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IMPROVING THE EFFICIENCY OF OAT
CULTIVATION TECHNOLOGIES IN THE CENTRAL
NON-BLACK EARTH REGION OF RUSSIA

A.S. Vasiliev, Yu.T. Farinyuk

The research aim was to study the peculiarities of the formation of productivity
of current varieties of oats of domestic selection (Argamak, Krechet, Yakov) when
grown on different backgrounds of mineral nutrition (1-natural fertility (without fer-
tilizers), 2— N, P, K, whensown +N, in the feeding (tillering phase), 3—N, P, K
during sowing +N,, in feeding) and foliar treatments in the tillering phase with
humic preparation Humate+7; give recommendations to the production based on
the results obtained. Comprehensive research was conducted in 2018-2020 on the
fields of the Educational Scientific and Innovative Production Center “Agrotech-
nopark” of the Tver State Agricultural Academy. Field and laboratory researches
of photosynthetic activity indicators, crop structure, yield accounting, grain quality,
mathematical processing of the results were carried out according to well-tested
methods in agriculture. It was found that the greatest responsiveness to the applied
fertilizers was distinguished by seed oats of the Yakov variety. The crops of this
variety were obtained with foliar treatment at the tillering stage with a 1% working
solution of Humate+7 against the background of application of N, P, K, - at sowing
and N90 in feeding grain yield. It is equal to 4.77 t/ha with the greatest grain in
the experience — 559 g/l (Which corresponds to the grain of the 1st class), and the
lowest filminess is 23.4%. These features of the fertilizer system had a positive effect
on the crops of all the studied varieties of oats. That allows us to recommend their
production as the most promising. At the same time, it is worth noting that non-root
feeding with Humate+7 is effective both in conditions of reducing doses of mineral
fertilizers and in their complete absence, increasing grain yield by an average of
27.0%-31.5%. The increase in crop productivity is associated with an increase
in the photosynthetic activity of plants in crops and an improvement in the main
parameters of the crop structure (the density of the productive stem, the weight of
grain from the panicle).

Keywords: seed oats, variety; background of mineral nutrition; foliar treatment;
productivity
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MNOBBIIIEHUE D®®EKTUBHOCTHU TEXHOJIOTUHA
BO3JEJIBIBAHUA OBCA B HEHTPAJIBHOM
HEYEPHO3EMBE POCCHUHA

A.C. Bacunves, 10.T. ®apuniok

Lenvto pabomwl ObLIO U3YUUMb OCOOEHHOCTIU HOPMUPOBAHUS NPOOYKIMUBHOCTIUL
COBPEMEHHBIX COPMOE 08ca omedecmaeeHHol cenekyuu (Apeamax, Kpeuem, Hxos)
npu 6bIPAWUBAHUY HA PA3HBIX POHAX MUHEPATbHO20 numanus (1 — ecmecmeennoe
niodopodue (6es yoobpenuii), 2 — N, P, K, npu nocese + N . 6 nookopmxy (pasa
kywenus), 3—N, P, K, npunocese + N, 6 nookopmky) u ghonuapnuix obpabomrax
6 Gazy Kywjenus 2yMuHosbiM npenapamom Iymam+7; 0ams HA OCHOBAHUU NOTY-
UeHHBIX Pe3yTbmanmos pekomenoayuu npouzsoocmay. Komnnexcuvle ucciedosanus
nposoounuce 6 2018-2020 2o0ax Ha nonax YuebHo2o HAYUHO-UHHOBAYUOHHO2O
npouzgoocmeennozo yenmpa «Aepomexnonapxy Teepckou I’ CXA. Ilonegvie u na-
bopamopHnule uccnedoéanus noxkazamenetl pomocuHmemuieckoll 0essmenbHOCmu,
CMPYKIypbl YPOdICAsl, Y4em YPOACAUHOCIY, Ka4eCmeo 3ephd, Mamemamuiecrkas
06pabomKa pe3yrbmamos GolNOIHAIUCH HO XOPOULO ANPOOUPOBAHHBIM 6 3eMLEOeUU
Memooukam. Yemanoeneno, umo naubonvueli 0m3ul8uu80CHbIO HA NpUMensiemMvle
YO0bpumenvHvie cpeocmaa OMaudaIcs osec nocegnol copma Axos. Ilocegvl dan-
Ho2o copma obecnevunu npu @oauaproi oopabomke 6 pazy kyupenus 1%-nvim
pabdouum pacmeopom I'ymama+7 na pone enecenus N, P, K, npu nocese u N90 6
NOOKOPMKY YPOXCAUHOCMb 3epHA, pasHyio 4,77 m/za ¢ Hauboavbuell 6 onvime Ha-
mypoti s3epra — 559 2/ (umo coomeemcmayem 3epHy 1-20 Knacca) u HaumervuLell
nrenuamocmoio — 23,4%. Vkazanuvle ocobennocmu cucmemvl YOoOpenus oKkazvl-
6anU NONOJHCUMENbHOE B030ElCTNEUEe HA NOCEBbl BCEX UCCNe0YeMblX COPNIOE 06Cd,
YUMo no360asem PeKOMeHO08AMb UX NPOU3BOOCMEY KAK Haubo1ee nepcnekmusHble.
Buecme ¢ mem, cmoum ommemumy, ymo HeKopHedas NOOKOPMKA NPenapamom
Tymam~+7 siensemes opghekmusHotl Kax 8 Ycno6usax yMeHbueHus: 003 MUHEPATbHbIX
VOOOpeHutl, max u npu NOIHOM UX OMCYMCMEUU, NOBbIUAS YPOICAUHOCTL 3epHA
6 cpeonem na 27,0-31,5%. Pocm npodykmusHocmu nocesog cesa3am ¢ ycuieHuem
Gomocunmemuyeckoil OessmenbHOCmU paAcmenuil 6 N0Cesax U YIy4uleHuem 0CHO8-
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HbIX RApamMempog CmpyKnypbl ypoxcdst (2yCmomul BPOOYKMUSHO20 cmebiecmos,
macea 3epHa ¢ MemenKu,).

Knroueswie cnosa: osec noceenoil; copm, poH MUHEPAIbHO20 NUMAHUA,; (onu-
apHas 0opabomxa; npoOyKmMueHOCHb

Jna yumuposanus. Bacunves A.C., @apuniok FO.T. Ilosviuenue s¢pghexmus-
HOCMuU mexHono2uil 6o30envianus osca ¢ Llenmpanorom Heueprosemve Poccuu //
Siberian Journal of Life Sciences and Agriculture. 2022. T. 14, Ned. C. 384-402.
DOI: 10.12731/2658-6649-2022-14-4-384-402

Introduction

Seed oat (Avena sativa L.) is the most important food and fodder agricultural
crop [21-23; 25-30]. In conditions of low natural fertility of sod-podzolic soils
of the Central Non-Black Earth region of Russia, oat crops allow, subject to ba-
sic agrotechnical requirements, obtaining stable yields of high-quality grain. This
property makes the presence of oat crops the norm for a huge group of agricultural
enterprises. Oats are of particular value for the Tver region, which with 2032.7
thousand hectares of agricultural land, is one of the largest agro-industrial regions
of the Central part of the Russian Federation, specializing in dairy and beef cattle
breeding. More than 40 thousand hectares are occupied by oat crops here. That is
more than 55% of all sown areas in the region sown with grain and leguminous
crops. Despite such popularity among agricultural commodity producers, the yield
of oat grain in recent years has been at a very low level, ranging from 0.99 (2018)
to 1.46 (2015) t/ha. With the relative availability of highly productive varieties
of intensive types of oats, which allow under certain conditions obtaining 7—8 or
more tons of grain from 1 ha, the above-mentioned real level of productivity can
be considered critically low. It requires developing integrated scientific approach-
es to optimize existing agricultural technologies [15-18; 33].

According to most scholars, one of the most effective factors in improving
the yield and quality of crop production is a positive transformation of the sys-
tem of fertilizer. This can improve the supply of plants with mineral nutrients,
especially in the most critical stages of their development, and carried out by
(1) the optimal ratio of doses and timing of application of traditional forms of
mineral fertilizers and (2) the foliar exposure of different groups of current
growth-regulating substances [10; 14; 16—-19; 21-23; 25-33]. Among the most
affordable are preparations based on humic and fulvic acids, obtained from lo-
cal sources of raw materials (peat, coal, etc.) and having special effectiveness
when used in combination with various biophilic macro - and microelements
[10; 11; 14; 16-19; 21; 25; 28-31; 33].
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Contemporary literature contains a significant number of research results
of humic preparations, both when they are used separately, and in combination
with other fertilizers [16; 18; 21; 25; 28; 33]. At the same time, the constant
appearance of new varieties and fertilizers on the market and the significant
variability of soil and climatic conditions require additional research from sci-
ence to improve the efficiency of growing seed oats in particular and the crop
production industry in general.

Materials and methods

The research aimed to study the peculiarities of the formation of productivity
of different varieties of oats grown on different backgrounds of mineral nutrition
and foliar treatments with Humate+7; to give recommendations to production
based on the results obtained.

To achieve this goal, the following tasks were solved:

* To assess the features of the formation of indicators of photosynthetic
activity of crops of oats of different varieties in conditions of different
supply of their mineral nutrition;

* To identify the specifics of changing the parameters of the crop structure,
yield values, and grain quality under the influence of experience factors.

Comprehensive research was conducted in 20182020 on the fields of the
Educational Scientific and Innovative Production Center “Agrotechnopark” of
the Tver State Agricultural Academy.

The soil of the experimental plots is sod-podzolic, well cultivated, sandy
loam in granulometric composition, was characterized by the following agro-
chemical characteristics: humus content — 2.04% [6]; alkaline hydrolyzable
nitrogen [12] - 66, P,O, — 301, K,O — 98 [8] mg/kg of soil; the pH of the salt
extraction of the soil is 6.3 [7].

The research was carried out according to the following scheme:

* Factor A — seed oat variety: A — Argamak (Originator of the Federal
Agrarian Research Center of the North-East named after N. V. Rudnitsky,”
Russia), A, — Krechet (Federal Agrarian Scientific Center of the North-
East named after N. V. Rudnitsky), A, — Yakov (Federal Research Center
“Nemchinovka,” Russia);

* Factor B — the background of mineral nutrition: B —natural fertility (with-
out fertilizers), B, - N, P, K, when sowing +N,, in feeding, B, -N P K,
when sowing +N, in feeding;

* Factor C - foliar treatment: C, — without treatment, C, — treatment with the
preparation Humate+7 with the rate of consumption of the drug 1 I/ha.



388 Siberian Journal of Life Sciences and Agriculture, Vol. 14, Ned4, 2022

Foliar treatment was performed with a manual sprayer of the Marolex brand
in the oat tillering phase corresponding to 21-23 microphases according to the
BBCH-code, with a working fluid flow rate of 100 I/ha.

The area under the experiment was 0.2 ha, the accounting area of the plot
of the third order was 25 m?, the repetition was fourfold, and the placement of
options was by the split plot method [9].

The preparation Humate+7 used in the experiment is a liquid concentrated
water-soluble fertilizer containing 10% of natural humic and fulvic acids with
the addition of a group of trace elements (B, Mn, Cu, Mo, Zn, Mg, Fe, etc.) in
a chelated form. It is produced by Agrotech Humate LLC, the city of Angarsk,
Irkutsk region of the Russian Federation, as well as by regional branches of the
Federal State Budgetary Institution “Rosselkhoznadzor”.

Azofoska (nitroamofoska, NPK) with content of nitrogen, phosphorus, po-
tassium of 16%:16%:16% was used as mineral fertilizers during sowing, ammo-
nium nitrate with a nitrogen content of 34.4% was used in the crop care system
(it was applied manually).

The technology of oat cultivation was generally accepted for the region. The
predecessor is spring wheat. The main tillage included disc peeling of stubble
and deep winter plowing, pre-sowing two cultivations with harrowing (the sec-
ond was carried out perpendicular to the direction of sowing to a depth of 5-6
cm). Sowing was carried out with seeds of the elite category using a grain-fertil-
izing seeder SZ-5.4 Astra with a seeding rate of 5 million germinable seeds per
hectare. The care system included the measures provided for by the experiment
scheme, as well as the treatment of crops in the tillering phase of oats with the
herbicide Granstar, water-dispersible granules (Tribenuron-methyl (500 g/kg)
+ Typhensulfuron-methyl (250 g/kg)). The harvesting of crops was carried out
jointly with the continuous method with the help of the Terrion-Sampo SR2010
seed-breeding combined in the phase of full ripeness of oat grain.

According to the data of the Tver weather station, the agro-climatic con-
ditions were heterogeneous, especially in terms of moisture content, thereby
contributing to an increase in the efficiency of evaluating the studied experience
factors. So, for the period of sowing and harvesting oats in 2018. Zt>10°C was
2089.1° or 110.0% of the average long-term norm ,WW - 247 mm or 85.1% of
the average long-term norm, the State Customs Committee for Selyaninov was
1.18, respectively, in 2019 - 1944.3° (102.4%), 270 mm (93.4%), 1.39, and in
2020 - 1945° (102.2%), 434 mm (151.2%), 2.23.

Field and laboratory researches of photosynthetic activity indicators [15;
18], crop structures [15], grain quality [1-5] and mathematical processing of
the results [9] were performed according to well-tested methods in agriculture.
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Results

The production process of plants is a complex biological phenomenon that
allows the transformation of sunlight energy, hydrothermal resources, and nutri-
ents into economically valuable products. Effective management of this process
is the most important task of agronomic science at the entire stage of its devel-
opment [17]. In our research, we adhered to the well-known concept of a stable
correlation between the photosynthetic activity of plants in crops and their final
productivity. For this reason, the main indicators of the photosynthetic activity
of oat crops were taken into account (Table 1). The most important of them is
the leaf area, which determines the ability to create the number of assimilates,
necessary for the normal functioning of plants. At the same time, the photo-
synthetic surface of oat plants, as a rule, reaches its maximum development in
the sweeping phase. It is established that the highest value as the average (22.2
thousand m?*/ha) and maximum (32.7 thousand m?/ha) leaf area was character-
ized by crops of oats varieties of Yakov. For all the years of field experiments,
that was allocated more powerful habitus, primarily due to the high biological
productivity potential inherent in most current varieties. It is noteworthy that
the highest values of the leaf surface (28.1 (average) and 32.7 (maximum)
thousand m? / ha) were formed in the conditions of the best provision of crops
with mineral nutrition, created by adding N, P, K . during sowing and N, to
the feeding, as well as a foliar treatment with Humate+7. The increase in the
leaf area relative to the option without fertilizers was 93.8% on average during
the vegetation and 105.8% on maximum. The increase directly from non-root
fertilization was equal to 13.1% and 18.3%, respectively.

Slightly lower values of the leaf surface were characterized by oat crops
of the Krechet varieties (average — 19.5 and maximum - 28.5 thousand m?*/ha)
and Argamak (18.3 and 25.3 thousand m*ha). The growth of the leaf area from
foliar treatment in these varieties was 18.7%-26.4% and 12.8%—19.9%, with
its maximum efficiency achieved with the addition of N P K - and nitrogen
fertilization (N,).

The revealed regularities of the formation of the leaf apparatus of oat plants
in crops were reflected in the power of the photosynthetic potential of crops.
The maximum values of which were 1822.1 and 1951.5 thousand m*x<day/ha
were achieved by Yakov and Krechet varieties under the conditions of the best
provision of their mineral nutrition within the experiments. The parameters of
the photosynthetic potential of sowing obtained in our experiments are close
to the optimal values for grain crops (2.0-2.5 million m?xday/ha) established
by earlier studies [17; 18]. At the same time, when creating highly productive
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crops, it is important to strive not only for optimizing the maximization of over-
all indicators but also to take into account the dynamics of their formation with
reference to the most critical phases of plant growth and development, as well
as the course of formation of agroclimatic security for each specific growing
season in general and the interphase period in particular.

The efficiency of the photosynthetic system is determined, first of all, by
its ability to form assimilates and the intensity of their subsequent transforma-
tion into an economically valuable part of the crop. Thus, the greatest amount
of grain per 1 thousand units of photosynthetic potential was formed by crops
of oats varieties Krechet (2.48 kg) and Argamak (2.43 kg) at foliar treatment
Humate+7 against the background of application of N, P K at sowing and
of N, in fertilizer, and in the variety Yakov (2.47 kg) when feeding Humate+7
in complex with a pre-sowing application of azofoska and fertilizer nitrogen
(N,,)- The identified productivity indicators of the photosynthetic potential of
oat crops were achieved, in particular, due to improved net assimilation.

The increased photosynthetic activity of plants in oat crops directly affected
the formation of elements of the crop structure (Table 2). The results of our early
researches revealed that for the best realization of the productive potential, at
least 300 plants with several productive stems of the order of 450-500 and grain
weight of at least 1 gram per 1 panicle should be located on 1 m?[17; 18]. Crops
with similar characteristics within the framework of the analyzed experimental
data were obtained only in oats of the Krechet and Yakov varieties with non-
root fertilization with Humate +7 in combination with the addition of N P, K
and nitrogen fertilization (N ). The number of plants to be harvested in these
variants was 337-340 pcs./m?, productive stems 457461 pcs./m?, grain weight
from 1 panicle 1.013-1.020 g with the graininess of one inflorescence equal to
29.2%-30.0%. Foliar treatment of crops with Humate+7 increased the number
of grains in the panicle on average for varieties from 19.1% to 22.1%, the weight
of grain from the inflorescence from 22.3% to 25.3%. The improvement of the
panicle parameters, both from leaf fertilization and from root fertilization with
nitrogen fertilizers, is primarily explained by the timing of their use, coinciding
with the III and IV stages of organogenesis, when the number of segments and
spikelet tubercles in the inflorescence is formed.

The improvement of the elements of the crop structure under the condi-
tions of optimization of mineral nutrition conditions naturally affected the final
productivity of oat crops (Table 3). Thus, the highest yield of grain (4.77 t/ha)
and straw (6.46 t/ha) in the experiment was obtained in the Yakov variety with
foliar treatment with Humate+7 against the background of the introduction of
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N, P, K, during sowing and N, in feeding. The highest grain nature (559 g/l)
and its lowest filminess (23.4%) were also noted in this variant. These condi-
tions for the formation of the fertilizer system contributed to strengthening the
orientation of the production process in other studied oat varieties, contribut-
ing to an additional increase in the mass of 1000 grains and an increase in their
laboratory germination.

The treatment of crops directly with the preparation Humate+7 contribut-
ed to an increase in grain yield by 27.0%-31.5%, straw by 24.3%—31.1%, and
was accompanied by a significant improvement in the technological qualities
of grain.

Table 1.
Indicators of photosynthetic activity of oat crops, on average for three years
The area of the Photosyn- Net produc-
2 sowing leaves, thetic o)len- Produc- | tivity of sow-
< | Background | Foliar | thousand m*/ ha ial of sowin tivity of 1 | ing (on av-
%‘ of mineral | treatment | average (FPP) | thousand erage during
;é nutrition (B) ©) for the | maxi- thousan (i m units of | the growing
growing | mum | 2 day/ha FPP, kg seaion),
season g/m *xday
Natural tg;?r‘r‘l’;‘;t 121 | 161 868.2 1.92 5.8
fertility
Humate+7 15.3 19.3 1081.4 2.00 5.52
Ny Pl | Without 105 p g | 12206 2.13 5.51
= when sow- | treatment
E | meNyinf aer7| 199 | 285 | 14182 223 5.74
&0 | the feeding : : : : :
< -
NP Ky | Without 115y ot 30 1 1 15603 220 5.79
when sow- | treatment
ing Nog I |y matet7| 230 | 327 | 1625.1 2.43 5.93
the feeding : : : : :
On average 18.3 253 1296.0 2.15 5.63
Without
Nat}qal treatment 12.3 18.8 907.8 2.08 5.44
fertility
Humate+7 14.6 21.2 1070.6 2.24 5.63
NP Ky | Without 101067 | 13748 2.20 5.85
5 yvhen SOwW- treatment
5| meNG Iy ater7| 222 | 311 | 15637 2.32 6.01
5 the feeding : : : : :
NP Ky | Without 115 0t gy 1 1 17183 232 5.98
when sow- | treatment
ino AN i
e feegg;; Humate+7| 253 | 39.1 | 18221 2.48 6.14
On average 19.5 28.5 1409.6 2.27 5.84
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End of Table 1.
Natural | Hthout |05t 507 1070.2 1.90 5.60
fertility treatment
Humate+7 16.4 24.5 1258.3 2.12 5.77
NP Ky | Without (105 6t 374 | 15557 212 5.93
o when sow- | treatment
] ing +N,. in
é the feeésing Humate+7 24.5 36.8 1680.8 2.47 6.05
NP Ky | Without 10 0 1399 | 17969 2.34 6.07
when sow- | treatment
N
ing *Noy in | matet7| 281 | 426 | 19515 2.44 6.24
the feeding
On average 22.2 32.7 1552.2 2.23 5.94
Table 2.
Indicators of the structure of the oat crop, on average for 3 years
Va- Number | Num- Pro- The num- | Grain
va Background - of plants | ber of | ductive ber of weight
riety > Foliar S ; Plant
of mineral to be shoots | bush- grains in | per in- .
(fac- o treatment h ith . he infl f height,
tor nutrition ©) arvest- w1t. a iness, the inflo- ores- om
A) (factor B) ed, pcs/ | panicle, | units. | rescence, | cence,
m? pes./m? pcs. g
Without
Natural treatment 302 356 1.18 152 0.501 82.2
fertility Hu- 307 367 | 1.20 181 | 0613 | 8438
mate+7
o | NP | Without |y, 389 | 124 214 | 0704 | 919
g when sow- | treatment
s ing +N, . in Hu-
%D the fee&sing matet7 320 401 1.25 233 0.798 94.0
NP\ K, | Without | 5 ¢ 414 | 131 252 | 0869 | 93.1
when sow- | treatment
ing +N_ in Hu-
the fee(gi(ing matet7 322 424 1.32 27.0 0.962 97.6
On average 314 392 1.25 21.7 0.741 90.6
Without
Natural treatment 313 368 1.18 16.1 0.534 88.2
fertility Hu- 325 32 | 118 194 | 065 | 913
mate+7
| NP | Without |, 400 | 122 232 | 0.804 | 969
5 when sow- | treatment
S | ing +N _i N
2 e felz&g;‘; mlat‘ | 30 416 1.26 24.9 0.887 | 100.4
NP\ K, | Without | 55, 433 | 130 268 | 0941 | 1013
when sow- | treatment
ing +N_ in Hu-
the fee((i(ing matet7 337 457 1.36 29.2 1.013 105.0
On average 327 409 1.25 23.3 0.806 97.2
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End of Table 2.
Without | 35) | 414 | 129 149 | 0521 | 902
Natural treatment
fertili -
ertility Hu 326 27 | 131 182 | 0.653 | 94.1
mate+7
D1y, | Without |5 438 | 132 26 | 0772 | 103.6
when sow- | treatment
> . .
1) ing +N,. in Hu-
é the feegising mate+7 336 454 1.35 25.8 0.938 | 106.2
Pigkye | Without |5, 461 136 27.1 0922 | 105.5
when sow- | treatment
ing +N_ in Hu-
the fee((i(ing matet7 344 476 1.38 30.0 1.020 | 109.1
On average 333 445 1.34 23.1 0.804 | 101.5
Table 3.
The yield and quality of oat grain, on average for 3 years
Variety Background ) Yield, t / ha Grain | Film- Weight | Labora-
of mineral Foliar treat- . of 1000 | tory ger-
(factor o . nature, | iness, . 02
A) nutrition (fac- ment (C) grain | straw o/l % grains, | mination,
tor B) g %
Without treat- | 4 o7 1 55 | 484 | 261 | 3364 | 90.1
Natural fer- ment
tility
Humate+7 | 2.16 | 2.91 492 25.6 34.17 91.1
= Pigy, | Withouttreat- 5 ¢ | 3 60 | 501 | 252 | 3389 | 922
g when sowing ment
o + N, in the
< feeding Humate+7 3.16 | 4.23 509 24.6 3491 92.9
NP, K, | Withouttreat-| 3 01 450 | 510 | 250 | 3501 | 925
when sowing ment
+N,, in the
feeding Humate+7 395 | 5.08 517 245 35.87 93.3
Without treat- | 4 o9 | 5 g0 | 533 | 247 | 3398 | 938
Natural fer- ment
tility
Humate+7 240 | 3.34 538 243 34.77 94 .4
B NP, Ky, | Withouttreat-| 3 o3 455 | 544 | 240 | 3530 | 95.0
5 when sowing ment
5 +N,, in the
feeding Humate+7 3.62 | 4.82 550 23.6 3593 95.7
L1y, | Withouttreat-| 3 g0 1 534 | 549 | 239 | 3513 | 95.1
when sowing ment
+N, in th
fggé?nge Humate+7 | 4.51 | 580 | 553 | 23.6 | 3522 | 963
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End of Table 3.
Without
Natural treatment 2.03 | 3.12 539 24.8 35.02 92.4
fertility
Humate+7 | 2.67 | 3.88 545 24.4 36.54 93.6
o 6P 16K 6 Without 1 330 | 479 | 550 | 237 | 3546 | 93.0
2 when sowing treatment
G +N__ in thy
= flding | Humaiet7 |4.15| 568 | 554 | 235 | 3644 | 94l
NP K, | Withouttreat-| 5 | 61 | 553 | 236 | 3453 | 932
when sowing ment
+N,, in the
feeding Humate+7 | 4.77 | 6.46 559 234 34.60 94.5
NDS,, (least significant difference at 5% significance level), the grain yield: for a factor A—0.17;
for factor B — 0.22; for factor C — 0.20; to interaction AB — 0.23; to interaction AC — 0.23; to
interaction BC — 0.24; to interaction ABC — 0.25; yield straw: for A — 0.25; for B —0.32; for C —
0.24; for AB — 0.27; for AC — 0.28; for ABC — 0.32; for ABC is 0.34 t/ha.

Discussion

Optimization of the production process of current varieties of oats, charac-
terized by a high biological potential, is determined primarily by the rational-
ization of mineral nutrition of crops, achieved by harmonizing the combination
of traditional and innovative forms of fertilizers [10; 14; 16-19; 21-23; 25-33].
In long-term field experiments, we have proved the feasibility of using foliar
treatments of oat crops with various types of fertilizers. It is also confirmed by
the results of other authors [17; 18]. Humic fertilizers are the most promising
from an ecological and economic point of view. Most authors point to a signif-
icant expansion of the positive impact of humic preparations (including those
containing trace elements) when using them with traditional forms of mineral
fertilizers [10; 11; 14; 16-19; 21; 25; 28; 29; 31; 33].

Numerous studies have established the positive effect of humic substances
on the course of organ formation of plants, with both vegetative (leaves, stems,
roots) and generative (inflorescences of cereals, potato tubers, etc.) [21; 14; 17;
33]. At the same time, it is necessary to take into account the need to approach
the terms of use of fertilizers to the most critical stages of plant growth and de-
velopment, coinciding with the formation of the main elements of productivity
[11; 30]. For oats, such a period is the tillering phase, when the main param-
eters of the future inflorescence are being formed. Strengthening of mineral
nutrition during this period allows one to directly influence the length of the
inflorescence and the number of spikelets in it [16; 17]. In addition, there is an
intensive increase in the leaf surface at this stage, between the size of which and
the yield, there is a close correlation [13; 19; 32]. Improving the conditions of
fertilization of crops at the initial stages of plant development creates prereq-
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uisites for a general strengthening of the course of the production process. It
persists throughout the growing season and contributes to an increase in both
the yield and quality of the products obtained.

Further improvement of technologies for the use of humic fertilizers should
include combining foliar treatment with the chemical weeding of crops. Thus,
it will allow correcting, as a rule, the stress effect of herbicides on the growth
processes of cultivated plants, as well as to reduce the financial costs for the
multiplicity of sprays. This property is of particular value when using tank
mixtures of herbicides.

Conclusion

Thus, as a result of complex researches performed on sod-podzolic soils
of the Central Non-Black Earth Region of Russia, the peculiarities of the for-
mation of photosynthetic activity indicators, crop structure, yield, and crop
quality of three current” highly productive varieties (Argamak, Krechet, Ya-
kov) were revealed. It was found that the greatest responsiveness to the ap-
plied fertilizers was distinguished by seed oats of the Yakov variety. The crops
of this variety were obtained with foliar treatment at the tillering stage with
1% working solution of Humate+7 against the background of application of
N, P K, at sowing and of N, in feeding grain yield equal to 4.77 t/ha with
the greatest grain in the experience — 559 g/l (which corresponds to the grain
of the Ist class), and the lowest filminess is 23.4%. These features of the fer-
tilizer system had a positive effect on the crops of all the studied varieties of
oats, which allows us to recommend their production as the most promising.
At the same time, it is worth noting that non-root feeding with Humat+7 is
effective both in conditions of reducing doses of mineral fertilizers and in their
complete absence, increasing grain yield by an average of 27.0%-31.5%. The
increase in crop productivity is associated with an increase in the photosyn-
thetic activity of plants in crops and an improvement in the main parameters
of the crop structure (the density of the productive stem, the weight of grain
from the panicle).

At further stages of research, it is planned to expand the number of studied
humic preparations and the conditions for their use to study the feasibility of
their use as part of various tank mixtures of herbicides.
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