AYbIILLUAPYALLBbINbIFbI FbINIbIMOAPDI CENbCKOXO3AUCTBEHHbIE HAYKMN

SRSTI 34.31.37
UDC 57.045
https://doi.org/10.52269/22266070_2024_1_20

THE EFFECT OF WATER DEFICIENCY ON THE PRODUCTION PROCESS OF MISCANTHUS
(MISCANTHUS SPP.)

Anisimov A.A.* — Candidate of Biological Sciences, Senior Lecturer of the Department of plant
physiology, Russian State Agrarian University — Moscow Timiryazev Agricultural Academy, Russian
Federation.

Skorokhodova A.N. — Candidate of Biological Sciences, Senior Lecturer of the Department of plant
physiology, Russian State Agrarian University — Moscow Timiryazev Agricultural Academy, Russian
Federation.

Skorokhodov D.M. — Candidate of Technical Sciences, Associate Professor of the Department of
materials resistance and machine parts, Russian State Agrarian University — Moscow Timiryazev Agricultural
Academy, Russian Federation.

The article discusses the main physiological features of the formation of productivity elements of three
species of miscanthus (Giganteus, Sinensis and Sacchariflorus) in drought conditions. The aim of the study is
the comprehensive characterization of the responses of three miscanthus species under conditions of water
deficit in order to identify potential mechanisms of drought resistance of this crop and assess the possibility of
its cultivation in a more arid climate. The objectives of the study included assessing the level of biomass
accumulation by miscanthus plants under normal and drought conditions, determining growth indicators and
functional activity indicators, as well as evaluating indicators of the aquatic regime of miscanthus plants.

The results obtained indicate the presence of a wide species-specificity of the responses of miscanthus
plants to water deficiency. In the case of prolonged drought, the relative growth rate of all miscanthus species
decreases. The drought leads to the decrease in Miscanthus sacchariflorus photosynthetic yield, but the water
consumption efficiency in these plants remained at the level of plants growing under normal water supply
conditions. Miscanthus giganteus and especially miscanthus sinansis have demonstrated a wider range of
reactions to drought, which includes not only maintaining photosynthetic yield, but also optimizing it, as well
as increasing the efficiency of water consumption. In studied miscanthus species two strategies for adaptation
to draught were confirmed — the preservation and maintenance of vital processes under conditions of water
deficit, along with the mechanisms that optimize the efficiency of water consumption.

Key words: miscanthus, energy crops, biomass, drought, water consumption efficiency, water-retaining
capacity, photosynthetic gas exchange.

BINMUAHWUE BOOHOIO OE®ULUTA HA MPOAYKLMOHHBLINA MPOLIECC PACTEHUA MUCKAHTYCA
(MISCANTHUS SPP.)

AHucumos A.A.* — kaHOuGam buornoaudeckux Hayk, cmapuwiuli nperioagamerib kaghedpbi ¢husuonoauu
pacmenut, Pocculickuli eocydapcmeeHHbili agpapHbili yHUgepcumem — Mockogckasi CceribCKoxo3slcm-
eeHHasi akademusi umeHu K.A. Tumupsizeea, 2. Mockea, Pocculickas ®edepayusi.

Ckopoxodosa A.H. — kaHOudam 6uonoaudeckux HayK, cmapwul rnpernodagamesib Kaghedpbi
¢usuonozuu pacmenHul, Pocculickuli 2ocyGapcmeeHHbIl azpapHbili yHusepcumem — Mockoeckasi
cernbckoxosslcmeeHHast akademusi umeHu K.A. Tumupsisesa, 2. Mocksa, Pocculickas ®edepayusi.

Ckopoxodos [].M. — kaHdudam mexHuU4YeCcKux Hayk, doueHm kaghedpbl corpomussieHuUe Mmamepuarnos
u Oemanu mawuH, Pocculckull aocydapcmeeHHbIl azspapHbIl yHusepcumem — Mockoeckas
cesibckoxossiicmeeHHas akademus umeHu K.A. Tumupssesa, 2. Mockea, Pocculickas ®edepayus.

B cmambe paccmampuegaromcsi OCHO8HbIe hu3uOoIo2udeckue 0cobeHHocmu ¢hopMupeaHusi 3rieMeH-
moe npodykmusHocmu mpéx eudo8 MuUCKaHmyca (2u2aHmCcKoeo, KumalCKo20 U caxapousemkosozo) 8
ycrosusix 3acyxu. Llenb uccrniedosaHusi 3aknyvaemcsi 8 rposedeHUU KOMIIEKCHOU XapaKmepucmuKu
omeemHbIx peakuuli mpéx eudoe8 MUCKaHmyca Ha ycrogusix 800Ho20 Oecpuuyuma Onsi 8bIsI8NIEHUS
rnomeHuyuarsnbHbIX MEXaHU3MOo8 3acyxoycmoulyueocmu OaHHOU Kynbmypbl U OUEHKU B03MOXHOCMU eé
eblpawjusaHusi 8 bonee 3acywsiueom Kiumame. B 3adayu uccnedosaHusi exodusia OueHKa YpOBHS
HakoreHusi buomacchl pacmeHUsIMU MUCKaHmyca 8 HOpMasibHbIX YC/I08USIX U 8 YC/08UsIX 3acyxu,
onpedesieHue pocmosbix riokaszamesiel u rnokasamesneu hyHKUUOHanbHOU akmueHOCMU, a maKkxe oueHka
riokasamersiell B00HO20 pexuma pacmeHul MUckaHmyca.

lMonyyeHHble pe3ynbmamsl ceudemeribcmayom O Hanu4uu wWupokol eudocreyugudHocmu
omeemHbIX peakuyul pacmeHulli MuckaHmyca Ha 800HbIU Oeguyum. B crydae Hanu4dus npodormkumerbHol
3acyxu y ecex 8udog8 MUCKaHmyca CHUXaemcsi OmHocumeJsibHasi CKopocmb pocma. Y MuckaHmyca caxapo-
Usemkogo20 3acyxa npueodum K CHUXeHUK rpodykmusHocmu ¢homocuHmesa, o0Hako 3¢hghekmueHoCmb
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godorompebrneHus y OaHHbIX pacmeHull ocmaeanacb Ha ypOBHe pacmeHull 8 ycriosusix HopMasbHOU
8o0oobecrieyeHHoCcmMU. PacmeHusi MuckaHmyca au2aHmCKo2o0 U 0COBeHHO MucKaHmyca KumalicKo2o
obHapyxunu 6onee wWuUpoOKUl criekmp peakyuli Ha 3acyxy, Komopbil ekno4yaem 8 cebss He MOJIbKO
coxpaHeHue npodykmusHocmu ¢homocuHme3a, HO U €€ onmuMu3auyul, a makxe yeesuyeHue
aghgbekmusHocmu ymunu3sayuu 800bl. Y MuckaHmyca uccriefo8aHHbIX 8Uudo8 bbiiu nodmeepxdeHbl 0se
cmpameeauu adanmayuu K ycriosusiM Hedocmamka enasu — coxpaHeHue u noddepxaHue Mpoueccos
XKusHedessimernbHocmMu 8 ycrnosusix 800Ho20 decbuyuma Hapsly C Hanuduem MexaHu3mMos, KOmopble
10380/151F0M onNMUMU3UpPo8amb 3hheKkmMusHOCMb 8000NompebrieHUs.

Knro4deesnie csioea: MuckaHmyc, aHepaemu4deckue Kynbmypsbl, buomacca, 3acyxa, aghghekmueHocmb
sodoriompebrieHus, sodoydepxusarowjasi crocobHocmMb, homocuHMemMuU4YecKuli 2a3006MeH.

CY TANWbINbIFblIHbIH MUCKAHTYC ©CIMAIKTEPIHIH ©HAIPIC NMPOLIECIHE SCEPI
(MISCANTHUS SPP.)

AHucumos A.A* — 6uonoeusi fblbIMOAPbIHbIH  KaHOudamsbl, ©ciMOikmep  ¢bu3uoIoausiChbl
KaghedpacbiHbIH afa OKbImyulbiCbl, Peceli memnekemmik azpapsblk yHusepcumemi-K.A. Tumupsizes
ambiHOarbl Mackey aybinuapyauwbinbik akademusicl, Mackey k., Pecell ®edepauusicsl.

Ckopoxodosa A.H. — 6uonoeusi fbibiMOapbIHbiH KaHOUOambl, ©OciMOikmep ¢hu3uonoausichbl
KagheOpachiHbiH afa OKbImywbiCbl, Peceli memnekemmik azpapnblk yHueepcumemi-K.A. Tumupsizes
ambiHOarbl Mackey aybinwapyauwbinsik akademusicsl, Mackey K., Peceli ®edepayusichil.

Ckopoxodoe [A.M. — mexHuka fbinbiMOapbIHbIiH KaHOuUdambl, Mamepuandap MeH MawuHa
benwekmepiHe mesimoinik kaghedpacbiHbiH doueHmi, Pecel memnekemmik agpapsblk yHugepcumemi-K.A.
Tumupszee ambiHOarbl Mackey aybinwapyauwnbinbiK akademusicol, Mackey K., Pecel ®edepayusicni.

Makanada KyprakwbinbiK xafdalbiHOa MUCKaHMyCmbiH YW MYPIHIH (anbif, Kbimad XeHe KaHm
eynoepi) ©HIMOINIK  3neMeHmmepiHiH  KanbinmacyblHbIH — Heai3ai  ghu3uonoausiniblK  epexkwernikmepi
Kapacmbipbiiadbl. 3epmmey0diH Makcambi-0Cbli 0akblfiOblH KYpFaKWbiribiKKa me3imoiniaiHiH aneyemmi
MexaHU3MOEpPIH aHbIKMay XoHe OHbl KypfaK Krumamma ecipy MyMKiHOieiH 6aranay ywiH cy manuwibibifbl
XardalibiHOa MUCKaHmMyCmbIH YW MypiHiH peakyusinapbiHbIH KeuweHOi cunammamachiH Xypaisy. 3epmmeydiH
MiHOemmepiHe Karnbinmbl XOHe KypfaKWbInbiKk xardalbiHO0a MuckaHmyc ecimOikmepiHiH 6uomacca
XuHakmany OeHeeliH baranay, ecy xoHe byHKUUOHanNObIK besiceHiniKk KkepcemkiwmepiH aHbIKmay >oHe
mMucKaHmyc ecimOiKmepiHiH Cy pexuMiHiH kepcemkiwumepiH 6aranay Kipdi.

Hamuxenep muckaHmyc eciMOIiKmepiHiH Cy manuwblifbifbiHa peakyusnapbiHbIH KeH mypae moH
ekeHdieiH kepcemedi. ¥3aK KyprakwhbliblKk 00siFaH xardalida, MucKkaHmycmbld bapsibiKk myprepiHoe
carnbicmbipMarbl ecy KapKbiHbl memeHOeldi. MuckaHmyc caxapogropacbiHOa KyprakubliibliKk (pOmMoOCcUHmMe3
eHimdinieiHiH memeHOeyiHe okenedi, bipak 6yn ecimdikmepdeai cyObl mymbiHyOblH muimdiniai Kanbinmesi
CyMeH Kammamachi3 emy xardalbiHOa eciMOikmep deHeeliHOe Kandbl. Arnbif MUCKaHmMyc ecimoikmepi xoHe
acipece Kbimali MuckaHmychbl KypraKklwiblnbiKKa peakuyusinapOblH KeH criekmpid manmai, 6yn ®omocuHme30iH
eHiMmdinieiH cakmaydbl faHa emec, OHbl OHMalnaHObIpyObi, coHOal-aK cyObl kadeee xapamy muimoinieiH
apmmebipydbl  KaMmudbl. 3epmmenzeH mypnepliH MuckaHmycbiHOa blFandbid — Xemicrneyuwliniei
xarOalinapbiHa 6elimOenydiH eki cmpameausicbl pacmandbi-Cy manuwbliibifbl XafdalbiHOa Mmipwinik
npouecmepiH cakmay XoHe cakmay, COHbIMEeH Kamap cyObl mymbiHydblH muimdinieiH oHmadnaHObIpyra
myMKiHOIK 6epemiH mexaHu3mdep bap.

TytiHdi ce30ep: MuckaHmyc, sHepaemukarsblk 0akbinidap, buomacca, KyprakwblibiK, cyObl mymbiHy
muimdiniiei, cyObl cakmay Kabinemi, pomocuHmemukarbik 2a3 aimacy.

Introduction. In modern agriculture, cultivation of various crops is beginning to play an increasingly
important role every year in order to obtain biomass, which can be used for a number of needs, for example,
for the production of biofuels, composite and building materials. Interest in energy crops increased in the
second half of the 20th century in Europe and the United States of America. As a result of studying the available
resources of the Earth's flora, various groups of crops that can be used to produce biomass have been
described. The studied plants were classified by life forms: annual and perennial herbaceous, as well as woody
plants [1, p.275].

Among the representatives of the group of perennial herbaceous plants, today one of the most promising
from the point of view of obtaining biomass are species of the Miscanthus genus (Miscanthus spp.). These are
perennial rhizomatous grasses belonging to the Poacea familia. The homeland of miscanthus is the Southeast
Asia — China, the Korean Peninsula, the islands of the Japanese archipelago, as well as the southern part of
the Russian Far East. Among more than twenty representatives, two species of plants were introduced into
the culture — miscanthus sinensis Anderss., and miscanthus sacchariflorus Maxim. Miscanthus giganteus
Greef at Deut. is a hybrid that appeared naturally by crossing a diploid species — M. sacchariflorus and
tetraploid — M. sinensis. The resulting triploid plants are unable to form seeds and reproduce only vegetatively
[2, p.88].
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A characteristic feature of representatives of this genus is the presence of a special photosynthesis
pathway — C4-type, which is the reason for high potential productivity — up to 40 tons of dry matter per hectare.
The possibility of long-term cultivation in one place (up to 20 years), as well as high potential yields, along with
the quality of the resulting biomass, led to the inclusion of miscanthus in a number of the most promising crops
for bioenergy purposes [3, p. 116].

The modern genotypes of Miscanthus were obtained as a result of breeding work and have a fairly wide
potential area of cultivation in Europe (including in the European part of the Russian Federation) [4, p.3].
However, on the territory of the central part of Russia and, in particular, at the latitude of Moscow, the maximum
potential yield cannot be achieved. This is due to a number of reasons. Firstly, the amount of photosynthetically
active radiation (FAR) at the latitude of Moscow is insufficient to achieve maximum photosynthesis efficiency.
Secondly, the duration of the growing season in Moscow is significantly lower than in the regions most suitable
for the cultivation of miscanthus (which include, for example, the countries of the Northern and Eastern
Mediterranean). And, finally, thirdly, even at the latitude of Moscow, in some years miscanthus may experience
a lack of moisture in the soil, as, for example, in a rather dry 2014 [5, p.148]. During summer soil droughts,
both the death of individual shoots on the plant and the entire plant as a whole can be observed [6, p.12].

The responses of various C4 plants include the following mechanisms [7, p.907]:

1. The ability to avoid the damaging effects of water scarcity by adapting life rhythms;

2. Adaptation to stress factors, which allows the plant to preserve and maintain vital processes in
conditions of drought;

3. The presence of mechanisms that allow plants to optimize the process of using water for the formation
of dry matter (efficiency of water consumption).

Mechanisms of osmotic regulation of the water regime have been found in miscanthus plants, which
correlates with the second strategy of responses to water stress conditions [7, p.165]. Osmotic regulation
allows the plant organism to support the processes of vital activity even under conditions of low values of water
potential. In addition, a number of researchers have noted the presence of a third strategy for avoiding drought
damage in miscanthus. It is also worth noting that the maximum productivity of the plant can be achieved only
under the condition of high efficiency of water consumption, which is especially relevant in conditions of drought
[9, p.300].

Since irrigation of energy crops is economically unprofitable, the search and study of such genotypes
that will be able to ensure optimal productivity even in conditions of insufficient moisture supply, as well as the
identification and verification of those physiological mechanisms that cause these reactions, is of particular
relevance. The available literature data show a higher plasticity of M. sinensis in relation to drought, therefore,
varieties based on it are of particular interest for cultivation without irrigation in areas where short-term and
medium-term droughts are observed [10. p.468].

Aim, objectives. The aim of the study is the comprehensive characterization of the responses of three
miscanthus species under conditions of water deficit in order to identify potential mechanisms of drought
resistance of this crop and assess the possibility of its cultivation in a more arid climate. The objectives of the
study included assessing the level of biomass accumulation by miscanthus plants under normal and drought
conditions, determining growth indicators and indicators of functional activity, as well as evaluating indicators
of the aquatic regime of miscanthus plants.

Materials and methods. Miscanthus plants from on the territory of the field experimental station of the
Russian State Agricultural Timiryazev Academy were used as objects of research. Various plants were taken:
miscanthus sinensis, miscanthus sacchariflorus and miscanthus giganteus. The rhizomes of plants from the
third year of life were used.

The vegetation experiment was carried out in the greenhouse of the Laboratory of Artificial Climate of
the Russian State Agricultural Timiryazev Academy. The plants were grown in natural light with additional
illumination by high—pressure sodium lamps (the PPFD of the light source was 180 mmol/m?* sec), the
photoperiod was 18 hours. The plants were grown in soil in vegetative vessels with a volume of 2 liters. The
planting material was obtained by dividing the rhizomes of uterine plants of the third year of life, extracted from
the field site before the start of the experiment. A ready-made soil mixture of Agrobalt-C, filled with fertilizers,
was used as a substrate. All vessels contained an equal weight of substrate — 1500 g of air-dry soil.

Within 30 days from the beginning of vegetation, miscanthus plants were watered to the level of 70%
full soil water capacity. Further, watering of some plants was reduced to 30% of the full soil water capacity.

Sampling to determine biometric indicators was carried out in dynamics from the moment of termination
of watering of plants of the experimental group with a frequency of once every two weeks. The biomass of
plants (by organs), the area of leaves were determined, the relative growth rate (RGR, g/g* dry weight*day)
and the net productivity of photosynthesis (NPF, g/m?*day) were calculated.

The parameters of photosynthetic gas exchange were determined (photosynthesis intensity, mmol
CO?%m2*sec, transpiration intensity, mmol H20/m?*sec, stomatal conductivity, mmol/m2*sec) plants using the
LI-6400 RX automatic gas exchange registration system (Li-Cor, Lincoln, Nebraska, USA). Gas exchange was
recorded on the upper leaf plastics that had completed it's development at a fixed evening time for all
measurement points (18-00). Based on the photosynthetic gas exchange data, the water consumption
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efficiency indicator (the ratio of photosynthesis intensity to transpiration intensity) was calculated.
Measurements of the water retention capacity of the leaves were carried out in dynamics .

The results were mathematically processed, and the tables show arithmetic averages and standard
errors.

Results. The most general and integral characteristic of the influence of various factors on a plant can
be obtained by studying the growth processes. The conditions of insufficient water supply have led to a
significant decrease in the level of accumulation of dry biomass by all types of miscanthus (fig.1).
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Figure 1. — Dry matter accumulation by different Miscanthus species under the drought conditions

Drought caused a stable decrease in the relative growth rate in all studied miscanthus species.
According to the net productivity of photosynthesis in plants (NPP) of various species and hybrid forms,
differences in reactions were also revealed (Table 1).

Table 1. — Relative growth rate and net photosynthesis productivity of miscanthus grown in drought
conditions

RGR, g/g of dry matter per day NPP, g/m?*day

Variant
0 — 15%* 15 - 30 30-45 0-15 15— 30 30-45
M. sinensis |-C~| 0.018+0,004 | 0,015+0,003 | 0,016+0,003 | 3,42+0,11 [242+02 [335+0,8
' D 0,022+0,003 | 0,017+0,004 | 0,009+0,002 | 10,32+0,09 | 14,34+3,8 [ 1,14+0,2
M. C 0,019+0,003 | 0,014+0,003 | 0,020+0,002 | 3,85+0,09 | 6,31+1,3 | 9,35+1,4
saccharif. | D 0,020+0,008 | 0,016+0,004 | 0,014+0,002 | 2,91+0,5 |6,32+1,2 [ 5,46+1,2
M. C 0,019+0,004 | 0,019+0,005 | 0,018+0,003 | 10,02+1,5 | 4,04+0,9 | 9,48+2,1
giganteus D 0,013+0,002 | 0,008+0,002 | 0,007+0,002 | 3,91+0,8 | 6,21+1,3 | 1,84+0,4

**time interval, days from the beginning of drought. *** C. — Control, D. — Drought

The lack of water in the soil significantly affected the parameters of photosynthetic gas exchange of
miscanthus plants, From the very beginning, drought conditions led to a significant suppression of the process
of visible photosynthesis, which may indicate both the occurrence of disorders in the photosynthetic apparatus
and increased respiration under the influence of drought. Similarly, lack of water affected the intensity of
transpiration. In conditions of insufficient water supply, miscanthus plants of all studied genotypes were forced
to reduce moisture consumption in order to use it as efficiently as possible. Soil drought caused a steady
decrease in the degree of stomata opening in plants, which, apparently, was one of the reasons for the parallel
decrease in the intensity of photosynthetic gas exchange processes (Table 2).

According to the change in the efficiency of water consumption under the influence of drought, the
miscanthus plants of the studied genotypes can be divided into several groups with different strategies.
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Table 2. — Indicators of photosynthetic gas exchange of miscanthus plants of various genotypes in
drought conditions

< Photosynthesis intensity, Transpiration intensity, Stomatal
~§ MkmolCO2/M?*sec mmolH20/m?*sec conductivity, Mmol/mM?*sec
> 45/15 60/30 75/45 45/15 60/30 75145 45/15 60/30 75/45
1| C.** | 1,68+0,09 | 1,54+0,05 | 1,50+0,08 | 1,38+0,11 | 1,43+0,12 | 1,28+0,18 | 0,046+0,011 | 0,043+0,012 | 0,044+0,012
D. 1,11+0,05 | 1,01+0,09 | 0,91+0,04 | 0,44+0,12 | 0,40+0,08 | 0,43+0,04 | 0,029+0,008 | 0,028+0,007 | 0,027+0,004
2| C. 1,85+0,04 | 1,81+0,15 | 1,75+0,08 | 1,35+0,08 | 1,42+0,17 | 1,30+0,21 | 0,046+0,012 | 0,044+0,012 | 0,041+0,013
D. 0,88+0,04 | 0,80+0,04 | 0,69+0,04 | 0,62+0,04 | 0,60+0,6 | 0,52+0,10 | 0,023+0,007 | 0,022+0,004 | 0,021+0,07
3| cC. 1,60+0,12 | 1,61+0,14 | 1,55+0,12 | 1,40+0,14 | 1,34+0,14 | 1,38+0,14 | 0,049+0,012 | 0,048+0,012 | 0,049+0,014
D. 0,95+0,09 | 1,01+0,09 | 1,06+0,09 | 0,69+0,03 | 0,62+0,9* | 0,63+0,09 | 0,029+0,07 | 0,030+0,08 | 0,029+0,009

*in the numerator — the number of days from the beginning of the growing season, in the denominator — the
number of days from the beginning of the drought. ** C. — Control, D. — Drought, **Types:1 — M. sinensis, 2 —
M. sacchariflorus, 3 — M. giganteus

In conditions of optimal water supply, due to the absence of stress factors, there are no significant
changes in the efficiency of water consumption in all studied plants. In m. sinensis and m.giganteus, drought
conditions caused a stable increase in water consumption efficiency, while in m. sacchariflorus, it remained at
the control level. Thus, plants have the ability to adapt to drought conditions has been demonstrated in both
by optimizing photosynthesis processes and by increasing the efficiency of water consumption.

Table 3. — Indicators of the water metabolism of miscanthus plants when grown in drought conditions

Variant Water consumption Water retention capacity, % of lost
efficiency,mcMolCO2/ mMolH.0 moisture per 30 min.
45/15 60/30 75145 45/15 60/30 75145
M. sinensis C* |1,22+40,12 | 1,09+0,09 1,19+0,22 7,4+0,8 9,2+1,5 8,8+1,2
) D. 2,565+0,21 | 2,54+0,22 2,14+,024 12,1+1,3 14,2+2,5 14,8+2,6
M. saccharif C. 1,32+0,14 | 1,23+0,15 1,32+0,09 8,4+0,7 7.2+1,3 7,6+1,5
) " | D 1,44+0,23 | 1,35+0,19 1,36+0,14 6,9+0,5 7,7+0,8 7,5+1,0
M. giganteus | C 1,18+0,14 | 1,22+0,14 1,12+0,12 10,9+1,1 12,4+2,0 11,9+2,6
D. 1,54+0,18 | 1,60+0,21 1,70+0,13 7,3+0,7 7,5+1,4 8,7+1,4

in the numerator — the number of days from the beginning of the growing season, in the denominator — the
number of days from the beginning of the drought. ** C. — Control, D. — Drought

Discussion. At the initial stage of the action of insufficient moisture supply in plants of all variants, no
differences in the values of relative growth rate (RGR) were found. This indicates the ability of miscanthus
plants in the early stages of drought to actively adapt metabolic processes and thus minimize the effect of an
adverse factor. However, the plants of M. giganteus show an earlier decrease in RGR under the influence of
drought compared with other species and hybrid forms. In the future, as the duration of the conditions of lack
of water in the soil increases, the ability of plants to adapt decreases, which is expressed in a decrease in
RGR.

Drought conditions do not cause significant changes in Miscanthus sinensis plants according to net
productivity of photosynthesis (NPP). It should be noted that over the entire observation period, the net
productivity of photosynthesis of Miscanthus sinensis plants in drought conditions was an order of magnitude
higher than that of plants in the control group, which, along with a more intensive level of accumulation of dry
biomass, may indicate a successful adaptation of the photosynthetic apparatus to the action of an unfavorable
factor. The plants of miscanthus sacchariflorus and miscanthus giganteus show similar dynamics of NPP under
the influence of water deficiency. During the initial stages of drought, the net productivity of photosynthesis in
these genotypes increased, but by the 45th day, the productivity of photosynthesis decreased significantly,
especially in miscanthus giganteus. Thus, plants of miscanthus sacchariflorus and miscanthus giganteus with
a prolonged lack of moisture are not able to fully adapt photosynthesis processes to conditions of water
scarcity, which in turn can lead to a decrease in final productivity.

In most of the studied miscanthus genotypes, the conditions of lack of water in the soil did not cause
significant changes in the water retention index. Significant differences were noted only in the case of plants
of M. sinensis, in which, under drought conditions, it is possible to distinguish a tendency to an increase in
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VUS. These data also indicate that the plants of M. sinensis are able to adapt to the conditions of prolonged
soil drought due to the widest range of physiological reactions.

Conclusion. The results indicate a wide species-specificity of the reaction of miscanthus plants to
drought conditions. Insufficient water availability leads to a decrease in the relative growth rate as the duration
of the adverse factor increases. In some species and hybrids, such as Miscanthus sacchariflorus, water
scarcity conditions led to a decrease in photosynthesis productivity, however, plants were able to maintain
water consumption efficiency at the level of the control group that did not experienced the lack water. In plants
of miscanthus giganteus and especially miscanthus sinensis the wider range of responses to drought was
found. It which includes not only maintaining photosynthetic productivity, but also optimizing it, as well as
increasing the efficiency of water utilization. Thus, in miscanthus plants of the studied genotypes, two
strategies for adaptation to conditions of lack of moisture were confirmed — the preservation and maintenance
of vital processes in conditions of water scarcity, along with the presence of mechanisms that optimize the
efficiency of water consumption.
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BHEOAPEHUE TEXHOJTOIM'MMX TOYHOI O 3EMIEOENUA
B TOO HINLU «<EURASIA FARM INNOVATIONS»

Bucemaes K.C. — maaucmp 0enno8020 aOMUHUCMPUPOBaHUs, 3amecmumesib Oupekmopa Hay4yHo-
rnpouseodcmeeHHo20 UeHmpa «Eurasia Farm Innovationsy, e. J/lucakosck, Kazaxcma-.

lMnomHukoe B.. — Maaucmp CcenbCKOXO35UCMBEHHbIX HayK, anaeHbili agpoHoM HaydyHo-
rnpouseodcmeeHHo20 ueHmpa «Eurasia Farm Innovations», e. J/lucakosck, Kazaxcma-.
EkamepuHckas E.M.* - dokmop PhD, 3amecmumens dupekmopa o Hayke Hay4Ho-

rnpouseodcmeeHHo20 UeHmpa «Eurasia Farm Innovationsy, e. J/lucakosck, Kazaxcma-.
Eeniox O.A. — K.m.H., doueHm, u.o. rnpogheccopa Kaghedpbl «AepapHol MexXHUKU U mpaHcropmay,
Kocmamnatickuli peauoHanbHbIl yHugepcumem umeHu Axmem batimypcbiHynbl, 2.KocmaHal, KazaxcmarH.

B 2023 200y Ha nonsix HayyHo-npou3sodcmeeHHo20 uyeHmpa «Eurasia Farm Innovations» nnouw,adbto
11 mbic. ea 6biru nposedeHbl pabomsi 10 8HEOPEHUK MEXHOI02UU MOYHO20 3eMiederus.

B daHHoOU crmambe 8 kadyecmee npumepa bydym ebicmyrname uccriedo8aHusl, NPo8edeHHbIe Ha rosne
Ne 97.

Ha nonsix dnsi oueHKku ucxodHo20 cocmosiHusl rnovye Ao rocesa onpedesieHbl OCHOBHbIE 31IEMEHMbI
MUHepasibHO20 NuUMmMaHusi ¢ MoMOWbK az2poXUMUYEeCKO20 3KCIpecc aHanusa rnoys npubopom Stenon Farm
Lab: codepxxaHue muHepansHo2o azoma (Nmin) u Humpam+ozo asoma (NOs), nodsuxxHozo ¢pocgpopa (P20s),
codepxxaHue opeaHu4Yyeckozo sewecmsa 8 crioe 0-20 cM, pH noyeeHHo20 pacmeopa.

YcmaHoeneHa oyeHb Hu3kas obecriedeHHocmb HumpamHoz2o azoma 6 crnoe 0-20 cm (5-10 me/ke
royssl).

Mo codepxaHuro nodsuxxHo2o ¢hocghopa & rnoyse, credyem ommemumsb, Ymo 74% om obuwel
nnowadu nosis umesnu HUskuli yposeHb obecriedeHHocmu (10-15 ma/ke) u monbko 26% umenu 8biCoKul U
cpedHul yposeHb obecrieyeHHocmu (P20s).

o codepxaHurO Op2aHUYECKO20 eBewecmea, [o4Y8bl UMEU HU3KYK U CPEeOHI CmereHb
obecniedyeHHocmu (2-6%). Bce obpa3ubi moysbl UuMesniu peakyuro noYeeHHoO20 pacmeopa cpedHe-WeIoYHY0
(7,3-8,5).

lNo OQaHHbIM acpoxumuyeckoeo obcnedosaHusi paccyumaHa 0o3a ammoghoca 40-121 «ke/za,
cocmaerneHbl Kapmbi-3adaHuli 051 dughbghbepeHyuposaHHO20 8HeceHUs1 yOobpeHuli 8 OCeHHUU rnepuod.
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