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Abstract. The intensity of lipid peroxidation of caryopsis, roots and sprouts of
winter wheat and its effect on seed germination and seedling growth were studied.
Two years of seed storage decrease its vitality, adversely affecting germination
qualities. Sterilization of seeds causes an additional chemical stress, which can be
regulated by plant growth regulators (PGR) with antioxidant properties. Anti-stress
PGRs are able to reduce the negative impact of prolonged oxidative stress caused by
protectants and chemicals during sterilization, especially during heterotrophic type
of nutrition. Adaptation of primary roots and sprouts to the conditions of caryopsis
germination proceeds differently. In roots it ends with transition to autotrophic
nutrition, and sprouts - goes to the stage of formation of the first unfolded leaf
regardless of the effect of investigated stress factors. In general, the intensity of
oxidative stress in sprouts is double as that in the roots. A strong inverse correlation
dependence (r = - 0.908 + - 0.997) was determined between malondialdehyde (MDA)
and dry matter content in the roots, which should be considered when choosing a
combination of protectants and PGR.
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Introduction. Intensive winter wheat varieties have high productivity
potential, realization of which requires constant monitoring of the formation of the
major structural elements of the crop. Sowing seed qualities and the impact of
pathogens and chemicals that are used in the preparation of seeds for sowing are
important for the formation of density of plants in the phase of germination. The most
common in this sense are different protectants that provide protection of sprouts
against diseases and pests in autumn growing season. The developers of these
preparations certify a wide range of physiological activity and lack of phytotoxicity

on germinating seeds.



Analysis of recent researches and publications. Seeds of most crops during
storage are in cryptobiotic state where there is no vitality, but viability remains
through enzyme conservation, membrane integrity, and coherence of potential
exchange [4]. A necessary condition for seed germination is the water saturation of
the tissues with active oxygen. Respiration rate increases immediately after seed
imbibition. The presence of pathogens (biotic stress factors) of chemicals (chemical
stress factor) stimulates the formation of reactive oxygen species (ROS), which on
one side start the process of germination [10], and the other - inhibit it by enzyme
deactivation, violation of membrane integrity and metabolism consistency as a result
of lipid peroxidation processes. Intensification of the process of lipid peroxidation is
prevented by some plant growth regulators (PGR) with antioxidant properties [12].
These PGRs control homeostasis of reactive oxygen species and secondary products
of lipid peroxidation, provide support for prooxidant-antioxidant balance in seed
biomembranes, which has a positive effect on the germination and growth of sprouts
under the influence of biotic, abiotic and chemical stress factors.

Stress tends to temporarily delay seed germination [5]. Germination is
inhibited by stress factors such as toxic substances (oil waste), herbicides, fatty acids,
low molecular weight spirits, fungus disease pathogens (Fusarium). Heavy metals
(copper) catalyze the formation of free hydroxide and peroxide radicals, accompanied
by a significant increase in the content of malondialdehyde (MDA) in the roots of
winter wheat sprouts in acidic environment (pH 4.7), compared to seedlings cultured
at pH 6.2 [15].

A significant reduction in photosynthetic activity is noted in young (1st and
2nd) leaves of wheat under the influence of chemical (0.2-0.3 M NaCl) and abiotic
(drought) stress factors [6].

The use of pesticides for seed treatment inhibits seed germination and growth
of embryonic roots of wheat under the conditions of laboratory and field experiments
[16, 18].

Other research indicates an increase in laboratory and field germination by
0.9 -3.6% [3, 20].



Our previous studies have established stimulating effect of protectants on
growth of the primary roots and negative effect on growth of the stem, germination
energy, and laboratory germination of one year seeds [9]. The impact share of
protectants on laboratory germination reached 82%. Multidirectional impact of
protectants on seed germination, root and sprout growth is probably associated with
the effect of pesticide stress factor which confirmed a strong inverse correlation (r =
- 0.869 + - 0.992) between dry matter content and MDA in the roots and strong direct
correlation (r = 0.881 - 0.989) between these parameters in sprouts [8].

The following additional stress factors such as soil pathogens and pests
(exogenous biotic stress factors), unfavorable hydrothermal conditions (abiotic stress
factor) affect germinating seeds and sprouts in the field. All these factors cause
further intensification of lipid peroxidation processes and the uncontrolled
development of oxidative stress.

The use of amistar trio fungicide for the treatment of vegetating plants reduced
the rate of dry matter accumulation in the leaves in the first two weeks after treatment
by reducing the intensity of photosynthesis and chlorophyll content [7].

Unlike gradual stress eruptions that delay germination, “shock" influences
cause the opposite effect [1, 5].

The contribution of each of the examined stress factors in the development of
oxidative stress is different, but research in this aspect is almost absent. The purpose
of our research was to determine the effect of certain stress factors and their
combined effect on the development of oxidative stress in germinating seeds, roots
and sprouts and to justify the directions of sprout adaptation to adverse environmental
conditions.

Materials and methods. Research was carried out in the "Laboratory of
monitoring of soil and crop product quality” of the Research Institute of agricultural
technologies and ecology of Tavria State Agrotechnological University in 2014-2015.
Seeds of Antonovka winter wheat (Triticum aestivum L.) cultivar (R;) were used for
the research. Originator - "Selection and Genetics Institute - National Center of Seed

and Cultivar Studies" (Ukraine). Variety is in the register cultivars of Ukraine since



2008, erythrosperum type. Plant height is 92-96 cm, has high productive bushiness,
high winter hardiness and drought resistance, disease resistance. Weight of 1000
grains is 36.2-44.4 g, protein content - 12.5-13.8%, wet gluten - 28.4-33.6%.
Recommended for cultivation in Steppe and Lisosteppe zones of the country.

Seeds taken for the experiment, were stored in insurance funds for two years and
were infected by fungi. Part of the seeds was sequentially sterilized by 1% solution of
potassium permanganate (3 min.), 96% solution of ethanol (2 min.), 0.1% solution of
silver nitrate (1 min.) [11]. After each stage of sterilization seeds were washed with
sterile distilled water.

Unsterilized and sterilized seeds were treated with the solution of Raksil Ultra
protectant (0.25 I/t) [17] and plant growth regulator AKM (0.33 I/t) [19] before
germination at the rate of 10 liters of working solution per 1 ton of seeds.

Four treatment variants were evaluated in an experiment with unsterilized seeds:
V1 - water treatment (Control 1), V2 - AKM growth regulator treatment, V3 - Raksil
Ultra protectant treatment, V4 - treatment with a mixture of AKM and Raksil Ultra.
Treatment variants V5 (Control 2), V6, V7, V8 were used for sterilized seeds in the
same sequence.

Seeds were germinated in Petri dishes (100 seeds each) on moist filter paper in
the thermostat at 20+2 °C to BBCH 07 stage without light, then - with light. The
experiment was carried out in four biological replications, three analytical in each.

Samples for analysis were taken at the same time of day for BBCH stages 00,
03, 05, 07, 09, 10, 11. The intensity of lipid peroxidation (LP) was evaluated by the
content of malondialdehyde in weevil, roots and seedlings, which was determined by
the spectrophotometric method (UNICO 2800 UV/VIS) by reaction with 2-
thiobarbituric acid [13] and counted to dry matter (DM). The mass of dry matter was
determined by gravimetric method, germination energy and laboratory germination —
by conventional techniques [2].

In the work the original Raksil Ultra 120 FS preparation by "Bayer
CropScience” company (Germany), ionol (China), dimethyl sulfoxide, PEG 400,
PEG 1500 (Ukraine), Pro Analysi and Purissimum analytical reagents were used. The



results were evaluated by variational statistics method using MS Office 2010 and
Agrostat New software. The differences between the variants wereevaluated using
LSD test with minimum significance level R<0.05.

Results and discussion. Dry winter wheat seeds that were in cryptobiosis state
for two years had a very low intensity of oxidative metabolism, and MDA content did
not exceed 5.2 nmol / g DM (Table 1). It should be noted that the content in one-year
dry seeds was three times higher (15.5 nmol / g DM) [8]. This indicates a reduction in
seed viability during storage, which adversely affected its germination. Thus,
germination energy declined by 3.0 pp, and laboratory germination by 5.0 pp (Table
2) relative to similar indices for one-year seeds.

1. MDA content in winter wheat weevil during germination and sprout
growth, nmol/g DM

Variant Stage of development, BBCH code
00 03 05 07 09 10 11
Unsterilized seeds

1(C1) 5.16 6.89 7.31 11.03 11.36 9.50 3.85

2 2.76 6.64 5.81 7.91 11.09 8.46 4.61

3 4.15 3.46 9.76 6.20 5.35 4.49 2.91

4 3.53 4.62 11.27 8.25 7.29 5.89 4.80

Sterilized seeds

5(C2) 5.82 7.43 10.07 11.73 13.60 10.56 3.78

6 6.54 451 6.86 7.31 5.26 4.11 4.77

7 7.81 10.94 12.37 8.10 10.76 7.24 4.05

8 6.65 8.05 13.52 5.42 9.41 6.28 4.84

LSDgs 0.13 0.15 0.14 0.15 0.20 0.18 0.24
A (sterilization)

B (protectant) | 0.05 0.16 0.13 0.12 0.16 0.06 0.07

C (PGR) 0.13 0.09 0.09 0.16 0.16 0.15 0.10

When treating two-year seeds by protectant and PGR there was a tendency to
reduce germination energy by 2.7-3.0 pp. Germination decreased by 2 pp under AKM
action and increased by 6.0 and 3.7 pp - under Raksil Ultra and its mixture with
AKM action. Thus, the trend in change of laboratory germination for two-year and

one-year seeds is kept, especially under the influence of protectant [9].



Number of seeds affected by fungal diseases (Table 2) gives reason to believe
that unsterilized seeds of control variant (V1) and treated with AKM (V2) are
predominantly exposed to biotic stress factors. Other variants of unsterilized and all
variants of sterilized seeds are exposed to chemical stressors.

2. Sowing qualities of winter wheat seeds

Variant Germination Laboratory Number of
energy,% germination, % affected seeds,
pcs.
Unsterilized seeds
1(C1) 91.7 83.0 27
2 89.0 81.0 24
3 89.0 89.0 3
4 88.7 86.7 2
Sterilized seeds
5(C2) 64.3 75.3
6 60.7 85.0
7 54.0 66.3
8 53.7 68.0
LSDgs
A (sterilization) 4.4 5.7
B (protectant) 2.8 5.2
C (PGR) 2.9 2.8

The intensity of lipid peroxidation in sterilized untreated weevil (V5) was
significantly higher compared with unsterilized (B1) (Table 1) due to the prevalence
of stress influence of chemical sterilization. This tendency is traced to the stage of the
second leaf (BBCH 11) when MDA content is leveled, probably due to weevil
adaptation to the conditions of germination. It should be noted that adaptation of
unsterilized weevils to the conditions germination occurs faster than for sterilized, but
in both cases it happens during the period of autotrophic nutrition. High levels of
MDA in weevil delay germination, especially for sterilized weevils and reduce
laboratory germination (Table 2).

Under AKM action MDA content in dry sterilized weevil (V6) exceeded the

figure of unsterilized weevil (V2) by 2.4 times. At the stage of full weevil imbibition



(BBCH 03) AKM begins to show strong antioxidant effect, the intensity of lipid
peroxidation in sterilized weevil decreases, and until the end of the experiment is at a
lower level than in unsterilized. In addition, AKM promotes more rapid adaptation of
sterilized caryopsides to germination conditions and reduces MDA variability during
development stages. In general, AKM antioxidant effect appears more effectively in
sterilized weevils compared to unsterilized, which significantly affects the laboratory
germination sterilized, treated by AKM, caryopsides (V6), increasing it by 9.7
percentage points compared to untreated (V5) (Table 2). Thus, AKM more
effectively inhibits impact of chemical stress factor during caryopsis sterilization than
of biotic in unsterilized weevil. This should be considered when growing crops on
soils contaminated by chemicals.

Unsterilized seed treatment eliminates biotic stress factor, but causes the
development of pesticide stress. "Shock™ action of protectant causes the lipid
peroxidation process intensification at the stage of embryonic root emergence (BBCH
05) (Table 1), then MDA level reduces to the original. Due to faster adaptation of
unsterilized weevils to the conditions of germination, laboratory germination
increases by 6 percentage points compared to nontreated (Table 2). Under
protectant’s actions on sterilized seeds, pesticide stress is added to chemical stress
during sterilization, causing peroxidation processes intensification in weevil during
the stage of embryonic root imbibition and in transition to autotrophic nutrition.
Uncontrolled oxidative stress causes inhibition of germination of sterilized treated
weevils and seedling growth. Germination energy and laboratory germination
decrease respectively by 35.0 and 22.7 percentage points compared to unsterilized
treated seeds and by 10.3 and 9.0 percentage points compared to nontreated sterilized
seeds (Table 2).

Seed sterilization (20.2%) (chemical stress) and interaction of chemical
(sterilization) and pesticide (protectants) stresses (19.9%) with significant (17.2%)
impact of PPP had the greatest influence on the content of MDA in germinating

weevils.



Significant influence of investigated factors in loss of dry matter by during
sprout heterotrophic seedling supply type was not detected (Table 3). The growth of
influence was observed only during autotrophic type of nutrition, but the proportion
of influence was essential only for AKM (55.3%) and interaction of pesticide and
biotic factors (23.3%).

The intensity of lipid peroxidation in embryonic roots in imbibition stage
(BBCH 05) varied not only in size but also in the dynamics of MDA content at the
emergence of etiolated coleoptile. At the stage 05 BBCH the highest content of MDA
established under the action of pesticide stress factor in unsterilized seeds (V3 and
V4).

During the emergence of etiolated coleoptile (BBCH 07) under the effect of
biotic stress factor lipid peroxidation intensity in sprout roots was the largest and
exceeded the figure for other variants of the trial. Thus, MDA content in the roots of
unsterilized seeds (V1 and V2) exceeded the figure for sterilized seeds (V5 and V6)

by 60%, indicating a decrease in the intensity of oxidative metabolism at sterilization.

3. Dry matter weight of one winter wheat weevil during germination and
sprout growth, mg

Variant Development stage, BBCH code
o0 | o3 | o5 | o7 | 09 | 10 | 11
Unsterilized seeds
1(C1) 38.07 38.33 37.37 32.42 25.13 20.64 9.05
2 375 38.27 37.55 32.94 28.63 15.66 12.07
3 38.13 38.33 36.25 31.62 26.5 20.20 12.60
4 38.2 38.22 36.15 33.20 25.46 20.70 14.09
Sterilized seeds
5(C2) 38.04 | 38.27 37.17 33.01 26.08 19.20 10.29
6 38.08 38.23 37.30 33.40 29.32 20.64 12.19
7 38.08 38.37 36.11 33.40 25.67 17.65 12.69
8 38.12 38.16 36.16 33.08 28.42 18.45 11.41
LSDgs

A (sterilization) 0.45 0.67 0.55 0.80 0.46 0.99 0.81
B (protectant) 0.53 0.34 0.40 0.20 0.50 0.36 0.37

C (PGR) 0.30 0.38 0.26 0.23 0.38 0.30 0.34




This trend continues under the action of pesticide stress factor (V3 and VV7) but
the difference is 40%. Dynamics of MDA content in roots of sprouts during
heterotrophic type of nutrition gives reason to assert that biotic stress inhibits the

germination of seeds, while pesticide — stimulates it.
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Fig.1. Dynamics of MDA content in the roots of winter wheat sprouts

Transition to autotrophic nutrition type (BBCH 09) is accompanied by a
significant reduction of MDA in sprout roots of all variants of the experiment (by 19-
36%) except for variants of seed treatment with protectant and its mixture with AKM
(by 11-16%). Characteristically, the impact of PGR on the intensity of lipid
peroxidation in primary roots weakens, especially for sterilized seeds. Reduction of
MDA content during the studied period of sprout autotrophic nutrition suggests
adaptation of the roots to existing stress factors. Lipid peroxidation intensity at the
stage of the first expanded leaf emergence can be considered a normal reaction of the
roots to oxidative stress in initial growth stages of the sprout. The effect of
investigated factors on root growth was the highest for biotic stress factor, its share
reached 65.2%. Pesticide stress factor had considerably less impact (9.3%) and plant
growth regulator was immaterial (3.3%).

The intensity of dry matter synthesis in the roots of sprouts during heterotrophic

nutrition is low and its lowest amount is recorded under the actions of pure AKM and



its mixture with protectant in case of seed sterilization (Table 4). Transition to
autotrophic nutrition type (BBCH 09) is accompanied by an increase in dry matter
synthesis in the roots by 2.6 - 3.5 times, compared to the stage of etiolated sprout.

4. Dry matter mass of roots of one winter wheat sprout, mg

Variant Development stage, BBCH code
07 09 10 11
Unsterilized seeds

1(C1) 1.81 3.26 6.86 9.71

2 1.23 3.47 6.92 9.28

3 1.67 4.78 5.49 9.50

4 1.91 4.88 7.46 9.65

Sterilized seeds

5(C2) 1.47 4.25 9.70 10.00

6 1.25 3.39 6.45 10.04

7 154 3.13 8.45 9.68

8 1.27 4.42 8.60 11.47

LSDgs 0.08 0.19 0.18 0.25
A (sterilization)

B (protectant) 0.11 0.10 0.08 0.20

C (PGR) 0.08 0.06 0.14 0.20

Dynamics of dry matter in the roots during autotrophic nutrition is almost the
same, regardless of the actions of investigated stress factors and at the stage of the
first expanded leaf (BBCH 11) no significant difference between the variants of the
experiment was found. The exception applies to the variant of treating sterilized seed
by a mixture of AKM and Raksil Ultra where dry matter mass of the roots was higher
relative to other variants in average by 22%. This is confirmed by share of impact of
interaction of these factors, which is 51.5%, while the impact of other factors does
not exceed 24.8%. So, for the non-infected seeds, the use of protectants and PGR
stimulates the growth of the root system, which is extremely important for wintering
of winter crops and forming resistance to adverse hydrothermal conditions during
spring-summer growing season. However, when choosing a combination of
protectant and PGR, it is necessary to pay attention to phytotoxicity of protectant and

antioxidant properties of PGR that control the intensity of lipid peroxidation in



germinating seeds, since a strong inverse correlation (r = - 0.908 + - 0.997) is
established between the level of MDA and DM of the roots.

Intensity of lipid peroxidation in etiolated winter wheat sprouts (BBCH 07) is
quite high, with the exception of variants 4, 7, 8, where Raksil Ultra was used for pre-

treatment of sterilized and non-sterilized seeds (Fig. 2).
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Fig.2. Dynamics of MDA content in winter wheat sprouts

With the transition to autotrophic nutrition at the stage BBCH 09, MDA content
in sprouts rose by 2.1 - 3.6 times compared to the previous stage of development. The
greatest intensification of peroxide processes (by 3.4 - 3.6 times) was caused by
pesticide stress factor (V4, V7 and V8). It should be noted that at this stage of
development attenuation of peroxide processes (Figure 1) was observed in the roots
of sprouts as a result of adaptation of roots to external conditions. Thus,
photosynthesis induces the formation of additional quantities of reactive oxygen
species and oxidative stress rapid development, especially for the actions of pesticide
stress factor. Further, lipid peroxidation intensity in sprouts grew and MDA content
at the stage of first expanded leaf exceeded this figure for etiolated coleoptile by 3.3 -
6.3 times. In addition, adaptation of sprout to external conditions was observed only
for the actions of AKM for unsterilized seeds (V2). Therefore, in order to clarify the
mechanisms of sprout adaptation to external conditions of the autumn growing season

it is necessary to continue the research until the stage of early tillering (BBCH 20).



Sterilization (55.2%) and seed treatment (42.4%) had the largest share of influence on
the MDA level in the sprouts. Effect of other factors was unreliable.

Increase in sprout dry matter mass during heterotrophic nutrition was negligible
and no significant difference between the variants was determined (Table 5).

5. Dry matter mass of one winter wheat sprout, mg

Variant Development stage, BBCH code
07 09 10 11
Unsterilized seeds
1(C1) 0.85 4.62 7.95 12.90
2 0.75 3.92 7.83 10.55
3 0.89 4.42 7.55 11.29
4 0.93 3.87 7.35 9.87
Sterilized seeds
5(C2) 1.02 4,51 8.32 12.80
6 0.73 3.49 7.94 11.75
7 0.89 3.81 7.47 10.83
8 0.98 4.33 7.83 12.23
LSDys
A (sterilization) 0.01 0.23 0.37 0.34
B (protectant) 0.02 0.10 0.32 0.50
C (PGR) 0.02 0.06 0.24 0.19

With the transition to autotrophic nutrition type (BBCH 09) DM mass of the
sprout increased by 4.2 - 5.4 times, compared to the previous stage of development
(Table 5). The lowest sprout DM mass increase was observed for the action of
pesticide stress factor for sterilized (V 8) and unsterilized (V 3) seeds. Similar trends
in the dynamics of sprout DM mass are tracked to the stage of formation of the first
expanded leaf (BBCH 11). Overall for the whole studied period of autotrophic
nutrition, a decline in the mass of sprouts under the influence of pesticide stress factor
was observed. A similar result was documented by Spanish scientists, but for tomato
and watermelon sprouts under thermal stress [14]. Therefore, protectant (18.0%),
PGR - (20.8%) and the interaction of these factors (24.4%) had a significant impact
on DM mass of sprouts. A strong direct correlation (r = 0.906 - 0.980) was



established between the DM and MDA content in sprouts, which requires more
detailed study of the impact of PGR on the development of oxidative stress and
intensity of photosynthesis in sprouts of young plants of winter wheat.

Discussion

1. Intensity of oxidative metabolism and vitality of winter wheat seeds decrease
during storage, which negatively affects their sowing qualities.

2. Unsterilized two-year old seeds react on application of treater and PGR by
reducing germination energy and increasing laboratory germination.

3. Intensity of lipid peroxidation in sterilized weevils significantly increases
compared to unsterilized, delaying germination; the difference in content MDA is
leveled only during autotrophic seedling nutrition.

4. Treatment of sterilized weevils by AKM causes short term "shock" oxidative
stress that causes rapid adaptation to germination conditions and increases laboratory
germination by 9.7 percentage points compared to untreated weevils.

5. Unsterilized caryopsides treatment removes biotic stress factor and functions
similarly to PGR in case of weevil sterilization. uncontrolled oxidant stress develops
when treating sterilized weevils and causes the largest decrease in germination energy
(35.0 percentage points) and laboratory germination (22.7 percentage points).

6. The maximum intensity of lipid peroxidation is observed at the embryonic
stage of root emergence and etiolated coleoptile emergence for the actions of
pesticide stress factor.

7. Transition to autotrophic nutrition type is accompanied by adaptation of
primary roots to the conditions of germination, the duration of which is highly
dependent on the depth of seed sowing in the field and the length of heterotrophic
period of nutrition, as evidenced by the growth dynamics of dry matter in the roots of
sprouts. When choosing a combination of protectant and PGR, phytotoxicity of
protectant and antioxidant properties of PGR should be considered.

8. Intensity of oxidative stress in wheat sprouts in contrast to the roots
Increases to the stage of the first expanded leaf, as evidenced by increased by 3.3-6.3

times MDA content at this stage relative to its value at the stage of etiolated



coleoptile. Sprout adaptation to the conditions of growth is much slower than of the
root, which should be considered in the field, especially during the later sowing
terms. Pesticide stress factor reduces the growth of dry matter of the sprout, probably
by inhibiting photosynthesis, requiring complex studies of the impact of PGR and
protectants on the development of oxidative stress and intensity of photosynthetic
processes for the action of various stress factors.
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OKCHUIAHTHUM CTPEC I TIPOPOCTAHHS HACIHHSA IMTIITEHUIII
O3UMOI (TRITICUM AESTIWUM L.)

B. Kaaurka, I0. Kininakosa

Anomauia. Jlocniodxceno iHmMeHCUBHICMb NEPEKUCHO20 OKUCHEeHHS Jinioie
3€pHIBKU, KOPEHI8 1 NAPOCMKI8 NULeHUYl 03UMOi mda U020 6NIUE HA NPOPOCMAHMNS
Haciuns 1 picm npopocmxa. Ilpu 36epieanni HACIiHHA NPOMA2OM 080X POKI U020
AHCUMMEIOAMHICINb 3MEHULYEMBCA, WO HE2AMUBHO 6NIUBAE HA NOCIBHI AKOCMIL.
Cmepunizayiss HACIHHA BUKIUKAE 000AMKOBUU XIMIYHUL CMpec, pecynrosamu KUl
Modcymy pe2ynsimopu pocmy pocaur (PPP) 3 anmuokcuoanmuumu 61acmueocmsimu.
3menwumuy He2amueHUll 6NIUE MPUBANO020 OKCUOAHMHO20 CMpecy, BUKIUKAHO20
NPOMPYUHUKAMU | XIMIYHUMU PEHOBUHAMU NPU cCmepunizayii, 30amHi aHMUCmpecosi
PPP, ocobnuso 6 nepioo cemepompoghnoco muny sxcueients. Aoanmayis nepeuHHUX
KOpeHi8 i napocmkié 00 YMO8 NPOPOCMAHHA 3ePHIBOK Npomixkae no pisHomy. B
KOPEHSAX BOHA 3AKIHUYEMbCS 3 Nepexo0om 00 asmompo@hHOc0 MUNy HCUGIEeHHS, d 8
napocmKax — HPOO0BHCYEMBCA 00 CMAOii (QOPMYBAHHS NEPULO20 PO32OPHYMO20
JUCMKA  He3anedxicHo 6i0  0ii  docniddcysanux cmpec-gpakmopie. B yinomy
IHMEHCUBHICMb OKCUOAHMHO20 CmMpecy 6 NapoCmKax 08a pasu nepesuwyye ii 6
kopensix. Mioc ymicmom MJ[A i CP 6 kopeusx ecmaHo8ieHa cuibHa obOepHeHd
kopensayiiuna 3anexcnicms (r= - 0,908 + - 0,997), wo cnio epaxosysamu npu eub6opi
Komoinayii npompytinuxa i PPP.

Knwuoei cnosa: nepexuctne oKucHewHs Jinidie, 3epHiéKU, KOpPeHI, NapoOCmKU
nuienuyi, himonamozenu, NPOMpPYUHUKYU, Pe2YTISIMOPU POCHY.

OKCHUIAHTHBIN CTPECC U TIPOPOCTAHUE CEMSH IMIIIEHUAIIBI
O3UMOM (TRITICUM AESTIWUM L.)

B. KaauTka, 10. KiniunakoBa

Annomayusa. Vccneoosana uHmeHcu8HOCmMy NEPEKUCHO20 OKUCIEHUS TUNUO08
3epHOBKU, KOPHEU U POCMKO8 NUEHUYbl O3UMOLL U €20 8030elicCmeue Ha NPopacmanue
cemMaH u pocm npopocmka. llpu xpameHuu cemsiH Ha NPOMSANCEHUU O8YX Jem UX
JHCU3HECNOCOOHOCMb  YMEHbUIAemcs, YMmoO He2amueHo Glusem Ha NOCEeGHble
kauecmea. Cmepunuzayusi ceMsH 8bl3bl8aem 0ONOJHUMENbHbIU XUMUYECKUL cmpecc,
pe2yiuposams  KOmMopwvlil  Mmo2ym — peayaamopsl  pocma pacmenui  (PPP) ¢
AHMUOKCUOAHMHBIMU CEOUCMBAMU. Y MEHbUUUMb He2aMUBHoe GIUsSHUE OJIUMENbHO2O0
OKCUOAHMHO20 ~ CMpeccd,  B8bl36AHHO20  NPOMPASUMENAMU U XUMUYECKUMU
gewecmeamu npu cmepuiusayuu, cnocobHvl aumucmpeccosvie PPP, ocobenno 6
nepuoo e2emepompoguoco muna numavus. Aoanmayus nepeUYHLIX KOpHeu U
POCMKO8 K YCI0BUAM NPOPACMAHUA 3ePHOB0K NPOMeKaem no-pasHomy. B kopusax ona
3aKanyueaemcsi ¢ nepexoooM K asmompoQuHomy mMuny numauus, a 8 pOCmKAX —
npooondcaemcss 00 cmaouu @GOopMUpoO8aHUs NEP8O20 PA3BEPHYMO20 TUCKA



He3agucumMo  om  Oelicmeusi  ucciedyemvlx — cmpecc-pakmopos. B yenom
UHMEHCUBHOCMb OKCUOAHMHO20 Cmpecca 8 pOCmKAX 08d pasa npesviuiaem eé 8
KopHsax. Meowcdy coodepoicanuem MmanoHooeo ouanvoecuoa (MHA) u cyxum
gewecmeomM 8 KOPHAX YCMAHOBIEHA CUNbHAs 00pamHas  KOpperayuoHHas
3asucumocms (r = - 0,908 + - 0,997), umo cnedyem yuumwvieamv npu 6vibope
Komounayuu npompaeumesi u PPP.

Knioueevie cnosea: nepexucnoe oxucienue Jaunuoos8, 3epHOBKU, KOPHU,
NPOPOCMKU NULeHUYbl, PUMONAMO2eHbL, NPOMPABUMENU, Pe2YIAMOopPbl POCMA.



