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Hpe)Z[CTaBJIeHBI PE3YIBTAThI I/ICCHCI[OBaHI/Iﬁ MMPUMECHCHUS T10Ka3aTCiisd MPOHUIACMOCTU KIICTOY-
HBIX MEMOpaH, ONPEAEIIEMOro M0 OTHOCHUTEILHOMY M3MEHEHHIO YIENbHOHW 3JIEKTPOIPOBOIHOCTH
(VOII) BOmHBIX BBITSDKEK TKaHEH, IPOPOCTKOB COPTOB sipoBoi mmieHwUIBI HoBocnOupckas 18, Ho-
BocuOupckas 44, Cubupckas 21 u Omckas 18 mpu coBMeCTHOM JieiicTBUU cTpeccopoB. B mMonens-
HBIX JJa0OPaTOPHBIX BEreTallMOHHBIX OMBITaX MCCIEIOBaHa royacoBas nuHaMuka YOIl BOTHBIX BbI-
TSDKEK JINCTHEB MTPOPOCTKOB (IKCIO3HIINS TUCTHEB B Boze 0,5—4,5 4) B YCIOBHSIX OITHOBPEMEHHOTO
neiictBus xyopuaHoro 3aconenus (1,3%) u Bo30ynuTenst OOBIKHOBEHHOM THWIIM 311aKOB Bipolaris
sorokiniana Shoem. (5000 xoHMOMK Ha 3epHO). YCTAHOBIECHO JOcTOBepHOE yBenmyenue YOI B
1,5 pa3a U CKOPOCTH BBIXO/Ia DJIEKTPOIUTOB B 2 pa3za y MEeHee ycToiurnBoro copra HoBocuOmpckas
44 mno cpaBHeHuto c¢ Oornee yctoitumBeiM Omckas 18. MccnenoBana mocyTouHas AuHamuka YOIl
10-16-CyTOYHBIX MPOPOCTKOB B YCJOBHSAX IOCICAOBATEIBHOIO JEWCTBUSI THUIEPTEPMUHU CEMSIH
(43 °C), xnopunnoro 3aconenus (1,3%) u Bipolaris sorokiniana Shoem. (5000 koMU Ha 3€pHO).
YcTaHOBJIEH MPOTEKTOPHBIN ekt TunepTepMun y 0osee ycroitumsoro copra Cubupckas 21 (mo-
croBepHoe camkenue YOII 1o 1,3 pasza) no cpaBHeHHIO ¢ BapuaHTOM O€3 Iporpesa ceMsiH. Y MeHee
ycroitunBoro copra HoBocuOupckas 18 mporpeB ceMsiH J1eCTaOMIIN3NPOBAIl COCTOSIHAE KIIETOYHBIX
MeMOpaH (JtocroBepHoe yBennuenue YOII u ckopocTr BeIxosa 3i1ekTponuToB B 1,5 u 1,2 paza coor-
BETCTBEHHO). DKCIIEPUMEHTAIIBHO ONPE/IeIICHBI YCIOBHS, 00CCIICUHBAIOIINE BISBICHHE MaKCHMAJIb-
HBIX Pa3IM4Ui UCCIETYEMbIX COPTOB MILEHULIBI: BO3PACT MPOPOCTKOB — 10 CyT, BpeMEHHOI HHTEpBa
AKCIIO3UIMU 00pa3noB B Bojae — 1,5—4,5 4. MexXCOPTOBBIE PA3INYHsI IO OTHOCUTEIHFHOMY N3MEHEHHIO
3nayenuit YOII B BapuaHTe 6e3 mporpeBa ceMsiH cocTaBisuii 1,9 pa3a U B BapuaHTe ¢ IPOrPEBOM
ceMsiH — 3,7 pasza ¢ JOCTOBEPHOCThIO pa3nuuuil Ha ypoBH:X p < 0,05 u p < 0,01. MexcoproBble pas-
JINYU 110 OTHOCUTCIIbHOMY M3MCHCHUIO VSH, YCTaHOBJICHHBIC HA MHTCPBAJIC BPEMCHU 3KCIIO3UIINU
BbIXOJA AMEKTponuToB 1,5-4,5 u, coctaBmsuu 1,50—1,67 pasza ¢ A0CTOBEPHOCTHIO pa3IUUXil HA YPOBHE
p < 0,05. IIpeanmoxxeHHBIN TOIXOA TMTO3BOJIMUT pa3padoTaTh METOIUKY OIIEHKH HOBBIX T€HOTHUIIOB Ha
YCTOHYUBOCTD K COBMECTHOMY JICHCTBHIO OMOTHYECKUX M AOMOTHYECKUX CTPECCOPOB.

KuroueBble cjioBa: coprt, MIIEHHIA, YCTOWYMBOCTh, CTPECCOPHI, MPOHUIIAEMOCTh KIETOYHBIX
MeMOpaH, yaenbHast dIEKTPOIPOBOIHOCTD
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SEEDLINGS IN ASSESSING STRESS RESISTANCE OF WHEAT VARIETIES
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The paper presents the results of studies on the use of the permeability index of cell membranes,
determined by the relative change in the specific electrical conductivity (EC) of water extracts of
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tissues of spring wheat seedlings, varieties Novosibirskaya 18, Novosibirskaya 44, Sibirskaya 21 and
Omskaya 18, under the combined action of stressors. In model laboratory vegetation experiments,
the hourly dynamics of the EC of water extracts of seedling leaves (exposure of leaves to water
for 0.5-4.5 h) was investigated under the simultaneous action of chloride salinity (1.3%) and the
causative agent of common rot of cereals Bipolaris sorokiniana Shoem. (5000 conidia per grain). It
was established that EC increased by 1.5 times and the rate of electrolyte leakage increased twofold
in the less resistant variety Novosibirskaya 44 compared to the more resistant Omskaya 18. The
daily dynamics of the EC of 10—16-day-old seedlings was studied under the sequential action of seed
hyperthermia (43 °C), chloride salinity (1.3%), and Bipolaris sorokiniana Shoem. (5000 conidia per
grain). The protective effect of hyperthermia was established in the more resistant variety Sibirskaya
21 (a decrease in EC up to 1.3 times) in comparison with the variant without heating the seeds.
In the less resistant variety Novosibirskaya 18, heating the seeds destabilized the state of the cell
membranes (increase in EC and electrolyte leakage rate by 1.5 and 1.2 times respectively). The
conditions that ensure the identification of the maximum differences in the studied wheat varieties
were experimentally determined: the age of seedlings 10 days, the time interval of exposure of the
samples to water 1.5-4.5 h. Intervarietal differences in the relative change in the EC values in the
variant without heating the seeds were 1.9 times and in the variant with heating the seeds — 3.7
times, with the significance of difference at the levels p < 0.05 and p <0.01. Intervarietal differences
in the relative change in the EC, established for the time interval exposition of electrolytes leakage
of 1.5-4.5 h, were 1.50—-1.67 times with the significance of difference at the level of p < 0.05. The
proposed approach will make it possible to develop a methodology for assessing new genotypes for

resistance to the combined action of biotic and abiotic stressors.
Keywords: wheat, variety, resistance, stressors, permeability of cell membranes, electrical

conductivity
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INTRODUCTION

In crop variety breeding it is necessary to
diagnose their resistance to biotic and abiotic
stress factors of the environment. Perform-
ing such an assessment in the field by a direct
method (by yield depression) is a laborious and
time-consuming stage. In this regard, the as-
sessment of varieties is carried out in labora-
tory conditions by indirect methods to change
the physiological, biochemical and biophysical
parameters, which reflect the process of plant
adaptation to stress [1, 2]. The advantages of
indirect assessment include high information
content, the ability to predict a decrease in pro-

ductivity under stress at the early stages of plant
ontogenesis, the independence of diagnostic
indicators from environmental conditions, and
the possibility of automated assessment [3].
For the most part, the diagnostic methods
used make it possible to assess genotypes for
resistance to one acting stressor. However, in
natural conditions, plant organisms are exposed
to a complex of environmental stress factors
in various combinations and doses at different
stages of plant development. Therefore, it is
important to conduct research on the resistance
of crops to stressful influences, simulating their
cumulative effect [4]. In Siberia, among other
stressors limiting the yield, soil salinity, com-
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mon root rot, and elevated air temperatures
should be taken into account [5].

The main plant responses to abiotic and bi-
otic factors are associated with the occurrence
of oxidative stress, which disrupts the structure
and function of cell membranes. This leads
to complete cell death, inhibition or arrest of
growth [6, 7]. The biological membrane serves
as a primary protective barrier and provides a
nonspecific component of adaptation mecha-
nisms under the action of stress factors [8].

The most important property of biological
membranes is permeability. It determines the
stability of plant tissues and cells and character-
izes the static, genetically determined potential
resistance of the genotype [9, 10]. The higher
the resistance of plants, the less the structure
and properties of membranes are disturbed, and
the release of electrolytes from plant tissues
into the external environment decreases [11].
Changes in membrane permeability for electro-
lytes is one of the criteria for plant resistance
to biotic and abiotic stressors. The reason for
the increase in the permeability of cell mem-
branes under stress may be the H * / Ca ' ra-
tio in the membranes, a decrease in the level of
SH-groups, the formation of defective regions
in lipids, and an increase in the activity of en-
dogenous phospholipases'.

The permeability of cell membranes is de-
termined by the conductometric method by
measuring the specific electrical conductivity
of electrolytes released through damaged cell
membranes from plant tissues and organs into
distilled water, which can be a diagnostic indi-
cator of the stress resistance of the variety.

The results of studies on changes in the per-
meability of cell membranes under the action
of low temperatures on plants [12, 13], drought
[14, 15], infection with a pathogen [16, 17],
biologically active substances [18, 19], heavy
metals [20] were obtained.

The method also turned out to be in demand
in studying the response of plants to the sepa-
rate and combined action of stressors: low tem-
perature and cadmium ions [21], heat shock and
water deficit [22], unfavorable temperature and
heavy metals [23], salinity and zinc [24].

Earlier, we experimentally proved the pos-
sibility of taking into account the change in the
permeability index of cell membranes, assessed
by the specific electrical conductivity (EC) of
seedling tissues. On the basis of this, diagnostic
methods have been developed to assess the re-
sistance of spring wheat and barley varieties to
chloride salinization and the causative agent of
common rot of cereals*>.

The aim of the research is to evaluate the
specific electrical conductivity of aqueous ex-
tracts of leaves as an indicator of the permeabil-
ity of cell membranes of seedlings to determine
the stress resistance of wheat varieties to the
combined action of the causative agent of root
rot of cereals, chloride salinization, and hyper-
thermia of seeds.

MATERIAL AND METHODS

The experimental work was carried out in
the laboratory for the study of physical process-
es in agrophytocenoses of the Siberian Institute
of Physics and Technology, SFNCA RAS. The
studies were carried out in laboratory condi-
tions (vegetation experiment - water crops)
on seedlings of zoned varieties of soft spring
wheat Novosibirskaya 18, Novosibirskaya 44,
Sibirskaya 21 of the Siberian Research Insti-
tute of Plant Production, a branch of the ICG
SB RAS, and Omsk 18 of the selection of the
Omsk ASC.

The study of the permeability index of seed-
ling cell membranes was carried out to assess
the resistance of varieties to the combined ac-
tion of the common rot pathogen Bipolaris so-
rokiniana Shoem. (B. sorokiniana), chloride sa-

!Chirkova T.V. Physiological foundations of plant resistance: a textbook. SPb.: Publishing house S.-Pb. University, 2002.244 p.

*Patent RU 2446671 IPC A01G7 / 00, AO1H1 / 04. The method for determining the relative resistance of soft spring wheat
varieties to chloride salinity / T.A. Gurova, V.Yu. Berezina, N.S. Kutserubova. Publ. 10.04.2012.

SPatent RU 2625027 IPC AO1C12N 1/14, AO1H 5/12. The method for determining the relative resistance of soft spring wheat
varieties to the causative agent of common root rot of cereals / T.A. Gurova, V.V. Alt, O.S. Lugovskaya. Publ. 11.07.2017.
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linization and hyperthermia of seeds. The hour-
ly and daily dynamics of the EC of the extracts
of seedlings leaves of wheat cultivars differing
in their resistance to these stressors was stud-
ied. Preliminarily, the resistance of varieties
was assessed in laboratory conditions accord-
ing to growth parameters, changes in dry and
wet biomass, and development of the disease
on seedlings [25].

The hourly dynamics of changes in the leaf
extracts EC (kinetics of electrolyte release af-
ter exposure of leaf tissue in distilled water for
0.5-4.5 h) was recorded in 10-day-old seedlings
of varieties Omskaya 18 (relatively stable) and
Novosibirskaya 18 (relatively unstable). The
stressors acted simultaneously.

Experiment options:

— control (stress-free seeds),

— infection of seeds with B. sorokiniana
(5000 conidia per grain) + chloride salinity of
1.3%.

The daily dynamics of EC was recorded in
10-16 day old seedlings of varieties Sibirskaya
21 (relatively resistant) and Novosibirskaya
18 (relatively unstable). A sequential action
of stressors was used - preliminary heating of
seeds, followed by infection with B. sorokini-
ana and chloride salinization.

Experiment options:

— control (seeds without heating) and heat-
ing of seeds at 43 ° C;

— seeds without heating + infection with B.
sorokiniana (5000 conidia per grain) + chloride
salinity 1.3%;

— seed heating + B. sorokiniana infection
(5000 conidia per grain) + chloride salinity
1.3%.

The levels of stress loads (conidial suspen-
sion of B. sorokiniana 5000 conidia per grain,
concentration of sodium chloride (NaCl) 1.3%
and temperature 43 ° C) were determined by us
in specially conducted vegetation experiments.
These levels make it possible to differentiate
wheat varieties of Siberian selection when as-

sessing their resistance to these stress factors
(see footnotes 2 and 3) [26].

Wheat seeds were pre-sterilized with 96%
ethyl alcohol for 2 min, followed by three rins-
ing with distilled water. The seeds were heated
for 20 min in hot water in a water bath accord-
ing to the VIR* method. After cooling, the seeds
were placed in Petri dishes with moistened filter
paper and germinated in a thermostat at 22 °C
for three days. Simultaneously, the soaked seed
samples were germinated without heating.
Seed infection was carried out in the germina-
tion phase (on the third day of cultivation) with
a conidial suspension of a mixture of medium
pathogenic isolates of B. sorokiniana prepared
on 0.1% aqueous agar (one drop per grain).
Then the plants were grown in a roll culture on
tap water (control option) and sodium chloride
(B. sorokiniana infection + chloride saliniza-
tion option) in a Biotron-8 climatic chamber
with a day-night photoperiod of 16 and 8§ h,
respectively, illumination 20,000 Ix (day), tem-
perature 22 °C and humidity 60%.

To measure the EC, the first leaves of the
seedlings were removed, washed with tap
water, and dried with filter paper. An average
sample was prepared in each variant. For this
purpose, cuts were made from the middle part
of the leaves with a blade, they were placed in a
bag made of nylon cloth, washed with distilled
water, and then dried with filter paper. Samples
of plant tissue were placed in a glass cup with
distilled water at a certain tissue - water ratio.
The cups were kept under illumination con-
ditions for at least 1.5 h. The specific electri-
cal conductivity of aqueous extracts of leaves
was measured on an edge EC conductometric
device, HANNA Instruments (Germany). The
response of the cultivar was determined by the
relative change in the UEP of water extracts of
the leaves of seedlings after exposure of plants
to stressors. The smaller the change in the pa-
rameter, the more resistant the variety®.

‘Diagnostics of plant resistance to stress effects: guidelines / ed. G.V. Udovenko. L., 1988.228 p.

SGurova T.A., Denisyuk S.G., Lugovskaya O.S., Svezhintseva E.A., Mineev V.V. Methodological provisions for early
diagnosis of the resistance of spring wheat and barley to the combined action of stressors. Novosibirsk: SFSCA RAS, 2017.62 p.

HOCTbIO paznnuuii Ha ypoBHe p < 0,05.
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Analytical repetition of experiments is 6-8
times, biological - 3 times. Representative
sample - 200 seedlings in each variant of the
experiment. The experimental data were math-
ematically processed using standard statisti-
cal programs. To determine the significance of
differences in mean values, the Student's t-test
was used. Regression analysis was carried out
to reveal the relationship between the recorded
parameters of varieties and their resistance. The
average error did not exceed 3—5%. Three se-
ries of experiments were carried out.

RESULTS AND DISCUSSION

A study of the hourly dynamics of the re-
lease of electrolytes. One of the most essential
requirements for a diagnostic method is its dif-
ferentiating ability. It is determined by the re-
liability of the assessment of the resistance of
closely related objects (varieties of the same
crop, plants from the same varietal population)
to various stress effects. Therefore, the choice
of regimes (conditions) that would provide the
greatest amplitude of the manifestation of vari-
etal differences is necessary in the experiment.

The study of electrolyte release kinetics de-
pending on the duration of leaf tissue exposure
to water is an important methodology for es-
tablishing the time of maximum inter-varietal
differences in the assessment of variety stress
tolerance. The EC measurements showed a dif-
ferent pattern of electrolyte release from leaf
tissue of wheat seedlings into distilled water
under simultaneous action of chloride salinity
and cereal root rot pathogen (see Fig. 1).

The release of electrolytes in seedlings of
both varieties in the control variants did not
differ significantly. In the experimental variant,
the electrolyte yield in seedlings of the rela-
tively resistant cultivar Omskaya 18 stabilized
at a lower level of the EC value compared to
the relatively unstable cultivar Novosibirskaya
44. The rapid release of electrolytes in the first
0.5—-1.5 h of exposure of the samples to distilled
water was replaced by a weaker one. but with
a stable output over the next three hours (ex-
posure time 1.5-4.5 h). Thus, on the curve of
the total electrolyte yield, two sections can be

distinguished, characterizing the time intervals
of various processes (see Fig. 2).

Section 1 of the graph (exposure time 0.5—
1.5 h) characterizes the release of electrolytes
from the apoplast, in which ions move in ac-
cordance with the laws of diffusion and adsorp-
tion [27]. Section 2 of the graph (exposure time
1.5-4.5 h) differs in a smaller angle of inclina-
tion of the linear approximation than section 1,
and reflects the functional activity of the plasma
membrane, its resistance to diffusive penetra-
tion of electrolytes.

Consequently, the time interval for the re-
lease of electrolytes from the free space (apo-
plast) and cytoplasm (through the plasmalem-
ma), which indirectly indicates the state of the
plasmalemma, is 1.5—4.5 hours. The indicator
of the relative change in the EC for the unstable
variety Novosibirskaya 44 significantly ex-
ceeds (with an exposure of 1.5 h - 1.5 times) the
indicator of the relative change in the EC for
the resistant cultivar Omskaya 18. The slope of
the linear approximation (the rate of electrolyte
release) for the unstable cultivar Novosibirska-
ya 44 significantly exceeds (more than 2 times)
the rate of electrolyte release in seedlings of the
resistant cultivar Omskaya 18. Intervarietal dif-
ferences established by exposure times 1.5; 3.0
and 4.5 hours were 1.5; 1.66 and 1.67 times, re-
spectively, with the significance of differences
at the level of p <0.05.

Thus, the maximum differences between
the studied varieties of spring wheat were re-
vealed in the time interval of the experiment,
1.5-4.5 h. The time of exposure of the samples
in water was established (at least 1.5 h). With
a shorter exposure period, electrolytes are re-
leased only from the free space (apoplast). An
exposure time of more than 4.5 hours increases
the duration of the sample evaluation procedure
and reduces the quality of analyzes. The more
resistant cultivar Omskaya 18 has the smallest
indicators of the relative change in the EC and
the rate of release of electrolytes. The smaller
the relative change in EC, the more resistant the
cultivar to the combined effect of the conidial
suspension of B. sorokiniana (5000 conidia per
grain) and 1.3% chloride salinity.
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JUTUTETILHOCTH HKCTIO3UIIMHU JIMCTOBOM TKaHH B BOJE (CTPECCOphl — KOHUANAIbHAS CyCIICH3Us B.
sorokiniana — 5000 xonnauii Ha 3epHO + xsnopua Hatpud 1,3%): I — copt Omckas 18 (OTHOCUTEIBHO
ycToiunBEIif), 2 — copT HoBocuOupckast 44 (OTHOCHTENBHO HEYCTOMUMBEIN). Paznmuus ¢ KoHTposeM
JIOCTOBEpHBI Ha ypoBHE p < 0,01

Fig. 1. Electrical conductivity of water extracts of wheat leaves depending on the duration of exposure of
leaf tissue to water (stressors — conidial suspension of B. sorokiniana — 5000 conidia per grain + sodium
chloride 1.3%): [ — variety Omskaya 18 (relatively resistant), 2 — variety Novosibirskaya 44 (relatively
non-resistant). Differences with control are reliable at the level of p <0.01
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Puc. 2. JluneiiHas anmpoKCUMALHs OTHOCUTEIFHOTO U3MEHEHUS YASIbHOH 3JIEKTPOIPOBOTHOCTH BO-
JHBIX BBITSDKEK JIMCTHEB MILEHULBI OT AJIMTEIBHOCTH SKCIO3UIUH JIUCTOBOM TKaHU B Bozie: / — COpT
Owmckas 18 (oTHOCUTENBHO yCTOWUUBEIN); 2 — copT HoBocuOupckast 44 (OTHOCHTENBHO HEYCTOMYNBBIN)
Fig. 2. Linear approximation of the relative change in the electrical conductivity of water extracts of

wheat leaves on the duration of exposure of leaf tissue to water: / — variety Omskaya 18 (relatively
resistant); 2 — variety Novosibirskaya 44 (relatively non-resistant)
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A study of the daily dynamics of the release
of electrolytes. The daily dynamics of the leaf
extracts EC was studied in 10-16-day old seed-
lings of wheat cultivars Sibirskaya 21 (rela-
tively resistant) and Novosibirskaya 18 (rela-
tively unstable). The experiment was carried
out without preliminary heating and with heat-
ing of seeds under the combined action of the
following stressors: conidial suspension of B.
sorokiniana and sodium chloride. The prima-
ry experimental data are presented in Table 1.
The results obtained are approximated graphi-
cally in the form of quadratic dependences (see
Fig. 3). The coefficients of quadratic equations
for each variant of the experiment, respectively,
are presented in Table 2. Analysis of the ob-
tained experimental data on the study of daily
dynamics and the corresponding approximating
quadratic dependences made it possible to re-
veal the following features.

The value of the relative change in the EC
sharply increases in 12-day-old seedlings
with a subsequent increase in the indicator
during cultivation for 16 days in both variet-

ies in the variants with and without heating
the seeds (see Table 1 and Fig. 3). In the vari-
ant without heating the seeds, the indicator of
the relative change in the EC in seedlings of
the Novosibirskaya 18 variety over the entire
range of studies reliably (p < 0.05) exceeds
the EC indicator for the resistant cultivar Si-
birskaya 21 (almost 2 times on the 10th day
of seedling cultivation). Preliminary heating
of seeds followed by the action of two stress-
ors (B. sorokiniana and sodium chloride) led
to the destabilization of cell membranes and
a significant (p < 0.05) increase in the EC of
seedlings of Novosibirskaya 18 variety (rela-
tively unstable). In the cultivar Sibirskaya 21,
the seeds heating stimulated the formation of
protective and adaptive reactions, which was
reflected in a decrease in the EC for the en-
tire period of cultivation of seedlings of this
cultivar. One of the possible reasons for such
a combined tolerance in seedlings of the Si-
birskaya 21 cultivar is the ability of plants to
adapt existing cross reactions under the ac-
tion of stressors [28].
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Puc. 3. 3aBUCHUMOCTh OTHOCUTEIBHOTO n3MeHeHus1 YOI oT Bo3pacTa MpopOCTKOB IPH COBMECTHOM
JEHCTBUN CTPECCOpPOB (KOHUIUANbHAS CycnieH3us B. sorokiniana + xnopun Harpus 1,3%): 1 — copt
HoBocubupckas 18, 6e3 mporpesa cemsis; 2 — copt HoBocubupcekas 18, ¢ mporpeBom cemsiH; 3 — copT
Cubupckas 21, 6e3 nmporpesa cemsiH; 4 — copt Cubupckas 21, ¢ mporpeBoM ceMsiH

Fig. 3. Dependence of the relative change in EC on the age of seedlings under the combined action

of stressors (conidial suspension of B. sorokiniana + chloride salinity 1.3%): / — Novosibirskaya 18,
without seed heating; 2 — Novosibirskaya 18 variety, with seed heating; 3 — Sibirskaya 21, without seed

heating; 4 — Sibirskaya 21, with seed heating
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Taoda. 1. V3MeHeHue yaeabHOH 3JI€KTPONPOBOTHOCTH COPTOB MIICHHUIIBI B 3aBUCUMOCTH OT BO3pacTa
MPOPOCTKOB MPHU JCHCTBHU KOMITIeKkca cTpeccopoB, YOII x 107 Cm/m

Table 1. Changes in the specific electrical conductivity of wheat varieties depending on the age of
seedlings under the action of a complex of stressors, EC x 10 Cm/m

. . Seedling age, days
Variety Option 0 | T 14 | 6
Without heating the seeds
Novosibirskaya Control 3,5+0,01 3,5+ 0,05 3,1+0,03 3,0+ 0,05
18 Conidial suspension 25,5+ 0,5* 44,7 +£0,5* 42,24+ 0,3* 43,5+ 0,5*
B. sorokiniana + sodium chloride
Sibirskaya 21 | Control 5,1 +£0,05 4,1£0,06 4,0£0,01 4,1+£0,07
Conidial suspension 21,4+0,7* 39,6 £1,1% 40,4 +0,9* 49,2 +1,2*
B. sorokiniana + sodium chloride
Heating up seeds at 43 ° C
Novosibirskaya | Control 3,8 +0,03 3,8+0,02 2,9+0,03 3,0+0,03
18 Conidial suspension 38,7+ 1,0% | 554+12% | 44,1+0,8% | 47,4+0,9*
B. sorokiniana + sodium chloride
Sibirskaya 21 | Control 6,9 + 0,08 4,8 +0,04 4,2+0,03 4,0£0,02
Conidial suspension 23,8+ 0,5* 36,8 £0,7* 43,6 £0,8* 454 £ 1,1*
B. sorokiniana + sodium chloride

* Differences with the control are significant at the significance level of p <0.01.

In both cultivars, the difference in the rela-
tive change in the EC in the variants with and
without heating the seeds was maximal in
10-day-old seedlings - 1.5 times (Novosibirska-
ya 18) and 1.3 times (Sibirskaya 21) with the
significance of differences at the level of p <
0, 05. Intervarietal maximum differences were
also recorded in 10-day-old seedlings; in the
variant without heating the seeds, they were 1.9
times and in the variant with heating the seeds,
3.7 times, with the significance of differences at
the level of p < 0.05.

One of the important characteristics of the
process is the rate of its growth. To characterize
the rate of release of electrolytes, an analysis
of linear functions (derivatives of approxima-
tion dependences) was carried out, which made
it possible to reveal a number of features (see
Table 2).

The maximum electrolyte yield was achieved
at a seedling age of about 15.5 days for all vari-
ants of experiments (14.86; 14.95; 15.67; 16.25
days), and in the Novosibirskaya 18 variety -
a day earlier than in the Sibirskaya 21 variety.
The slope of the function, which characterizes
the rate of change in the rate of release of elec-
trolytes, is also noted to be higher in the Novo-
sibirskaya 18 variety, which indicates a greater

instability of cell membranes in this variety un-
der the combined action of stressors.

Thus, under the conditions of the sequential
action of stressors, a protective effect of hyper-
thermia was established in the more resistant
cultivar Sibirskaya 21 (a significant decrease
in EC up to 1.3 times) as compared with the
variant without heating the seeds. In the less
resistant variety Novosibirskaya 18, heating
the seeds destabilized the state of the cell mem-
branes (a significant increase in the EC and the
rate of electrolyte release by 1.5 and 1.2 times,
respectively).

CONCLUSIONS

1. The informativity of leaf aqueous extracts
EC as an indicator of change in cell membrane
permeability of seedlings has been experimen-
tally established to determine stress tolerance
of wheat varieties to the combined action of ce-
real root rot, chloride salinity and seed hyper-
thermia pathogen.

2. The dependence of resistibility of the EC
of leaf extracts of four varieties of spring wheat
to simultaneous and sequential combined ac-
tion of seed hyperthermia (43 °C), chloride sa-
linity (1.3%) and common cereal rot pathogen
B. sorokiniana (5000 conidia per grain) was
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Taoa. 2. AHanmuTHYeCcKHe BBIpAXXCHUS allTIPOKCUMAIIMOHHBIX (I)YHKHI/IfI 3aBUCUMOCTH OTHOCHUTCIIBHOTO

u3meHenus: YOII ot Bo3pacTa npopoCTKOB

Table 2. Analytical expressions of the dependence approximation functions of EC relative change on

the age of seedlings

Analytic expression Maximum Angle
Option abscissa factor of
Function Y, EC Derivative Y Xm, days | function Y,
Novosibirskaya 18 variety

Seeds without heating +
Conidial suspension
B. sorokiniana + sodium
chloride

Y, =-288125X*+861,275X - 5080,45 |-57,6250X + 861,275 | 14,95 -57,6
Seeds with heating +
Conidial suspension
B. sorokiniana + sodium
chloride Y, =-23,5625X*+ 700,675X — 3713,65 |-47,1250X + 700,675 | 14,86 | 47,1

Sibirskaya 21 variety

Seeds without heating +
Conidial suspension
B. sorokiniana + sodium
chloride —22,3125X* + 699,475X — 412,050 —44,6250X+ 699,475 | 15,67 —44.,6
Seeds with heating +
Conidial suspension
B. sorokiniana + sodium
chloride -20,3188X>+ 660,353 X — 4327,895 —40,6376X + 660,353 | 16,25 40,6

determined. The smallest changes in the EC
value and electrolyte release rate were recorded
in seedlings of relatively resistant varieties of
spring wheat Omskaya 18 and Sibirskaya 21.

3. When studying the hourly dynamics of the
electrolyte release (exposure of seedling leaves
in water for 0.5-4.5 h) with the simultaneous
action of B. sorokiniana (5000 conidia per
grain) and chloride salinity (1.3%), there was
a significant 1.5-fold increase in the relative
change of the EC and a 2-fold increase in the
electrolyte release in the less resistant variety
Novosibirskaya 44 compared to the more resis-
tant variety Omskaya 18.

4. In a study of the daily dynamics of elec-
trolyte release in 10—16-day-old seedlings un-
der the sequential action of seed hyperthermia
(43° C), B. sorokiniana (5000 conidia per grain)
and chloride salinity (1.3%), the protective effect
of hyperthermia was established in a more resis-
tant cultivar Siberian 21. There was a significant
(p <0.05) decrease in the relative change in EC
by 1.3 times compared with the option without
seeds heating. In the less resistant variety Novo-
sibirskaya 18, the seeds heating destabilized the

state of cell membranes, which led to a signifi-
cant (p < 0.05) increase in the relative change in
the EC and the rate of electrolyte release by 1.5
and 1.2 times, respectively.

5. Analytical expressions have been ob-
tained, confirming the experimentally estab-
lished methodological procedures of conduc-
tometric measurements, providing the maxi-
mum intervarietal differences: the age of seed-
lings - 10 days; the time interval of exposure
of the samples in water was 1.5-4.5 h. The
intervarietal differences in the variant without
heating the seeds were 1.9 times and in the
variant with heating the seeds - 3.7 times with
the reliability of differences at levels p < 0.05
and p < 0.01. Intervarietal differences estab-
lished at the time interval of exposure to the
release of electrolytes 1.5-4.5 h were 1.50—
1.67 times with the significance of differences
at the level of p <0.05.
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