Ha KaXKIOW ONMBITHON ILIOMIATKE, a TaKKE
maHku SD 0ToOpaXkeHbl Ha TUCTOrpamMme, puc. 2.
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Bpems, I.M.

Pucynok 2. Cpennue 3Ha4eHUss OTHOCHTENIBLHON BJIAKHOCTH MOYBBI, W, Ha o0bekTax mccienoBanus. [l1aHKu Ha
THCTOrpaMMe OTOOpaKatoT BeTHIUHBI SD.

Kaxk BugHO 13 pHC. 2, JIOKAJIM30BaHHBIN MOJIMB PACTCHUN B TIEPUOJ] HAOIIOCHHUI JOCTATOYHO OBICTPO
WCTOIIAJl CBOM pecypchl. I[Ipm 3TOM yMEHBIIEHHWE BIAXKHOCTHM TIOYBBl MOXXKHO OXapaKTepHU30BaTh
9KCIIOHEHIINANBbHOI 3aBUCUMOCThI0. HanpuMmep, ypaBHEHHE 3KCIIOHEHTHI, ToydeHHoe 3a nepuo ¢ 20.02 mo
18.03 mnst muomaaku SA1, BeIMIAAETO craeayommM odpasom: W = 28.3exp(-0.029x) (R’ = 0.89), rae x —
nopsAaKoBsIit HoMep fHs. CornacHo npemnokenHoi A.H. Ky3HenoBsIM rpaganuy KaTeropuii BIaXKHOCTH IS
KpacHO-KenThiXx (eppaummtHeix mouB [Kuznetsov, 2003, p. 33], BmaxHocts mnouBbl HIke 10%
COOTBETCTBOBAJIA BIAXKHOCTHU 3aBS/IaHUSL.

CyTtounasi fuHamMuka gorocunte3a u AP
Ha puc. 3 (a, 6, 6) npencrarieHbl rpaduky, 0TOOpaXkarole CYTOYHYIO TUHAMUKY (DOTOCHHTE3a U
®AP caxeHIies, npouspacraronmx Ha miomaake SAl. B yrperaue yackl POTOCHHTE3 dTHX CaXKCHIICB ObLIT
TeCHBIM 00pa3zoM cBs3aH ¢ AP — momydeHHble KOI(QUIMEHTH KOPPEISIUN Ui PAacCMATPUBAEMBIX
3aBucuMocterd cocraBmm 0.94, 0.90 u 1.00, coOoTBeTCTBEHHO. AHAJOTMYHASI CUTyalMsl OTMedajaach W B
BEUCpHUE 4Yachl, npH crmaae (OTOCHMHTE3a. B MONyAeHHbIE 4Yachl pacCMaTPUBAEMbIC BEITUYHHBI
accoruupoBanbl He Obutd. K 18.03 amukanbHBIA MPUPOCT HAa MoOerax CakeHIEB Ha Iuiomanke SAl
MPEKPATHUIICS, & HA MHOTHX M3 HUX YCOXJIM ImoOeru, Hayasiuecs GopMupoBatbes. KpoMe 3Toro, HEKOTOphIe
M3 Ca)KCHIIEB MTPHOOPENY MPU3HAKHY 3aBSIaHMs: TUCThS Ha HUX HAYaJld CKPYYHUBaThCs B TpyOouky. [Ipu aToM
noyuB cakeHieB 19.03 He okasal CymecTBEHHOTO BIUSHUS HA UX COCTOSIHHE.
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Pucynok 3. Cyrounas IMHAMHKA WHTEHCHBHOCTH (orocunresa, 4, 1 ®AP, O, cakeHIEB, NPOU3PACTAIOIIMX HA
rrontaake SA1. [lnanku Ha rpadukax oToOpa)xcaroT BeTHIUHbL SD.

Ha puc. 4 (a, 6, g) npeacrasieHsl rpaduky, oToOpa)karolye CyTOuHbIe TUHAMUKHA (OTOCHHTE3a W
®AP caxennep Ha momanake SA2. B nmepuoasl namepennit 06.02 u 23.02 (puc. 4 (a, 6)) dorocunTe3
Ca’KeHIIeB Xopomio koppenupoBai ¢ PAP B npogomkenue cyTok: Ko3pPHUIMEHTH KOPPESIIHHA COCTaBHIIIH
0.80. M3mepenue 18.03 (puc. 4 (8)), Ha00OpPOT, HE BBIABUIIO TeCHOH Koppemsuuu: » = 0.22. BHemHux
MOP(OIOTHIECKAX TMPHU3HAKOB, YKA3bIBAIOIIMX Ha YBS/IaHHE CaKEHIIEB, He oTMedanoch. OJHaKo ObLIO
OTMEUYEHO MOBPEKICHHUE JIUCTHEB YIUTKAMH, KOTOPOE, TI0 BU3yaJIbHOM OIleHKe, cocTaBuio ~10%.
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Pucynok 4. Cyrounas nuHaMuKa UHTEHCHBHOCTU (orocuuTe3a, 4, u ®AP, O, cakeHIeB, NPOU3PACTAIOIIMX HA
rrontaake SA2. [lnanku Ha rpadukax oToOpa)caroT BeTHYUHBL SD.

Ha puc. 5 (a, 6, 6) npencrarieHbl rpaduky, 0TOOpaXkaroIIle CYTOYHYIO TUHAMUKY (DOTOCHHTE3a U
®AP caxeniieB Ha miomaake SA3. @OTOCHHTE3 ITHX CAKEHIICB B YTPEHHHUE Yachl ObLI TeCHO CBsizaH ¢ DAP
— K03(hUIMEHTH KOPPEISIUN JIJIsl paccMaTpuBaeMbix 3aBucuMocteid cocrawim 0.98, 0.91 u 1.00,
COOTBETCTBEHHO. B nanbpHelillieM paccMaTpuBaeMble BEIMYMHBI HE MOKa3ajdd TaKOH TECHOM 3aBUCHUMOCTH.
[Nonmaganue TPSMBIX CONHEYHBIX Jy4ed Ha OTACIbHBIC Ca)XXCHIBI B YTPEHHHE 4Yachl BBI3BIBAJIO y HHUX
nerpeccuro porocunareza. C 03.03 caxeHII HAYald TPOSIBISATH NMPHU3HAKH YCBIXAHUS: JIUCThSI HA HHUX
MOHWKJIM, @ Ha HEKOTOPBIX Haualu CBOpauuBathes B TpyOouky. K 18.03 comeprkaHue BiIard B mouBe Ha 3TOM
Y4acTKe COOTBETCTBOBAJIO BIIAXHOCTH 3aBsiaHus (puc. 2). B pesynbrare 3TOr0 anmmkaibHBINA MPHPOCT Ha
no0erax CajkeHIIeB MPeKpaTuiIcs, a mooern, HauaBimecst GopMupoBaThes, ycoxin. HekoTopblie u3 cakeHIieB
MpHOOpENY MPU3HAKK YCTOMYMBOTO 3aBSIaHUS - INCThSl HUX HAaYallll CKPYYHUBATHCS U YCBIXATh.

Ha puc. 6 mpencrapiieHsl rpaduku, OTOOpa)KalolIMe CYTOUHYK AMHAMHKY (orocuHTe3a u DAP
MOJIMBACMBIX U HE TIOJIMBAEMBIX CA)KCHIIEB, IOJIYUYCHHYIO TMPU H3MepeHusx 6.04. BrnaxxHocTh MOYBBI TOA
MOJIMBAEMBIMH CaKEHIIaMHM cocTaBiisia ~25.1%, a mox He nmonuBaeMbIMU - ~8.0%. DOTOCUHTE3 MOJIMBAEMBIX
caxkeHIieB xoportio koppenupoBai ¢ AP, = 0.84 (11 He monuBaeMbIX caxxeHIleB » = -0.34).

3aBucumocth porocunreza or DAP
Ha puc. 7 (a, 6, 6, 2) oToOpakeHbl 3HaYeHUS (HOTOCHHTE3a B 3aBUCUMOCTH 0T DAP, monydeHHbIe IS
caxkeHileB Ha miomankax SAl, SA2, SA3 u nmonuBaemMbIx cakeHleB - Ha SAl, coorBercrBeHHo. Ha stHx
pPUCYHKaX TIIOKa3aHbl TaKKe€ KPHBBIC, AaMMPOKCUMHUPYIOIMIME OTH 3HAYCHHS, IIOJNYYCHHBIC COTJIACHO
ypaBHeHuto (1), 1 KacaTenbHbBIE K 3TUM KPUBBIM B TOUKaX, COOTBETCTBYIONMX 3HaueHusAM Ky Kpusbie ams
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caxxeriieB Ha Turomankax SAl u SA3 (puc. 7 (a, 6)) ObIIH MTOCTPOCHBI 110 JaHHBIM, TIOIYYEHHBIM JI0 Hadyaa
MPOSIBJICHHS JIepeccui (POTOCHHTE3a, a JUTS cakeHIeB Ha SA2 1 nmonmuBaeMbIX caxkeHrieB Ha SA1 (puc. 7 (6,
2)) - IO TaHHBIM, TTOJIYYCHHBIM B TCUCHHE JTHS.
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Pucynok 5. Cyrounas nuHaMHKa WHTCHCHBHOCTH (orocunTte3a, A, u ®AP, (O, caxeHIeB, MPOU3PACTAIONIMX HA
rrontaake SA3. [lnanku Ha rpadukax oToOpa)xcaroT BeTHIUHbL SD.

[Nokazarenu, xapakTepu3yronme GOTOCHHTETHYECKHE 0COOCHHOCTH JIMCTHEB CaXKEHIIEB, MOTY4CHHBIE
cornacHo ypasHeHuio (1), a Takke 3HaueHHst R’ IS HONYYCHHBIX KPUBBIX M KOJNMYECTBO MPOBEICHHBIX

M3MEPEHUH 7, CBEICHBI B Ta0JI. 1.

Taémuua 1. [TokazaTenu, xapakrepu3yroiue (OTOCHHTETHUECKUE OCOOCHHOCTH Ca)KCHIICB

Ne SA R2 n Am’ | a KM Ad’ | TKC’_Z -1
MKMOJIb'M °C MKMOJIb'M °C MKMOJIb'M " °C
SA1 0.75 199 6.8 0.012 146.0 -0.22 5.0
SA2 0.81 61 5.0 0.017 72.9 -0.15 2.3
SA3 0.88 49 7.0 0.015 115.4 -0.10 1.7
SAl 0.91 74 10.5 0.011 240.4 -0.50 12.0
(momnuB)

IIpupoct ca:keHuen
Ha puc. 8 (¢) mokazana nuHamMHKa IPUPOCTa UCCIIEAYEMBIX PACTEHUH IO AUaMeTpy CTBOJIA, a Ha pHC.
8 (6) - ero mpouzBoIHAs, OTOOpaXKAIOIAsi CKOPOCTh IPUPOCTA B CYTKH.

110



2000
o i
& 1600 ©
= =
o .
5 1200 &
g s
g &
- Sa) 2'\
‘C Q
400
0

Bpems, 4

Pucynok 6. Cyrounas nuHamMuKa WHTEHCHBHOCTH (orocuHTe3a, A, mnonusaeMbix (AW) u He nomuBaembix (AD)
caxeHleB Ha momaake SA1 n ux ®AP, Q. Ilnanku Ha rpadukax oToOpaxkaroT BeInduHbl SD.
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Pucynok 7. 3naueHus HHTCHCUBHOCTH (oTocuHTEe3a, 4, B 3aBUcHMOCcTH 0T PAP, Q, nonydyeHHble Ha miommaakax SAl
(a), SA2 (6), SA3 (6) u monuBaeMbIX cakeHNax (e). [loka3zaHbl ANMPOKCUMHUPYIOIIUE 3TH 3HAUCHHS KPHUBHIC,
TIOJTyYeHHBIE COTNIacCHO ypaBHeHUIO (1), M KacaTeabHbIE K 3THM KPHBBIM B TOYKaX, COOTBETCTBYIOIIUX 3HAUCHUAM K.

OBCYKJIEHUE

CyTouHble AMHAMUKH (POTOCHHTE3a CakeHIleB Ha ruiomaake SAl (puc. 3 (a, 6, 8)) XapaKTepHU3yIOTCS
1) cpaBHHTENBHO OBICTPHIM YTPEHHHMM pPOCTOM  (OTOCHHTE3a JO MaKCHMAaJbHbIX 3HAYCHUH,
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MPOAOJDKAIOMUMCS 10 ~9 49; 2) MOCIASAyIOIIMM IUTAaBHBIM YMEHbIIEHHEM (OTOCHMHTE3a 10 3HAYCHUU,
COOTBETCTBYIOIIUX TMOYACHHOHN Menpeccuu; 3) MOMyIeHHON Jenpeccrei, MpOsSBIISIONISHCS B TOM UM MHOU
CTeNeH! U Tponoikaromeics ¢ ~13 mo ~15 4; 4) cienyromuM 3a Jenpeccueil HeKOTOPHIM YBETHYEHUEM
¢dorocunTe3a; 5) nmampHeWmMM crnajgoM (OTOCHHTE3a /0 HYJEBBIX 3HAYCHHH W 6) OTpHIATEIHHBIMH
3HAa4YCHUSIMU q)OTOCI/IHTe?,a JIMCTBEB, UX OBIXaHUCM, 3aKOHOMECPHO q)HKCI/IpyeMBIM B HOYHBIC YacChl.
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Pucynok 8. Jlunamuika npupocTa UCCIeAyeMbIX pacTeHuii B Toimmuy, AD, (a) ¥ CKOPOCTH IIPUPOCTa B TOJIIUHY, V,

(©).

Cyrounast nuHamuka (OTOCHHTE3a CakeHIeB Ha momanke SA2 (puc. 4 (a, 6, 6)) TaKkke
XapaKTepu3yercss CPaBHUTENBHO OBICTPBHIM YTPEHHUM yBeIHUYEHHEM (OTOCHHTE3a 10 MaKCHMaJIbHBIX
3HAYCHMH, HO TIpoxokaroimuMmcs 10 ~9:30. Hdenpeccus ¢orocunTesa orMmeuanacs 18.03 ¢ 12:30 mo 14:30
(puc. 4 (8)).

CyTtouHble qUHaAMHUKH (POTOCHHTE3a Ca)KeHIeB Ha turomanke SA3 (puc. 5 (a, 6, 8)) XapakTepU3yIOTCS
OBICTPBIM YTPEHHHM POCTOM (POTOCHHTE3a J0 MaKCHMAaJbHBIX 3HAYCHHUH, MPOJOIKAIONIMMCS 10 ~8 1, a B
JalbHEerIIeM - ObICTPBIM criaioM (OTOCHHTE3a JI0 ero MUHUMAJIbHBIX 3HaueHuH (puc. 5 (8)). B nanbpHeiiiem,
JI0 KOHIIA JIHSI KaKOro-TMOo yBenuueHus: poTocuHTe3a He Habmomanock. Kpome Toro, monajmanue mpsMbIx
COJIHEYHBIX JIydeil Ha OT/ENbHBIC CaKEHIIBI B YTPEHHHUE Yachl BBI3BIBATIO y HUX JIEIpEcCHI0 (HOTOCHHTE3A.
[Mono6HOEe TOBeACHUE ATOW CYTOYHOM AMHAMHUKH OOYCIIOBIMBACTCS TEM, YTO HA YCIIOBHS MPOH3PACTAHUS
Ca)KEHIICB OKa3bIBallll HEraTUBHOE BIIMSHUE KOHKYPEHTHBIE OTHOIICHUS CO CTOPOHBI MPOH3PACTAIOIICH
PSIOM IPEBECHO-KYCTAPHUKOBOM M TPaBSIHUCTOH pPacTUTENBHOCTH. B HamOonbliel CTENneHd 3TO BIHSHUE
MPOSIBIISUIOCH B OOJiee MHTEHCHBHOM HMCCYNICHUH TOBEPXHOCTHBIX CIIOEB IMOYBBI KOPHEBHIMU CHCTEMaMHU
3THX pacTeHui (puc. 2).

C yd4eToM BBINIECKa3aHHOTO, & TAKXKe MPUHAMAs BO BHUMAaHKE pacueTHbIe 3HaYeHUST KO3(D(QUITMEHTOB
KOppesalny, MBI MOKEM pPE3IOMHpOBaTh cienyomiee. B yrpeHHue dackl CyTodHble AUHAMHKH (puc. 3-5)
XapaKTepU30BAIHNCh BBICOKOW CTENeHbl0 3aBucUMOCcTH (orocuHTe3a oT DAP, a Tarke OBICTPHIM POCTOM
BEIMYMH (OTOCHHTE3a J0 MaKCHMaJbHBIX 3HaueHWH. [Ipm 3TOM y CakeHIIEB, MPOHM3PACTAIONIMX Ha
miomaake SAl, BeICOKas CTEIEeHb CBsI3aHHOCTH (hoTocuHTe3a ¢ AP mpociekuBaiach ¥ B BEUCPHUE YaChI,
nipu cnage @AP. B monmyneHHbie yacel, 3a UCKIIOUEHNEM Ca)KEHIIEB Ha Iulomanke SA2, paccMaTpuBaeMble
BEIIMYMHBI HE OBUIM CKOPPEIMPOBAHBI, a Ha CYTOYHBIX KPHBBIX HYETKO MPOCIEKHBAIACH IONYACHHAS
nenpeccus ¢GorocuHTe3a. [Ipy STOM Ha CakeHIaX ¢ IUiomaaku SA3  monyaeHHas —JIeHpeccHs
MPOCISKUBANACHL 10 KOHIA AHA. UTo ke Kacaercs caxkeHneB Ha SA2, To y HUX (OTOCHHTE3 XOPOIIO
koppenupoBas ¢ GAP B TedeHHe Bcex CYTOK, 3a HCKIOUeHHeM 18.03, Korjga OTIMYHMTEIbHBIC NMPU3HAKU
CYTOYHOM NTUHAMUKU (HOTOCHHTE3a COOTBETCTBOBAIM TAaKOBBIM, HAOIIONAEMBIM Ha PACTEHHUSX C TUIOIIAIKH
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SAl. 3aech cnenyer oOpaTUTh BHMMAaHHME HAa TO, YTO MaKCcHMajbHble 3HaueHus PAP Ha miomanake SA2
cOCTaBISUIH ~640 MKMOJTB M >-C”', TOI/Ia KaK Ha APYTHX IUIOMmAakax - 1600 MkmMons-M~>-¢”' 1 Goree.

Ha ocHoBaHMM 3THX pe3ynbTaTOB, MBI BCE K€ HE CMOTIM OJHO3HAYHO OTBETHTh Ha CIEAYIOMINH
BOMPOC: KakWe (aKTOpbl OKpYy)Kalolieldl cpeasl B HauOONbIICH CTENEHH OKa3blBalld WHTHOMpYIOIee
Bo3JeiicTBHE HA (pOTOCHHTE3 UCCIenyeMbIX pacTeHnH. OCHOBHBIME (haKTOpaMH, KOTOPBIE MOTYT OKa3bIBaTh
uHrHOupytommii 3pdekr Ha (OTOCHHTE3, SABJSAIOTCI: OCBEIICHHOCTH, BOJ000CCIICUCHHE; KOHIICHTpAIUs
VIJIEKUCIIOTO Ta3a B aTMOC(EpHOM BO3JIyXe; TeMIlepaTypa - BO3JyXa, OpraHOB pPACTCHUS W TIOYBBHI;
BIIAXKHOCTH BO3/IyXa.

IIpu mpoBeneHuy HCCaEAOBAHUM TEMIEPaTypa U BIAXHOCTh BO3AYyXa B MU3MEpUTENbHOU kamepe LI-
6800 momnepxkuBamuch Ha ypoBHe 33-35 °C um 60%. CoOOTBETCTBEHHO, M TeMmIlepaTypa JHCTa
MOJJIEPXKUBANIACH B 3TUX Mpeenax. ITo - XOpollre Ui pocta caxeHneB H. odorata ycnosus. Temmepartypa
BEPXHHUX CJOEB IMOYBBI MOJ Ca)XEHLIAMU B cepefuHe JHS cocTaBisia 36-37 °C, uTo Takke He SABISIIOCH
AKCTpEMAaIIbHBIM yclioBHEM. KOoHIIEHTpaIysl yriieknuciioro ra3a B arMmocepHoM Bo3ayxe cocranisuia 405-500
MKMOJIb-MOJIb ', 4TO CYIIECTBEHHEIM 0Opa30M HE CKa3bIBAJOCh HA M3MEPSEMbIX BETHUMHAX (DOTOCHHTE3A.
CrnenoBaTenbHO, B HallleM cllydae, OCHOBHBIMU (DaKTOpaMH, KOTOPBIE MOTJIH OKa3blBaTh MHTHOUPYIOIIHE
nericTBys Ha (POTOCHHTE3 M3ydaeMbIX caxxeHIeB, ocraercst DAP u ux BomoobecrnedeHne, KOTopoe B MEPBYIO
odepellb ONPEAEISIeTCs BIAYKHOCTBIO TIOYUBHI.

Hnst Toro, 4roObl BBIICHUTH, KakoW W3 OSTHX (AKTOPOB B HaWOONBINEH CTENEHH OKa3bIBall
uHTHOUpYIOMH 3hdexkT Ha (OTOCHHTE3, MBI TPOBETH OKCIEPHUMEHT C JIOMOJHUTEIBHBIM ITOJMBOM
cakeHIleB Ha mromaake SAl. Bo3aMOXXHOCTh BIMSHHS NEPEYBIIaYKHEHHsI ITOUBBI HAa (JOTOCHUHTE3 CA)KEHIICB,
cornacHo uccienosanusM [Hazandy et al., 2009], Obu1a HCKITIOUCHA.

Kax Buano u3 puc. 6, ®AP, no kpaiineit mepe, 10 ee MaKCUMaJbHO HAONIOJA€MBIX 3HAYCHHH, HE
OKa3bIBaJia KaKOT0-TH00 3aMETHOTO MHTUOMPYIOIIErO BO3ACHCTBHS Ha (POTOCHHTE3 MOIUBACMBIX CaKEHIICB.
OO0 sToM roBOPUT M Xopomas Koppemsinus (orocuntesa ¢ ®AP. O xopomeit cnocodnoctu H. odorata
AKKJIMMATH3UPOBAThCS K BBICOKOW OCBEIICHHOCTH TroBopuTcs M B pabore [Dong et al, 2016].
CrnenoBatenbHO, HaOmogaemas —jgenpeccuss (OTOCHHTE3a CaKEHIIEB  SIBISIACH  CIICACTBHEM X
HEJIOCTATOYHON BOJO00ECIIEYEHHOCTH. JTO TaK)Ke BUJHO M3 COMOCTABJICHUS JUHAMUKU (OTOCHHTE3a (pHC.
3-5 u puc. 6 (xkpuBast AD)) ¢ TMHAMUKOM BIaKHOCTHU MOYBHI (pHC. 2): MPU YMEHBIIIEHUH BIaKHOCTH MOYBEI
BO Bce OOJIBINEH CTEMEHH MPOCIISKUBACTCS 3aKOHOMEPHO TMPOSIBIISIOIIASCS Jerpecchs poTocHHTE3a.

Henpeccust QoOTOCHHTE3a, BBI3bIBaEMask HEJOCTATKOM BOJbI, TECHO CBsi3aHA C YMEHBIICHHEM €ro
HETTO-NPOXYKTUBHOCTH. OIlleHKa HETTO-MPOJYKTUBHOCTH (OTOCHHTE3a TPOU3BOAUTCS IO TPUPOCTY
Ooromaccel pacteHus. KocBeHHO mpHUpocT OMOMAacCChl pacTeHHs MOXKHO OLIEHHTb, HAMPUMEp, MO MPUPOCTY
pacTeHHs B BBICOTY WJIM 10 TONIIMHE CTBOJA. B HAaIMX WMCCIEAOBAaHUSAX 3TH JiBa MapaMeTrpa XOpOIIo
KOppenupoBad ApyT ¢ apyrom, » = 0.78. OgHako NMPUPOCT CAXKEHIICB B BBICOTY, B OTIMYHE OT TAKOBOTO B
TOJNIIMHY, XapaKTepU30BajCs OIPEIEICHHON JeBUAlME, CBSI3aHHOM C TIONEPEMEHHOM aKTUBalUEn
anMKalbHBIX 30H MpUpocTa Tpu Oojee OMarompHATHBIX YCIOBUSX MPOH3PACTaHUS, HANPUMEp, IOCIE
MOJIMBA, U €r0 TIOCJICAYIOIINM YChIXaHUEM IIPH HEOCTaTKe Blaru. TakuM o0pa3oM, B HAIIIEM CITydae OLlEHKY
HETTO-TIPOJIyKTUBHOCTH IIEIec000pa3Ho paccMaTpUBaTh MO OTHOIICHHUIO K IPUPOCTY CaXKEHIIEB 110 TOJIIIHE.

[Ipu comocTaBieHUH NOWHAMHUKH TIPHPOCTA HCCIETYyeMBIX Ca)XCHIEB Mo TommuHe (puc. 8) ¢
JMHAMUKON BJIAYKHOCTH TOYBBI (pUC. 2) BHUJHO, YTO C YMEHBIICHUEM BIIAYKHOCTH ITOYBBI MPUPOCT TAKKE
yMeHblIaercs. [lelicTBUTENbHO, HaWOONbIINE TMPUPOCTHI CTBOJIA HAONIOJANMCh B TIEPBOE BpeMs IOCIe
nocasku caxenues, 10 10.02, 3a HCKIIOUCHHWEM CaKEHIIEB Ha Tutomianke SA3, MPUPOCT KOTOPHIX OBLI
He3HaunTenbHBIM. Jlanee, BIuioTh 10 03.03 momnepkxuBaanch OTHOCUTEIBHO HEIIOXHE TEMITBI IIpupocTa. B
JanpHelIeM HaOroIanacs TCHACHIMS K YMEHBIICHUIO MPUpOcTa, U B nepuoy ¢ 25.03 mo 06.04 mpupoct
MPAKTUYESCKU TPEKPATHIICS, BIUIOTh 0 OTPUIIATEIBHON BETMUNHBI, HAOMIOJaeMOW Y paCTEHUH Ha IUIOMIA Ke
SA3, yTo OBLIO CBSI3aHO, MO-BUAMMOMY, C HEKOTOPOH YCYIIKOM ApeBecuHbl. CaXkeHIlbl Ha muromaake SA2 ¢
03.03 xapakTepr30BaIHCh HECKOIBKO JIYUIIMMHU TIOKa3aTeNsIMH MpHpocTa (puc. 8 (0)) U, COOTBETCTBEHHO,
OroMacchl.

MakcuManbHbIC 3HaUYEHUS (POTOCHMHTE3a s CakeHIleB Ha rwiomankax SAl u SA3 (puc. 7 (a, 6),
Tabn.1) ObUTM TPUMEPHO OJIMHAKOBHIMUA M JIMMUTHPOBAIUCH HEIOCTATOYHBIM JIJIsI MOTHOIIGHHOTO pOCTa
pacteHmii cojepkaHueM Biard B mouse. OJJHAKO yrojl HAaKJIOHA KacaTelIbHOW U, COOTBETCTBEHHO, CKOPOCTh
HapacTaHus (OTOCHHTE3a, ObBUIM HECKOJBKO BBINIE Y CakeHIleB Ha Iuiomazke SA3. O0 3ToM roBopsT U
BenIHHbI Ky. OOBsICHsIETCS 3TO Ooliee paHHUM TOMAJaHHEM TPSMOTO COTHEYHOT'O CBETa HA CAaXKEHIIbI Ha
wiomanke SA3 B cpaBHeHMM ¢ TakoBbIMH Ha SAl. C npyroi croponsl, mapamerpsl 4q u TKC, Obuin
CYIIECTBEHHO JIyulle y caxkeHileB Ha SAl. TakuM 00pa3oM, CayKeHIIbI ¢ TUIOMAAKH SA1 XapaKTepr30BaIUCh
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NYYINIAMHA TapaMeTpaMd pOCTa W Pa3BUTHS JIUCTHEB, W COOTBETCTBEHHO, NPUpOCTAa OMOMACCHI, II0
cpaBHEHHIO ¢ caxkeHIlamu Ha SA3 (puc. 8).

Jnist caxkeHIIeB, MPOM3pacTalmmX Ha Tuomanke SA2 (puc. 7 (6), Tabn.1), MakcuManbHbIE 3HAYCHUS
WHTCHCUBHOCTH (OTOCHHTE3a cOCTaBisuid 5.0 MKMONb'M 'C', M, B OCHOBHOM, JIMMHTHPOBAJINCH
orpannuennoii ®AP. [Tapamerpsl a u Ky y 3TUX pacTeHHI OBUTH JTy4Ille, YeM Y APYTHX. ITO TOBOPUT O TOM,
YTO CaKCHIIbI Ha IuTomazke SA2 o0jamanu ONpeneneHHOW TeHeBbIHOCIMBOCThIO [Tam, 2007; Hazandy,
2009]. O cnocobHocTH H. odorata pa3BUBaTLCS B YCIOBUSIX YMEPEHHOTO 3aTEHEHHS TOBOPUTCS M B paboTax
[Appanah, 1998; Dong et al., 2014]. Benuuunst Aq u TKC amst caxxeHiieB ¢ SA2 3aHUMaIOT IIPOMEKYTOUHBIC
3HAYCHUSI MEXIY TaKOBBIMH JUIS cakeHIleB Ha Tutomaakax SAl m SA3. JlocTOBEpHOCTh 3HAYECHHM ITHUX
MapaMeTpoB MOAKPEIUISeTcsl JaHHBIMU 10 MPUPOCTY ITHX CAXKEHIEB 110 OTHOMICHUIO K TaKOBbIM Ha SAl u
SA3 (puc. 8 (a)) — xKpuBasi MPUPOCTa CaXKEHIIEB MO TOJIIMHE Ha Tulomazke SA2 pacronaraercs MExXIy
KPUBBIMH ITPUPOCTOB caxkeHieB ¢ SA1 u SA3.

[NonuBaemble cakeHIIBI HE TOJBEPTaich KAKOMY-JIMOO 3aMETHOMY WHTHOHMPYIOIIEMY BO3JCHCTBUIO
CO CTOPOHBI (haKTOPOB OKpYyskaroiel cpeanl (puc. 7 (¢), Tadi.1). MakcuManbHOE 3HaUYeHHE (POTOCHHTE3a IS
HHUX cocTaBmiIo 10.5 MKMob-M™>+¢”, a 3HaueHMs TTOKa3aTenell 3QGEKTHBHOCTH (POTOCHHTE3a TOBOPAT O TOM,
YTO JIUCTBS 3TUX PACTEHUH ellle HAXOAMUIIICh B CTAIIMU POCTA.

Ha ocHoBe npoBeieHHOTO aHaN3a, Mbl MOXKEM BBIJIBUHYTD MTPEIIOI0KEHHE, OOBICHSIOIIEE BEICOKYIO
cTeneHb Koppeminuu ¢orocuHTesa caxeHneB ¢ DAP, a Ttaxke OblcTpblii pocT QoTocwHTE3a 0
MaKCHUMaJIbHBIX 3HaYeHUH, HaOMrojaeMble B YTPEHHUE Yachl: B TEUEHHE TEMHOT'O BPEMEHH CYTOK, Ca’KEHIIBI
MOTJIM BOCCTaHABIIMBAThL CBOW BOMHBIA OamaHc. [Ipym 3TOM BOCCTaHOBIIEHHE BOJHOTO OanaHca OBLIO
BO3MOXKHO JIO JIOCTMDKEHHS COJIEp)KaHMsI BIIard B TIOYBE, COOTBETCTBYIOIIETO BIIAYKHOCTH 3aBSJaHUSI.
Hampumep, y He monmBaeMbIX caxeHleB (puc. 6) nuHaMuka KpuBOH AD, a TakkKe OTpHUIIATENbHBIN
kod(uimeHT », xapakTepu3yOUHi CTENeHb 3aBUCUMOCTU (orocuHTe3a 0T @ AP, moka3piBarOT MONHYIO
nerpeccuio (oTocHHTE3a, KOTOpasi CBsi3aHa C MPOU3PACTAHHEM JTHUX CAKEHIIEB B YCIOBHIX COJAEPIKAHUS
BJIATH B MTOYBE, COOTBETCTBYIOIIETO BIAYKHOCTH 3aBSIIaHHS.

BbIBOJIbI

OueBHIHBIM, ONPENCIAIONNM (DAKTOPOM, BIHUSIONIMM Ha (OTOCHHTE3 HCCIEeNyeMbIX CaKEHIICB
H. odorata, sBnserca OAP. DOtum ompenensiercs Oojee BBICOKas IPOMYKTUBHOCTh —CaKEHIICB,
MPOU3PACTAOIIHX Ha OTKPBITOH MECTHOCTH.

BrisiBiieHHass B Xone SKCIepuMeHTa jaenpeccus (orocuHTesa y cakeHueB H. odorata sBisiach
CIIE/ICTBHEM UX HEJOCTATOYHON BOJ000ECIICYEHHOCTH, CBSI3aHHOM B TIEPBYIO 04Yepeib ¢ AeQUIIMTOM BIIArH B
noyBe. CaXeHIbI, MPOM3pACTAIONINe B 3aTCHEHHBIX YCIOBUSAX, B MEHBIICH CTENEHH IOJBEPralucCh
BO3JCHCTBHIO HeOCTaTKa Biard. HamOosblnell nenmpeccuu MOABEpPraluch Ca)XKEHIIbI, IPOU3PACTAONINE B
YCTIOBUSX KOHKYPEHTHBIX B3aHMOOTHOIICHUH CO B3POCIBIMH JICPEBBSIMH.

Pa3zpaborannple HaMM MaTeMaTHYeCKHE MOJENH COrIacHO ypaBHeHHI0 Muxasmuca—Menrten (1),
OIUCHIBAIOIINE 3aBUCUMOCTh (oTocuHTe3a 0T DAP a1 M3ydaeMbIX Ca)KeHIIEB, B TIEPCIICKTUBE IMO3BOJISIT
MeperTH K O0IIeH MOJIENH, OIMCHIBAIONIEH 3aBUCUMOCTH (JOTOCHHTE3a OT (PAKTOPOB BHEITHEW CpPEJIbI.

Ha ocHOBaHWM TPOBENCHHBIX HCCIENOBAHUNA MBI MOXKEM CQOPMYIMPOBaTh M HEKOTOpPHIE
PEKOMEHJIAIINK TIPAKTUYESCKOTO XapaKkTepa, CBS3aHHBIE C JIECOBOCCTAHOBHTEIBHBIMUA MEPOIPUATHSIMH, a
WMEHHO: C IENbI0 COKPAIleHUs TPYJ03aTPaT MPH BHIPAIIUBAHUN CaXXCHIEB, CBI3aHHBIX C IOJUBOM, MBI
PEKOMEHIyeM TPOU3BOAMTH MX MOCAAKYy B Hadajie BIAKHOTO CE30HA, MO0 BO3MOXKHOCTH, Ha 3aTEHSIEMBIX
y4acTKax, HalpuMmep, Mo TOJIOTOM Jieca, ¢ MePCIeKTHBOM WX BBIXOJIa B TIEPBBIN SIPYC HACAXKICHHS.

BJIATOAAPHOCTU

ABTOpBI BBIpaXAIOT OJAroJapHOCTh PYKOBOJCTBY HallMOHAIBHOrO mapka Kat TheH 3a BO3MOXKHOCTD
MPOBENICHHS U TIOJIEPIKKY TPOBOIUMBIX UCCIIEIOBATENBCKUX PaboT.
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