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HWccnenoBanus mpoBeieHbI B CEBEPHOI iecocTeny TroMeHcKkol obnactu. B maboparopHbIX 1 1o-
JIEBBIX YCIIOBHSAX MCTIBITAHBI pa3IMYHbIe (POPMBI U JO3UPOBKH HAHOYACTHL MAKPO- U MUKPOAJIEMEH-
TOB M COIYTCTBYIOIIMX BELIECTB MPH 00pabOTKe CeMSH U PACTCHUH SPOBOW TPUTHKAJIC U MIICHU-
1pl. [Ipenaparsl IMeH MOJIOKHUTEILHOE BIMSIHAE HA IPOpAcTaHUe CEMSH, 00Jiee BHICOKHE HOPMBI
CHIDKAJIHM TTOKA3aTe YHEPTUN U BCXOKECTH. DHEPTHUS POPACTAHUS M BCXOKECTh CEMSH TPUTHKAIE
noBsIanch Ha 4—10% mpu NMPUMEHEHNH TPENapaToB C CoAepKaHNEeM HAHOUACTHIL ME/IA, MapTaH-
1a, MonubeHa, OMOTeHHOTO keje3a, Turtana M. O6paboTKa CyTOYHBIX MPOPOCTKOB TperaparaMu
Maprasua, Kajuplus, Monuoaena, Tutana M, OHoreHHOro >kenesa, 60pa, Kaiaus crocoOCTBOBaNA
YBEJIMYEHUIO JUTMHBI POCTKa Ha 7-e cyTkH Ha 7,8—25%, macchl pocTka Ha 6—-8%. Ha mpumenenue
KaJIMsl pearupoBajii TOJIBKO yiKe pa3BUBarOIIUecs pOCcTKH. OTMEYEeHO, YTO MPUMEHEHNUE OMOTEHHOTO
JKelle3a BBI3BIBAET CHIDKEHHE JTa0opaTopHOii BcxoxecTn ceMsiH Ha 4—10%, HO crmocoOCTByeT pa3Bu-
THUIO INIaBHOTO KOpHSA. Ero yBenmdenne coctaBmino 9—-12% 1o cpaBHEHHIO ¢ KOHTpoJeM. Bkirouenne
OMOTEHHOTO KeJie3a U KPEMHHUS B CMECh K XUMUYECKOMY IIPOTPABUTEINO CHUXKAIO 3((HEKTUBHOCTH
IIPOTUB KOpHEBBIX THIIEH oT 18% B Havane Bereranuu 110 30% k nepuony yoopku. [Ipumenenue
OMOTEHHOTO JKeJie3a CIIoCOOCTBOBAJIO TIOBBIINIEHUIO ypoxkaiiHoctu Ha 0,5-0,6 T/ra, unu 23%, B cu-
CTeMe KOMIUIEKCHOH 3allUThI KYJIBTYPBI TI0 cpaBHEHUIO ¢ KoHTposieM 1 Ha 0,16—0,23 T/ra — co cTan-
JAPTHOW CXEMOM 3alUTHI KyJIbTypbl. OTMEUEHO MOJOKHUTEIHHOE BIUIHNE ONOTEHHOTO JKee3a Mpu
00paboTke pacTeHHi B a3y KOJIOIIEHUS KaK OTACIHHOTO dIIEMEHTa TEXHOJIOTHH, TaK M B 0aKOBOM
cMecH ¢ (QyHTUIIIaMU.

KiioueBble c0Ba: HaHOUACTUIBI, MaKpOIIEMEHTHI, MUKPOIJIEMEHTBI, 3€PHOBBIC KYJIBTYPBI,
YPOKaHHOCTh, 3PPEKTUBHOCTD, OOJIC3HU PACTECHUI
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The studies were conducted in the northern forest-steppe of the Tyumen region. Under laboratory
and field conditions, different forms and dosages of macro- and micronutrient nanoparticles and
associated substances were tested in the treatment of seeds and plants of spring triticale and wheat.
The preparations had a positive effect on seed germination, while higher rates reduced energy
and germination. The germination energy and germination of triticale seeds increased by 4-10%
with the application of preparations containing nanoparticles of copper, manganese, molybdenum,
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biogenic iron, Titan M. Treatment of daily seedlings with manganese, calcium, molybdenum, Titan
M, biogenic iron, boron, potassium increased sprout length by 7.8-25% and sprout weight by 6-8%
by day 7. Only already developing sprouts responded to the application of potassium. It was noted
that the application of biogenic iron causes a 4-10% decrease in laboratory germination of seeds, but
promotes the development of the main root. Its increase was 9-12% compared to the control. The
inclusion of biogenic iron and silicon in the mixture to the chemical dressing reduced the effectiveness
against root rot from 18% at the beginning of the growing season to 30% by the harvesting period.
The application of biogenic iron increased the yield by 0,5-0,6 t/ha or 23% in the system of complex
crop protection compared to the control and by 0,16-0,23 t/ha with the standard scheme of crop
protection. A positive effect of biogenic iron in the treatment of plants during the earing phase as a
separate element of the technology and in a tank mixture with fungicides was noted.
Keywords: nanoparticles, macroelements, microelements, grain crops, yield, efficiency, plant diseases
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INTRODUCTION

In the system of crop cultivation, seed dress-
ing is the easiest way to improve the quality of
seeds [1, 2]. Application of chemical plant pro-
tection agents has a regulatory effect both on
pest objects, and on the crop itself, its growth
and development. Their negative impact can be
corrected by using in a complex of preparations
to activate growth and reduce stress. The use of
microfertilizers enhances seed germination and
vegetative growth of plants in the first phases of
ontogenesis' [3, 4]. Stimulation of growth pro-
cesses can be expressed in a change in the effect
on plant organs, which shows the differences in
the direction of action of the preparations [5-7].

The use of foliar fertilizers with chelated
iron compounds contributed to an increase in
the indicators of yield structure [8, 9], the use

of microfertilizers during the growing season in
a mixture with nitrogen influenced the growth
dynamics of spring wheat [10], fertilization
with chelated zinc, copper and sulfur - on the
grain quality [11]. A prolonged use of chelated
forms of trace elements leads to inhibition of
growth processes compared to only the seed
treatment?[12, 13].

Reducing the volume of a substance or par-
ticle to nanoparticles to improve the conditions
of penetration and delivery of necessary sub-
stances to plants should promote seed germi-
nation, accelerate plant growth, increase crop
yields and protect plants from environmental
influences [14, 15].

In the studies of Iranian scientists, the ad-
dition of nutrient media containing selenium
particles was seen as a promising approach to

'Anikina L.M., Udalova O.R., Panova G.G. Influence of pre-sowing treatment of spring wheat seeds with silicon-containing

chelate microfertilizers on the growth and development of its seedlings / Modern state, problems and prospects of agrarian
science: proceedings of the V™ international scientific and practical conference: Simferopol: IT "Arial", 2020. Pp. 13-15.

’Chirko E.M., Timoshchenko V.G. Influence of growth regulators and microfertilizers on the germination of spring wheat
seeds // Agriculture - problems and prospects: collection of scientific papers of Grodno: State Agrarian University, 2019. V. 45:
Agronomy. Pp. 193-201.
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altering plant growth, morphology, metabolism
and anatomy, but there was an understanding
of the phytotoxicity of such use, which defi-
nitely introduces significant epigenetic varia-
tions in DNA. Such results are also true for
other nanomaterials: genetic damage to wheat,
toxic effects on primary plant development, en-
vironmental instability, and cytotoxic effects
on plants are evident. This necessitates a clear
elaboration of safe norms for the application of
nanomaterials on biological objects® [16, 17].
Ready-made macro- and microelement compo-
sitions are proposed for use in the main phases
of plant ontogenesis in combination with pes-
ticides, as well as a separate element of tech-
nology aimed at increasing the qualitative char-
acteristics or productivity of agricultural plants
by accumulating biomass and increasing the
assimilative surface®.

The purpose of the study was to determine
the effect of preparative forms containing
nanoparticles of macro- and microelements for
the treatment of seeds and vegetative plants of
cereal crops.

MATERIAL AND METHODS

The studies were conducted under laborato-
ry and field conditions at the Research Institute
of Agriculture of the Northern Trans-Ural Re-
gion, a branch of the Tyumen Scientific Center
of the Siberian Branch of the Russian Academy
of Sciences, northern forest-steppe zone. The
measurements and observations were carried
out according to the standard methodological
guidelines adopted in the State Crop Testing
Committee, crop production, and plant protec-
tion. Under laboratory conditions, a compara-
tive assessment and selection of macro- and
microelement solutions (nitrogen, phosphorus,
potassium, calcium, manganese, magnesium,
molybdenum, boron, zinc, copper, biogenic
iron, Titan M and their mixtures) with the most

positive effect on energy, germination and
growth functions were performed. The content
of the main active ingredient was 10-40 mg/ml,
the accompanying substances in the form of sil-
ver - 1 mg/ml, stabilizers nanodispersity poly-
vinylpyrrolidone - 20%, collagen hydrolyzate
- 15%. There are at least six variations for each
element. Of these, the variants with the most
positive effect were selected and studied in the
second stage of research.

Seeds were treated before sowing with an
hour exposure. Preparation of the working so-
lution was calculated per 100 g of seeds, ap-
plication rates from 1 to 100 ml/t or per 1 ha
depending on the type of the experiment. Deter-
mination of the effects of the preparations dur-
ing treatment of seeds and daily seedlings was
carried out in Petri dishes and in wet rolls. Phy-
to-examination of seeds, assessment of seed in-
festation by various pathogens were performed
on the 7% day. Then we sowed seeds with
daily germination after treatment with prepa-
rations, 20 pieces per cup in five replications.
The samples were planted according to GOST
12038-84°. Sprout length, root length, weight
of vegetative organs, reduction of fungi on
seeds were taken into account. Seeds of spring
triticale were used in the experiment. Biogenic
iron hydroxide (ferrihydrite) produced by the
Krasnoyarsk Research Center was evaluated
under field conditions in the protection system
of spring wheat.

Biogenic iron was applied in appropriate
phases of development to determine its effect
on wheat plant development, diseases, and
yield. The soil of the experimental plot is dark
gray forest heavy loam. The field experiment
was set up under standard agrotechnical condi-
tions in a shallow plot area of 20 m? with four-
fold repetition. During the growing season the
lesion of root rot and leaf-rolling diseases was
determined.

SNanocides may become an alternative to conventional insecticides: [Electronic resource]. URL: https://glavagronom.ru/news/
nanopesticidy-mogut-stat-alternativoy-obychnym-insekticidam, https://www.azonano.com.

*V. Popova, N.V. Goman, M.A. Kireeva Influence of foliar feeding with zinc and copper chelates on the quality of spring wheat
grain when growing on meadow-chernozemic soil // Environmental readings - 2020: materials of the 11th National Scientific and
Practical Conference with international participation. Omsk, 2020. Pp. 459-464.

SGOST 12038-84 Seeds of crops. Methods of analysis. Moscow: Publishing house of standards, 2004. 47 p.
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The yield was counted by selection of sheaf
material, mechanical threshing of plots. Analy-
sis of seeds for quality parameters was carried
out according to the relevant GOSTs®. Statisti-
cal data processing was performed using Excel
program.

RESULTS AND DISCUSSION

In laboratory studies the results of different
effects of the application of preparations con-
taining nanoparticles of macro- and microele-
ments were obtained. A comparative evaluation
was carried out with more than 20 preparations
with different rates of application. The positive
effect of the preparations or its absence was
noted. Mixtures consisting of 3-5 substances
showed a neutral or negative effect when the
elements and application rates were increased.

Preparations containing copper, zinc, boron,
calcium and ready-mixed P + K with stabilizer
PVP (polyvinylpyrrolidone) + Ag-C modifier,
N + P + PVP + Ag-C at the solution rate of 5
ml/t had a positive effect on germination. High-
er rates reduced energy and germination.

Triticale seeds germination energy increased
with the application of preparations contain-
ing copper, manganese, molybdenum, biogenic
iron, Titan M. The increase in growth energy
was 4-10%. Superiority was in the preparations
Titan M at 500 ml/t (+7%), molybdenum at 10-
50 ml/t (+10, +7%). As a result, out of 58 varia-
tions, positive effect was found in five prepara-
tions with certain norms (see Table 1).

Seed germination in some variants was at
the level of the initial germination energy or
had an increase depending on the applied ele-
ment. Significant increase in germination was
noted for calcium, manganese preparations at
the rate of 5 ml/t (+4, +5%), Titan M - 500 and
molybdenum - 10-50 ml/t (+6, +10%).

The study of manganese nanoparticles (sul-
fate monohydrate) in most variations had a
stimulating effect on the growth processes of
spring triticale, but the use of collagen hydro-
lysate (HC) as a stabilizer of nanodispersity

reduced the positive effect of the preparation
in seed treatment. Manganese as normal up to
20 mg/g in the studied combinations in combi-
nation with the stabilizer (PVP) contributed to
an increase of energy, germination, growth of
vegetative organs, which assumes its use as a
stimulating agent in seed treatment.

In variants with magnesium, variations with
positive effect on germination were determined:
Mg 10-20 mg + PVP with the rate of 1-5 ml/,
Mg 10 mg + HA with the rate of 1 ml/t. A great-
er effect on root development was observed
with Mg 10 mg + Ag (silver) 1 ml + PVP at
the rate of 1 ml/t. All variations of magnesium
had a positive effect (at the rate of 1 ml/t) on
the sprout development with an increase in its
length by 1.1-2.1 cm and limitation of coleop-
tile growth by 0.5-1.2 cm. Treatment of daily
sprouts with Mg 20 mg + PVP; Mg 10 mg + Ag
1 ml + HA contributed to an increase of sprout
length by 2,7-2,9 cm and weight by 1,0-1,3 g at
the rate of 5 ml.

The use of the same preparation in the treat-
ment of seeds and already developing plants can
have a different effect on their initial growth.
Two criteria were compared: the total length of
all sprouts (on average 9-15 cm) and the length
of sprouts with normal healthy development
(13,0-15,0 cm). It was noted that in some vari-
ants the sprout development was normal, with-
out lagging, in others the effect of the prepara-
tion on growth inhibition was established. The
increase in sprout length was observed for the
preparations Mn (10 ml/t), Ca (10), Mo (50),
Titan M (50), biogenic Fe (5 ml/t), B (5 mg/g +
HA (10%), 1 ml/t), K (1000 ml/t). Of these, B
5 mg/g + HA (10%), 1 ml/t, K 1000 ml/t had a
significant effect. The increase of sprout length
was 1,0-3,2 cm, or 7,8-25%, of sprout crude
weight 0,5-1,4 g, or 6-8%. Treatment of seeds
with potassium had no effect on their germina-
tion activity, but treatment of the germinating
seed had a positive effect on the growth func-
tions of the young plant. Growth inhibition of
triticale plants was observed in the following
variants: Fe304, 5+ SiO, 2+ N, 5 + K, 10 ml/t;

°GOST 1386.5-93, GOST 30483-97, GOST 12042-80, GOST 10840-64, GOST 13586.1-68.
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Taodua. 1. DHeprust 1 BCXOXKeCTb CeMsIH Ipu 00paboTke npenaparamu, %
Tabl. 1. Energy and germination of seeds when treated with preparations, %

Ne i/n Option Energy Germination
1 K, 10 ml + N, 5 ml + SiO, 1 ml + Ca, 5 ml/t 8688 (+1) 8891 (+2)
2 Cu 2, 5 ml (> reduces energy and germination) 89-91 (+4) 89-91 (+3)
3 Mn 3, 5 ml/t (>at the control level)) 89-91 (+4) 91-92 (+4)
4 Ca 5, 5 ml/t (>reduces energy and germination) 86-91 (+2) 90-94 (+5)
5 Biogenic iron, 5 ml/t 88-91 (+4) 87-92 (+3)
6 Titan M, 50 ml/t 88-92 (+4) 87-93 (+3)
7 Titan M, 500 ml/t 92-94 (+7) 91-95 (+6)
8 Mo 2, 5 ml/t 87-90 (+3) 89-91 (+3)
9 Mo 2, 10 ml/t 95-97 (+10) 96-98 (+10)
10 Mo 2, 50 ml/t 91-94 (+7) 92-94 (+6)
11 Zn 2000 ppm, 10 ml/t 82-85 (-2) 82-87 (-2)
12 Mg, 20 mg/ml + PVP particles < 10 nm, 1-5 ml/t 84-88 (-) 8791 (+2)
13 4B 5 mg/g + GA (10 %), 1 ml/t 83-87 (-1) 84-88 (-1)
14 P+ K 10-12 mg/g + PVP 15% + Ag-C 0,5 mg/g, 500 ml/t 83-88 (-) 83-88 (-1)
15 P+ K 10-12 mg/g + PVP 15% + Ag-C 0,5 mg/g, 1000 ml/t 85-87 (-) 87-89 (+1)
16 N+ P 4-9 mg/g + PVP 15% + Ag-C 0,5 mg/g, 10 ml/t 79-83 (-5) 82-86 (-3)
17 5K, 10 ml/t 78-80 (-7) 88-90 (+2)
18 5K, 50 ml/t 85-90 (+2) 88-90 (+2)
19 5K, 100 ml/t 86-90 (+2) 87-91 (+2)
20 7 N, 100 ml/t (ot 5-50 ml/t influences positevely) 81-85 (-3) 88-92 (+3)
21 Control (water) 84-88 (—2,95) 86—88 (-)

LSD,, 2,99

Note. 1, 11-15, 18, 19 — neutral influence; 16, 17, 20 — negative; 3, 7, 9, 10 — positive.

Fe3o04, 100 ml/t; Zn 2000 ppm, 10 ml/t; N +
P4-9 mg/g + PVP15% + Ag-C, 10 ml/t. The
shoot length lag was 1-3.5 cm, weight - up to 4
g. Neutral effect (drug dosage was insufficient
or its effect was weak) was observed in vari-
ants: Cu (2, 50 ml/t); Mn (3, 10 ml/t); Mo (2,
10 ml/t); Mg, (20 mg/ml) + PVP < 10 nm, 1
ml/t); K (500 ml/t); N (10 ml/t). The effect of
some preparations when comparing the total
sprout length showed a lag or was at the con-
trol level, but when comparing normally devel-
oped sprouts, their values increased, which is
also confirmed by the crude weight of plants
(see Table 2).

In the field study of biogenic iron we treated
seeds and plants during the growing season in

the main phases of protection agents applica-
tion. Seed germination after treatment with
tested means compared to control varied within
60-79%. The effect of biogenic iron on reduc-
tion of germination or inhibition of seed ger-
mination processes was noted. According to
some authors, oxidative stress and reduction
of seed germination can be caused by nanopar-
ticles of many metals (silver, gold, iron), fer-
rites, as well as oxides of zinc, nickel, copper,
iron, titanium, silicon [18-20]. Seed germina-
tion rate decreased by 4-10% during treatment
with biogenic iron. It is probably necessary to
limit the use of iron for their treatment, because
it inhibits the emergence of sprouts and growth
in the first phases of plant development. Bio-

3amuTa pacTeHui
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Ta6a. 2. PocT pacTeHuii spoBoii TpUTHKaJE MPU 00PaOOTKE CyTOUHBIX MPOPOCTKOB
Tabl. 2.The growth of spring triticale plants when processing day old seedlings

No oni Normally Sprout length total / Sprout mass per
o ption developed | normally developed | it 0 B
plants, % plants, cm
1 |Fe,0,5+8i0,2+N,5+K, 10 ml/t 85 11,71/12,61 9,05
2 |Cu2,50mlt 85 12,70 9,47
3 |Fe304, 100 ml/t 90 11,65/12,64 9,10
4 |[Mn 3, 10 ml/t 90 12,27/13,31 9,73
5 |Ca$5, 10 ml/t 80 13,59 10,43
6 |Cas5,50ml/t 80 13,00 9,81
7 |Biogenic Fe, 5 ml/t 90 13,58 9,88
8 | Turan M, 50 ml/t 95 12,5/13,38 9,63
9 |Mo 2,10 ml/t 95 12,81 9,15
10 |Mo 2, 50 ml/t 95 13,00/13,64 9,00
11 |{Zn 2000 ppm, 10 ml/t 90 9,25/9,88 5,85
12 |Mg, 20 mg/ml + PVP <10 nm, 1 ml/t 90 12,60 8,94
13 |B 5 mg/g+ GA (10%), 1 ml/t 90 13,74-14,11 9,55
14 |P+ K 10-12mg/g + IIBI115% + Ag-C, 10 ml/t 90 13,11 9,00
15 |N+P4-9 mg/g+TIBII15% + Ag-C, 10 ml/t 95 11,42 7,52
16 |K, 500 ml/t 100 12,9 8,8
17 |K, 1000 ml/t 95 14,33/15,96 9,62
18 |N, 10 ml/t 90 12,69 8,601
19 | Control (water) 95 12,74 9,0
LSD 4,5 0,62 0,49

genic iron had a positive effect when treating
plants during the growing season, especially
during the active growth of the green parts of
the plant. Treatment with biogenic iron had the
same effect on the development of root system:
the growth of the main root increased by 1,2-
1,8 cm, or 9-12%, its weight increased by 0,6-
0,9 g (see Table 3).

Application of chemical dressing reduced
the length of coleoptile, and none of the prep-
arations had a positive effect on its response.
Sprout length had a significant increase of 1.7
cm only in the variant where liquid fertilizer
was used, in the variant with biogenic iron there
was a decrease in length by 2.2 cm and sprout
weight by 0.9 g.

The efficiency of reducing infection on
seeds with infection by fungi of the genus Al-
ternaria - 10-12%, Fusarium - 2-7%, Bipolaris
sorokiniana - 0-2% when treated with a chemi-
cal dresser was 100%; when adding biogenic
iron and silicon to the mixture, the reduction
was 90-95%.

The occurrence of root rot in the initial pe-
riod of vegetation has a great impact on further
growth, development and yield of the crop.
In the tillering phase the disease development
without treatment with a chemical dressing
was 1.4%, spreading - 5.6%. During the grow-
ing season lesion increased 3-fold. Chemical
dressing protected plants from root rot up to the
phase of the beginning of tubing by 100%. Dur-
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Ta6a. 3. BexokecTs U pa3BUTHE 3apOJIBIIIIEBEIX OPTAHOB HA 7-€ CYTKH TOcie 00paboTKu
Tabl. 3. Germination and development of germinal organs on the 7th day after treatment

Dressing option Germ[i;;n ation, 131(;?12, mlz(s);),tg C?éﬁglzle lseirgotllllt, r?g Z(s)}l;
cm cm cm

Disinfectant + insecticide + fertilizer (72-82) 77 | 12,99 1,84 4,75 11,37 3,62
+0,49 | +0,13 -2,0 +1,72 | —0,08

Control (without treatment) (73-86) 78 | 12,5 1,71 6,75 9,65 3,70
Disinfectant + Biogenic Fe, 1 ml (66-76) 61 | 14,1 2,67 4,1 7,4 2,73
+1,6 +0,96 -2,65 | 2,25 | 0,97

Disinfectant + SiO,, 1 ml (74-84)79 | 14,3 2,54 4,75 9,3 3,39
+1,8 +0,83 -2,0 -0,35 | -0,31

Disinfectant + Si02, 1 ml + Biogenic Fe,1 ml (72-84) 78 13,7 2,34 5,0 9,7 3,56
+1,2 +0,63 -1,75 | +0,05 | —0,14

LSD,, 1,08 0,54 1,72 1,6 0,36

ing the growing season, the decrease in protec-
tive function against disease development oc-
curred to 78-84 and 71-79% against its spread.
The inclusion of biogenic iron and silicon in
the mixture to the chemical dressing reduced
the effectiveness against root rot by 18-22% in
the initial vegetation period, by the harvesting
period of the crop - by 30-40%. When treated
with a standard mixture (fungicidal disinfectant
+ insecticidal disinfectant + fertilizer) the effec-
tiveness was higher by 8-17% in relation to the
application of disinfectant in the mixture with
iron, silicon (see Table 4).

The crop yield in conditions of average
weediness before treatment with herbicides
and weak manifestation of leaf-rolling diseases
during the growing season was 2.4 t/ha in the
control. The application of a complex of plant
protection products increased by 0.4 t/ha, the
double application of biogenic iron at seed
dressing and at the earing phase - by 0.56 t/ha,
when applying biogenic iron at tillering and
earing phases in combination with silicon - by
0.63 t/ha. LSD, was 0.2, which significantly
exceeds the value of the standard scheme of
protection (fungicide + insecticidal protector +

Taodua. 4. DddexruBHOCTH 0OPaOOTKM MPOTHB KOPHEBBIX THUIIEH, %0

Tabl. 4. Treatment efficacy against root rot, %

Tillering phase Before harvesting
Dressing option Develop- Spread Effective- Develop- Spread Effectiveness
ment ness ment

Disinfectant + insecticide + fertilizer 0 0 100 0,72—-1,01 | 2,90-4,05 | 84,42-78.2
Control (without treatment) 1,4 5,62 — 4,65 13,95 -
Disinfectant + Biogenic Fe, 1 ml 0,25 0,99 82,38 1,35 4,59 70,96
Disinfectant + Si02, 1 ml 0,25 1,01 82,02 1,76 5,04 62,15
Disinfectant + Si02, 1 ml + Biogenic 0,3 0,96 78,5 1,42 4,66 69,46
Fe,1 ml
LSD,, 0,22 0,92 6 0,32 1,2 8
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fertilizer). Application of silicon alone was at
the level of standard protection. When assess-
ing the use of biogenic iron, its positive effect
was noted in the phases of tillering and earing
and with greater efficiency in the phase of the
beginning of earing in combination with fungi-
cides or without them.

CONCLUSIONS

1. A positive effect on the germination en-
ergy (by 4-10%) and germination rate of spring
triticale seeds was produced by using prepara-
tions containing copper, manganese, molyb-
denum, biogenic iron, Titan M. Of these, the
preparations Titan M and molybdenum had a
clear advantage (+7, +10%).

2. The effectiveness of micronutrient
nanoparticles is enhanced by the inclusion of
stabilizers that increase or decrease the effect of
the elements.

3. The effect of micronutrients in the treat-
ment of daily seedlings on the sprout length
was observed in preparations of manganese,
calcium, molybdenum, Titan M, biogenic iron,
boron, potassium; the increase in sprout length
was 7.8-25%, its weight - 6-8%.

4. Application of biogenic iron in seed pre-
treatment together with a chemical dressing
promoted root growth by 12%; germination
of seeds when treated with biogenic iron de-
creased by 4-10%.

5. Application of macro- and microelements
in combination with chemical dressing reduced
the effectiveness against root rot during the
growing season by 16-30%.

6. The application of biogenic iron helped
to increase the yield by 0,5-0,6 t/ha, or 23%,
in the system of complex crop protection in
comparison with the control and by 0,16-0,23
t/ha - with the standard scheme of crop protec-
tion. The positive effect of biogenic iron in the
treatment of plants in the phase of earing as a
separate element of technology, and in a tank
mixture with fungicides was noted.

7. The application of macro- and micronutri-
ent nanoparticles described in this study is pos-
sible both for seed pre-sowing treatment and
during the growing season to stimulate growth.
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