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Fusarium head blight is one of the most serious diseases of wheat caused by a range of Fusarium
fungi, which infects the heads of the crop, reducing grain yield. Lectins that specifically bind carbohydrate
ligands of various chemical nature and Jasmonic acid (JA) as a key regulator of plant development play an im-
portant role in plant protective responses to biotic factors. The goal of the study was to determine the activity
and biochemical characteristics of soluble lectins in wheat seedlings of varieties ‘Lastivka odeska’ with a high
resiliency to Fusarium graminearum and ‘Nikonia odeska’ susceptible to Fusarium graminearum. Wheat
seedlings were grown on the media containing pathogenic infection or JA solution. Lectins were purified by
affinity chromatography and separated by electrophoresis in 15% PAGE. Lectin activity was determined by
the method of trypsinized blood erythrocytes hemagglutination. Molecular mass of the main components of
lectins from ‘Lastivka odeska’ seedlings was determined to be 67, 60, 45 kDa, and of the main component of
lectins from ‘Nikonia odeska’ seedlings — 45 kDa. Lectins isolated from the control untreated seedlings had
preferential affinity for N-acetylglucosamine, D-galactosamine and D-fructose-6-phosphate. It was shown
that both at pathogen action or JA treatment, lectin activity in the seedlings of resistant variety ‘Lastivka
odeska’ was increased while in the seedlings of susceptible variety ‘Nikonia odeska’ it was decreased as com-
pared to control. At the joint action of pathogen and JA, lectin activity in the seedlings of susceptible variety
increased compared with the infected seedlings. The results obtained can be used for the development of bio-
chemical methods for assessing the degree of wheat varieties resiliency to fusariose.

Keywords: wheat, Fusarium graminearum, resilience to fusariose, soluble lectins, affinity to carbohy-
drates, jasmonic acid.

caused by Fusarium graminearum, is one

of the most serious wheat diseases in the
world. Yield and guality losses can be devastating
and mycotoxins produced by Fusarium pathogens
compromise food and feed safety [1]. Therefore,
FHB-resistant varieties would help to increase yield,
to lower production cost (fungicide use) and to im-
prove food and feed security [2]. In various countries
of the world, wheat breeding programs successfully
select the source material and promising genotypes
using biochemical and molecular resiliency markers.

F usarium head blight (FHB), predominately

Their implementation will allow shortening the time
of creation of resistant varieties of agricultural crops
and, as a result, to obtain high yields. Protective pro-
teins play an important role in biochemical process-
es associated with disease resiliency [3]. One of the
groups of protective proteins are lectins. Lectins are
proteins that can reversibly and specifically bind car-
bohydrate ligands of various chemical nature. Plant
lectins have been classified into seven families of
proteins which are related structurally and evolution-
arily. These are lectins of phloem from Cucurbitace-
ae, chitin-binding lectins, legume lectins, ribosome-
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inactivating protein type 2, mannose-binding lectins
of monocots, jacalin-related lectins and the family
of amarantins. Also, plant lectins can be classified
according to the specificity of their interactions with
mannose/glucose, mannose/maltose, galactose/N-
acetylgalactosamine, N-acetylglucosamine/N-
acetylglucosamine, galactose, mannose, fucose
and sialic acid among others [4]. Lectins are the
most likely candidates for performing a protective
function in plants against fungal pathogens due to
their affinity for N-acetyl-D-glucosamine and chitin
oligomers. Such proteins include, for example, the
water-soluble, plasmalemma-bound potato lectin,
GlcNAc-specific lectin 11 from Griffonia simplici-
folia, as well as wheat germ agglutinin (WGA) etc.
De novo WGA synthesis in meristematic tissues of
roots and above-ground part of seedlings of wheat
has been established [5-7]. It is known that plant lec-
tins and proteins with one or more lectin domains
represent a major part of some membrane-bound and
soluble pattern recognition receptors (PRRs). The
important role of lectins in plant defense has been
demonstrated using transgenic plants with genes
for different plant lectins [8, 9]. Some purified plant
lectins have antifungal properties against fungus of
genus Fusarium [4]. It is known that lectins localized
in different parts of the cell take part in the formation
of plant defense reactions under the action of biotic
and abiotic factors. It has been shown that lectins
can be in the soluble fraction or be associated with
subcellular structures [9]. Most of the constitutively
expressed lectins are synthesized with a signal pep-
tide, and are sequestered in the vacuole or secreted
to the extracellular space, most of the inducible plant
lectins reside in the nucleus and the cytoplasm of a
plant cell [10]. The presumed involvement of plant
lectins in defense mechanisms is inferred from an
analysis of the biochemical, physiological, cellular
biological and molecular biological properties of
plant lectins.

A number of signaling compounds have been
found in plant tissues, which trigger a cycle of bio-
chemical reactions in response to stressors of various
natures. For example, this role can be performed by
jasmonic acid (JA). JA is an oxidized lipid-derived
derivative of cyclopentanone and it functions as a
plant hormone to regulate diverse developmental
processes and defense responses. Many jasmonate
responses are mediated via changing levels of syn-
thesis of the jasmonate-regulated proteins (JRP).
Some of these JRPs with diverse physiological
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functions have been characterized in detail, such
as proteinase-inhibitors, thionins, phytoalexin-syn-
thesizing enzymes, cell wall proteins, pathogenesis-
related proteins and osmotin, lipoxygenase. There is
also data to suggest that some lectins may be also
involved in cellular regulation and signaling, plant
defense. For example, Ma et al cloned and charac-
terized a novel jacalin-like lectin gene (Ta-JAl)
from wheat (7riticum aestivum L.), which codes a
modular JRP with disease response and jacalin-re-
lated lectin (JRL) domains which present only in the
Gramineae family. Their results suggest that Ta-JA1
may confer a basal but broad-spectrum resistance to
plant pathogens [11]. It would be interesting to know
about influence JA on wheat soluble lectins and their
role in plant resiliency to Fusarium graminearum.
Thus, the isolation and investigation of soluble lec-
tins from the wheat plants distinguished by the level
of resiliency to Fusarium graminearum and grown
on the media containing pathogenic infection and
solution of JA are urgent and important for finding
out the biochemical properties of these lectins and
their role in defense reactions of the wheat plants. In
this connection the goal of our study is to identify
the changes in the activity and biochemical charac-
teristics of soluble lectins in wheat seedlings with
different resiliency to Fusarium graminearum at the
infection by fusariosis agents and the action of JA
in order to research the role of these proteins in the
wheat protective reactions and development the new
biochemical methods for assessing variety resilience
to this phytopathogen.

Materials and Methods

Plants of bread winter wheat (Triticum aesti-
vum L.) varieties, created in Plant Breeding& Ge-
netics Institute-National Center of Seed and Culti-
var Investigation, Odessa, Ukraine, were used for an
investigation. Variety ‘Lastivka odeska’ is charac-
terized as having a high-level resiliency to fungal
phytopathogens, including Fusarium graminearum.
Variety ‘Nikonia odeska’ is characterized as suscep-
tible to Fusarium graminearum [12].

The seeds were disinfected for 30 min with a
1% KMnO, solution and washed with distilled water.
Then they were germinated for 4 days in the dark at
24°C in Petri dishes on filter paper moistened with
distilled water or suspension which contained 1x10°
conidia/ml of the highly pathogenic strain K-90
Fusarium graminearum. Colonies of the fungus
K-90 Fusarium graminearum from the collection of
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strains of the Department of Phytopathology and En-
tomology of the PBGI-NCSCI were grown on potato
agar. To obtain a filtrate, the spore suspension was
added to a liquid potato medium and cultivated for
10 days at a temperature of 24°C. Treatment of seed-
lings with JA was conducted by spraying with 1 uM
solution of JA on the 3 day of germination (dura-
tion of exposure was 24 h). Further seedlings were
treated with cycloheximide, an inhibitor of protein
synthesis, at a concentration of 10 mg/I for 2 h. The
concentration and exposure time were selected based
on preliminary experiments [13].

The exposure being over, the prepared over-
ground part of sprouts was frozen at —70 °C, freeze-
dried and ground.

The lectin activity was determined by their
ability to agglutinate trypsinized white rat erythro-
cytes at room temperature. The activity was taken as
the reciprocal of the minimum protein concentration
when erythrocyte agglutination occurs (ug protein/
ml)* [14]. The total protein content in the extract
was determined by the Lowry method [15]. Receiv-
ing erythrocytes and trypsinization was carried out
according to the method [14].

Soluble lectins were extracted from the seed-
lings tissues by 0.05 N HCI at 4°C for 1 hour at the
ratio mass:volume 1 : 10. Homogenate was centri-
fuged for 20 min at 20 000 g (4°C). The precipitate
was washed by 0.05 N HCI. The supernatant was
collected, neutralized by 10% KOH solution in a ra-
tio of KOH : extract 1 : 2 to pH 7.4, re-centrifuged
and used to determine lectin activity and further
lectin purification. Our purification plan includes 3
stages.

Stage 1. Salting out. The supernatant was salted
out by ammonium sulphate at saturation 60% (162.5
g/l). Sediment was separated by centrifugation dur-
ing 20 min at 6000 g (4 °C).

Stage 2. Dialysis. The sediment was dissolved
by 0.05 M phosphate buffer at pH 7.2, and put to
dialysis against 20-fold volume of distilled wa-
ter during night at 4 °C, using dialysis membranes
(Regenerated cellulose tubular membrane, Fisher
Scientific, USA) with a pore diameter of 12-14 kDa.
After dialysis, the lectin solution was centrifuged for
20 min at 6 000 g (4 °C), the lectin activity and pro-
tein content were determined in the supernatant. The
latter was used for further purification.

Stage 3. Affinity chromatography. The lec-
tin solution was lyophilically dried, dissolved in
0.05 M phosphate buffer at pH 7.4, containing 0.1 M
NaCl. The lectin solution was applied to the column

(1.6x20 cm) with bromine-activated ovomucoid-Se-
pharose 4B, balanced with the above buffer solution.
Protein was eluted stepwise by 0.05 M phosphate
buffer, pH 7.4, containing 0.1 M NaCl; 0.1 M acetic
acid and 0.05 M phosphate buffer, pH 7.4, containing
0.1 M NaCl and 1% N-acetylglucosamine.

Carbohydrate specificity of lectins was deter-
mined by their affinity for carbohydrates [14]. The
following carbohydrates were used: D-glucose,
D-fructose, sucrose, D-xylose, D-galactose, D-raf-
finose, N-acetylglucosamine, D-galactosamine, D-
fructose-6-phosphate in an initial concentration of
500 mM. The level of affinity of lectins to carbohy-
drates was judged by the lowest concentration of car-
bohydrates at which no agglutination was observed.

Protein electrophoresis was carried out in 15%
polyacrylamide gel containing 0.1% SDS at pH 8.3
according to the Laemmli method [16] using equip-
ment for vertical electrophoresis of Hem-Hoff (USA).
Proteins-markers produced by Serva (Germany)
were used to plot the calibration graph (phosphory-
lase B (97 kDa), bovine serum albumin (67 kDa),
albumin (45 kDa), carbonic anhydrase (30 kDa),
soybean trypsin inhibitor (20 kDa), L-lactalbumin
(14.4 kDa).

Statistical processing of the investigation re-
sults was made using the pack of programs “Analy-
sis of the Data of Electron Tables Microsoft Excel”,
image analysis program “Imagel”. The experiments
were performed in triple biological and analytical
repetitions. Mean values and their standard errors
are presented in Fig. 1, differences between the ex-
periment variants, distinguished by variety resilien-
cy to pathogen, were considered reliable at the sig-
nificance level P < 0.05 by the Student criterion.

Results and Discussion

One of the possible functions of lectins is their
participation in formation of plant protection reac-
tions against phytopathogens. To confirm this sup-
position, we have studied lectin activity in the con-
trol plants, those infected by Fusarium graminearum
and treated by JA in wheat varieties distinguished
by the level of resiliency to fusariosis agents. The
conducted studies have shown that the 1.3- and 1.5-
fold increase of lectin activity compared with con-
trol, respectively, was observed in the resistant wheat
variety under the influence of pathogen and JA. The
lectin activity of a susceptible genotype significantly
decreased relative to control in the seedlings infected
by Fusarium graminearum, treated by JA. Lectin ac-
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tivity in the seedlings of susceptible variety at the
joint action of pathogen and JA increased reliably
at P < 0.05 compared with the infected seedlings
(Fig. 1).

This is consistent with the literature data and
our previous research about involvement of lectins in
the formation of defense reactions in wheat against
Fusarium graminearum [3, 13, 17]. Changes in lec-
tin activity under the influence of JA suggest an im-
portant role of this signal molecule in the processes
of regulating the activity of the soluble fraction of
wheat lectins. It can be assumed that the level of
lectin accumulation in the tissues of wheat seed-
lings under the influence of studied factors may be
associated with a rate of their synthesis. Inhibitory
analysis is widely used to study the mechanisms of
controlling the activity and content of proteins, in
particular the influence of protein synthesis inhibi-
tors such as cycloheximide. Treatment of seedlings
in different growing conditions (Fusarium gramine-
arum, JA, JA+Fusarium graminearum) by cyclohexi-
mide significantly reduced the lectin activity in both
resistant and susceptible wheat varieties.

The obtained results evidence for soluble lec-
tins involvement in the regulation of cell metabo-
lism of the wheat plants at the infection by Fusarium
graminearum and at the action of JA. Also these re-
sults indicate the possibility of regulation the level
of lectins in wheat seedlings under the influence of
the studied factors at the level of protein biosynthesis
processes.
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The next step in our research was isolation,
purification of soluble lectins and investigation of
some biochemical characteristics of these proteins.
Isolation and purification of lectins were carried out
using salting out by 60% ammonium sulfate, dialy-
sis, column affinity chromatography. Initial lectin
activity in extracts was 0.034-0.052 (ug protein/
ml)?*. After salting out by ammonium sulfate with
following dialysis, the protein was concentrated
and lectin activity increased 2.19-2.65 times. After
dialysis, the concentrated lectin solution was applied
to the column with bromine-activated ovomucoid-
Sepharose 4B, balanced with the above buffer solu-
tion. Protein was eluted stepwise by 0.05 M phos-
phate buffer, pH 7.4, containing 0.1 M NaCl; 0.1 M
acetic acid and 0.05 M phosphate buffer, pH 7.4, con-
taining 0.1 M NaCl and 1% N-acetylglucosamine.
The lectin was eluted from the column by 2 peaks:
peak 1 with 0.1 M acetic acid and peak 2 with 1%
N-acetylglucosamine. The fractions with maximum
lectin activity were extracted. Maximum lectin ac-
tivity was found in the second peak (Fig. 2).

After the affinity chromatography lectin activi-
ty increased 98.4-115.2 times. As a result of using
salting out by ammonium sulfate with following
dialysis, affinity chromatography, the yield of solu-
ble lectin from the control samples was 81,9% with
purification coefficient 115.2; from seedlings treated
by JA — 90.4% with purification coefficient 108.9;
from infected seedlings — 65.1% with purification
coefficient 98.4 and from infected seedlings after
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Fig. 1. Lectin activity in wheat seedlings at the infection by Fusarium graminearum and at the action of JA,
CG. | — Resistant variety ‘Lastivka odeska’; || — susceptible variety ‘Nikonia odeska’; JA — jasmonic acid,
CG — cyclohexemide. 1 — Control; 2 — JA; 3 — Fusarium graminearum, 4 — JA+Fusarium graminearum; 5 —
CG; 6 — JA+CG; 7 — Fusarium graminearum+CG; 8 — JA+Fusarium graminearum+CG. *Differences are
significant a P < 0.05
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Fig. 2. Elution profile of soluble lectins from the control seedlings of wheat of variety ‘Lastivka odeska’
on bromine-activated ovomucoid-Sepharose 4B, column 1.6x20 cm, velocity 7.5 ml/cm?-h, fraction volume —
2.5 ml, elution by 0.05 M phosphate buffer pH 7,4. Protein is applied — 50.5 mg. 1 — 0.05 M phosphate buffer

pH 7.4 +0.1 M NaCl; 2 — 0.
1% N-acetylglucosamine

1 M acetic acid, 3 — 0.05 M phosphate buffer, pH 7.4, containing 0.1 M NaCl and

Table 1. Isolation of soluble lectins from wheat seedlings of variety ‘Lastivka odeska’

Purification stages Total protein, mg (u;i)cft;nrjgilx/'zi)_l Output, % 1122;223?
Lectins from control samples

Initial extract 50.5 0.034 100 1

Salting out + dialysis 70.3 0.082 100 1

Affinity chromatography 0.5 9.45 819 115.2

Lectins from seedlings, treated by JA

Initial extract 52.5 0.042 100 1

Salting out + dialysis 72.3 0.092 100 1

Affinity chromatography 0.6 10.02 90.4 108.9
Lectins from infected seedlings

Initial extract 531 0.046 100 1

Salting out + dialysis 75.5 0.122 100 1

Affinity chromatography 0.5 12.00 65.1 98.4

Lectins from infected seedlings after treatment by JA

Initial extract 55.8 0.052 100 1

Salting out + dialysis 80.5 0.130 100 1

Affinity chromatography 0.5 12.9 61.6 99.2

treatment of seedlings by JA — 61.6% with purifica-
tion coefficient 99.2 (Table 1).

of electrophoresis, was 67, 60 and 45 kDa, the mo-
lecular mass of the main component of lectins, iso-

The molecular mass of the main components
of lectins, isolated from seedlings of resistant va-
riety ‘Lastivka odeska’, determined by the method

lated from seedlings of susceptible variety ‘Nikonia
odeska’ was 45 kDa (Fig. 3). It was shown that the
intensity of bands of lectin components with molecu-
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Fig. 3. Electrophoregrams of soluble lectin isolated from the overground part of wheat seedlings in the different
germination conditions: 1 — control; 2 — JA; 3 — Fusarium graminearum,; 4 — JA+Fusarium graminearum

lar mass of 67 and 60 kDa in the resistant variety
increased at the infection by Fusarium gramine-
arum and at the joint action of pathogen and JA. In
the susceptible variety, the intensity of the bands of
the component with a molecular weight of 45 kDa
decreased relative to the control at the influence of
pathogen and JA. It is evidence that lectin compo-
nents with weight of 67 and 60 kDa could take part
in protective reactions of wheat against Fusarium
graminearum.

The basis of the biological activity of lectins is
their participation in carbohydrate-protein interac-
tions, so one of the tasks was to study the carbohy-
drate specificity of lectins for the qualitative charac-
terization of these proteins.

Lectins isolated from control seedlings showed
high affinity for N-acetylglucosamine, D-galac-
tosamine and D-fructose-6-phosphate and neg-
ligible affinity for D-glucose, sucrose, D-xylose,
D-fructose and D-raffinose. Lectins isolated from
infected seedlings, from seedling, treated by JA,
differed from control plants by a decrease of af-
finity for N-acetylglucosamine, D-galactosamine
and D-fructose-6-phosphate but this affinity was
higher in variety ‘Nikonia odeska’ compared to
variety ‘Lastivka odeska’ (Table 2). These data in-
dicate qualitative changes of lectin proteins at the
infection by Fusarium graminearum and action of
JA. Such changes in the carbohydrate specificity of
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soluble lectins of wheat seedlings at the influence
of pathogen and JA may be caused conformational
transformation of proteins as a result of which the
accessibility of sugars to other carbohydrate-binding
centers changes.

Thus, the obtained results showed that the ac-
tivity of soluble lectins increased significantly in
the seedlings of resistant variety and decreased in
the susceptible variety at the infection by Fusarium
graminearum. A similar picture was observed when
we were studying the activity of cell wall lectins of
wheat [13, 17, 18]. It indicates the participation of
these proteins in formation of protective reactions of
wheat against this pathogen. This may be related to
the features of the component composition of soluble
lectins, and the accumulation of lectin components
with a molecular mass of 67 and 60 kDa in resistant
wheat variety. Plant lectins can be composed of
multiple lectin domains with different carbohydrate-
binding properties [19]. The availability of carbohy-
drate-binding centers in the structure of lectins may
change, and as a result, their ability to interact with
the substrate (sugars) can increase or decrease at the
infection by phytopathogen and at the action of JA.

The changes in the carbohydrate specificity of
lectins at the action of Fusarium graminearum and
JA that we discovered not only characterize the fea-
tures of the “lectin-ligand” interaction in the studied
plants but also allow us to assume a possible im-
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portant role of lectins, which they can play in the
reception and transmission of signals of wheat plants
upon infection of agents of fusariose and at the ac-
tion of JA. It is known that lectins play an impor-
tant role in the immune system of plants as PRRs.
Carbohydrate structures on the surface of pathogens
or released from host cells due to damage provoked
by the pathogen are recognized by soluble or mem-
brane-bound lectins that trigger a signaling cascade
resulting in the induction of the defense mechanisms
[20]. The response of wheat seedlings to the action
of a protein synthesis inhibitor (cycloheximide) and
the results of our previous studies on the character
of lectin gene expression [18] indicate the presence
of various ways of regulating the level of lectin. It is
possible that changes in the lectin activity in vegeta-
tive wheat plants at the influence of various factors
can be controlled both at the transcriptional, post-
transcriptional and post-translational levels [4]. This
situation is possible because wheat lectin is a protein
characteristic of plants throughout ontogeny, and,
most likely, a certain reserve of lectin mMRNAs and
lectin precursors is always present in cells, which
once again confirms the vital importance of this pro-
tein for wheat plants. Changes in lectin activity at
the action of JA suggest its participation in the pro-
cesses of regulating the activity of the soluble frac-
tion of wheat lectins.

Conclusions. Therefore, it has been established
that wheat varieties with different levels of resi-
lience to Fusarium graminearum are characterized
by contrasting activity and peculiarities of biochemi-
cal characteristics of soluble lectins at the infection
by pathogen and action of JA. The changes in lectin
activity at the action of JA suggest its participation
in the processes of regulating the activity of the solu-
ble fraction of wheat lectins. It is supposed that the
content of soluble lectins in wheat seedlings under
the influence of the studied factors could be regu-
lated at the level of protein biosynthesis processes.

The obtained results may be of interest for the
explanation and development of theoretical ideas of
formation mechanisms of the protective responses
of the wheat plants at the fungal infection, role of
soluble lectins in these processes, structure and
properties of these proteins and for development of
biochemical methods for assessing and increasing
the resiliency of wheat varieties to fungal pathogens,
fusariosis in particular.
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XHACHHUX pPEaKIlisiX POCIWH Ha OIOTHYHI (PaKkTopHu
BiJIrpaloTh JIGKTHHHU, SKi CIEHU(IYHO 3B’3YIOTh
BYTJIEBOJHI JITaHAM Pi3HOI XiMIYHOI MPUPOAH Ta
skacmoHoBa kuciota (OKK) sk xmiodoBuit pery-
JSTOP PO3BUTKY POCIMH. METOI0 JOCIHiIKEHHS
Oy710 BH3HAUCHHS aKTHBHOCTI Ta OIOXiMIYHHX Xa-
PaKTEpUCTUK PO3UYMHHUX JIEKTHHIB y MPOPOCTKAX
mmeHutli coptiB “JlacTiBka onechka’, 3 BHCOKOIO
crifikictio 1o Fusarium graminearum rta “Hikonist
ofecbka”, uyTnuBoi g0 Fusarium graminearum.
[IpopocTkn mIiueHUII BUPOLIYBaJIM Ha CEpeno-
BUIAX, [0 MICTSITh MATOreHHY iH(eKIi, abo
pozunH KK. JIeKTMHM OYHINAIU 32 JIOMOMOTOIO
adinHOoi xpomarorpadii Ta pO3AUIAIU 3a JOMO-
Morolo enexktpodopesy B 15% PAGE. AkTuBHICTB
JEKTUHY BH3HAYalld METOJOM T'eMariIioTHHAI
TPHUIICHHI30BaHUX EPUTPOLUTIB KpoBi. BuzHaue-
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HO MOJICKYJISIPHY Macy OCHOBHHMX KOMIIOHEHTIB
JIEKTUHIB MIPOPOCTKIB copTy “JlacTiBKka omechka’” —
67, 60, 45 k/]a Ta OCHOBHOT'O KOMITIOHCHTA JICKTUHIB
mpopocTKiB copty “Hikonis omecpka” — 45 k/la.
JlexTrHUM, BUIINEHI 3 KOHTPOJIBHUX HeoOpoOIe-
HHUX TPOPOCTKIB, MaJId MEPEBAKHY CIOPITHEHICTH
mo N-alleTHITIIOKO3aMiHy, D-ramakro3zaminy Ta
D-dpykTo30-6-hocdary. Ilokazano, mo y pasi
iHpikyBaHHS 30yTHUKOM, Tak i mpu oOpodmi KK
AKTUBHICTh JIGKTHHY Yy TIPOPOCTKIB CTIiHKOTO
copry “JlactiBka omecbka”’ Oyja ITiABUINEHA, a
Yy TPOPOCTKIB CHPHHHATIUBOTO copTy ‘HikoHis
ollechbka’ — 3HIDKCHA TOPIBHSHO 3 KOHTpoJieM. Y
pa3i cmoimpHOT mii matoreHa Ta JKK akTHBHICTH
JIEKTUHY Y TPOPOCTKIB CHPUUHSATIHBOTO COPTY
T ABUIITyBaJIacs TOPIBHSHO 3 1H(PIKOBAHUMHU IIPO-
poctkamu. OTpuUMaHi pe3yabTaTH MOXYTb OYTH
BUKOPHCTAHI IS PO3POOKH OiOXIMIYHMX METOIIB
OIIHKW CTYTICHS CTIMKOCTI COpPTIB IIIICHHII 0
(dhy3apio3sy.

KnwouoBi canoBa: mmeduns, Fusarium
graminearum, cTidKkicTh 10 (y3apio3y, poO3UHHHI
JICKTUHH, CIIOPITHEHICTh JI0 BYTJICBOJIIB, KACMOHO-
Ba KUCJIOTA.
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