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Aim. To study the adaptive reactions of common wheat (7riticum aestivum L.) and emmer (7. dicoccum Schrank
ex Schiibl.) seedlings using the parameters of oxidative homeostasis under polyethylene glycol (PEG)-induced
osmotic stress and metal (Fe, Cu, Mn, Zn) mixture nanoparticles treatment. Methods. Biochemical assays:
spectrophotometric measurements of the activity of antioxidant enzymes (SOD, CAT), the content of proline
and products of lipid peroxidation; mathematical statistics. Results. The state of oxidative homeostasis of com-
mon wheat (cv. Favorytka, cv. Trypilska) and emmer (cv. Holikovska) seedlings under PEG-induced osmotic
stress conditions was investigated and analyzed. The development of lipid peroxidation processes under stress
conditions was observed only in the cv. Trypilska seedlings. It was established that proline content in common
wheat seedlings of both cultivars under stress had significant (10 : 1) predominance in roots, while in roots and
shoots of emmer seedlings proline content increased equally. SOD activity in the leaves of the studied cultivars
under stress conditions was not changed. At the same time, an increase of SOD activity by 30 % under osmotic
stress was shown in the roots of common wheat of cv. Favorytka, while it decreased by 25 % in the roots of cv.
Trypilska. It was established that CAT activity in the roots of both cultivars of common wheat decreased by 25
and 38 %, respectively, whereas in emmer of cv. Holikovska this parameter increased by 35 % under osmotic
stress. Presowing treatment using a colloidal solution of a mixture of biogenic metal nanoparticles contributed
to the induction of SOD activity in the roots of cv. Favorytka, CAT activity in the leaves of cv. Trypilska, and
CAT activity in the roots and leaves of cv. Holikovska compared to non-treated plants. It should be noted that
the treatment of plants with metal nanoparticles promoted the restoration of CAT activity in the roots under os-
motic stress conditions to the level of the control plants in both wheat varieties. Conclusions. It was established
that osmotic stress provoked the development of oxidative processes and inhibition of the activities of anti-
oxidant enzymes, in particular, SOD and CAT, in the seedling roots of common wheat cultivars. It was shown
that emmer wheat seedlings of cv. Holikovska can maintain redox homeostasis and avoid oxidative damage
under osmotic stress conditions. It was found that the seedlings of common wheat and emmer demonstrated
different strategies of osmotic regulation under osmotic stress, which is confirmed, in particular, at the level of
proline accumulation. It was shown that the application of colloidal solutions of metal nanoparticles induced
an antioxidant protection system and reduced the oxidative processes, which are inevitable effects of drought.
The obtained results indicate that common wheat cultivars are more susceptible to drought compared to emmer
wheat of cv. Holikovska.
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INTRODUCTION

The search for the means of adapting wheat to drought
due to global climate changes to ensure food safety is
a complicated task for scientists, requiring additional
investigations [1-3]. International researchers work
at solving this problem, elaborating new approaches
to enhance cereal productivity using modern methods
of agricultural [4] and breeding technologies [5-8].
The most relevant requirement, which should be met
by the perspective cultivars, is adaptivity, i.e. the ca-
pability of resisting environmental factors, decreasing
productivity and yield. Non-compliance with adaptiv-
ity requirements leads to a rise in price for agricultural
products [9]. Expert community of Wheat Yield Con-
sortium (WYC) are of the opinion that slower tempo
of the increase in productivity is related to exhausted
possibilities of enhancing it due to the factors, which
ensured the thrust in wheat productivity rise as a result
of “green revolution” [10]. At the same time, being one
of the leading food crops, wheat may have suffered the
most from so called “genetic erosion” [11]. At present
only two cultivars — common wheat Triticum aestivum
L. and, to a lesser degree, durum wheat 7. durum Desf.
cover practically the whole area of the crop [12]. The
reduction in the genetic make-up, and thus in the diver-
sity of genes, conditioning the resistance to biotic and
abiotic factors makes fields susceptible, and the vol-
ume and quality of the yield — unstable [7, 13].

Recent decades have witnessed the renewed inter-
est to non-traditional species of wheat, first and fore-
most, spelt (Triticum spelta L.) [14, 15] and emmer
(T. dicoccum Schrank ex Schiibl.) [13, 16]. A common
feature of these species is their grain being tightly en-
closed with husks, which makes it hard to thresh — hull
content [12]. Hull presence limits the cultivation of
these species, as it complicates their processing with
the purpose of obtaining pure grain, which requires
special equipment and additional energy losses. How-
ever, husks are reliable protection for the grain kernel
and young seedling during the period from sowing to
sprouting [17]. The resistance of young and mature
plants to pests and diseases is also ensured by the re-
sistance genes [18], which allows avoiding chemical
means of protecting plants and meets the requirements
of organic agriculture [12].

Drought and increased temperatures have negative
effect on the growth and development of plants, wa-
ter regime, induce shorter ontogenesis stages, disrupt
photosynthesis processes (light absorption, fixation of
CO,) and respiration which leads to the loss of cereal

4

productivity [19, 20]. A cascade of chain reactions is
developed on the cellular level, which conditions the
disruption of redox homeostasis and, as a result, the
increase in the production of reactive oxygen spe-
cies (ROS) [21]. The induction of different protection
mechanisms occurs in plants under these conditions:
elimination of ROS, synthesis of antioxidants, accu-
mulation of osmotic active substances, activation of
signaling cascades [22, 23] which lead to the formation
of different strategies of adaptation to drought.

Therefore, global warming and droughts trigger gen-
eral concern for the production of grain and other crop
products. The solution to this problem is impossible
without accumulating new knowledge about metabo-
lome self-regulation mechanisms under drought condi-
tions [24], in cereal crops, in particular. The study of
plant adaptation to drought is described in numerous
articles in global scientific literature, but so far, none of
the investigations led to desired enhancing of plant tol-
erance to osmotic stress, which is evidently related to
insufficient knowledge of physiological and biochemi-
cal foundations of forming adaptive reactions under
these conditions.

One of the mechanisms of compensating negative
impact of drought is the application of mineral nutri-
tion elements [25]. In this respect, a promising method
is the application of nanofertilizers in the form of non-
ionic colloid metal nanoparticles, but the introduction
of such methods requires thorough study of their impact
on biological objects. It is believed that nanoparticles
of essential metals are involved in different metabolitic
processes, including photosynthesis, respiration and
assimilation of nitrates, which is conditioned by their
cofactor function [26]. In particular, Cu, Fe, Mn and
Zn nanoparticles are likely to modulate synthesis and
functions of antioxidant enzymes [27]. Thus, one of
the mechanisms of stress-protective activity of metal
nanoparticles may be the regulation of ROS level and
functioning of cellular antioxidant system.

The aim of this work was to study adaptive reactions
of common wheat and emmer under polyethylene gly-
col (PEG)-induced osmotic stress and treatment with
the colloid solution of metal (Fe, Cu, Mn, Zn) mixture
nanoparticles.

MATERIALS AND METHODS

The cultivars of common wheat Triticum aestivum L.
(cv. Favorytka as a highly resistant cultivar, Trypilska —
drought susceptible) and emmer (T. dicoccum Schrank
ex Schiibl. (Holikovska — drought-resistant) were used
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to study the specificities of defensive reactions of dif-
ferent genotypes under osmotic stress. The roots and
leaves of 7-day-old seedlings were used in the study.
The plants were grown on Hoagland’s solution with
the osmotic potential of —0.3 MPa. The negative os-
motic potential in the medium was created using PEG
6000 (Carl Roth, Germany) according to Michel and
Kaufmann [28]. PEG was not added to control plants.
To investigate the possibility of eliminating the nega-
tive impact of osmotic stress on seedlings, the seeds
of the investigated cultivars were subject to presowing
treatment via processing with the colloid solution of
metal nanoparticles mixture (Fe, Cu, Mn, Zn) in the
concentration of 2 mg/1 for 12 h. The colloid solutions
of metal nanoparticles were elaborated by the Chair of
technology of construction materials and materials sci-
ence, NULES of Ukraine, and obtained via dispersion
of granules of the relevant metals with electric impuls-
es of 100-2,000 A in water [29].

The development of oxidative processes was es-
timated by the content of thiobarbituric acid (TBA)
reactive substances [30]. Plant tissues (200 mg) were
homogenized with 3 ml 0.1 M bufter of Tris-HCI (pH
7.6). The homogenate was added 1 ml of 0.67 % TBA
solution and 2 ml of 20 % trichloroacetic acid. The
reaction mixture was boiled on water bath for 30 min
and centrifuged at 1,500 g for 10 min. The absorption
was defined at A 533 nm using spectrophotometer Shi-
madzu UV-1500 (Japan). The content of TBA-reactive
substances was estimated using the coefficient of molar
extinction for malondialdehyde (¢ =1.55-10°M"'-cm™)
and expressed in umol per g of fresh weight.

The content of proline was determined according to
the method of Bates et al. (1973) [31]. For this purpose,
the plant material (0.15 g) was homogenized in 2 ml of
3 % solution of sulfosalicylic acid and centrifuged at
7,000 g for 10 min. The reaction mixture, containing
1 ml of supernatant, 1 ml of acid ninhydrin solution
(1.25 g ninhydrin in 60 % acetic acid and 40 % 6M
H,PO,) and 1 ml of iced acetic acid, was incubated on
boiling water bath for 60 min. After cooling, the tubes
were added 3 ml of benzene, mixed and kept at room
temperature for 30 min until the separation of two
phases. The absorbance of solutions (benzene fraction)
was measured at A 520 nm to the pure benzene. The es-
timation of proline content in the investigated samples
was conducted by the calibration curve and expressed
in pug per g of fresh weight.

To determine the activity of antioxidant enzymes, plant
tissues were homogenized in liquid nitrogen with the ad-
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dition of 50 mM potassium-phosphate buffer (pH 7.8).
The obtained homogenate was centrifuged at 12,000 g
for 15 min at 4 °C. The activity of superoxide dismutase
(SOD, EC 1.15.1.1) was measured according to Gian-
nopolitis and Ries (1977) [32]. For this purpose, 50 ml
of the extract were added to the reaction mixture, con-
taining 1 ml of 0.0015 % riboflavin, 1 ml of 5.82 % me-
thionine, and 1 ml of 0.154 % of nitroblue tetrazolium.
The absorption of the solution was estimated at A 560
nm after the incubation of the reaction mixture in light
for 15 min. SOD activity was estimated as the amount of
the enzyme, inhibiting the rate of formazan formation
by 50 %, and expressed in conditional units per mg of
protein.

Catalase activity (CAT, EC 1.11.1.6) was determined
according to Aebi (1984) [33]. For this purpose, the re-
action mixture, containing 2.9 ml 50 mM potassium-
phosphate buffer (pH 7.0), 90 ul of the extract and
10 pl H,O,, was prepared. Absorption was measured
at A 240 nm for 60 sec. The estimation of CAT activity
was conducted using extinction coefficient for H O, (e
=39.4 mM !-cm'), the enzyme activity was expressed

in umol H,0, per mg of protein.

The studies were conducted in three biological and
three analytical repeats. The statistical analysis of the
data obtained was conducted in Microsoft Excel and
Statistica 8.0. The comparison of samples involved the
use of arithmetic mean (M) and standard error of mean
(SEM). The reliability of the difference between the
compared groups was estimated using Duncan’s crite-
rion. The difference p < 0.05 was considered statisti-
cally reliable for all the indices.

RESULTS

The investigation of the content of TBA-reactive
substances in the roots and leaves of common wheat
and emmer demonstrated that the development of lipid
peroxidation under osmotic stress was observed only
in the seedlings of cv. Trypilska (Fig. 1). For instance,
the content of TBA-reactive substances in the roots of
seedlings increased by 60 % compared to the control
variant, and in the leaves — by 27 %.

Presowing treatment of biogenic metal nanoparticles
with the colloid solution had protective effect on com-
mon wheat seedlings, cv. Trypilska, inhibiting the de-
velopment of oxidative processes under osmotic stress
compared to the variant without any treatment with
nanoparticles. No reliable changes by this parameter
were determined in other species under the effect of
metal nanoparticles.
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Fig. 1. The content of thiobarbituric acid (TBA) reactive substances in the roots (a) and leaves (b) of common wheat and em-
mer: 1 — control; 2 — treatment with metal nanoparticles solution; 3 — osmotic stress; 4 — treatment with metal nanoparticles
solution with subsequent osmotic stress. Note: Here and in Fig. 2—4: M + SEM, * — p <0.05, ** —p <0.01 , *** —p <0.001
compared to the control. The letters in the chart indicate significant difference according to Duncan’s multiple range criterion
(p <0.05). The values, indicated with the same Latin letters, are not statistically significant (p < 0.05)
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Fig. 2. The content of proline in the roots (a) and leaves (b) of common wheat and emmer: 1 — control; 2 — treatment with me-
tal nanoparticles solution; 3 — osmotic stress; 4 — treatment with metal nanoparticles solution with subsequent osmotic stress

The results obtained demonstrated the changes in
proline metabolism in the investigated species under
the stress. It was established that proline content in
different parts of common wheat seedlings is differ-
ent, with considerable prevalence (10 : 1) in the roots
(Fig. 2). Less intense accumulation of proline was ob-
served in the roots of emmer seedlings, cv. Holikovska,
compared to other cultivars. At the same time, no reli-
able significant changes in proline content were deter-
mined in the leaves of common wheat seedlings, con-
trary to emmer, where this index was 7 times higher.

After the presowing treatment with the mixture of
metal nanoparticles, the decrease in proline content
was observed in the roots and leaves of emmer under
osmotic stress by 66 and 36 % respectively, compared
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to the variant, not treated with nanoparticles. The es-
tablished changes may demonstrate the involvement
of alternative protective mechanisms, in particular, the
systems of antioxidant protection.

The investigation of the activity of the main anti-
oxidant enzymes, including SOD and CAT, established
the multi-vector defensive reactions of the investigated
species under prolonged osmotic stress. An increase of
SOD activity by 30 % under osmotic stress was shown
in roots of common wheat of cv. Favorytka, while it
decreased by 25 % in the roots of cv. Trypilska (Fig. 3).
At the same time, the level of this enzyme activity in
the roots of emmer of cv. Holikovska corresponded to
control values. SOD activity in the leaves of the studied
cultivars under stress conditions was not changed.

AGRICULTURAL SCIENCE AND PRACTICE Vol. 6 No.3 2019
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Fig. 3. The activity of superoxide dismutase (SOD) in the roots («) and leaves (b) of common wheat and emmer: 1 — control;
2 — treatment with metal nanoparticles solution; 3 — osmotic stress; 4 — treatment with metal nanoparticles solution with

subsequent osmotic stress
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Fig. 4. The activity of catalase (CAT) in the roots («) and leaves (b) of common wheat and emmer: 1 — control; 2 — treat-
ment with metal nanoparticles solution; 3 — osmotic stress; 4 — treatment with metal nanoparticles solution with subsequent

osmotic stress

Common wheat cv. Trypilska and Favorytka were
characterized with the decrease in CAT activity in the
roots by 25 and 38 % respectively (Fig. 4), while in
emmer of c¢v. Holikovska this index increased by 35 %
under osmotic stress. The changes in the leaves by this
parameter were observed only in cv. Favorytka, where
CAT activity was reliably decreased by 19 % under cul-
tivating on PEG-containing medium.

The treatment with the colloid solution of biogenic
metal nanoparticles mixture promoted the increase in
SOD activity in the roots of cv. Favorytka almost twice,
while in the roots of cv. Holikovska an increase in CAT
activity by 34 % was observed compared to the con-
trol variant. An increase in CAT activity by 30 and 16
%, respectively, was observed in cv. Trypilska and Ho-
likovska compared to the control. It is noteworthy that
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presowing treatment with metal nanoparticles mixture
promoted the restoration of CAT activity under osmotic
stress up to the level of control variant values in the
roots of both common wheat cultivars.

DISCUSSION

A wide range of scientists have come to the consensus
on the issue that drought resistance should be viewed
in the complex with changes in processes of growth
and development of plants [34]. On early stages of on-
togenesis, plants are especially sensitive to drought,
thus, the clarification of the specificities of adaptive
reactions under PEG-induced osmotic stress may bring
us closer to the realization of adaptation strategies in
cultivars of common wheat and emmer. The results of
our investigation demonstrated that the cultivation of
wheat seedlings under osmotic stress did not result in
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the development of oxidative damage in cultivars with
high tolerance to PEG-induced drought (Holikovska
and Favorytka) which may demonstrate the restoration
of redox balance and control over the processes of ROS
formation in plant cells.

Drought-induced proline accumulation is known to
be one of adaptive reactions of many cereal crops [35].
The results of our investigations demonstrate that os-
motic regulation and maintenance of water balance of
cells under stress takes place with some participation
of proline, which is also confirmed with considerable
accumulation of this aminoacid in the roots of the in-
vestigated cultivars. The root system has direct contact
with the medium of negative osmotic potential, and
thus should ensure the conditions to preserve the water
content, sufficient for metabolic processes, and make
water outflow into the medium impossible. In this re-
spect, the accumulation of osmotically active proline
in the roots is an expected reaction of plants under os-
motic stress [36].

According to the scientific literature, proline accu-
mulation in the leaves may result from changes in plant
metabolism under drought, aimed at the decomposition
and decrease in protein synthesis or transformation of
some aminoacids into proline [37]. The role of proline
in plant leaves under stress is not limited with osmotic
regulation only. Proline is known to act as chaperon,
ensuring the protection of protein molecules, has an-
tioxidant properties and participates in the regulation
of nitrogen content [38]. At the same time, the mecha-
nism of maintaining osmotic balance depends on the
genotype. In particular, the capability of accumulating
proline in response to drought may serve as a criterion
to enhance drought-resistance of wheat in the breed-
ing programs (for instance, the selection of genotypes
with higher content of proline under drought conditions
compared to normal conditions) [39].

Our results are in good agreement with, for instance,
the investigation of Marcinska er al. [40] where a
2-5-fold increase in proline content was registered
in the leaves of common wheat seedlings (7. aesti-
vum) depending on the PEG content in the cultiva-
tion medium. The authors determined that the accu-
mulation of this aminoacid occurred more intensely
in cultivars with higher drought-resistance compared
to drought-sensitive ones. It is known that exogenous
treatment with proline may decrease the negative ef-
fect of stress, in particular, pollution with heavy met-
als, and promote avoiding excessive moisture loss by
plants [41].
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Osmotic stress is usually accompanied with the in-
crease in ROS generation and activation of the anti-
oxidant system of plants. The rate of changes in the
content and activity of its components and the capabil-
ity to maintain redox-balance at the level, which allows
avoiding critical oxidative damage of cells, is required
to ensure the survival of plants under unfavorable envi-
ronmental factors. For instance, the study of Zhang and
Kirkham [42] demonstrated that under drought simi-
lar SOD and CAT reaction is observed in 10-day-old
wheat seedlings with different genome ploidy. At the
same time, the authors indicate lower efficiency of an-
tioxidant systems of common wheat compared to em-
mer, depending on the degree of lipid peroxidation. The
study of Sairam, R. K. et al. [43] demonstrate higher
SOD activity and lower content H,O, and malondial-
dehyde in emmer under drought on different stages of
ontogenesis which also demonstrates more profound
mechanism of antioxidant protection of plants of this
species. It is noteworthy that usually stress is induced
in seedlings/mature plants, previously grown under
optimal moisturization conditions. The osmotic stress
system, used in our study, allows estimating the condi-
tion of plants, which grew under osmotic stress since
germination.

Little is still known about the impact of metal
nanoparticles on different levels of antioxidant protec-
tion of plants. Our results demonstrate the protective
effect from the treatment with metal nanoparticles mix-
ture, observed in the roots of the investigated species,
where a decrease in the content of TBA-reactive sub-
stances took place on the background of the increase
in SOD and CAT activity. It is believed that the treat-
ment with metal nanoparticles may mediate the activa-
tion of the system of antioxidant protection, promoting
rapid adaptation of plans under stress conditions [26,
44]. Metal nanoparticles may be the source of ROS and
promote the intensification of reactions within the anti-
oxidant system [45, 46]. Therefore, they may facilitate
pre-adaptation of plants to the effect of unfavorable
environmental factors [47] which is in agreement with
our results. Moreover, some metal oxide nanoparticles
manifest enzyme-like activity, in particular, these are
nanoparticles of Fe, Cu and Mn oxides [45]. Taking
into consideration the fact that SOD cofactors are Cu,
Fe, Mn, Zn, and CAT contains heme Fe [48], nanopar-
ticles of the relevant metals could be involved in the
composition of antioxidant enzymes. Some investiga-
tions demonstrate that the treatment with nanoparticles
of Cu oxide promotes the increase in SOD activity in
duckwheat plants (Lemna minor L.) [49], rice (Oryza
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sativa L.) [50] and Arabidopsis (Arabidopsis thaliana
(L.) Heynh.) [51]. Wang et al. demonstrated that after
treatment with nanoparticles of Fe oxide, there is an
increase in SOD and CAT activity in the plants of pe-
rennial ryegrass (Lolium perenne L.) and pumpkin (Cu-
curbita mixta) [52]. Later Hu et al. observed a similar
reaction after treatment with nanoparticles of Zn oxide
in salvinia plants (Salvinia natans (L.) All) [53]. At
the same time, there is no confirmation of changes in
enzyme activity, conditioned by their direct interaction
with nanoparticles [45].

Regardless of a great number of studies, the issue of
phytotoxicity of nanoparticles is still under discussion,
in particular, due to their application in toxicological
tests in extremely high concentrations [54]. Some stud-
ies demonstrate dose-dependent phytotoxic effect of
applying nanoparticles of metals and their oxides [50,
51]. At the same time, the application of nanoparticles
in lower concentrations may promote the growth, de-
velopment of plants and mitigate the manifestations
of abiotic stresses of different origin. For instance, the
treatment with Fe nanoparticles promotes the decrease
in negative effect of drought on safflower plants (Car-
thamus tinctorius L.) [55], Arabidopsis (4. thaliana)
[56] and wheat (7. aestivum L.) [57]. Nanoparticles of
Cu and Zn oxides may also manifest protective effect
under drought, in particular, in wheat plants [58]. At
present, there are scarce data about the effect of metal
nanoparticles mixtures on plants. Thus, the results of
our studies may become the basis for further study on
complex effect of nanometals.

Therefore, the determination and selection of
drought-resistant genotypes remains a problem, as
the development of adaptive reactions of common
wheat and emmer seedlings under polyethylene gly-
col (PEG)-induced osmotic stress is considerably spe-
cies- and cultivar-specific. For instance, the reaction of
drought-resistant cultivar seedlings of common wheat
Favorytka and that of emmer, cv. Holikovska, to the
stress were different. The activation of the system of
antioxidant protection in drought-resistant genotypes
usually occurs in coordination or synergy to prevent
the damage of cells, which promotes the increase in
drought resistance.

CONCLUSIONS

It was established that osmotic stress provoked the
development of oxidative processes and inhibition of
the activities of antioxidant enzymes, SOD and CAT,
in the common wheat seedling roots. It was shown that
emmer wheat seedlings of cv. Holikovska can maintain
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redox homeostasis and avoid oxidative damage under
osmotic stress conditions. It was found that the seed-
lings of common wheat and emmer demonstrated dif-
ferent strategies of osmotic regulation under osmotic
stress, which is confirmed, in particular, at the level of
proline accumulation. It was shown that the application
of colloidal solutions of metal nanoparticles induced an
antioxidant protection system and reduced the oxida-
tive processes, which are inevitable effects of drought.
The obtained results indicate that common wheat culti-
vars are more susceptible to drought compared to em-
mer wheat of cv. Holikovska.
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Merta. 3’sicyBaT 0COOMMBOCTI ()OPMYBAHHS aJanTaliiHIuX
peaxitiii mpopocTkKiB muieHuii M’ kol (Triticum aestivum L.)
ta ao3epHsHkU (7. dicoccum Schrank ex Schiibl.) 3a ymoB
nonieriieHntikoib (ITETY)-MonenboBaHOrO OCMOTHYHOIO CTpe-
cy Ta 00poOku cymimmito HanodactuHok MetaniB (Fe, Cu,
Mn, Zn) 3a mapameTpamMHM OKHCHIOBAJBHOTO TOMEOCTa3y.
Metomu. bioximiuHi: criekTpoOTOMETpUYHE BUMIpPIOBaH-
HSl akTUBHOCTI aHTHokcumaHTHUX eHzumiB (COJl, KAT),
BMICTY BUILHOTO MPOJIIHY Ta MPOJYKTIB IIEPEKUCHOTO OKHC-
HEHHSI JIIITI 1B, MATEMAaTHYHOI CTaTUCTUKH. Pe3yabraTn. J{o-
CJII/DKEHO Ta NpPOaHalli30BaHO CTaH OKHMCHIOBAJIBHOTO TO-
MeocTa3y NPOPOCTKIB copTiB mureHuii M’sikoi (PaBopuTka,
Tpumninsceka) Ta aBo3epHsiHkU (onikoBebka) 3a ymos [1EI-
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MOZIETTbOBAHOTO OCMOTHYHOTO cTpecy. Po3BHTOK mepekwc-
HOTO OKHCHEHHS JIITiiB CIIOCTEPIray JHIIE Y MPOPOCTKAX
M’sikoi TmreHuti copty Tpuminbebka. Iloxasano, mo y
MPOPOCTKAX MIICHUI M SKOi 000X COPTIB BMICT TPOJIHY
3a yMOB cTpecy 3HauHO (10 : 1) mpeBamioBaB y KOPEHSX,
TOMI SIK Y HaI3eMHIH Ta MiA3eMHIA YacTHHAX TPOPOCTKIB
JTBO3EPHSIHKH BMICT TIPOJIiHY 301IBITyBaBCs OJHAKOBO. 3MiH
aktuBHOCTI COJ] y nucTKax DOCTiKYBaHUX COPTIB 3a Iil
CTpecopa HE BHABICHO. Pa3oMm 3 THM, y MIICHHINI M’SKOT
copry DaBOpHTKa CIIOCTEPIraNd ITIBUIICHHS aKTHBHOCTI
COZI B xopensix Ha 30 % 3a yMOB OCMOTHYHOTO CTpPECY,
TOII AK y KOpeHsx copry Tpumimbchka akTuBHICTE COJl
3HIKyBanack Ha 25 %. Y KopeHsx 000X COpTIB MIICHHMII
M’SIKOi crocTepiranu 3HWKeHHS akTuBHOCTI KAT ma 25
Tta 38 %, BIATOBIAHO, TOMAI SK y WIICHUIN IBO3CPHIHKH
copry lomikoBchka el moka3HHWK 3pocTaB Ha 35 % 3a
oCcMOTHYHOTO cTpecy. [lepenmociBHa 0OpoOKa KOJOITHUM
PO3YMHOM CyMIiIlli HAHOYACTHHOK OIiOTEHHHX MeETaliB
cupusina aktuBanii COJ] y kopensx copty ®@aBoputka, KAT
Y JUCTKAX COPTy TpHIiNbChKa Ta Y JIMCTKaX 1 KOPEHSIX COPTY
lomikoBcbka. Bapro 3a3HaunTH, mo 00poOKa CyMIIIIIO
HAHOYACTHHOK METaJiB OIOCEpPEIKOBYBaja BiTHOBICHHS
akTBHOCTI KAT y kopeHsx 000X COpTiB MIIEHUIN M’ SIKO1 3a
YMOB OCMOTHYHOTO CTPECY JI0 PiBHSI 3HAYEHb KOHTPOIBHOTO
BapiaHTy. BucHoBKHM. BcTaHOBIEHO, MO OCMOTHYHHI
CTpEC TMPOBOKY€E PO3BUTOK OKHCHIOBAJIBHHUX IIPOIECIB Ta
TIPUTHIYEHHSI aKTHBHOCTI aHTHOKCHAAHTHHX eH3uMiB COJJ
Tta KAT y KOpeHsX MpopocTKiB mIeHuIi M’ skoi. [Tokaszano,
0 TPOPOCTKH MIICHUIII TBO3EPHSIHKHN copTy [onikoBCchKa
MOXKYTb IITPAMYBATH PEIOKC-TOMEOCTa3 Ta YHHUKATH OKHC-
HIOBAJIbHUX MOMIKOKEHb 32 YMOB OCMOTHYHOTO CTpECY.
3’scoBaHO, IO MTPOPOCTKH IMIIICHUII M SKO1 Ta IBO3EPHIHKA
JIEMOHCTPYIOTH Pi3HI CTpaTerii OCMOTHYHOI PETYIIALl 32 yMOB
OCMOTHYHOTO CTPECY, IO TPOSBIAETHCS, 30KpeMa, Ha piBHI
aKyMyJsiii mporiny. BusBieHo, mo o0poOka KOJOiTHUM
PO3YMHOM CyMiIlli HAHOYACTHHOK METAJIB iHAYKY€E CUCTEMY
AQHTHOKCHJAHTHOTO 3aXMCTy Ta JJ03BOJSIE 3MEHIINTH IPO-
SIBH OKHCHIOBAJIbHHUX TIPOIIECIB, IO € HEBiI €eMHUMH HaC-
migkamu Oii mocyxu. OTpuMaHi pe3ynbTaTH CBiA4aTh, IO
COPTH TIIEHUIN M SKO1 € OUTBII YyTIUBUMH IO Mii MOCYXH
TTOPIBHSHO 3 TIIICHHUIICIO IBO3EPHIHKOIO COPTY [ OTIKOBCHKA.

Kuio4oBi cjioBa: niieHuus M’sika, MIIEHULS JABO3EPHSIHKA,
CYIIEPOKCHINCMYTa3a, Karajasa, IPOIIiH, IIEPEKIUCHE OKHC-
HEHHS JIITIIIB, aJanTaris.

AanTannoHHble peaKIuH MPOPOCTKOB
nieHunbl Msarkoi (Triticum aestivum L.)
u iBy3epHAHKH (1. dicoccum Schrank ex Schiibl.)
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Hean. Mccnenoanue ocodeHHocTel (hOpMUPOBAHUS a/arl-
TAI[MOHHBIX PEAKLIUI MPOPOCTKOB IMIICHHUIBI MATKOH (77i-
ticum aestivum L.) n nBysepusuku (7. dicoccum Schrank
ex Schiibl) B ycnmoBusx mnommyTHieHnMKONL (IIO0) —
MOZICJTMPOBAHHOTO OCMOTHYECKOIO0 cTpecca W 00pabOTKH
cmecblo Hanouactur, MmetamwioB (Fe, Cu, Mn, Zn) mo
nmapaMeTpaM OKUCIUTEIbHOro romeocrasa. Meroabl. buo-
XMMHYECKUE: CIEKTPO(POTOMETpHUUECKOE H3MEpEHHE AKTHB-
HOCTH aHTHOKCHIAHTHBIX 3H3uMOB (CO/l, KAT), conepxa-
HHSI CBOOOIHOTO TPOJIMHA M TPOIYKTOB INEPEKHUCHOTO OKHC-
JIEHUsI JIUIHUJIOB; MAaT€MaTU4eCKON CTAaTUCTHKU. Pe3yJbTarsl.
HccrnenoBano M NpoaHaNU3MPOBAHO COCTOSIHUE OKHCIIH-
TEJIBHOTO TOMEOCTa3a MPOPOCTKOB COPTOB MIIEHUIIBI MSAT-
kol (PaBoputka, Tpumomnbckas) n nBy3epusHkH (['onnkoB-
ckast) B ycinoBuax [19I-MonennpoBaHHOTO O0CMOTHYECKOTO
cTpecca. Pa3BuTue mepekMCcHOro OKHCIEHHsS JMIUAO0B Ha-
OJrOfaM TOJBKO B TPOPOCTKAX MATKOHM IMIIEHUIBI cOpTa
Tpunonsckas. IToka3aHo, 4TO B HPOPOCTKAX MIIEHULIBI
MSTKOH, HAaXOMAIIMXCS B YCIOBHUSIX CTpECCa, COJAEpIKaHHE
MIPOJIMHA 3HAYUTENbHO Tpeodnanano (10 : 1) B kopHSX, a B
HAJ3EMHOHN U MOA3EMHOI 4acTIX MPOPOCTKOB ABY3EPHSIHKU
cofiep>KaHUe MPOJHMHA yBEIUYMBAIOCh OAMHAKOBO. Bmecte
C TeM, y TIICHHUIBI MsTKoi copra daBopuTka HaOIIOIATH
yBennuenue aktuBHoctd COJ] B kxopHsix Ha 30 % B yc-
JIOBUAX OCMOTHUYECKOrO CTpecca, TOrna Kak B KOPHIX COp-
Ta Tpunonsckas aktuBHOCTb COJ| cHmxkanacek Ha 25 %.
B KopHSX 000MX COPTOB IIIEHWIBI MSTKOW HaOIOIaIN
Takke yMmeHblleHue aktuBHocTH KAT Ha 25 u 38 %, co-
OTBETCTBEHHO, NPH HTOM Yy MIIEHUILI ABY3€PHSHKU COpTa
lonukoBckass 3TOT mokasarenb yBenuuuBancs Ha 35 %.
[IpearnoceBHast 06pabOTKa KOJUIOMIHBIM PAaCTBOPOM CMECH
HAHOYACTHIl OMOTEHHBIX METAIIOB CIIOCOOCTBOBAJA aKTH-
Baiun COJ] B xopusax copra Dasoputka, KAT B nucThsx
copra Tpumonbckasi, a Takke B JHCTbSIX U KOPHSAX cOpTa
lomukoBekasi. CTOMT OTMETHTB, YTO 0OpabOTKa CMECHIO
HAHOYACTHI] METAJJIOB ONOCPEAOBada BOCCTAHOBIECHUE aK-
tuBHOCTH KAT B KOpHSAX OOOMX COpPTOB HINCHHIIBI MST-
KO B YCIOBUSAX OCMOTHYECKOTO CTpecca A0 YPOBHS 3Ha-
YEHHH KOHTPOJBHOIO BapHaHTa. BBIBOABI. YCTaHOBIEHO,
YTO OCMOTHYECKHUII CTpecC MPOBOLUPYET Pa3BUTHE OKHUC-
JIUTEIBHBIX MPOLIECCOB M YTHETEHUE AKTUBHOCTU aHTUOK-
cuganTHbIX 9H3UMOB COJ] m KAT B kopHSIX HpOpOCTKOB
MIIeHUIBl MATkod. ITokazaHO, YTO MPOPOCTKH MIIEHUIIBI
JBY3€pHSHKH copTa [0IMKOBCKast MOTYT MOJAEPKUBATh pe-
JIOKC-TOMEOCTa3 U M30erarh OKHCIUTEIbHBIX MOBPEKICHNIH
B YCJIOBHUSIX OCMOTHYECKOTO CTpecca. YCTaHOBJIEHO, YTO
MPOPOCTKU MIICHUIBI MATKOH U JBY3€pPHAHKH JIE€MOHCT-
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PHPYIOT Pa3IUYHBIE CTPATETHH OCMOTHYECKOW PETyISIHN
B YCIIOBHUAX OCMOTHYECKOTO CTpECCa, KOTOpast MPOsBIIAETCS,
B YaCTHOCTH, Ha YPOBHE aKKyMyJsIuy nponuHa. [Tokaszano,
910 00pabOTKa KOJJIOUTHBIM PACTBOPOM CMECH HAHOYACTHIL
METaJIJIOB HHAYIHPYET CUCTEMY aHTHOKCHAAHTHOHN 3aIIUTHI
Y TIO3BOJISIET YMEHBIIUTh TPOSBICHNS OKHCIUTEIBHBIX TPO-
1IECCOB, KOTOPBIC SBIISIOTCS HEOTHEMIIEMBIMHU IOCIICICTBH-
AMH JIeUCTBUS 3acyxu. [lomydeHHBIe pe3ynbTaTsl CBHIACTEIb-
CTBYIOT, YTO COpTa MIICHUIBI MATKOH O0Jiee TyBCTBHUTEIb-
Hbl K JEHCTBUIO 3aCyXM IO CPABHEHMIO C MILEHULEH IBY-
3epHSIHKOM copTa ['oMKoBCKasi.

KiaioueBbie ciioBa: NIICHUIa Msirkasd, MimeHula ABY3Cp-
HAHKa, CYNIEpOKCUAANCMYyTa3a, KaTajaa3a, IIpoJIiH, ICPEKUC-
HOC OKUCJICHUC JIMIIUJOB, aJarlTanus.
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