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B pabome npusoosmca pezynvmamei UCCIeO08AHUL, CEAZAHHBIX C U3VUEHUEM HOMOCUNMEMUUECKO20
2a3000MmeHa Ha ypogHe nucma N Situ mpexaemuux casxcenyes Hopea odorata Roxb. 6o epems cyxoeo cesona (FOxichuiii
Bvemnam). Ilpeocmaesnena cymoynas OuHaMuKa UHMEHCUBHOCMU GHOMOCUHMESA CAICEHYe8, NPOUPACMAIOWUX 6
pasnuynbix  ycaosusax. Ilpu mamemamuueckom ORUCAHUU 3A6UCUMOCTIEN UHIMEHCUSHOCMU omocunmesa om
@omocunmemuuecku akmugnoi paouayuu (PAP) ucnonvsosanoce ypasuenue Muxasnuca—Menmen. Buisgreno, umo
OCHOBHBIM (pakmopom, srusiowuM Ha Gomocunmes cadcenyes (3a uckmovenuem QAP), asnsemcs cooepoicanue enacu
6 nouse. Haubonvuieil Hemmo-npooykmueHOCmMvio omocunmesa OMAUYANUCH CANHCEHYDI, npouspacmaiowue 6 boaee
oceeujennblx ycnosuax. Pomocunmes u COCMOAHUE CAJICEHYEE, PACMYWUX No0 KpOHAMU 0epe6bes, OMIUYANUCDH
Menbulell 3a6UCUMOCMbIO OM 6l1AXNCHOCMU noY6bl. DOmoCUHmMe3 U COCMOSHUE CAdICeHYes, NPOU3PACMAloWux Ha
2panuye neca, CUIbHO 3A6UCENU OM KOHKYPEHMHBIX 63AUMOOMHOUWENUN C IeCHOU PACUMETbHOCIbIO.

Pesynomamur  ucciredosanus 6yoym cnocoo6cmeosams ayuUeMy Meopemuieckomy HOHUMAHUIO pocma U
pazeumusa  pacmenuii  9mozo  euda. Ilomyuennvie  KoauuecmeeHHvie — BEAUHUHBL  CYMOYHBIX — NOMOKOS
gomocunmemuueckozo 2azo00bmena, a maxdce uaUonO2UNeCKUe peaKyuu pacmeHusi Ha YCl0GUs GHewHell cpeobl,
NO360JAM HA bolee Ka4eCmE8eHHOM YPOGHe NOOOUMU K OyeHKe NOMOKO08 y2epood 8 COOMEEmMCmEYIOuUX IKOCUCIEMAX.
Ilpusedenvr nexomopuvle pexomendayuu RPAKMUYECKO20 XAPAKMepd, CEA3aHHble C AeCO80CCMAHOBUMENbHbIMU
MEpPOnPpUAMUAMU.

KiiioueBble €J10Ba: JUCT, HHTEHCUBHOCTh (PorocuHTe3a, DAP, BIaXXHOCTH MOYBBLI, CyTOYHAs JUHAMHKA, CBETOBAas
KpHBasl.

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
mm). 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 SAI 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 SAz3 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 11 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=An0/0 + Kw) + Aq. 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
SAl, 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 Ky. The indicators characterizing the
photosynthetic features of the leaves of seedlings obtained according to (1) are summarized in Table.1.

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 SAL, in comparison with SA3, were
characterized by better parameters of leaf growth and development, and, accordingly, biomass growth, Fig. 8.

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.

BBEJIEHUE

OTHOCHUTENIFHO HEJaBHO MYCCOHHBIE TPONMHYECKHE Jieca 3aHMManyd OOmupHble Tepputopuu HOro-
Bocrounoii Asuu. K HacrosmeMy BpeMEHH, B pe3ynbTaTe BO3JACHCTBHA HAa 3TH JieCa AHTPONOTEHHBIX
(baxTopoOB, HX IUIOMIAh CYIIECTBEHHO COKpaTHIach. JlaHHOE OOCTOSITENLCTBO OTMEUYAETCsl, B YaCTHOCTH, H
Bo Bretname. Tak, Harmpumep, Tosbko B iepuon ¢ 1943 no 1995 nrnomanp necoB B 3T0i# cTpaHe COKpaTUiIach
¢ 14 nmo 8 muH ra. Ilpm sTOM creayeT KOHCTAaTHUPOBAaTh M TEHIEHIMIO JETpajallii COXPAaHUBIIUXCS
apesocroes [Lung, 2001; Luong, 2014.].

EctecTBeHHOE BO30OHOBIIEHHE 3TUX JIeCOB TpeOyeT O4eHb OOJBIINX BPEMEHHBIX MepuooB. [1o sToi
NPUYUHE MPUOOPETACT aKTYalbHOCTh HANpPAaBJICHHE HMCKYCCTBEHHOTO MOJJICP)KaHHS HWMEIOLIMXCS JIECHBIX
9KOCHCTEM, a TAaK)Ke PEKOHCTPYKIMS pa3pylIeHHbIX. Hambosee 3HaYMMBIM pEIICHHEM, PEaTn3yIoUUM 3TH
HAaIpaBJICHUs, SBISIETCS BRIPALIMBAHNE B TAKHX YKOCHCTEMAX Ca)KEHIIEB IPEBECHBIX PACTCHUM.

st Hanboliee panvoHANBHON pean3alii 0003HAYEHHOTO HAIPAaBJICHUS! BOZHUKAET HEOOXOAMMOCTh
B U3y4YECHUH (PU3MOJOTUYECKHX OCOOCHHOCTEH MCIOIBb3yEeMBIX JUIS 3TOTO BHIOB pacTeHui. B aTom pakypce,
HanOoyiee 3HAYMMBIMHU SIBIISIFOTCSl MCCIICIOBAHMSA, CBA3aHHBIE C (DOTOCHHTETHYECKUM Ta3000MEHOM. DTHM
HCCIICIOBAHUAM yaensieTcss ocoboe BHHMaHue. OJHAKO MO OTHOWICHHWIO K JIPEBECHBIM MOPOAM,
MPOM3PACTAIONINM B YCIIOBHAX TPONHMYECKOrO Jieca, OOO3HAUYEHHBIM aCIeKT HCCICIOBaHUMN SIBISIETCS
MaJOW3y4eHHBIM. B 0cOOEHHOCTH 3TO OTHOCHTCA K JiecHhIM MaccuBaMm HOxkHoro Brernama. Ilo kpaitneit
Mepe, HaMH He ObUIO OOHApYKEHO KaKWX-THOO padoT, 3aTpardBalOIMX OO0O3HAYEHHOE HarpaBlicHHE
HCCIIEIOBAHUI B 3TOM pailoHE.

B nanHO#t paboTe TpencTaBieHBl Pe3yibTaThl HMCCIENOBAaHHWW, CBS3aHHBIE C H3yYCHHEM
dorocunaTeTHUECKOrO razooomena CO, Ha ypoBHe nmcrta in Situ caxennes Xomew aymucroi (Hopea
odorata Roxb.). H. odorata siBisiercs 0/1HO# M3 3HAUUMBIX JIECOOOPA3YIOLIMX MOPOJ TPOIMYECKOTO Jieca U
[IHPOKO HCIOJB3YETCSl B JIECOBOCCTAHOBUTEIBbHBIX Meponpustusix [Mahani et al., 2002; Hazandy et al.,
2009; Dong et al., 2014].

[Nony4yeHHble pe3ynbTaThl OYyAyT CHOCOOCTBOBATH JIYYIIEMY TEOPETUYECKOMY MOHMMAHHIO POCTa W
pa3BUTHS pPAcTCHHWH STOro BHJA, 4YTO OyJIeT cojeiicTBOBaTh OoJiee palMOHAILHOMY IUIAHUPOBAHUIO
JIECOBOCCTaHOBUTEIBHBIX MeponpusaTHid. KpoMe 3Toro, mosrydeHHble KOINYeCTBEHHBIE BEJIMUYMHBI CYyTOYHBIX
MOTOKOB (DOTOCHHTETHYECKOTO ra3000MeHa Ha YPOBHE JIMCTA, a TaKkKe (PU3N0IOTUICCKUE PEaKIMN PACTCHUS
Ha YCIIOBHS BHEITHEW Cpelpl, MO3BOJAT Ha OoJjiee KayeCTBEHHOM YpPOBHE TOJOHTH K OIIEHKE TOTOKOB
yIJIepoJia B COOTBETCTBYIOIINX SKOCHCTEMAX.

OBBEKTHI U METOAbBI UCCJIEJOBAHU A

O0beKT Hccie0BaHUS U YCIOBHS MPOU3PACTaHUSA

UccnenoBannsa nmpoBoamimcek ¢ sHBaps no anpenb 2020 Ha TeppUTOpUH HAIIMOHANBHOTO mapka Kar
Teen (IOxueiii Bwernam) [Nguen, Anichkin, 2011]. IMTapk HaxoauTcs B 30HE CyOIKBaTOPHAIBLHOTO
TPOIIMYECKOTO MYCCOHHOTO KJIMMAaTa, XapaKTePHU3YIOIIErocsl JIByMs BBIPRKEHHBIMH CE30HAMU: CYXHM,
MIPOJIOJKAIONIMMCSL C HOSIOPSI TIO anpellb, W BIAXHBIM - ¢ Mas 10 OKTsA0pb. CyMMa OCaJIkOB B CyXOl Ce30H
cocrapseT 10 15 MM Mec™, Bo BaxHblIif - 10 440 My-mec . Cpe/iHeMecSUHAs TEMIIEPATyPa H3MEHSETCS OT
24°C B suBape 10 28°C B anpene [Deshcherevskaya et al., 2013]. [Toussl GoJblIeii YacTH TEPPUTOPUH HTApKa
KpacHO-XeJThie (heppaInTHERIE, CYTITHHUCTOrO TpanyoMeTpudeckoro coctaa [Okolelova et al., 2014].
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OOBEKTOM HCCIemOoBaHns ObUIH BeIOpaHBl TpexyeTHue caxeHibl H. odorata. CaxeHmsl ObuTH
BBICRXKEHBI B cepeamne ssaBaps 2020 B Xoe JECOBOCCTAHOBUTEIBHBIX MEPOIPHUATHI HA PACUHUIICHHOM OT
KyCTapHHUKOBOH pacTuTenbHOCTH ydactke jieca (11.41530° c.mr., 107.42460° B.x1.). [l HaOIroAeHMA OBLTH
otoOpanbl 25 caxeHueB. CpemHss BBICOTA CAXCHIICB HA MOMEHT mocaiku coctabistia 110.0£0.5 cm
(Crammaptroe otkinonenne SD = 14.4 ¢cM), a ux cpefuumii nuamerp Ha BeicoTe ~10 cum - 8.3+0.1 mm (SD = 0.6
MM). [lo yclHOBHSM OCBENICHHOCTH y4YacTKa W  MECTOPACIHOJOXEHUS CAXKEHIIEB OTHOCHTEIBHO

MPOM3PACTAIOIIEH 3/1€Ch PACTHTENLHOCTH, YYaCTOK OBbUI pa3/elicH Ha TPH SKCIEPHUMEHTAIbHbIE MIIONIAIKH
(SA1L, SA2, SA3), puc. 1.

! O 22 \-/: [peBecHo-KyCcTapHNKOBasi pacTUTENbHOCTb 5m

Pucynok 1. Tlnan yyacTka ¢ pacCHOJOKEHHBIMH HA HEM MCCIENYEMBIMU CaKeHIAMHU (CaKEeHIbl O003HAYEHBI
3aKpalIeHHBIMH KPYXXKaMH), & TaKKe B3POCIBIMU JIEPEBBIMH (IepeBbs 0003HAUEHBI KPY)KKaMH Pa3IMIHOTO JHAMETpPa,
OTPAXKAIOIMINMH UX pa3Mep).

[Tnomanka SA1 (caxenust Ne 1-16) pacnonaranach Ha OTHOCHUTEIBHO OTKPBITOM IPOCTPAHCTBE.
OcHOBHOE 3aTeHEHHE IUIOMAIKHA MPOHMCXOAMIO TPH BOCXOJIE COJIHIA - M3-3a PACTyNIMX C €€ BOCTOYHOM
CTOpPOHBI B3pocibiX AepeBbeB. CymmapHoe 3HaueHue AP, mpuxopsiieiicss Ha CakeHel STOW IUIOLIAKH,
coctapmsiio 25.741.2 monb-m? (3mauenms DAP momydeHsl mo JaHHBIM H3Mepemii 06.02.2020, B
MPaKTUYECKU 0€300JIaYHbIN ICHB ).

[Mnomanka SA2 (caxenusl Ne 17-20) pacnonaranack moj KpOHAMH B3POCIBIX JiepeBbeB. OcCBelIeHHE
TDIOMIAIKH TIPSIMBIMHU COJTHEYHBIMH JIy9aMy HaOII0JalIoCh TOJIBKO B yTpeHHHE 9ackl okoio 9:30. CymmapHoe
sHaueHue AP, npuxopasieiicst Ha caxeHel 3Toi iomanku, cocrarisuio 10.8+0.5 MOJIb M 2.

[Mnomanka SA3 (caxennsl Ne 21-25) pacmonarangach HENOCPEACTBEHHO Yy 3amajHON TpaHUIIBI
y4acTKa, MPUMBIKAIOIIETO0 K HETPOHYTON yacTu jeca. Habmogaemble Ha HEH CaXKEHIIBI C 3allaJIHOW CTOPOHBI
W YaCTUYHO CBEPXY 3aTCHSUIMCH MPOU3PACTAIOIIEH PSIOM PAaCTHTENBHOCTHIO. TakuMm 00pa3oM, y4acToK
XapaKTECprU30BaJICd HEPABHOMCPHBIM OCBCHICHUEM OTACIIBbHBIX CAXXCHICB B TCUCHHUEC CYTOK. HpHMBIe JIyqun
COJIHLIA TTONaJaJIi Ha OTAEJbHbIE Ca’KEHIIbI TOJIBKO B TIEPBON MOIOBUHE AHSA, 10 ~11 4. CymMmMapHOe 3HaueHne
OAP, npuxonseiics Ha caxxeHell, coctaBisuio 9.2+0.4 MOIIb M .

Bo Bpems mocanku, a Takke 12.02 um 19.03 caxkeHmpl monmBaiMch. Pacxon BOABI MPHU IIOJHBE
coctaBsut 1o 3-5 11 Ha pactenue. 17.02 HA ydJacTKe MpOIIEN MPOJUBHON NOXIb — BbIMano 7.9 mm. s
BBISICHEHHMSI BOIIPOCAa O BJIMSHUHM COACP)KAaHUS BJIarM B II0YBE HAa COCTOSIHME HCCIEAYEMbIX PacTCHMH,
caxxeHIbI Ne 4-9 ¢ 26.03 mo 5.04 yepe3 kaxxaple 2-3 JHS MOJIUBATIKCh. Pacxo/] BOJIBI Ha MOJTUB COCTABIISUT S5 11
MOJT K&XKJ0€ pacTeHHe.

HN3mepenue GOTOCHHTETHYECKOT0 ra3000MeHAa

[Ipomeccel  porocuHTE3a MbI paccMaTpuBaiu ¢ mno3uiii razoodMena CO,. MHTEHCHMBHOCTH
(dorocunTe3a (POTOCHHTE3) U3MEPAIACH C TIOMOIIBIO MTOPTATUBHOW razoaHanu3upyoineii cucremsl Portable
Photosynthesis System LI-6800 (Li-Cor, CILIA).

Jist MccneioBaHusl UCIONB30BAINCH C(OPMHPOBABIINECS WHTAKTHBIE JIUCTHS, MPOU3PACTAIONIUE B
BEPXHEH YaCTH KPOH CakeHIEB. I3MepeHus BBIOJIHSINCE iN SitU Ha 9acTH jwcTa, OrpaHUYEHHON paMKoi
HU3MEpUTENHHON KamMepsl pubdopa ¢ anepTypoit 3x3 cM. M3MepeHne Ha OTAETFHOM Ca)XXeHLIE TIPOU3BOANIOCH
OJTHOKPATHO, HO B CIIy4ae HEOOXOANMOCTH AyOIHPOBAIOCh.

OcHoBHbIe n3Mepenus Obutn npoeeaeHsr 06.02.2020, 23.02.2020, 18.03.2020 u 06.04.2020, HaynHas
C TEMHOT'O BPEMEHHU CYTOK B IIPEIyTPEHHHUE Yachl, U 3aKaHYMBasi TEMHBIM BPEMEHEM CYTOK B BEUEPHHUE YaChl.
Wzmepenust OblIM OpraHW30BaHbl B BUJE IIUKIIOB, B KaXIbI N3 KOTOPHIX BXOAWIN OOUYEPEAHbIE N3MEPEHUS
Ha KaxJoM u3 25 caxeHIeB. Bpewms, 3aTpaunBaemMoe Ha MPOXOXKJIEHHE OJHOTO IUKia, coctasisuio 10-50
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MUH U 3aBHUCEJIO OT BPEMEHU CYTOK. Tak, BO BpeMsl OTHOCUTEJIHO ObICTPO MEHSIOIIEICS OCBEIIEHHOCTH, B
YTPEHHUE U B BEUYEpHHE yachl, 3T0 BpeMs cocTasisulo 10-20 muH. B nomyneHHble 4ackl U TEMHOE BpeMs
CYTOK 3TO BpeMsl YBEITNUUBAIIOCh.

[Ipu mpoBeneHnn u3MepeHHid, B u3MepuTenbHOM kKamepe LI-6800 ycranaBnmBaimch ciemyromue
napameTpbl MUKpoKInMara: konnentpamus CO, 400 MkMob-Mosb ', TemnepaTypa Bo3ayxa 33-35 °C, ero
OTHOCHTENbHAsl BIaKHOCTE — ~60%. DAP m3mepsiach ¢ MOMONIBIO JAaTYMKa, PACIIOJIOKEHHOTO B
WU3MEpUTENHFHON Kamepe mpubdopa.

H3mMepeHuHe BJIaKHOCTH MOYBBI U PUPOCTA

ConepkaHue BIIaTd B TIOYBE ONPEACISUIOCH B 12 ¢M IOBEPXHOCTHOM cJiioe. JlJist 3TOro MCIoib30Bajics
nouBeHHbIH BiaroMep HydroSense 11 (Campbell Scientific, Inc. CIIIA). Biaromep mo3BosisieT onpeacisiTh B
MIPOIIEHTaX 00bEMHOE CoIepKaHue BOAbl B MuHepanbHbx mousax (VWC). Iins KOppeKTHPOBKY MTOKAa3aHUH
BlIaromepa ObLIa MPOBEJIEHA €ro rpayupoBKa, MO Pe3yIbTaTaM KOTOPOi Oblia mojyueHa (hyHKIIHOHATbHAS
3aBUCHMOCTb, 1MO3BoJIsitomIas nepecunthiBath VWC B 3HaueHHUS OTHOCHUTENBHOHM BIIAXHOCTH mouBbl: W =
1.722-VWC*** (R?= 0.96).

Jnst u3ydeHus: MPUPOCTa CAKEHIEB B TONIIMHY, HA BbicoTe 10 CM OT 3eMIIM B JBYX a3MMYTalbHBIX
HanpasneHusx - CIO u 3B, usMepsuinch auaMeTpbl cTeOlis, KOTOPHIC yCpPeAHsIUCh. [l ompeneneHus
MPUPOCTA CAXKCHIIEB B BBICOTY, 3aMephl MPOU3BOAMINCH OT PEMEPHBIX TOUEK, OTMEUYCHHBIX Y OCHOBAHUMN
BEPXHUX MYTOBOK pacTeHHi. M3MepeHHs NpPOBOAMINCHE C TMOMOIIBI0 IMU(PPOBOTO MITAHTCHIUPKYIS M
PYJIETKH.

CyTo4yHasi JMHAMMKA U KpPUBbIe 3aBUCUMOCTH (poTocuHTe3a 0T DAP

UzmepenHble BeHMYMHBI (POTOCHHTE3a TPYIIIMPOBAIKCH 10 BPEMEHH MPOBEACHUSI OUEPETHOTO IUKIIA
3aMepOB H yCpeaHsUTUCH. 110 MomyueHHBIM JaHHBIM CTPOMIIM CYTOYHYIO JTHHAMUKY.

Jis  mMareMaTHYecKOoro OmucaHusl 3aBUCHMOCTH ¢orocuHTe3a oT @DAP OBUTO WCTHONTB30BAHO
ypaBHeHue Muxasmuca — Menten [Michaelis, Menten, 1913; Briggs, Haldane, 1925]. Oto ypaBHeHHe MbI
UCIIONb30BaNIK B MoauGunmpoBanHoii popme [Kaibeyainen, 2009]:

A=AnQl(Q + Ky) + A, @
re A — HHTeHCHBHOCTh (DOTOCHHTE3a, MKMONb M 2-¢™; Ay — MaKCHMaJIbHAs MHTEHCHBHOCTb (DOTOCHHTE3a,
KOTOpasi HAGMIONAETCS y PACTEHHS, MPOM3PACTAIONIErO B JAHHBIX YCIOBMAX, MKMoib-M2-c [Berezina,
Afanas’eva, 2009, p. 13]; Q — AP, MKMOJIb M >¢ ™ A4 — MHTCHCUBHOCTD Jbixanus mpu Q=0, MKMOJIB M 2> ¢
(mokazatenb Ay XapaKTepu3yeT HHTCHCUBHOCTh PACX0Ja 3aMaCCHHBIX MMUTATEIbHBIX BEIIECTB HA PAa3BUTHE U
moJiepkanne kn3HenestensHocT smcta [Hieke et al., 2002]); Ky - xorcranra Muxasnuca (KOHCTaHTa
yuclieHHo paBHa AP, mnpu KOTOpOHl HMHTEHCHMBHOCTh (POTOCHHTE3a COCTABJISIET IMOJOBHHY OT
MaKCHMasibHOM). 3HaueHuss Ky HMCHONB3yIOTCS HCCASIOBATEISIMU TPU CPaBHEHUH (PU3HOJOTHUECKHX
ocobennocreil pactenuii [Hieke et al., 2002; Kaibeyainen, 2009]. U3 ypaBuenus (1) ompenensiacs ToYKa
kommencanmu ceeta (TKC), MKMOHI)'M-Z'C-l, KOTOpasi TOKa3bIBaeT, MpU Kakod wHHTeHcHBHOCTU DAP
¢dorocunTe3 craHoBUTCS paBHBIM Hymo [Farah Shahanim et al.,, 2017]. Tloxazarens TKC cBsizaH ¢
WHTCHCUBHOCTBIO JIBIXaHUS JINCTA M XapaKTEPU3YET MPOIIECC U CTAJHUIO €r0 Pa3BUTHS.

Hist onieHkn 3¢ GEeKTHBHOCTU (HOTOCHHTE3a MBI UCIIOJIB30BAIN YIIIOBOW KOA(PQHUIMEHT KacaTelbHON
(¢) x xpusoét Qynkmum (1) B Touke, coorBercTByOmieH Ky. C (u3nueckodl TOUKM 3peHHs, 3TOT
K03 PHIHEHT 0TOOpaKAET CKOPOCTh M3MEHeHUs (hoTocuHTe3a Npu u3MeHeHH AP Ha oHYy euHHUILY.

CraTuCTHYeCKUi aHAIN3

AHanu3 JaHHBIX M IIOCTPOCHHE TpaduKOB NPOBOAMIMCH C IOMOLIbI0 MaTEMaTHUYECKHUX METOH0B
CTAaTUCTHKH C MCTOJb30BaHueM cpeabl MS Excel. O6paboTka JaHHBIX HMPOBOAMIIACH C MOMOIIBIO MAKeTa
"OnwucarensHas craructuka” (P<0.05). Crenenu acconualmy uccieyeMblX HaOOpOB JaHHBIX OTPEIEISIINChH
¢ moMomipo KodhduimenToB koppessiuuk [Tupcona (r). [l OIEHKH MaTeMaTHYeCKOro OIUCAHUSI
TOJTy4YeHHBIX HAGOPOB JAHHBIX HCIIONIBb30BAICS KoddurmenT aerepmunamuu (R%).

3nauenus Ky B ypaBuennn (1) mombupanmch ¢ momomisio makera "[lapamerpsl moucka pemieHws"
(npenmensHOe umcmo ureparuii 100, otHOCHTEeNnbHAs morpemHOCTs 0.00001, momyctumoe oTkinoneHme 5%,
cxogqumocth 0.0001). Vrmooir koaddunmeHt a xkacatenpHOW K KpuBoi QyHkumu (1) B Touke,
coorBercTBytomeld Ky, a Takxke K03(D(UIMEHTH ypaBHEHHMS Ui 3TOM KacaTelbHOM, ONpeneNsIich C
MOMOIIBI0 MaTeMaTHYECKUX METOJIOB uddepeHnrpoBanrs. CyMMapHbIe 3HAUEHHS WCCIIEyEeMbIX BEIMYNH
OIIPEIENISUIUCH METOJIOM HHTETPUPOBAHHUSL.
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PE3VYJIbTATBI

BuakHOCTH MOYBBI
CpenHre 3Ha4eHHSI OTHOCHUTENbHON BIIAXHOCTH TO4YBHl W Ha Ka)KJOW ONBITHON TUIOMIAJKE, a TaKkKe
mwiaHkd SD 0ToOpaskeHbl Ha TUCTOrpaMMe, PHC. 2.

{ J.IE O-SA1 0O-SA2 O-5SA3

{ 1} ‘I'E % b

W, %

10

TTonus
Ocanku, 7.9 MM

TTonus

0 1 1 1 1 1 1 1 1 1 1 1 1 1

10.02. 12.02. 14.02. 15.02 17.02. 20.02. 22.02. 27.02. 03.03. 11.03. 18.03. 19.03. 25.03 06.04
Bpemsa, IM.

Pucynok 2. Cpenuue 3Ha4eHUs] OTHOCHTENBHOM BiaXHOCTH mouBbl, W, Ha oObeKkTax uccienoBanus. [LIaHKu Ha
THCTOTpaMMe 0TOOpakaroT BennuuHbl SD.

Kak BugHO 13 purc. 2, TIOKATH30BaHHBIN TOJIMB PACTEHUN B TIEPHOJ HAOIOIEHUH JOCTATOYHO OBICTPO
UCTOIIaJl CBOM pecypchl. [IpM STOM yMEHBIICHHWE BIQKHOCTH IOYBBI MOXKHO OXapaKTEepPHU30BaTh
9KCIIOHEHLIMAIBHOM 3aBUCUMOCTRIO. HanpruMmep, ypaBHEHHE 3KCIIOHEHTHI, ToTy4eHHoe 3a nepuon ¢ 20.02 no
18.03 s momankn SAL, BeIrIsIAEno ciaexyommm obpasom: W = 28.3exp(-0.029x) (R? = 0.89), rae X —
nopsiakoBeld Homep aHs. CornacHo npegnoxeHHor A.H. Ky3HenoBbIM rpagainuu KaTeropuil BIa>KHOCTH IJIs
KpacHO-kenTbiX (eppammmtHeix mouB [Kuznetsov, 2003, p. 33], BuaxHocTs mnouBbl HmWke 10%
COOTBETCTBOBAJIA BIAYKHOCTH 3aBsIIaHHA.

Cyrtounas nunamuka gorocunresa u PAP
Ha puc. 3 (a, 6, ) npeacrasieHbl rpaduku, 0TOOpaXKaroIIue CYyTOYHYIO JUHAMUKY (OTOCUHTE3a U
DAP caxeniies, mpouspacraromux Ha miomaake SAL. B yrpeHHue yachl GOTOCHHTE3 3TUX CAKEHIIEB ObLIT
TECHbIM 00pa3zoM cBszan ¢ PAP — monydeHHble KOI(DQOUIMEHTH KOPPESIMU I pacCMaTPUBACMBIX
3apucumMocteir coctaBmiin 0.94, 0.90 u 1.00, cooTBeTCTBEHHO. AHAJIOrMYHAs CHTyallMs OTMe4Yajach U B
BEUEpHUE uYachl, mpu crajae QorocunTesa. B mosdyneHHbIE dYachkl paccMaTpUBAaeMbIe BEITHMYUHBI
acconuupoBanbl He Obun. K 18.03 amumkanpHBIH TpHpPOCT HA TOOerax CcakeHIeB Ha Iuomanke SAL
MPEKPATUIICS, & Ha MHOTHX M3 HUX YCOXJIM Mmo0Oery, Hauasimecs GpopmupoBarbes. Kpome 3Toro, HeKOTOphIS
M3 CaXXCHIIEB MTPHOOPEIH MPU3HAKYU 3aBsIaHVs: IUCThSl HA HUX HAaYalld CKPYYHBAThCS B TpyOOuKy. [1pu sTOM
nonuB caxkeHnieB 19.03 He okasan CyIIeCTBEHHOTO BIMSHUS HA UX COCTOSHHE.
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Pucynok 3. Cyrounas nuHamuKa MHTEHCHBHOCTH (orocuuTe3a, A, © ®AP, Q, caKeHUeB, IPOM3PACTAIONIMX Ha
mwiomaake SAl. ITnanku Ha rpadukax orodpaxaroT BeauuuHbl SD.

Ha puc. 4 (a, 6, 6) npencraBiieHbl TpaduKy, 0TOOpAKAIOIINE CYTOYHBIE TUHAMUKKM (OTOCUHTE3a U
®AP caxenneB Ha tuomanke SA2. B nepuonsr m3mepenuit 06.02 u 23.02 (puc. 4 (a, 6)) porocunTe3
CaXEHIIEB XOPOIo KoppenupoBan ¢ GAP B npojomkeHrne CyTOK: KOAPPUIMEHTH KOPPEIAIMHA COCTABIIN
0.80. Msmepenne 18.03 (puc. 4 (8)), HAOOOPOT, HE BHISABWIO TeCHON Koppesuuu: ¢ = 0.22. BHemrHux
MOpP(}OIOrMYecKuX NPU3HAKOB, YKa3bIBAIOIIUX HA YBSJAAHUE CAXKCHIIEB, HE OTMe4anoch. OnHaKo ObLIO
OTMEUEHO TIOBPEXICHHUE JINCTHEB YIUTKAMHU, KOTOPOE, M0 BU3YaJIbHO OlleHKe, cocTaBmiio ~10%.
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Pucynok 4. Cyrounas nuHamuka MHTEHCHMBHOCTH (QoTocuntesa, A, u @AP, Q, cakeHLEB, IPOU3PACTAIOIIMX HA
mwromanke SA2. [Tnanku Ha rpadukax orodpakaroT BenuauHbI SD.

Ha puc. 5 (a, 6, ) npencrasiensl rpaduku, 0TOOpaXaroline CYyTOYHYI0 JUHAMUKY (DOTOCHHTE3a U
DAP caxenrieB Ha mioniaake SA3. ®OTOCHHTE3 ITHX CAXKEHIIEB B YTPEHHHUE Yachl ObLII TECHO cBsizaH ¢ DAP
— K03(h(dUIMEHTH KOppelsaluu Ui paccMaTpuBaeMbix 3aBucuMocted coctasmmm 0.98, 0.91 u 1.00,
COOTBETCTBEHHO. B nmanpHeilimeM paccMarpuBaeMble BEIWYMHBI HE IOKA3aJIM TAaKOW TECHOH 3aBUCHMOCTH.
[Nomaganue TPSMBIX CONHEUHBIX Jyded Ha OTJCNbHBIE CAXEHILI B YTPEHHHE Yachl BBI3BIBAJIO y HHUX
nenpeccuto porocunreza. C 03.03 cakeHIbl HAaYalW TPOSBISATH NMPH3HAKH YCHIXaHWS. JHCThS HAa HUX
MOHUKJIM, @ Ha HEKOTOPBIX Hadalu cBopauuBarthes B TpyOouKky. K 18.03 comeprkanue Biard B mouse Ha 3TOM
y4acTKe COOTBETCTBOBAJIO BIAKHOCTH 3aBsiaaHus (puc. 2). B pesynpTaTe 3TOr0 anuMKaibHBIA HPHPOCT Ha
noberax CakeHIIeB MPeKpaTuiIcs, a Mo0eTH, HayaBIIrecs: OPMUPOBATHCS, YCOXJIM. HekoTophie U3 caxkeHIeB
nproOpesH MPU3HAKN YCTOMUMBOIO 3aBAAAHUS - IMCThS HUX HaYaJll CKPYYHBATHCS U YCBIXATh.

Ha puc. 6 mpencraBinensl rpadukn, oToOpakarolye CyTOYHYyI0 TuHamuKy (otocuHTe3a u DAP
MOJIMBAEMBIX M HE TMOJMBAEMBIX CaXKEHIIEB, MOJIYYCHHYIO TpU m3MepeHusx 6.04. BrnaxxHocTh MOYBBI TOJ
MMOJIMBAEMBIMH CaXXEHIIAMH cocTaBisiaa ~25.1%, a mox He noauBaeMeIMu - ~8.0%. DOoTOCHHTE3 MOTUBAEMBIX
caxkeHIieB xopoio koppeiuposain ¢ AP, r = 0.84 (115 He nonuBaembIX caxkeHies I = -0.34).

3aBucumocTthb gorocunte3a ot DAP
Ha puc. 7 (a, 6, 6, 2) oTOOpakeHbl 3HaYeHUs POTOCHHTE3a B 3aBUCUMOCTH 0T DAP, monyueHHbIe 17151
caxkenueB Ha mromankax SAl, SA2, SA3 u nonmuBaeMbIxX caxkeHieB - Ha SAl, coorBeTcTBeHHO. Ha 3THX
PUCYHKax II0Ka3aHbl TaKXe KpHUBbIC, AaMMPOKCHMUPYIOUIME OTH 3HAYCHHS, IIOJYUYCHHBIC COIJIACHO
ypaBHeHuto (1), 1 KacaTenbHbIE K 3TUM KPHUBBIM B TOYKAaX, COOTBETCTBYIOMHKX 3HaueHMIM Ky Kpussie ms
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cakennes Ha mromaakax SA1 u SA3 (puc. 7 (a, 6)) ObIIM IOCTPOEHHI IO JAHHBIM, TIOJIYUYEHHBIM 0 Hadaja
MIPOSIBIIEHHS IeTpeccu (POTOCHHTE3A, a IS caxkeHIeB Ha SA2 u monuBaeMeIxX caxkennes Ha SAL (puc. 7 (s,
2)) - 10 TaHHBIM, MOJAYICHHBIM B TCUCHHE JHS.
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Pucynok 5. Cyrounas nuHamMuKa MHTEHCHBHOCTH (orocuuTe3a, A, © ®AP, Q, caeHUeB, IPOM3PACTAIONINX Ha
mwiomaake SA3. I[Tnanku Ha rpadukax orodpaxaroT BeauuuHbl SD.

[Tokazarenu, xapakTepu3yrInue GOTOCHHTETUISCKUE 0COOCHHOCTH JINCTHEB CAXKEHIICB, MOJIYUYCHHBIC
2
coriacHo ypaBHeHuto (1), a Takke 3Ha4yeHWs R® JuId MOMyYeHHBIX KPHUBBIX W KOJMYECTBO TPOBEICHHBIX

W3MepeHwii N, cBeZieHs! B Ta0u. 1.

Taoauua 1. [lokazarenu, xapakrepusyoonme GOTOCHHTETHYECKUE OCOOEHHOCTH Ca)KEHIIECB

2 Am, Aqg, TKC,
Ne SA R n MKMOJH—TM’Z-C’1 a Ku MKMOJII)d'M_Z'C_l MKMOJB M 2-¢
SAl 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
(monuB)

IIpupoct caxkeHuen
Ha puc. 8 (@) mokaszaHa AuHaMHKa IPUPOCTA UCCIIEAYEMbIX PACTCHHI MO IUAMETPY CTBOJIA, a HA PHC.
8 (6) - ero npousBoIHAs, OTOOPAKAIOIIAS CKOPOCT MPUPOCTA B CYTKH.
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Pucynok 6. Cyrounas nuHamuka MHTEHCHBHOCTH (oTocunTe3a, A, moiusaeMbix (AW) u He monuBaembix (AD)
caxxerneB Ha omanke SAL u ux ®AP, Q. [nanku Ha Tpadukax 0ToOpaxarT BeTHIUHE! SD.
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Pucynox 7. 3uaduennst HHTEHCUBHOCTH (oTocuHTE3a, 4, B 3aBucHMocTH 0T PAP, Q, momyueHHbIe Ha miomaakax SAL
(@), SA2 (6), SA3 (8) u monmBaembIXx caxkeHIax (2). IlokasaHBl aNMMPOKCHMHPYIOIINE 3TH 3HAYCHHS KPHUBBIE,
MTOJTyYCHHBIE COTJIACHO YpaBHEHUIO (1), M KacaTelbHBIC K TUM KPHUBBIM B TOYKAX, COOTBETCTBYIOIINX 3HAYCHISAM Ky.

OBCYX/IEHUE

CyTtounble AuHAMHUKH (OTOCHHTE3a caxkeHileB Ha rromanke SAL (puc. 3 (a, 6, 8)) XapakTepU3yIOTCS:
1) cpaBHHTEIBHO OBICTPBIM YTPEHHHM pOCTOM (OTOCHHTE3a J0 MAKCUMAJIbHBIX 3HAYCHHI,

111



HPOJOJDKAIOMIMMCS 10 ~9 9; 2) HOCIEAYIOUIMM IUIaBHBIM YMEHBIICHHEM (OTOCHHTE3a 10 3HAYCHHH,
COOTBETCTBYIOIINX TMOJYACHHON ETPECCUH; 3) TIOMYyACHHON MEMPECCUCH, TPOSBISIOMCHCS B TON MITH MHOM
CTEeNEeHH M mpojoipkaromeics ¢ ~13 no ~15 u; 4) caenyromuM 3a Jenpeccueil HEKOTOPhIM YBETUYEHUEM
¢dorocunTe3a; 5) nanmpHeWmMM cnaaoM (OTOCHHTE3a A0 HYJIEBBIX 3HaueHHH W 6) OTpHLATEILHBIMH
3HA4YEeHUSIMU (POTOCHHTE3A JIUCTHEB, UX AbIXaHHEM, 3aKOHOMEPHO (PMKCHUPYEMBIM B HOUHBIE YacChl.
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Pucynok 8. lunamuka npupocTa UccieayeMbix pacteruii B toimuny, AD, (a) u ckopoctu npupocra B TONIIKHY, V,

(6).

Cyrounast nuHAMHKa (OTOCHHTE3a CaxeHIeB Ha rwiomaake SA2 (puc. 4 (a, 6, 6)) TaKkKke
XapaKkTepu3yeTcss CPaBHUTEIBHO OBICTPBIM YTPEHHUM YyBeIHMUeHHEM (OTOCHUHTE3a JI0 MaKCHUMalIbHBIX
3HAYCHUH, HO mpojoikaroImuMcs 10 ~9:30. [enpeccus dorocunresa ormeuanach 18.03 ¢ 12:30 o 14:30
(puc. 4 (8)).

CyrouHble JuHAMUKK (OTOCHHTE3a cakeHIleB Ha ruioniaake SA3 (puc. 5 (a, 6, 6)) XapaKTepU3yIOTCS
OBICTPBIM YTPEHHHM POCTOM (POTOCHHTE3a 0 MAaKCUMAaJIbHBIX 3HAYEHHH, MPOJOJDKAIONIMMCS 10 ~8 4, a B
JajbHEHIIeM - OBICTPBIM cIa oM (POTOCHHTE3a 10 €r0 MUHUMAJTbHBIX 3HauYeHul (puc. 5 (8)). B nanbHeiiiem,
JI0 KOHI[a JIHA Kakoro-mnOo yBenndeHus (GpoTocuHTe3a He HaOmonaiaock. KpoMe Toro, momnaganue mpsiMbIX
COJIHEYHBIX Jy4eH Ha OT/ENbHbIe CR)KEHIHl B YTPCHHUE Yachl BHI3BIBANO Y HUX JENpecchio (POTOCHHTE3A.
[lomoOHOE moBeneHNe ATOW CYTOYHOW NTWHAMHKH OOYCIIOBIHMBAETCS TEM, YTO Ha YCIOBHS MPOWU3PACTaHUS
CaKEHIIEB OKa3bIBAIM HETATHBHOE BIHMSIHHE KOHKYPEHTHBIE OTHOIIEHHUS CO CTOPOHBI IPOU3PACTAOIIEH
PSIOM JIPEBECHO-KYCTAPHUKOBOH M TPaBSHUCTOW pacTUTENHHOCTH. B HamOombIell cTemeHu 3TO BIUSHHE
MPOSIBIISIIOCH B 00OJiee WHTEHCHUBHOM HCCYIICHHH MOBEPXHOCTHBIX CJIOEB TOYBBI KOPHEBBIMH CHCTEMaMHU
3TUX pacteHuii (puc. 2).

C y4eToM BBINIECKA3aHHOTO, & TaK)Ke NPUHUMAsi BO BHUMaHHUE pacueTHbIC 3HaUYeHHs KOA(PPUIIMEHTOB
KOPpEJISIMY, MBI MOXXEM PE3IOMUpPOBATH Clieytomiee. B yTpeHHue yackl cyTouHble auHaMuku (puc. 3-5)
XapaKTepPU30BAINCh BBICOKOM CTENeHbI0 3aBHCUMOCTH (oTocuHTe3a oT PAP, a Tarxke OBICTPBHIM POCTOM
BEeIMYMH (POTOCHHTE3a J0 MAKCHUMAaJbHBIX 3Ha4deHUH. [Ipum 3TOM y cakeHUEB, MPOU3PACTAIOLIMX Ha
mwiomiaake SAl, BeICOKas CTENEHb CBsi3aHHOCTH (hoTocuuTe3a ¢ AP npocnexuBagach U B BEUSPHHUE YaChl,
npu criane @AP. B monyieHHbIe Yachl, 32 UCKITFOUSHUEM CaXEHIEB Ha Turomanke SA2, paccMarprBaeMble
BEJIMYMHBI HE OBUIM CKOPPEIMPOBaHBI, a HAa CYTOYHBIX KPHUBBIX YETKO MPOCIEKMBAIACH IOTYJICHHAS
nenpeccust  (¢ortocuHTe3a. I[lpu 3TOM Ha CcaxkeHHax ¢ mwiom@iakd SA3  ToJdyJAeHHAs JIerpeccus
MPOCIIeKUBANACH IO KOHIA JHA. UTo ke Kkacaercss caxkeHIleB Ha SA2, To y HUX (OTOCHHTE3 XOPOIIO
koppenupoBan ¢ @AP B TeueHue Bcex CyTOK, 3a UckiatoueHueM 18.03, korga OTAMYUTENBHBIE MPU3HAKU
CYTOYHOH IMHAMUKH (OTOCHHTE3a COOTBETCTBOBAJIHM TAKOBBIM, HAOJIOAAaEMbIM Ha PACTEHHSAX C IUIOLIAJKU
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SA1. 3aech ciaemyer oOpaTuTh BHUMAaHHWE Ha TO, YTO MaKCHMajibHble 3HadyeHuss DAP na mromanke SA2
cocTaBisuTH ~640 MKMOIIB M >-¢™Y, TOr/[a KaK Ha APYTHX IUIomankax - 1600 Mxmons M 2-¢™ 1 Goree.

Ha ocHoBaHWM 3THX pe3ynbTaTOB, MBI BCE K€ HE CMOIJIM OJHO3HAYHO OTBETHTh Ha CIIEAYIOIINI
BOMpOC: Kakue (HaKTOPbl OKpYyKalomield cpensl B HauMOONbIICH CTENEHHW OKa3blBajld HHTHOUpYrOIee
BO3/IeiicTBHE Ha (DOTOCHHTE3 UCCIeAyeMbIX pacTeHnil. OCHOBHBIMH (paKTOpaMH, KOTOPBIE MOTYT OKa3bIBaTh
uHTHONpYyIomuid 3(pQexT Ha (GOoTOCHHTE3, SBISIOTCSA: OCBEIIEHHOCTh; BOJOOOECTIeUeHHE; KOHIICHTPAIIWS
YIJIEKUCIIOTO Ta3a B aTMOC(EpHOM BO3IyXe; TeMIepaTypa - BO3JyXa, OPraHOB PACTEHUS M IIOYBHI;
BIIQXKHOCTH BO3/TyXa.

[Ipu mpoBeneHnM UCCIIEOBaHUI TeMIIepaTypa M BIXHOCTh BO3IyXa B M3MEpHUTEIbHON kamepe LI-
6800 mnoanmepxuBamuch Ha ypoBHe 33-35 °C um 60%. CoOTBETCTBEHHO, M TeMmIleparypa JHCTa
MOJJIep KUBAJIach B 3TUX Mpejenax. DTo - Xopolnue s pocta cakenues H. odorata ycnosus. Temnepatypa
BEpXHHUX CJIOCB ITOYBHI IOJI CAXXEHIIAMH B CEpPEAWHE IHSA CcOCTaBsuia 36-37 °C, 4To Takke HE SBISUIOCH
SKCTpeMalIbHBIM ycioBHeM. KoHIeHTpamust yriekuceioro raza B arMmochepHoM Bo3ayxe coctapisiia 405-500
MKMOJIIb*MOJIB ', UTO CYIIECTBEHHBIM O0OPa3oM HE CKa3bIBAJIOCh HA H3MEPACMBIX BEITMUMHAX (DOTOCHHTE3A.
CrnenoBaTensHO, B HallleM Clydae, OCHOBHBIMH (DaKTOpaMH, KOTOpPBIE MOTJIH OKa3bIBaTh MHTHOHPYIOIINE
neiicTBus Ha (POTOCHHTE3 N3ydaeMBIX cakeHIeB, octaeTcst ®AP u ux BomoobecneueHue, KOTOpoe B TIEPBYIO
oyepenb OMpeeNsieTcsl BIaKHOCTHIO TIOUBHI.

Jus Toro, 9TOOBI BBISICHUTH, KaKOW W3 O3TUX (AKTOPOB B HAMOONBIIEH CTENEHH OKa3bIBall
uHTHOUpYyIomuid 3¢p¢dekT Ha (QOTOCHHTE3, MBI TPOBEIH O3KCHEPUMEHT C JONOTHUTEIHHBIM IOJHBOM
cakeHIeB Ha ruromaake SAl. Bo3MOKHOCTh BIMSHHMS MEPEYBIOKHEHUS MOYBBI HA (POTOCHHTE3 Ca)KCHIICB,
cornacHo uccrnenosanusm [Hazandy et al., 2009], 6si1a HCKITIOYEHA.

Kax BumnHo u3 puc. 6, ®AP, o kpaitHeir Mepe, 10 ee MaKCHMAIIbHO HAOIOJaeMbIX 3HAYCHHH, HE
OKa3bIBaJa KaKOro-11M00 3aMETHOTO MHTHOMPYIOIIETO BO3ACHCTBUS Ha (POTOCHHTE3 TIOIMBAEMBIX CAXKCHIIEB.
06 3TOM TOBOPUT M Xopoias koppemius dortocunresa ¢ PAP. O xopomeii cocoonoctn H. odorata
AKKJIMMATH3MPOBATLCS K BBICOKOW OCBCHIEHHOCTH TOBOpUTCA H B pabore [Dong et al., 2016].
CrnenoBatensHO, HaOmogaemast JempeccHsi (OTOCHHTE3a CaKEHIIEB SBJISUIACh  CIEIACTBHEM WX
HEJIOCTATOYHOM BOJ00OECIIEYEHHOCTH. DTO TAK)KE BUIHO M3 COMOCTABJICHUS AMHAMUKHU (oTocuHTe3a (pucC.
3-5 u puc. 6 (kpuBas AD)) ¢ tuHaMHKO#l BIQXXHOCTH MOYBHI (pUC. 2): MIPU YMEHBIICHUH BJIQKHOCTU MOYBBI
BO BCe OOJIBIIIEH CTETIEHN TIPOCIICKUBACTCS 3aKOHOMEPHO MPOSBIISIONMIASCS AeTpeccrs (OTOCHHTE3A.

Hemnpeccust GoTocuHTEe3a, BBHI3bIBa€Mask HEJOCTATKOM BOJbI, TECHO CBS3aHA C YMEHBIICHHUEM €ro
HETTO-NPOAYKTUBHOCTH. OIlleHKa HETTO-TPOJYKTUBHOCTH (OTOCHHTE3a MPOU3BOAUTCS TIO MPUPOCTY
Oomomaccel pacteHns. KOCBEHHO MpHpOCT OHOMAcCHl PacTeHUs MOXHO OIEHUTh, HAPUMED, IO MPHUPOCTY
pacTeHHs B BBICOTY WJIM II0 TOJIUMHE CTBOJIA. B HAIMX HCCIENOBAaHHUAX 3TH JBa IapamMerpa XOpOIIo
KoppenupoBaiu Apyr ¢ apyrom, I = 0.78. OgHaKko MPUPOCT CakeHIIEB B BBICOTY, B OTJIMYHE OT TAaKOBOTO B
TOJIIIMHY, XapaKTepU30BAICA ONPEICIICHHOW [IeBUAIMel, CBA3aHHON C TIONEPEeMEHHOW aKTHBaIHen
anMKaIBHBIX 30H TPUPOCTa MpHU Ooyiee ONATONMPUATHBIX YCIOBUSAX IIPOM3PACTAHHS, HANpPUMEp, MOCIe
MOJIMBA, U €T0 MOCJIEAYIONINM YChIXaHUEM MIPH HEIOCTATKE BIaru. TakuMm o0pa3oM, B HallleM Cllydae OIIEeHKY
HETTO-NIPOIYKTHBHOCTH 11€1€C000pa3Ho paccMaTpUBaTh MO0 OTHOUICHHUIO K MPUPOCTY CAXKEHIIEB TI0 TOJIINHE.

Ilpu comocTaBICHUH TMHAMHUKH TPHPOCTA HCCICIYEMbIX CakeHIeB 1o Ttoimuae (puc. 8) ¢
JMHAMUKOW BJIQXKHOCTH MOYBBI (pUC. 2) BHIHO, YTO C YMCHBIICHHEM BJIaXHOCTH IOYBBI MPHUPOCT TAKKE
yMeHbInaeTcs. JlelicTBUTENbHO, HaWOONBIINE MPHPOCTHI CTBOJA HAOJIOAAIHNCh B TIEPBOE BpeMs IOCIE
mocanku caxkeHnes, 10 10.02, 3a WCKIIOYEHHEM CaKEHIEB Ha Iuomanke SA3, MpUpOCT KOTOPHIX OBLI
He3HauuTenbHbIM. Janee, BruioTh a0 03.03 noanep:KuBanuch OTHOCUTEIBHO HEIUIOXUE TEMIIbl npupocTa. B
JaJIbHEHIIIeM Ha0JII0laach TEHACHIMS K YMEHBIICHUIO MPUPOCTa, U B nepuoj ¢ 25.03 mo 06.04 mpupoct
MIPAKTUYECKU MTPEKPATHIICS, BILIOTH IO OTPULIATEILHOW BEIMYHHEI, HAOIIOIaeMOH Y PacTeHUH Ha TUIOMIAJIKe
SA3, 9To OBUIO CBS3aHO, IO-BUAMMOMY, C HEKOTOPOH ycyIKoi JpeBecuHbl. CaxkeHIbl Ha Tutommaake SA2 ¢
03.03 xapakTepH30BaIHCh HECKOJBKO JIYUIIHMMHU TOKa3aressiMu npupocta (puc. 8 (6)) 1, COOTBETCTBEHHO,
O6romaccsl.

MakcumanbHble 3HaueHHs: GoTocuHTe3a Juisi cakeHleB Ha muiomankax SAl u SA3 (puc. 7 (a, 6),
Tabn.1) ObUIM MPUMEPHO OJMHAKOBBIMH M JIMMHTHPOBAINCH HEJOCTATOYHBIM ISl MOJHOIEHHOTO POCTa
pacTeHuid coepkaHreM Biard B mouse. OHAKO yroJl HakJIOHA KacaTelIbHOH U, COOTBETCTBEHHO, CKOPOCTh
HapacTaHusi (POTOCUHTE3a, OBLIM HECKOJBKO BBILIE y CakeHIEB Ha momanke SA3. OO0 3TOM TOBOPST U
BennunHbl Ky. OOBscHseTcs 3T0 Oosiee paHHUM MOMaJaHHUEeM HPSMOrO COJHEYHOrO CBETa HA CaXKEHILbI HA
wrontagke SA3 B cpaBHeHuu ¢ TakoBbIMH Ha SAl. C apyroii croponsl, mapamerpsl Aq u TKC, Obutn
CYIIECTBEHHO JIydllle y cakeHieB Ha SAl. Takum 00pa3oMm, caxkeHIIbl ¢ IIomaakd SAl xapakTepu30BalIuCh
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NYYIIUMHA TApaMeTpaMyd POCTa W Pa3BUTHs JIUCTREB, M COOTBETCTBEHHO, MNPUPOCTa OHOMACCHI, TIO
cpaBHeHHMIO ¢ caxkeHamu Ha SA3 (puc. 8).

JInst cakeHueB, npou3pacTaromux Ha miomaake SA2 (puc. 7 (6), tabn.1), MakcuMasbHbIC 3HAYCHUS
WHTEHCUBHOCTH (oTOoCHMHTE3a cocTaBmsuid 5.0 MKMOIL'M'C™, W, B OCHOBHOM, JHMHUTHPOBAIHUCH
orpaanueHHON D AP. [Tapamerpsl a u Ky y 3TUX pacTeHunit ObUTH JydIlle, 9eM y APYTUX. DTO TOBOPUT O TOM,
YTO CaXKEeHIBl Ha Iuromanke SA2 obmamand ompeaeleHHON TeHeBBIHOCIHBOCTRIO [Tam, 2007; Hazandy,
2009]. O cnocodHocTr H. odorata pa3BuBaThCs B yCIOBHUSIX YMEPSHHOTO 3aTCHEHHS TOBOPUTCS U B paboTax
[Appanah, 1998; Dong et al., 2014]. Benuuunst Aq u TKC asi caxkeHieB ¢ SA2 3aHUMAIOT IPOMEKYTOYHBIC
3HAYCHUS] MEXJy TAaKOBBIMH JJIsi cakeHIeB Ha Iwiomanakax SAl u SA3. JIocToBepHOCTh 3HAYEHUH STHX
napamMeTpoB MOAKPEIUIAETCS AaHHBIMH MO MPUPOCTY 3THX Ca)KCHIEB [0 OTHOIICHUIO K TakoBbIM Ha SAl u
SA3 (puc. 8 (a)) — kpuBast MPUPOCTAa CAKEHIIEB MO TONIIMHE Ha IUIomaake SA2 pacrmojaractcs MeExIy
KPUBBIMH IIPUPOCTOB caxkeHIleB ¢ SAl u SA3.

[lonuBaeMbie cakeHIBI HE MOJABEPrajich KaKOMY-JIMOO 3aMETHOMY WHTHOMPYIOIIEMY BO3ICHCTBUIO
CO CTOpOHBI (haKTOPOB OKpYykaroiei cpeabl (puc. 7 (), Tadm.1). MakcumanbHoe 3HaYeHHE (POTOCHHTE3A ISt
Hux coctaBmio 10.5 MrkMonb M2 ¢, a 3HadeHust mokasarerneit 3bEKTHBHOCTH (POTOCHHTE3a TOBOPST O TOM,
YTO JTUCThS 3TUX PACTCHUH ellle HaXOJUIIUCh B CTaTUH POCTA.

Ha ocHoBe nmpoBeneHHOT0 aHaM3a, Mbl MOYKEM BBIIBUHYTH IIPEAONI0KEHUE, OOBSICHSIONIEE BBICOKYIO
cTemeHb Koppemsanuu (oTtocuHTe3a caxenneB ¢ DAP, a Ttakke OBICTpBIE pocT (HOTOCHHTE3a IO
MaKCUMAaJIbHBIX 3HAYCHUH, HAOMI0JacMbIe B YTPEHHUE Yachl: B TCUCHUE TEMHOTO BPEMEHHU CYTOK, CaXKEHIIBI
MOTJIM BOCCTaHABJIMBAaTh CBOH BOJAHBIN Oananc. [Ipu 3TOM BoccTaHOBICHHE BOJHOrO OanaHca OBLIO
BO3MOXHO A0 JOOCTHWIKCHHA COACpKaHHA BJIarkd B IIOYBE, COOTBETCTBYIOLICTO BJIAXKHOCTHU 3aBsAJaHUAA.
Hampumep, y He moiuBaeMbIXx caxeHieB (puc. 6) nuHamuka kpuBoii AD, a Takke OTpHIIATEIbHBIN
KO3 HIMEHT I, XapaKTepU3yIOUINi CTeleHb 3aBUCUMOCTH (hoTocuHTe3a oT PAP, TOKa3bIBAIOT MOJTHYIO
Jenpeccuio OTOCUHTE3a, KOTOpasi CBs3aHAa C MPOM3PACTaHUEM OTHUX CAKEHIEB B YCIOBUSAX COJCpPKAaHUS
BJIard B MOYBE, COOTBETCTBYIOIIETO BIAYKHOCTH 3aBSIIaHHS.

BbBIBO/IbI

OueBWIHBIM, ONpEACISIIONM (aKTOPOM, BIHUSIOMIAM Ha (POTOCHHTE3 HCCIEAYEMBIX CaXXCHIIEB
H. odorata, sBnsercs PAP. Dtum onpenensercss 0Oojee BBICOKas MPOAYKTUBHOCTh Ca)KCHIICB,
MPOU3PACTAOIIMX HA OTKPBITOH MECTHOCTH.

BeisiBiieHHass B X0jie 3KCIEpHMEHTa jenpeccusi (orocuHTesa y cakenuneB H. odorata smisuiachk
CJIEZICTBUEM HX HEJOCTATOYHON BOJI00OECTICUEHHOCTH, CBSI3aHHOW B MEPBYIO 04Yepeib ¢ AeQUIIUTOM BIIarH B
nouBe. Ca)KeHLbl, NPOU3PACTAIOIIME B 3aTEHEHHBIX YCJIOBHUSX, B MEHBILICH CTENEHU IMOJBEPTrauCh
BO3JICHCTBHIO HeIOCTaTKa BIaru. HanOomblmed Jenpeccuy MOABEpraliuch CaKEHIIBI, MPOU3PACTAIOIINE B
YCIOBHUSX KOHKYPEHTHBIX B3aHMOOTHOIIIEHUH CO B3POCIBIMU JI€PEBbSIMH.

Pa3paboTaHHble HaMH MaTeMaTHYEeCKHE MOJEIU COTJacHO ypaBHeHHIO Muxasmuca—Menten (1),
OIHCHIBAIONINE 3aBUCUMOCTEH (orocuHTe3a 0T DAP 1 M3yyaemMbIX Ca)XeHIIEB, B MEPCIEKTHBE MO3BOIISAT
MEPEUTH K OOIIICH MOJIEIH, ONUCHIBAIOIIEH 3aBUCUMOCTh (POTOCHHTE3a OT (haKTOPOB BHEIITHEH CPEIIbI.

Ha ocHOBaHWM TPOBENICHHBIX HWCCIEJAOBAaHUH MBI MOXeM C(HOpPMYIHPOBaTh U HEKOTOPBIE
PEKOMEHJAllMM MPAKTUYECKOTO XapaKTEepa, CBSI3aHHBIE C JIECOBOCCTAHOBUTEIbHBIMU MEPONPUITUIMH, a
MMEHHO: C IIEJIbI0 COKPAILUEHUS! TPYAO3aTpaT IpPHU BbIpAIIMBAHUM CAKEHIIEB, CBS3aHHBIX C IOJIMBOM, MBI
PEKOMEHIyeM IPOU3BOJUTh HUX IOCAJKy B Hadalle BJIAKHOIO CE30HA, 110 BO3MOXHOCTH, Ha 3aTEHSEMBIX
y4acTKax, HalpuMep, Mo IMOJI0roM Jieca, C MEPCIEKTUBON UX BBIX0/1a B MIEPBBIM APYC HACAKICHUSL.

BJIATOAAPHOCTHU

ABTOPBI BBIPAXKAIOT OJIAr0JJApHOCTH PYKOBOJICTBY HallMOHAILHOTO Mapka Kar TheH 32 BO3MOXKHOCTh
MIPOBEJCHUS U TIOJIICPIKKY ITPOBOAUMBIX MCCIIETOBATENBCKUX PaboT.
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