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At present hydrogen sulfide (H,S) is considered as one of the signal mediators in plant cells. However,
its role in formation of plant resistance to low temperatures and, in particular, in regulation of secondary
metabolism under stress conditions remains poorly understood. The influence of H,S donor sodium hydro-
sulfide (NaHS) on phenylalanine ammonia-lyase (PAL) activity and content of flavonoids in wheat seedlings at
normal temperature (21 °C) and under cold hardening conditions (7 days at 3 °C) was studied. After 2 days of
the hardening temperature, a transient increase in PAL activity was noted. Also, activity of the enzyme was in-
creased by treatment of plants with 0.1 or 0.5 mM NaHS under normal temperature conditions and especially
at the background of cold hardening. By themselves, the cold hardening and the action of H,S donor caused
an increase in total content of flavonoids and amount of anthocyanins. With the combination of hypothermia
and treatment of seedlings with NaHS, this effect enlarged and the total content of flavonoids increased by
3.8, and anthocyanins increased by 1.8 times in comparison to the control. Treatment with the H,S donor
caused a decrease in content of the lipid peroxidation product malonic dialdehyde in seedlings after the ac-
tion of hardening temperature, and especially after their freezing at -5 °C. Also, under the influence of NaHS,
survival of hardened and unhardened seedlings after cryostress increased. It was concluded that one of the
mechanisms of the positive influence of the H,S donor on resistance of wheat seedlings to hypothermia is the
PAL-dependent accumulation of flavonoid compounds, which have a high antioxidant activity, and a decrease
in effects of secondary oxidative stress.

Key words: hydrogen sulfide (H,S), phenylalanine ammonia-lyase, flavonoids, lipid peroxidation, frost
resistance, Triticum aestivum.

t present, the functions of hydrogen sulfide
(H,S) as a signal mediator in mammalian

cells have been well studied; its involve-

recently H,S molecules, along with nitrogen mono-
xide and carbon monoxide, are classed as the key
gasotransmitters of plant cells [4].

ment in regulation of vascular tone, neuromodula-
tion, cytoprotection, inflammation, and apoptosis
was established [1-3]. The role of hydrogen sulfide
in plant cells is investigated significantly weaker, but

It is assumed that hydrogen sulfide plays an im-
portant role in transduction of stress signals in plant
cells and in formation of adaptive reactions [5]. Data
was received on the changes in endogenous H,S con-
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tent in plant cells in response to effect of external
stimuli on plants [6, 7]. An induction by exogenous
hydrogen sulfide of a number of plant protective sys-
tems was revealed [8-10]. Using molecular biologi-
cal approaches, it was shown that hydrogen sulfide
most significantly influenced expression of genes of
proteins associated with carbohydrate metabolism,
secondary metabolism, and synthesis of low-molecu-
lar-weight antioxidants [11].

However, an effect of hydrogen sulfide donors
on resistance of plants to some stress factors, in par-
ticular to hypothermia, remains poorly understood.
Among the grasses capable of surviving after an ac-
tion of negative temperatures, the influence of hydro-
gen sulfide has been studied only on Bermuda grass
(Cynodon dactylon L)) [12]. An increase in activity
of antioxidant enzymes in these plants was observed
when they were treated with 500 pM NaHS before
the action of hardening temperature of 4 °C, as well
as in their survival at subsequent freezing at 10 °C.

One of the important causes of damage to
plants at low temperatures is secondary oxidative
stress. Since increasing viscosity of lipid part of
cell membranes is one of the most frequent effects
of hypothermia on plants, membrane-bound pro-
cesses such as respiration and photosynthesis are
more sensitive to temperature stress compared to
processes occurring outside membranes involving
soluble enzymes. If membrane-associated processes
and processes in matrix of mitochondria and stroma
of chloroplasts are not coordinated for one reason
or another, then there is a possibility of accepting
electrons from carriers of electron transport chain
by molecular with formation of reactive oxygen spe-
cies (ROS) [13, 14]. It is these processes that can oc-
cur when the state of lipids of internal membranes in
mitochondria and chloroplasts is changed because of
cold. ROS, formed as a result of failures in operation
of electron transport chains, can subsequently initia-
te non-enzymatic reactions, leading to an additional
increase in their amount.

In this regard, activation of antioxidant system
is considered as one of the important mechanisms of
plant adaptation to the action of cold [15]. There are
data on the ability of hydrogen sulfide donors to in-
duce antioxidant enzymes in plants under an action
of stressors of a different nature, and also contribute
to the accumulation of low-molecular antioxidants —
ascorbate and glutathione [10, 12, 16-18].

Important low-molecular-weight antioxidants
include flavonoids [19]. Of particular note is the

high antioxidant activity of anthocyanins, which are
able to effectively deactivate superoxide anion radi-
cals [20]. An increase in total content of flavonoids
[21] and amount of anthocyanins [22] was shown in
the low-temperature adaptation of wheat. However,
the influence of hydrogen sulfide on content of fla-
vonoid compounds in plants is poorly understood.
In fruits of bananas, at low-temperature storage,
under the influence of the hydrogen sulfide donor
NaHS an increase in the total content of phenolic
compounds and the activity of phenylalanine am-
monia-lyase (PAL, EC 4.3.1.5) was noted [23]. PAL,
converting L-phenylalanine to trans-cinnamic acid,
which is the precursor of most secondary metabo-
lites, is considered the starting enzyme in complex
processes for synthesis of flavonoids [21, 24]. Howe-
ver, when stored broccoli plants were treated with
hydrogen sulfide donor, there was a decrease in PAL
activity and anthocyanin content, although there was
some increase in total content of flavonoids [17]. Li
et al. [25] study, performed on maize seedlings, did
not observe any significant changes in PAL activi-
ty under the influence of hydrogen sulfide donor
treatment, which induced the development of heat
resistance. Thus, information on the effect of hydro-
gen sulfide on the functioning of secondary metabo-
lism in plants under normal and stress conditions is
few and very contradictory.

In connection with the foregoing, the purpose
of this work was to study the influence of the hydro-
gen sulfide donor NaHS on the activity of PAL, and
content of flavonoid compounds in wheat seedlings
under physiologically normal conditions and during
cold hardening, and also to evaluate the effect of exo-
genous NaHS on the basic and induced by hardening
frost resistance of plants.

Materials and Methods

The work was carried out on etiolated seed-
lings of winter wheat (Triticum aestivum L.) of cv.
Doskonala. Seeds were disinfected in 6% solution of
hydrogen peroxide for 40 min, thoroughly washed
several times with distilled water and then germi-
nated at 21 £ 1 °C on filter paper moistened with
purified tap water.

In the series of experiments to investigate the
influence of hydrogen sulfide donor on resistance of
seedlings to cryostress, sodium hydrosulfide (NaHS)
in concentrations of 0.025-1 mM was added to the
medium at the beginning of seed germination and
on the third day. After 4 days, seedlings were used
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for biochemical analyzes and were frozen in the re-
frigerate chamber (Danfoss, Holland) at -5 °C for
4 h, with the temperature descending 1°C/h. To thaw
seedlings, the temperature in the chamber was in-
creased at 1 °C/h up to 2 °C. Afterwards, the seed-
lings were grown for 3 days at 21 £ 1 °C and 6 klx
illumination, and their survival was evaluated.

In experiments to study the effect of hydrogen
sulfide donor on the development of frost resistance
at hardening, 3-day-old seedlings were treated with
NaHS and placed for 7 days in the refrigerate cham-
ber at 3 £1 °C. After 3 days of hardening, seedlings
of corresponding variants were re-treated with so-
lutions of sodium hydrosulfide. Control seedlings
during the hardening were incubated on on filter pa-
per moistened with purified tap water.The optimal
hardening regime, which maximizes frost resistan-
ce of seedlings, was established earlier [26]. For
comparison, 4-day-old seedlings that had not been
hardened (see above) were used. Since the develop-
ment of seedlings slowed down at low temperatures,
10-day hardened plants were the same as the 4-day
control plants grown at 21 + 1 °C.

Hardened seedlings were allowed to freeze at
-5 °C for 4 h, decreasing the temperature at the rate
of 1°C/h. The samples were then thawed and grown
to evaluate survival as described above.

The activity of PAL was determined by the
formation of trans-cinnamic acid from L-phenyla-
lanine according to Zucker [27] with modifications
[21]. Shoots of seedlings were homogenized in 0.1 M
borate buffer (pH 8.8) containing 0.5 mM EDTA and
3 mM dithiothreitol at a temperature no more than
4 °C, and then extracted for 30 minutes at the same
temperature. The homogenate was centrifuged at
8000 g for 20 min at 4°C on the MPW 350R cen-
trifuge (MedInstruments, Poland). The supernatant
was used to determine the enzymatic activity. The
reaction mixture, consisting of 0.5 ml superna-
tant, 1.5 ml borate buffer (pH 8.8) and 2 ml 50 mM
L-phenylalanine, was incubated in the thermostat
for 1 hour at 37 °C. At the end of the incubation,
the optical density at 290 nm was immediately de-
termined by the spectrophotometer SF 46 (LOMO,
Russia). Optical control was an identical mixture
with the enzymatic extract inactivated by boiling.
The protein content was determined by Bradford
[28]. The activity of PAL was expressed in nmol of
trans-cinnamic acid/(mg protein hour).

The total content of flavonoids was determined
by the formation of a complex with aluminum ions
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[29]. The plant material was homogenized in 70%
ethanol; extraction was carried out for 20 minutes at
room temperature. The extract was mixed with 1%
solution of AICI, in 95% ethanol in ratio 1:1, and its
absorbance at 414 nm was determined relative to the
sample containing all of the components of the mix-
ture except the aluminum salt. Rutin was used as the
standard. The content of flavonoids was expressed in
pmol rutin per g of dry weight.

To detect anthocyanin content, plant shoots
samples were disrupted in 1% HCI in methanol. Af-
ter homogenate centrifugation for 15 min at 8000 g,
the supernatant optical density was read at 530 nm
[30]. The content of anthocyanins was expressed in
pmol of cyanidin-3-glucoside per g of dry weight.

Intensity of the lipid peroxidation (LPO) in
seedling tissues was determined by evaluating the
amount of the products interacting with 2-thiobar-
bituric acid (mainly malonic dialdehyde — MDA) as
described earlier [26]. The MDA content was ex-
pressed in nmol/g of dry weight.

Repeat of independent experiments 3-fold with
3-fold biological replicates in each. The figures show
the means and their standard errors. Unless other-
wise specified, differences are discussed, which are
significant at P < 0.05.

Results and Discussion

In the first series of experiments, the effect of
treatment of seedlings with NaHS in various concen-
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Fig. I. Influence of H,S donor sodium hydrosulfide
on survival (%) of wheat seedlings after freezing
for 4 hours at =5 °C. 1 — Unhardened seedlings,
2 — hardening (3 °C, 7 days). Here and in Fig. 2-4:
values followed by the same letter are not signifi-
cantly different (P <0.05)
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trations and cold hardening on their survival after
freezing at -5 °C was studied. The frost resistance of
unhardened wheat seedlings was very low (Fig. 1).
Under the influence of hydrogen sulfide donor treat-
ment, there was a significant increase. The most ef-
fective NaHS concentrations were 0.1 and 0.5 mM.
Under the influence of cold hardening, the re-
sistance of seedlings to freezing increased signifi-
cantly (Fig. 1). At the same time, treatment of seed-
lings with NaHS on the background of hardening
caused an additional increase in their frost resistan-
ce. Due to the fact that the greatest positive effect
was manifested when treated seedlings with 0.1 and
0.5 mM sodium hydrosulfide, in subsequent experi-
ments, when studying the influence of the hydrogen
sulfide donor on the biochemical parameters of the
seedlings, precisely such concentrations were used.
Treatment of wheat seedlings with hydrogen
sulfide donor under normal temperature conditions
caused an increase in the PAL activity by 35-45%
(Fig. 2).
After 2 days of the hardening temperature
(3 °C) influence, a relatively small but significant at
P < 0.05 increase in activity of the enzyme was ob-
served; later (on 5 and 7th day) it was on the level of
control samples that had not undergone hardening.
Treatment of seedlings with the H,S donor con-
tributed to the maintenance of increased PAL activi-
ty during the entire period of cold hardening (Fig. 2).
Especially high enzyme activity in variants with 0.1
and 0.5 mM NaHS treatment was after 2 days of
hardening: it exceeded the control values (without
hardening and NaHS treatment) by 43 and 69%, re-
spectively.
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Fig. 2. Activity of PAL (nmol/(mg protein h) in wheat
seedlings.: I — without hardening; II-1V — 2, 5, and
7 days of hardening, respectively. 1 — Control, 2 —
NaHS (0.1 mM), 3 — NaHS (0.5 mM)

Under the influence of the hydrogen sulfide do-
nor in the seedlings at normal temperature the total
content of flavonoids and the amount of anthocya-
nins increased (Fig. 3).

In the process of cold hardening, gradual accu-
mulation of flavonoids occurred, incl. anthocyanins,
which reached the maximum values after 7 days of
low-temperature action. At the same time, NaHS
treatment promoted a significant additional accumu-
lation of flavonoid compounds. In variants with the
hydrogen sulfide donor treatment, the largest values
of the total content of flavonoids and anthocyanins
were noted after 5 and 7 days of hardening (Fig. 3).
At the end of hardening, the total content of flavo-
noids in variants with NaHS increased by 3.8 times
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Fig. 3. Total amount of flavonoids (A, umol/g dry weight) and content of anthocyanins (B, umol/g dry weight)
in wheat seedlings: I — without hardening; 1I-1V — 2, 5, and 7 days of hardening, respectively. 1 — Control,

2~ NaHS (0.1 mM), 3 — NaHS (0.5 mM)
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in comparison with unhardened control, and the con-
tent of anthocyanins increased 1.8-fold.

The content of LPO product at the treatment
of seedlings with the hydrogen sulfide donor NaHS
under normal temperature conditions did not change
(Fig. 4). Low-temperature hardening in itself caused
a significant decrease in MDA content in shoots of
seedlings. At the same time, in the variants with the
combination of hardening and NaHS treatment, val-
ues of the LPO product content were lower than in
the variant with hardening only. After freezing of
hardened seedlings, the MDA content in them in-
creased substantially, this reflected the development
of cold injuries that preceded death of seedlings. At
the same time, in seedlings that were treated with
a hydrogen sulfide donor during hardening, it was
lower than in untreated ones (Fig. 4).

Thus, the influence of the hydrogen sulfide do-
nor on wheat seedlings grown at normal temperature
induced their resistance to low-temperature stress;
under the influence of NaHS, the positive effects of
cold hardening of plants also improved, which was
expressed in an increase in the relative number of
plants that survived after freezing (Fig. 1).

At least one of the reasons for the positive in-
fluence of the hydrogen sulfide donor on the basic
and cold-hardening-induced resistance of seedlings
to cryostress may be a decrease of the secondary
oxidative stress effect under its influence. This is
evidenced by a smaller accumulation of the LPO
product MDA in seedlings of variants with NaHS
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treatment under cold hardening conditions and espe-
cially after the action of cryostress (-5 °C) (Fig. 4).

In turn, one of the reasons for mitigating the
manifestations of the oxidative stress caused by the
negative temperature can be the accumulation of
flavonoid compounds in wheat seedlings at the in-
fluence of exogenous hydrogen sulfide. Under the
conditions of our experiments, the activation of
secondary metabolism was observed at the treat-
ment of NaHS. This was manifested, in particular,
in increasing the PAL activity in variants with the
hydrogen sulfide donor influence both under normal
temperature conditions and during cold hardening
(Fig. 2). It should be noted that the activity of PAL
in wheat seedlings increased under the influence of
the hardening temperature (3 °C) too, although this
increase was transient and it was fixed only 2 days
after the start of the hardening. It is noteworthy that
in the work performed on adult green wheat plants,
it was not detected an increase in PAL activity af-
ter cold hardening [21]. Perhaps this is due to the
fact that, in this work, the enzyme activity was in-
vestigated not in dynamics during the formation of
resistance by hardening, but only once, at its end.

Under the conditions of our experiments, the
increase in PAL activity after the influence of cold
hardening, the hydrogen sulfide donor or their com-
binations led to an increase in the content of flavo-
noids, including anthocyanins (Fig. 3). In the variant
with hardening, the increase in PAL activity was
manifested on the 2" day, while the increase in the
content of flavonoid compounds was on the 5-7" days
after the start of the hardening. Such a temporal dy-
namics indicates a causal relationship between the
activation of PAL and the accumulation of flavonoids
in seedlings (Fig. 2, 3). It can not be ruled out, howe-
ver, that the factors we studied (cold and hydrogen
sulfide) directly or indirectly influenced the proce-
sses of flavonoids degradation, slowing them down.
In Olenichenko et al. work [21], it was shown an in-
crease in the flavonoids content in leaves of wheat
during cold hardening against the background of a
decrease in the PAL activity. Such effects indicate
the possibility of accumulation of flavonoids due to
slowing down of their degradation.

As already noted, the literature data on the
effect of hydrogen sulfide on PAL activity and the
course of secondary metabolism are few and partly
contradictory. In our experiments conducted earlier,
a significant increase in the amount of anthocya-
nins under the 0.5 mM NaHS influence in etiolated
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wheat seedlings under normal conditions and under
osmotic stress was shown [31]. Also, under the in-
fluence of the hydrogen sulfide donor, there was an
increase in the content of flavonoids, absorbing in
UV-B, in leaves. It can be assumed that the accu-
mulation of flavonoid compounds is one of the im-
portant mechanisms for the protective action of the
hydrogen sulfide donor on plants under stresses of
a different nature [31]. In accordance with this as-
sumption, there are some results obtained at other
objects. So, an increase in the content of colorless
flavonoids (absorbing UV) and anthocyanins in bar-
ley plants was revealed when they were induced to
UV-B resistance by treatment with hydrogen sulfide
donor [32]. Recently, the increase under the NaHS
influence of the total content of flavonoids and the
amount of anthocyanins at the low-temperature stor-
age of hawthorn fruits has been shown [33]. When
storing the lotus roots (Nelumbo nucifera Gaertn.) at
a low temperature, under the influence of hydrogen
sulfide the activity of PAL and the content of phenol-
ic compounds increased [34]. On the other hand, as
already noted, when the broccoli was stored, under
the influence of hydrogen sulfide donor, an increase
in the total content of flavonoids occurred against
a background of a decrease in PAL activity [17].
Moreover, in the variant with sodium hydrosulfide
treatment, despite an increase in the total content of
flavonoids, the amount of anthocyanins decreased.
Perhaps such effects are associated with complex
interconversion of secondary metabolites and are a
feature of this object.

Discussing the results obtained by us, it should
be noted that enhancement of secondary metabolism
and accumulation of flavonoid compounds, apparent-
ly, is by no means the only mechanism of increasing
resistance of plants to oxidative stress by exogenous
hydrogen sulfide. Thus, when heat resistance of
maize seedlings was induced by the hydrogen sulfide
donor, there was an increase of a pool of reduced
ascorbate and glutathione [10]. In our experiments,
an increase in heat resistance of wheat coleoptile
cells by treatment with NaHS was accompanied by
an increase in the activity of superoxide dismutase
and guaiacol peroxidase [18]. Similar effects were
observed in wheat seedlings treated with the hy-
drogen sulfide donor before osmotic stress [31]. In
addition, the treatment of wheat seedlings with so-
dium hydrosulfide during osmotic stress increased in
leaves the content of proline [31], which is not only
an osmolite but also an antioxidant [35].

Thus, exogenous hydrogen sulfide apparently
induces many components of the primary and secon-
dary metabolism necessary for the development of
plant resistance to action of stress factors. Activa-
tion of the antioxidant system, necessary to protect
plant cells from action of secondary oxidative stress,
may be one of the reasons for cross resistance to
stress factors of various nature, induced by hydrogen
sulfide [12]. In further studies, it is of interest to elu-
cidate the functional interaction of hydrogen sulfide
with other signal mediators, in particular ROS and
nitric oxide, upon activation of plant protective sys-
tems [36]. The effects of secondary metabolism ac-
tivation, induced by hydrogen sulfide in the present
work, can be a model for such studies.
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Huni rigporen cynsdin (H,S) posrnsmaerses
SK OJUH 13 CUTHAJIbHUX MOCEPEIHUKIB y POCIUH-
HuX KiitmHaX. OmgHak #Woro poibs y (opMmyBaHHI
CTIWKOCTI POCIMH JI0 HU3BKHX TEeMIIepaTyp i oco-
ONMBO B peryJsAlii BTOPUHHOTO METadoIi3My 3a
CTPECOBHUX YMOB 3aJIMIIAETHCSI MAJIOBUBUCHOIO. J[0-
CITIDKyBanu BruMB goHopa H,S — rigpocynbdimy
Hatpito (NaHS) — Ha akTuBHICTH (eHinamaniHAMO-
Hiitmiazu (PAJD) i BMicT (haBOHOIAIB y MPOpPOCTKAX
MIIIeHUTII 32 3BudaifHoi Temmeparypu (21 °C) i ymoB
xosonoBoro 3araptoByBaHHA (7 mi6 mpu 3 °C). Ye-
pe3 2 106w Aii 3arapToBYBaIBHOT TEMITEPATYPH BiJI-
3HAYaJoCs TPAH3UTOPHE HiABHILEHHS aKTHBHOCTI
OAJL. Takox aKTHBHICTh €H3MUMY 301JBITyBajacs
111 BIuBOM 00poOku mpopoctkis 0,1 ado 0,5 MM
NaHS y 3BrnuaiiHuX TemMmnepaTypHIX YMOBax i 0c00-
TUBO Ha (OHI XOIOJOBOTO 3arapToByBaHHs. Cami
110 co0i X0JIO/IOBE 3arapTOBYBaHHS 1 /Tisl TOHOpa HZS
COPUYHMHIOBAIM MIiABUILEHHS 3arajbHOTO BMICTY

17



ISSN 2409-4943. Ukr. Biochem. J., 2018, Vol. 90, N 6

(baBoHOTMIB 1 KUIBKOCTI aHTOliaHiB. [loenHaHHS
rinorepmii i 00poOku popocTkiB NaHS neit edekr
MOCHJTIOBAJIO 1 301IbIIIYBaJIO 3arajdbHUN BMICT (ia-
BOHOIIiB B 3,8, a aHTOLIaHiB — B 1,8 pa3a nmopiBHIHO
3 koHTponeM. O6pobka gonopom H,S smenmrysana
BMICT IIPOIYKTY NEPOKCHIHOI'O OKUCIICHHSI JIiITi IiB
MaJIOHOBOT'O JiajbJeriqy B MPOPOCTKAX Micis il
3arapTOBYBaJIbHOI TEMIIEPATYPH 1 0COOIMBO MiCIs
ix mpomoposkyBaHHs npu —5 °C. Takox mij Bd-
BoM 00poOku NaHS migBuinyBanacs BUKHBAHICT
3arapToBaHMX 1 HE3arapTOBaHHUX IPOPOCTKIB Tic-
Js Kpioctpecy. J[iMIau BUCHOBKY, IO OJHUM i3
M€XaHi3MiB MO3UTHBHOIO BIUIMBY JoHOopa H,S mna
CTIHKICTh TPOPOCTKIB MUICHUII IO TimoTepmii €
3anexxHe BiJ akTuBHOCTI PAJl HakonmmueHHs Qia-
BOHOIJIHHX CIIONYK, SKUM MpPUTaMaHHA BHCOKA aH-
THOKCUJAHTHA aKTUBHICTB, 1 3MEHIIIEHHS HACTIAKIB
BTOPUHHOTO OKHCITIOBAJIEHOTO CTPECY.

KnwogoBi craoBa: rinpores cynbdin, dhe-
HiJIaJJaHIHAMMOHIMTia3a, (PIaBOHOIAH, ITEPOKCH/I-
HE OKMCJICHHS JIIiIiB, MOPO30CTIMKICTh, Triticum
aestivum.
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B nacrosimee Bpems ceposonopon (H,S) pac-
CMaTpuBacTCd KakK OAWH M3 CUTHAJIBHBIX IMOCPCI-
HHUKOB B PACTUTECJIbHBIX KJICTKaX. OZIHaKO €ro poJjb
B (OPMHPOBAHHH YCTOWYUBOCTU PACTCHHUH K HU3-
KUM TeMIIepaTypaM U B OCOOCHHOCTH B PETYJISIIIUN
BTOPHUYHOI'O MeTaGOJII/I3Ma B CTPECCOBBIX YCIIOBUAX
ocTaeTcs MajionsyueHHou. MccienoBaiu BIusSHUE
nonopa H,S — runpocynspuna narpus (NaHS) —
Ha AKTHUBHOCTb (1]6HI/IJI3JI3HI/IH3MMOHI/IFIJ’II/I33BI
(DPAJI) u cogepxanue (IaBOHOUIOB B TPOPOCTKAX
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NIIEHUIBI TpU 00bIvHOM Temmeparype (21 °C) u B
YCIIOBUSIX XOJIOIOBOTO 3aKanuBaHus (7 CyTOK IpH
3 °C). Yepe3 ABOE CYTOK NEHCTBHS 3aKalUBalO-
e TeMIepaTypbl OTMEYaloCh TPaH3UTOPHOE
noBbieHrne akTuBHOCTH DAJL. Takke aKTUBHOCTD
9H3UMa YBEIWYHMBANACh I0J BIUSHUEM 00paboT-
ku mpopoctkoB 0,1 min 0,5 MM NaHS B 00bruHBIX
TEeMIepaTypHBIX YCIOBHIX H OCOOCHHO Ha (pOHE XO-
JonoBoro 3akanuBanus. Camu mo cebe X0JI0J0BOE
3aKaluMBaHue M JeicTBHE JoHOpa H,S BhI3bIBAIH
TIOBBIIICHUE OOIIEro CoJepKaHus (IABOHOUIOB U
KOJIMYeCTBa aHTOLMAHOB. [Ipu coueTaHnu runoTep-
MUHU U 00paboTku nmpopoctkoB NaHS stot addexr
YCUJIMBAJICS U 00Ilee copepxkanue (IaBOHOMIOB
yBEeIUUMBaJIOCh B 3,8, a anTonmuaHoB — B 1,8 paza
10 CpPaBHEHUIO ¢ KOHTposieM. O0paboTKa JIOHOPOM
H,S BbI3bIBana yMEHbIIEHHE CONEPKAHUS MTPOIYK-
Ta TEPOKCHIHOTO OKHCIICHHUS JHMIHIOB MaJOHO-
BOTO JTHAJbJETHA B TIPOPOCTKAX MOCIE NCHCTBUS
3aKaJIMBAIOIICH TeMIepaTypbl U OCOOEHHO Iocie
ux npomopaxuBanus npu —5 °C. Takke noz Biaus-
HueM 00paboTku NaHS moBbINIaioch BhDKHUBAHUE
3aKaJeHHBIX U HE3aKaJeHHBIX MPOPOCTKOB IOCTE
Kpuoctpecca. CrnenaHo 3aKIIOUeHHe, YTO OIHUM
U3 MEXaHH3MOB IOJIOKUTEIBHOIO BIIMSIHHS JOHO-
pa H,S Ha ycTOHYMBOCTH MPOPOCTKOB MIIEHUIIBI K
TUTIOTEPMUU SIBIISIETCSl 3aBUCUMOE OT aKTHBHOCTH
®AJl HakomieHue (JIABOHOMIHBIX COCUHCHUH,
00ajaromnX BBICOKOH aHTHOKCHIAHTHOH aKTHB-
HOCTBIO, M YMEHBIICHUE MOCICACTBUN BTOPUYHOTO
OKHCJIUTEIIBHOIO CTpecca.

Kniouessie cumosa: cepopomopon (H,S),
(eHMIaTaHMHAMMOHUNTNA3a, (IABOHOUIBI, TIe-
POKCHIHOE OKHCICHUE JHUIHIO0B, MOPO30yCTOWYH-
BOCTB, Triticum aestivum.
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