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Presowing priming involves soaking seeds under controlled condi-
tions until complete saturation with water or essential components for the
further development of plants, seeds followed by drying. AO (aldehyde
oxidase) is involved in ABA biosynthesis, converting abscisic aldehyde to
ABA. Seeds of resistent cultivar — NAZ, soaked in a solution of 50 mMmo-
lybdate, showed high activity of AO1, indicating that the maximum satura-
tion molybdenum enzyme. Saratovskaya- 29 was shown that soaked of the
seeds in 50 mMmolybdate solution for 24 hours, as these optimal condi-
tions hydrating seed will increase in ABA content of the caryopsis. Exces-
sive ROS formed in the conditions of application of priming, in embryonic
tissues during hypoxia induces increasing synthesis of ABA. In seeds dur-
ing soaked in 50 mMmolybdate solution increased ABA content in 10.5
times of Lutecsens 70 and 5.2 times by soaking the seeds in water. As a
result of the priming procedure, which is accompanied by the formation
of excess free radicals induced defensive responses in plant cells. Incuba-
tion of seeds within 24 hours and 32 hours during this period increased
GR activity and almost no imbalance reduced and oxidized glutathione,
wheat varieties. Views will data showed that pre-sowing seed priming both

varieties NAZ and Saratovskaya 29 led to an increase in the content of
endogenous ABA in 2 times and 1.5 times the antioxidants and as a result
has led to an increase in resistance to stress (adverse environmental factors)
both varieties.

This paper presents the results of the impact of pre-sowing grain prim-
ing maintenance plant hormone ABA, the activity of AO and antioxidant
enzymes in two different varieties of wheat.

Key words: priming, wheat, ABA, AO, abiotic stress, antioxidants

OCIMAIKTEPAIH, KOpLUaFaH OpTaHbIH KOAAMCbI3 (hakTopAapblHA Te-
3IMIAIAITIH KYLIENTY >KOAAAPbIHbIH Oipi — ASHAEpAl cebep aAAbiHAQ

npanMmMMHITey 6O0AbIN TabblAaAbl. [1palMUMHT  AereHiMi3 — ASHAEpAl
GakblAay >KarpaiiblHAQ CyMeH (Hemece 6acka MaHbI3Abl epiTiHAIAep-
MeH) 96AeH KaHFaHFa AEMiH bIAFAAAQHABIPY >KOHE OAapAbl apbl Kapan
KenTipy. ASHAEPAI MpaliMUMHITEY OAapAblH epTe OypLUiKTeHyiHe, eHy
Naibl3bIHbIH XKOFapbIAayblHa, BPKEHAEPAIH BipKeAKi >kaHe Te3 ecyiHe, Be-
reTaTUBTIK XXOHEe ASHAEPAIH MiCy Ke3eHAEPIHAE OCIMAIKTEPAIH OCYiHiH
>KakcapyblHa, ASHAEPAIH MAaCcCaCbIHbIH YAFalObIHA AAbIN KEAEAi, COHbIMEH
KaTap, COAAPAbIH HOTUXKECIHAE OHIM, abMOTMKAABIK, >kaHe OMOTUKAABIK,
cTpecTepre Te3IMAIAIK KOFapbIAAiAbI .

blaraHAQHABIPpYFa ManMAAAAHbIAFAH MOAMOAATTbIH (Na,M00,) epi-
TIHAICIHIH 6MAAMADBIH, TE3IMAI >KOHE TO3iMCi3 COpTTapbiHbIH, ASHAEPI-
HiH OHYiH TeXXeMeNTIH OHTaMAbl KOHLEHTpAUMSAApbl aHbIKTaAAbl. Mo-
AMBAATTbIH 50 MM epiTiHAICIHAE CyAaHAbIPbIpbIAFaH Te3iMai — HA3
COPTbIHbIH ~ ABHAEpPi  aAbaerMaokcuaasanbiH, AOT  mM30epMEHTIHIH
>KOFapbl GeACEHAIAITIH KepceTTi, aFHM (hepMeHTTiH 6apbiHiIa MOAMOAEH-
MEH KaHbIKKaHbl aHblkTaAAbl. COHbIMEH KaTap, 6akblAaysarbl ASHAEPMEH
CaAbICTbIpFaHAA Te3iMal HA3 copTbIHbIH AGHAEPIH MOAMBAATTbIH, €PiTiH-
AiCiHAe npanMmHrTey abcums KbllKbIAbIHbIH (ABK) cuHTesiHiH 10.5 ece,
aA Cypa MparMUHITEY — 5.2 ece »KOFapblAaWTbIHbIH, aHTUMOKCUMAQHTTbIK,
hepMeHTTEPAIH GEACEHAIAITT XOHEe CyAa epUTIH aHTUKCUAAHTTAPAbIH
MOALLEpPIHIH, Ae apTaTblHbIH KepceTTi. byriHri KyHi npaiMuHr ypAiciHe
KATbICAaTblH MOAEKYASIPABIK, >KoHEe OUOXMMMUSAbIK, MEXaHM3MAEp Haluap
3epTTeAreH. bi3 koplaraH opTaHbIH KOAANCbI3 >KafAalMAApPbIHAA MaHbI3bl
30p AHTMOKCMAAHTTbIK, (PepMEHT — FAyTaTMOHpeAyKTa3aHblH, kaHe ABK
(PUTOrOPMOHbIHBIH, CUHTE3IH iCKe acblpaTblH aAbAErMAOKCMAA3AHbIH, PeT-
TeYAYiH KepCeTTiK.

bepiAreH >kymbicTa cebep aAAblHAA OMAANMAbIH €Ki COPTTapblHbIH,
ABHAEPIH npaiMuHrTeyAiH ABK (hnTOropMoHbIHbIH MEALLIEPIHE, aAbAET M-
AOKCMAA3aHbIH, XXOHE aHTMOKCUAAHTTbIK, (DEPMEHTTEPAIH GEACEHAIAIriHE
BCEPIHIH HOTUXKEAEPi KOPCETIAreH.

TyniH ce3aep:
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Introduction

In this century the human being must face the challenges of
producing enough to feed a growing population in a sustainable
and environmentally friendly way. The yields are with increasing
frequency affected by abiotic stresses such as salinity, drought,
and high temperature or by new diseases and plagues [1] One of
the most studied plant defense inducers and priming agents, the
B-aminobutyric acid or BABA, has been used for investigating
the transgenerational epigenetic basis of priming defense and the
mechanistic of long-lasting induced resistance [2] . Interestingly,
these authors found that BABA-IR can be detected up to 28 days
after treatment of wild-type Arabidopsis through NPR1-dependent
resistance but this effect disappear by 14 days after treatment when
a NPR1-independent resistance is activated. Another work about
BABA [3] included in this ebook is a commentary about a previ-
ously published paper which study the plant perception of BABA
mediated by an aspartyl-tRNAsynthetase. Using BABA as priming
agent in a screening for Arabidopsis mutants against the biotrophi-
coomycete Hyaloperonosporaarabidopsidis, authors identify an im-
paired in BABA-induced Immunity 1 (/BI/) gene, encoding an as-
partyl-tRNAsynthetase (AspRS). This mutation seems to block both
priming SA-dependent or SA-independent responses to BABA, in-
dicating unilateral control of BABA-induced resistance by IBI1 [4].

Plants are able to respond to biotic or abiotic stresses through
a complex network involving phytohormones, a potent secondary
metabolism and secondary messengers like calcium, and stress
receptors. Light also plays a key role in plant resistance. Protein
kinase/phosphatase cascades are another important component of
this network. Rasool and co-workers study the effects of the light
on these proteins using light-grown Arabidopsis thaliana wild
type and in mutant lines defective in several protein phosphatase
regulatory subunits on aphid fecundity and susceptibility to P.
syringae infection [5].

Nitrogen fertilization influences plant-pathogen interactions and
elevated levels of nitrogen can promote susceptibility against bio-
trophs as well as can influence in plant resistance. The disruption
of an ammonium transporter involved in the plant immune system,
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[NoBblILWEHWe yCTOMYMBOCTU MLLEHULbI
K HeOGAQAronpusaTHbIM hakTopam OK-
py>KatoLLen CpeAbl METOAOM MPEAMNo-
CEBHOro npaiMuHra cemsiH

OAHMM M3 MHOroo6eLLaloWmX MNOAXOAOB B MOBbILEHUU YCTOMUM-
BOCTM PACTeHUl K HeOAAronpusTHbIM hakTopam OKPY>KaloLlen CpeAbl
SIBASETCS MPEANOCEBHON MPAaNMWHI CeMsH. [palMUHI — 3TO 3amMauuBa-
HMe CeMSIH B KOHTPOAMPYEMbIX YCAOBUSX AO MOAHOIO HACbIWEHWS BO-
AOW (MAM APYTMMM PACTBOPaMM C CYLLLECTBEHHbIMM KOMIMOHEHTaMM), C
MOCAEAYIOLLMM BbICYLUMBAHMEM CEMSH. YCTAaHOBAEHO, YTO MPaniMUHI ce-
MSH NMPUBOAMT K YAYULLEHWMIO POCTA PACTEHMIA B BEreTaTUBHbLINA NEpPUoA
M B MEPMOA CO3PEBAHMS CEMSH, YBEAMUMBAETCS MX Macca M TEM CaMblM
MOBbILIAETCS YPOXKAMHOCTb, a TakKXKe YCTOMYMBOCTb K aBMOTUUYECKMM M
6MOTUYECKMM CTPECCaM .

OnpeaeAeHbl  ONTUMAAbHbIE  KOHLIEHTPALUMM TMAPATUPOBaHMS  ce-
MSH YCTOMYMBOM M HEYCTOMYMBOWM COPTOB MLUEHULblI B PAacTBOpPE MO-
ambaataNa2MoO4, koTopble He MHIMOMPYIOT NpopacTaHue 3epHa. 3ep-
HO ycTonumBoro copta — HA3 , ruapatnpoBaHHblie B 50 MM pactBope
MoAmnbaaTa,06AaAaAM BbICOKOI akKTMBHOCTbIO M3odepmerHTa AOT anbae-
r’MAOKCMAQ3bl, MOKa3blBAIOLIME MAKCMMAAbHOE HacbllleHne depmeHTa
MoAnbAeHOM. Kpome TOoro, npammMmHr cemsiH ycrtonumporo copta HA3 B
pacTBope MOAMOAATA K MOBbILLEHMIO CMHTe3a abCLM3MBOIM KUCAOTbI (ABK)
B 10,5 pa3 1 B 5,2 pasa npu ruapatmpoBaHum 3epHa B H2O no cpaBHe-
HMIO C KOHTPOAEM, @ Tak>Ke MOBbILLAETCS aKTMBHOCTb @HTMOKCUMAQHTHBIX
hEePMEHTOB N COAEP>KaHME BOAOPACTBOPUMBIX aHTMOKCMAAHTOB. Ha ce-
FOAHSILUHWIA A€Hb HEAOCTAaTOYHO M3YUeHbl MOAEKYASIPHblE U BGUOXMMU-
Yyeckme MexaHu3Mbl, BOBAEKAeMble B MpoLecce npanmMuHra . Hamu 6bira
nokKasaHaperyAsiuyst aHTMOKCMAQHTHOIO (hbepMeHTa- TAyTaTUOHPEAYKTa3bl
M aAbAEIMA OKCMAA3bl — (DEPMEHTA, OCYLLECTBASIOLLEN B1oCcuHTe3 hu-
ToropmMoHa ABK, uTo MMeeT orpoMHoe 3HaueHue npu HebAaronpUsTHbIX
YCAOBMEAX OKPY>KaIOLLLEN CPeAbl.

B AaHHOM paboTe NpeACTaBAEHbl Pe3yAbTaTbl BO3AEMCTBUS MPEANO-
CEBHOro MnpanMmnHra 3epHa Ha coaepykaHue dputoropmoHa ABK, akTume-
HOCTb aAbAerma okcmaasbl (AO) M aHTMOKCUAAHTHBIX (DEPMEHTOB B ABYX
Pa3AMYHBIX COPTax MUEHMLIbI.

KaloueBble croBa:
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the ammonium transporter AMT1.1, alters basal de-
fenses generating resistance against Pseudomonas
syringae and Plectosphaerellacucumerina . In this
work their authors study the role of this ammonium
transporter on the basal defenses and the resistance
against P. syringae and P. cucumerina demonstrat-
ing that it is a negative regulator of Arabidopsis de-
fense responses [6].

Cross-talk between different signaling path-
ways has been reported to generate both synergis-
tic and antagonistic defense responses. In some
cases this cross-talk might contribute to fine-tune
defense responses against some pathogens accord-
ing to its mode of infection. Using some resistance
elicitors such as acibenzolar-S-methyl (ASM),
B-aminobutyricacid (BABA), cis-jasmone (CJ), and
a combination of the three compounds, which in-
volve SA and/or JA-dependent signaling pathways,
study if these treatments are capable to control in-
fection of spring barley by Rhynchosporium com-
mune under field conditions [7].

Borges and co-workers propose priming crops as
a way for controlling biotic and abiotic stresses and
focus on the effect of the water-soluble vitamin K3
derivative, known as menadione sodium bisulphite
(MSB), as a novel priming agent and as a tool for
studying priming mechanisms. The work review the
priming phenomenon and the importance of reactive
oxygen species (ROS) as key signaling molecules
that contribute to control of plant development as
well as to the sensing of the external environment
and priming induction [8].This method and their
potential applications provide a new sustainable
approach to crop protection. This technology
currently can offer promising molecules capable
to provide new long lasting treatments for crop
protection against biotic or abiotic stresses.

One of the most promising approaches
to improving plant resistance to unfavorable
environmental factors is pre-primed seeds. During
priming in order to increase stress tolerance in the
plant that is of prime agricultural interest.

Presowing priming involves soaking seeds
under controlled conditions until complete
saturation with water or essential components for
the further development of plants, seeds, followed
by drying. It was found that the priming of seeds
leads to early pipping seeds, increase the percentage
of germination, synchronized, rapid growth of
seedlings, improving the growth of plants in
the growing season and during seed maturation,
increased seed weight, and thus increases the yield
and resistance to abiotic and biotic stress [9].1t has

been shown that the priming increases the synthesis
of proteins, RNA, DNA in seeds, also increases the
activity of antioxidant enzymes catalase, superoxide
dismutase, peroxidase, ascorbate peroxidase,
glutathione reductase[10, 11]..

The research on Induced Resistance for Plant
Defensefocusesontheunderstandingthemechanisms
underlying plant resistance or tolerance since these
will help us to develop fruitful new agricultural
strategies for a sustainable crop protection.To date,
insufficiently studied the molecular and biochemical
mechanisms involved in the process of priming.
We have been shown the regulation of antioxidant
enzymes and aldehyde oxidase — an enzyme,
carrying out the biosynthesis of plant hormone
ABA, in terms of priming is of great importance
in the prevention of pre-harvest sprouting seeds.
ABA is a plant growth regulator involved in various
processes, including response to environmental
stress and seed maturation and dormancy [12].
Dormancy is a mechanism to prevent germination
during unfavorable ecological conditions, when
the probability of seedling survival is low [13] . A
dormant seed is one that is unable to germinate for
a specific period of time under a combination of
environmental factors that are normally suitable for
the germination of the non-dormant seed [14] . In
cereal crops, an optimum balance between dormancy
and non-dormancy is desirable. Dormancy at harvest
is desired because it prevents the germination of the
physiologically mature grain (i.e. PHS)in the head
prior to harvest, a phenomenon that considerably
lowers grain quality and is especially common in
cool, moist environments. ABA regulates a number
of key events during seed development, such as
the deposition of storage reserves, prevention of
precocious germination, acquisition of desiccation
tolerance, and induction of primary dormancy [15].

In higher plants, ABA is derived from an epoxy-
carotenoid precursor that is oxidatively cleaved to
produce xanthoxin [ 16 ] . It is known that AO is
involved in ABA biosynthesis, converting abscisic
aldehyde to ABA, and the by-product of this reaction
is superoxide.Following the cleavage, xanthoxin is
converted to ABA by a series of ring modifications
to yield abscisic aldehyde, which is oxidized to ABA
by AO (EC 1.2.3.14), a molybdenum-containing
enzyme [17 ].

This paper presents the results of the impact
of pre-sowing grain priming maintenance plant
hormone ABA, the activity of aldehyde oxidase
(AO) and antioxidant enzymes in two different
varieties of wheat.
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Materials and methods

In our studies using wheat seeds are sterilized
for 5 min in 1% NaClO, then washed thoroughly
with distilled water.

Priming of wheat seeds was carried out according
to the method of Rose [18] in our modification.
Seeds of wheat, cultivar - NAZ and Saratovskaya —
29 were soaked in a solution of 50 mM Na2MoO4,
100 mM and 200mM within a day (24 hours) and
then the seeds were dried at 25 © C t = for 25-30 h.

Native electrophoresis of aldehyde oxidase
performed in alkaline tris-glycine buffer system
using 1 mm plates, 7.5% PAGE at 4 ° C for 4.5 hour
at a constant current of 35 mA per gel. As a substrate
used benzaldehyde and indole 3-aldehyde. [19
]-Electrophoresis division for glutathione reductase
(GR) were carried out as for the AO; gel staining
was performed on Pinhero et.al [20]. The intensity
of the color bands of enzymes was determined by
electronic program Scion Image.

Endogenous ABA content was carried out using a
mono-clonal antibody from Sigma (USA) according
to the attached methodological instructions.

The experiments were performed in 3-4-fold
repetition.

Results and discussion

In our studies, we hypothesized that the prim-
ing of seeds with a relatively high concentration of
molybdenum can lead to optimal saturation of seeds
of wheat this element and to prevent molybdenum
deficiency of the plant.

Accordingly, experiments to optimize the con-
ditions of priming were performed optimum time
of seed hydration were selected in Na2MoO4 salt
solution,allowing them to absorb molybdenum to
saturation and the optimal concentration of molyb-
date solution.

Optimal concentrations of soluble molybdenum
salt Na2MoO4, which did not inhibit germination
of the wheat seeds were selected. Seeds of wheat
two varieties: resistent cultivar- NAZ and unstable —
Saratovskaya — 29, soaked in a solution Na2MoO4
50 mM, 100 mM and 200 mm during the day -24
hour (Figure 1.).

Figure 1 shows that seeds of variety NAZ, hy-
drated in a solution of 50 mM Na2MoO4, showed
high activity of the enzyme, indicating that the
maximum saturation molybdenum enzyme. From
electrophoregrameAQO grain unstable cultivar-Sara-
tovskaya- 29 shows that in the spectrum of this sort
is not isozyme AO]1. Since the hydration of seeds

ISSN 1563-034X

of both varieties in a 50 mM solution Na2MoO4
showed high (80-85%), germination of seeds, so the
concentration of the solution was Na2MoO4 opti-
mal hydration of seeds of both varieties.

1 2 3 4 5 6 7 8
AOl— -
AO3— (SN N 1 R R _
OD AO3 92 116 107 98 74 83 66 105

Figure 1 — AO activity in wheat grain NAZ (1 to 4) and 29
Saratovskaya (5 to 8), hydrated in a solution of Na2MoO4: 1
and 5 — Control (H20); 2 and 6 — 50 mM Na2MoO4; 3 and 7 —
100 mM Na2MoO4; 4 and 8 -200 mM Na2MoO4.

In the next experiment we studied the activity of
AO NAZ varieties of seeds in water and hydrated at
50 mM Na2MoO4 solution for 1 hour, 12 hour, 24
hour, 30 hour and 36 hour. (Figure 2).

OD AO1 129 142 132 121 130 118 136 148 118 130

/
|

(' -3

1 2 3 4 5 6 7 8 9 10

Figure 2 — Activity AO1 NAZ wheat grain, hydrated in H20
(1to 5) and 50 mM Na2MoO4 solution (6 to 10)

Maximum activity was observed in seeds AO1 of
NAZ cultivar, hydrated through water 12hours after
soaking, and the maximum activity of the enzyme from
corn, soaked in 50 mM Na2MoO4 solution was observed
after 24 hours, i.e. maximum saturation molybdenum.
Thus, it was shown that it is advisable to carry out the
hydration of the seeds in 50 mM Na2MoO4 solution
for 24 hours, as these optimal conditions hydrating seed
will increase in ABA content of the caryopsis. The same
conditions for seed hydration have been shown and for
the variety Saratovskaya 29 (Figure 3).

Figure 3 shows that the seed varieties
Saratovskaya 29, hydrated in water AO3 observed
a decrease in activity, but the seeds of this variety
shows high activity of AO 24 hours after soaking in
a solution of 50 mM Na2MoO4.
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1 2 3 4

. v
OD AO3 116 75 62 48

rYT Yy p3

84 94 96 74 75

Figure 3 — activity AO3 grain wheat Saratov-29 hydrated in H20 (C1 to
5) and 50 mM Na2MoO4 solution (6 to 10)

Experiments were conducted in the conditions
of application of priming when wheat seeds were
placed into the vessels beneath the 1sm- 2cm water
or 50 mMmolybdate salt solution for 24 h at 10° C.
After t such procedure measured the total content of
ABA in the embryo and endosperm of wheat were
untreated control seeds (Table 1).

Excessive ROS formed in the conditions
of application of priming, in embryonic tissues
during hypoxia induces the synthesis of ABA and

then cause the expression of protective genes,
inducing the synthesis of antioxidant enzymes.
Table 1 shows that the increase in ABA content
of 10.5 times in seeds during hydration in 50 mM
Na2MoO4 solution and 5.2 times by soaking the
seeds in water varieties lutescens-70 compared to
controls. Saratovskaya-29 showed that increased
ABA content in 8 times and 4.5 times, respectively,
in 50 mM Na2MoO4 and H2O solution and
compared with controls.

Table 1 — The content of ABA (pmol / ml) in the embryo and endosperm of two wheat varieties in terms of priming

Lutescens-70 Saratovskaya 29
variant ABA( pmol / ml) ABA( pmol / ml) ABA( pmol / ml) ABA( pmol / ml)
embryo endosperm embryo endosperm
H,0 15,3+0,39 5,8+0,87 10, 04+0,31 2,324+0,12
Na,MoO, 37,8+0,48 5,2 £0,63 18,35+ 0,39 3.5+0,08
control 2,94+0,07 1,14+0,54 1,75+ 0,06 0,95+ 0,04

As a result of the priming procedure, which
is accompanied by the formation of excess free
radicals induced defensive responses in plant
cells. In order to control the level of free radicals
and protecting cells during exercise stress, the
plant tissue containing antioxidant enzymes such
as superoxide dismutase, catalase, ascorbate
peroxidase, glutathione reductase, etc..

Glutathione reductase (GR) — an enzyme
which participates in the conversion of oxidized
glutathione in reduced form. The active participation
of ascorbate system — glutathione cycle to neutralize
ROS and maintaining the redox — balance shown in
many examples [20].

We carried out a study of the activity of the
GR in two varieties of winter wheat varieties
NAE and spring wheat varieties Saratov 29 during
priming.

Figure 4 shows the evolution of the activity of
the GR NAZ wheat grains during different periods
of incubation of seeds in water and a solution of 50
mM Na2MoO4.

On electrophoregram of spectrum GR shown
that the activity of the GR in the seeds of wheat
resistant variety to the the two forms of isoenzymes
GR 1 and GR 2 for 12 hours of incubation, the
seed activity practically unchanged and the value
of enzyme activity are almost identical, indicating
that the equilibrium balance reduced and oxidized
glutathione. Incubation of seeds within 24hours and
32 hours during this period increased GR activity
and almost no imbalance reduced and oxidized
glutathione, wheat varieties NAZ. During 48 hours
of'incubation the seed, the enzyme activity decreases.
Therefore NAZ variety seeds can be incubated for
32 h in this case will not occur oxidation of DNA,
RNA and protein molecules important.

Figure 5 shows that Activityof GR Saratovskaya
29 lower than NAZ winter varieties and seed
throughout the incubation period (48 h), gradually
decreases. Also, as for the NAZ varieties, seed
varieties Saratovskaya — 29 during the 12 hour
incubation, the seeds show high activity and the
activity of isoenzymes GR1 and GR2 content
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reduced and oxidized forms of glutathione almost
equal. Incubation of the class of seed in water and
a solution of molybdate reduces isoenzyme activity
GRI1 and GR2 activity increases slightly. This
suggests that further hydrating the seeds for 32-48
hours results in a significant accumulation of ROS
and GR activity decreases and thus accumulate
oxidative radicals. Based on the data, seed varieties
Saratovskaya 29-hydration is not recommended
to subject more than 24 hours in the salt solutions
and H2O. Thus, seeds soaked in a solution of

168 164 168
168 168

molybdenum in priming results in the formation
of seeds enriched in molybdenum. This allows AO
to increase the level of ABA in maturing seeds of
wheat and thus producing stable seedlings to abiotic
stresses.

In our experiments we measured the content of
ABA in the mature seeds of the new harvest, which
have been subjected to priming (pre-treatment
hydration seeds in H20 and Na2MoO4 followed by
drying), sustainable and non-sustainable Lutescens
-70 and Saratovskaya29 cultivars (table 2).

7 178 176 /5 167 168

176 171 173 164 16

Figure 4 — GH activity in grain wheat NAZ incubated in water (1, 3,5,7,9) and a solution of 50
mM Na2MoO4 (2, 4, 6, 8, 10). The seeds were incubated for 2 hr (1.2); 12 hr (3.4); 24 h (5,6);
32 h (7,8).; 48 hour (9,10)

1 2 3 4 5 6 7 8
; @@ a ‘ ‘l‘

GR1

Figure 5 — GR activity in grain wheat Saratovskaya 29, incubated in water (1, 3,5,7,9) and 50
mM Na2MoO4 solution (2, 4, 6, 8, 10). The seeds were incubated for 2 hr (1.2); 12 hr (3.4); 24

Table 2 — Content of ABA (pM / ml) in the grain of the new harvest, the resistant variety Lutescens 70 and unstable — Saratovskaya 29

h (5,6); 32 h (7.8).; 48 hour (9,10)

Variants Lutecsens-70 (grain) Saratovskaya29 (grain)
H,0 4,07 £0,20 2,10+0,17
Na,MoO, 5,85+0,28 3,61£0,19
control 2,93+0,19 1,84+0, 12

The presented data show that endogenous ABA
content of the resistant variety Lutescens-70 and
sensitive varieties Saratov 29, raised grain of the
new harvest of wheat in 2 times in comparison with
the control variant. It is also shown that a stable
grade than for endogenous phytohormone ABA
content is 1.5 times higher than the grade unstable
Saratov 29. In embodiments with a molybdenum
content of ABA observed maximum grain varieties

ISSN 1563-034X

both compared with the control. These results show
that the priming procedure significantly increases
the level of stress hormone ABA in seeds in two
contrasting varieties of wheat

The correlation between the activity of AO and
ABA accumulation in the grain of wheat Lutescens
-70 was confirmed conducted native electrophore-
sis, substrate for AO served aldehyde indole-3 (Fig-
ure 6).
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Figure 6 — Active AO in mature seeds of
a new crop wheat Lutescens-70 variants:
1 —Na2Mo0O4; 2 — H20; 3 — control

In the application of priming seeds of wheat in-
creased resistance, by increasing the content of en-
dogenous ABA and antioxidants. The main water-
soluble antioxidants in plant cells are ascorbic acid
and glutathione, and antioxidants zhirorast-vorimye
— carotenoids, tocopherols and flavonoids. Our re-
sults showed that against oxidative stress in cells in
priming conditions synthesized enzymatic and non-
enzymatic antioxidants (Table 3)

Table 3 — The total content of water and fat-soluble antioxidants in mature wheat seed varieties Lutescens-70 and Saratovskaya — 29

Variants Lutescens-70 Saratovskaya-29
embryo endosperm embryo endosperm
H20 139.7+£3.7 494453 95.1+2.7 44.1+£4.5
Na,MoO, 153.5+6.2 48.8+3.2 107.9+5.1 51.7+3.8
Control 107.3 2.5 46.7+ 1.7 86.4+2.8 532+£3.7

These data show a high antioxidant content
in mature seeds of the new crop wheat, in both
embodiments, compared with untreated wheat seeds
(Control).

Views will data showed that carrying out pre-
sowing seed priming both varieties NAZ and
Saratovskaya 29 led to an increase in the content

of endogenous ABA in 2 times and 1.5 times the
antioxidants and as a result has led to an increase in
resistance to stress (adverse environmental factors)
both varieties NAZ and Saratovskaya-29.

Thus, the conduct of pre-sowing seed priming
increases the resistance of wheat varieties to adverse
environmental factors.

References

1 Andrés A. Borges and Luisa M. Sandalio (2015). Plant Sci. 6:109
2 LunaE., Lopez A., KooimanJ., TonJ. (2014a). Role of NPR1 and KYP in long-lasting induced resistance by f-aminobutyric

acid. Front. Plant Sci. 5:184.

3 Schwarzenbacher R. E., Luna E., Ton J. (2014). The discovery of the BABA receptor: scientific implications and application

potential. Front. Plant Sci. 5:304.

4  LunaE., van Hulten M., Zhang Y., Berkowitz O., Lopez A., Pétriacq P., et al. . (2014b). Plant perception of f-aminobutyric

acid is mediated . Nat. Chem. Biol., 10: 450-456

5 Rasool B., Karpinska B., Konert G., Durian G., Denessiouk K., Kangasjirvi S., et al. . (2014). Effects of light and the regu-
latory Beta subunit composition of protein phosphatase 2A on the susceptibility of Arabidopsis thaliana to aphid (Myzuspersicae)

infestation. Front. Plant Sci. 5:405.

6 Pastor V., Gamir J., Camaies G., Cerezo M., Sanchez-Bel P., Flors V. (2014a). Disruption of the ammonium transporter
AMT1.1 alters basal defences generating resistance against Pseudomonas syringae and Plectosphaerellacucumerina. Front. Plant

Sci. 5:231

7 Walters D. R., Havis N., Paterson L., Taylor J., Walsh D., Sablou C. (2014). Control of foliar pathogens of spring barley

using a combination of resistance elicitors. Front. Plant Sci. 5:241.

8 Borges A. A., Jiménez-Arias D., Exposito-Rodriguez M., Sandalio L. M., Pérez J. A. (2014). Priming crops against biotic
and abiotic stresses: MSB as a tool for studying mechanisms. Front. Plant Sci. 5:642.

9 Basu R.N. (1994). An appraisal of research on wet and dry physiological seed treatment and their applicability with special
references to tropical and subtropical countries. Seed Sci& Technol. 22(1): 107-127.

10 Agarwal, S., Sairam, R.K., Srivastava, G.C., Tyagi, A., Meena, R.C., 2005. Role of ABA, salicylic acid, calcium and hydro-
gen peroxide on antioxidant enzymes induction in wheat seedlings. Plant Sci. 169, 559-570.

11 Shalakhmetova G.A. Effect of priming on the antioxidant system of two different wheat genotypes. Biotehnologiya. Teoriya
and practice Ne3,2005, S.58-64 [ Vliyaniyeprayminganaantioksidantnuyusistemudvuchrazlichnyuchsortovpshenistyu] (In Russian) .

12 Zeevaart, J.A.D., Creelman, R.A. (1988) Metabolism and physiology of abscisic acid. Annual Review of Plant Physiology

and PlantMolecular Biology39 : 439-473

82 Ka3YV xabaprusicel. Dxonorus cepusicl. Ned (49). 2016



Shalakhmetova G.A. et al.

13 Black, M., Bewley, J.D., Halmer, P. (2006). The Encyclopedia of seeds: Science, Technology and Uses. Wallingford, Ox-
fordshire: CAB International, pp. 40.

14 Baskin, J.M., Baskin, C.C. (2004) A classification system for seed dormancy.Seed Science Research 14(1): 1-16.

15 Fang, J. and Chu, C. (2008) Abscisic acid and the pre-harvest sprouting in cereals.Plant Signaling & Behavior 3(12): 1046-
1048.

16 Parry, A.D., Neill, S.J., Horgan, R. (1988) Xantoxin levels and metabolism in the wild-type and wilty mutants of tomato.
Plantal73: 397-404.

17 Leydecker, M.T., Moureaux, T., Kraepiel, Y., Schnorr, K., Caboche, M. (1995) Molybdenum cofactor mutants, specifically
impaired in xanthine dehydrogenase activity and abscisic acid biosynthesis, simultaneously overexpress nitrate reductase. Plant
Physiology 107: 1427-1431.

18 Rowse HR. (1996). Drum Priming — A non-osmotic method of priming seeds. Seed Sci. & Technol. 24 : 281-294.

19 Omarov, R.T., Akaba, S., Koshiba, T., Lips, S.H.(1999) Aldehyde oxidase in roots, leaves and seeds of barley (Hordeum-
vulgare L.). Journal of Experimental Botany50: 63-69.

20 Pinhero R.G., Rao M.V.,Paliyath G., Murr D.P., Fletcher R.A. Changes in activities of antioxidant enzymes and their rela-
tionship to genetic and paclobutrazol-induced chilling tolerance of maize seedlings. Plant phisiol. 1997,114;695-704.

ISSN 1563-034X KazNU Bulletin. Ecology series. Ne4 (49). 2016 83



