https://doi.org/10.31489/2024BMG4/144-152

UDC 544.42+519.242.7 Received: 05 August 2024 | Accepted: 20 September 2024

S.V. Zharkova', N.I. Shevchuk', L.V. Sokolova®*

'Altai State Agricultural University, Barnaul, Russian Federation;
’Altai State University, Barnaul, Russian Federation
Corresponding author: L.v.sokol@mail.ru

Oat yield with organic fertilizer Guminatrin

Currently, the oats are cultivated in almost all regions of Russia. The aim of our research is to study the for-
mation of oat yield according to the application of growth stimulator Guminatrin under the conditions of
Priobskaya zone of Altai Krai. The work was conducted on the basis of the training plots of Altai State Agri-
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cultural University in 2020-2021. The objects of research were oaks cultivars “Korifej”, “Pegas”, “Argu-
ment”, “Vektor”, “Rusich”. Working solution was prepared at the rate of 2 1 of Guminatrin to 8 1 of water.
The consumption of working solution for treatment: seeds — 10 I per 1 t; plants by vegetation — 1.5-2 1 per
1 ha. During the research the following records and observations: the yield structure, the yield of oats, the
mass of 1000 seeds. The most responsive cultivarto the growth stimulant Guminatrin was “Rusich”. Pre-
seeding treatment of seeds and then the plants by vegetating with the Guminatrin contributed to an increase in
the yield structure elements of the investigated oats cultivars, and as a consequence resulted in an increase in
yield compared to control by 0,38-0.65 t/ha.
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Introduction

Oats are one of the most common crops in world agricultural production. Under to various literary
sources, the genus Avena is up to 70 species. According to the data presented by the “Plantarium. Plants and
lichens of Russia and neighboring countries: open online galleries and plant identification guide”, 30 species
belong to this genus, of which more than half are native to countries on the European continent [1].

The primary centers of origin of cultural oats ancestors were determined by researchers — these are
Mongolia and the north-eastern provinces of China. The spread of oats to all continents of the world, thanks
to the many positive qualities of the crop, has allowed oats to occupy one of the leading positions in the cere-
al crop ranking [2].

The quality of grain oats is of great importance. Protein is one of the most important indicators for grain
quality in any crop. The protein content in oats grains fluctuates at a level of 12-13 % and is characterized by
the presence in its composition of essential amino acids — histidine, arginine, lysine and tryptophan. Scien-
tists Burtseva E.V. and Ternenko L.I. [3] note the presence in oatsgrains up to 60 % offast-breaking starch,
vitamin C, fats, sugars, saponins, flavonoids, fitinic acids [4]. The chemical composition of the straw extract
showed a high content of silicon acid, iodine, avenin. The analysis of the oats seedlings revealed the pres-
ence of large quantities of peptides [5]. The oats grains contain high levels of iron, calcium and phosphorus;
the crop has a high content of Al, Fe, As, Sn, Hg salts; the leaves accumulate Cu, Zn, Bi salts; the stems con-
centrate the Br, Rb, Sr, Cd, Ba salts [2, 6].

According to biological indicators, oatis a crop that develops well under the temperate climates. It is
quite resistant to high humidity, low temperature, low soil fertility [2]. It is therefore not surprising that the
Russian Federation is the largest producer of oats in the world, with a production volume of 3,775,686 tons
per year (Fig. 1). Canada is second in terms of production — 2,808,109 tons/year, followed by Australia —
1,897,989 tons/year, and Poland — 1,625,100 tons/year [7-9].

In 2022/2023, the global production of oats was approximately 25.13 million tons. In the 2023-2024
seasons, Russia ranked second in the world production of grain of this crop (2.6 million tons, which is
17.2 % of all global production of grain of oat).

Despite the fact that Russia is one of the leading places in the world for grain production of oats, recent
years have seen a decrease in the size of the areas planted, a reduction in gross harvest, and a decline in the
yield in 2023 (Fig. 2).

144 BecTHuk KaparaHguHckoro yHuBepcuteTta



Oat yield with organic...

3.77M
FAO Stats 2021 I

3.02M
~ vh
S e 2.26M
1.51M
& 755.13K
0.0
Figure 1. World oat production by country, 2021 (source: Rosstat)
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Figure 2.The area planted, gross yield and yield of oats in Russia in 1990-2023 (source: Rosstat)

In 2023, the oat area decreased by 79.9 % over the period under analysis and reached the target. Gross
revenues in 2023 were 3,300 thousand tons, which is 27.1 % lower than in 2022. Such a sharp drop in the
figure was observed in Russia and in 2010, when due to drought 3,225.2 thousand tons were obtained. The
oat yield has increased by 7.5 % in the past five years, 13.4 % in 10 years, 8.8 % to 2001 and 25.7 % to
1990 [10].

Currently, the oats are cultivated in almost all regions of Russia. In 2023, 29.2 % of all oat harvest from
regions included in the TOP-5, to share of the TOP-10 was 45.3 %. The maximum volume of oat production
from regions included in the TOP-10 are noted from such municipalities as Altai Krai, Krasnoyarsk Krai,
Tyumen Oblast, Republic of Bashkortostan, Novosibirsk, Irkutsk, Nizhnygorodskaya, Omsk, Kirov and Ke-
merovo regions (Fig. 3) [10].
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Figure 3. Share of regions in total production of oats in Russia in 2023, in % (source: Rosstat)

The importance of growing oats in modern agricultural production is undeniable. Oats occupies an hon-
orable place among cereal crops. Oats contain a high protein, starch and fat content. This makes the oat a
very important food and feed. The crop is used to make cereals, cookies, biscuits, coffee. It is also used as
animal feed.

Oat is the good forecrop for other crops, because it is weakly damaged by lodging infections. Due to the
short harvesting time, blotchy ripening and high propensity for falling grain, oats are difficult to harvest and
require additional measures to obtain simultaneously ripening crops [11].

The application of growth regulators allows obtaining changes in plant metabolism and development
identical to those that occur under certain environmental conditions [12]. Plant growth regulators are now an
excellent way to solve many problems in crop farming practice. They are improving the agricultural tech-
niques of growing selected crops. The application of growth regulators is becoming more and more relevant
and demanded for agricultural producers every year. The use of physiologically active substances in the pro-
duction of oats allows controlling the individual stages of growth and development of plants in order to im-
prove their yield and grain quality [13, 14].

Many different biological preparations are currently being developed and used in agricultural produc-
tion. One of these is Guminatrin. The humic acid salts in it are a complex mixture of high molecular natural
organic compounds. It is natural growth stimulator, which improves the penetration of mineral nutrients
through plant roots, actively participate in oxidative-restorative processes of plant cells, mobilize the phos-
phorus content into bioavailable forms. Humic acids are able to bind and safely transfer radionuclides, heavy
metals, pesticide residues, accelerate the intensity of photosynthesis and chlorophyll synthesis. Boron, man-
ganese, copper, zinc, molybdenum, iron, cobalt, which are included in “Guminatrin”, stimulate the growth
and development of plants. Under their action, plants are increasingly resistant to bacterial and fungal diseas-
es, to adverse environmental factors [14].

The aim of our research is to study the formation of oat yield according to the application of growth
stimulator Guminatrinunder the conditions of Priobskaya zone of Altai Krai.

Experimental

The research was conducted on the basis of the training plots of Altai State Agricultural University in
2020-2021. Test plots soil — leached medium-thicksemi-loammedium-humic chernozem. The objects of
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research were oaks cultivars “Korifej”, “Pegas”, “Argument”, “Vektor”, “Rusich”. The fore crop was a
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spring wheat, sowing made by hand. The seed rate was 500 pcs. germinating seeds per 1 m” The plot area
was 2 m’, repetition was 3-times (Fig. 4).

The Guminatrin is a liquid fertilizer consisting of humic and fulvic acids, it also contains live
agrobacteriums (Agrika, Rizotorfin B, Rizoagrin B) and amino acid complex. The product has a stimulating
effect, increasing the resistance of plants to diseases, extreme climatic factors: drought, excess moisture, soil
salinity. Enhances the ability of plants extract macro- and micro-nutrients from soil. Increases seed germina-
tion and gives plants favorable starting conditions due to the rich complex of micronutrients, together with
soil bacteria [15].

Experiment options:

- pre-seeding treatment of seeds, and then of plants in the stage of tillering with Guminatrin;

- non-treated control.

Working solution was prepared at the rate of 2 1 of Guminatr into 8 1 of water. The consumption of
working solution for treatment: seeds — 10 1 per 1 t; plants by vegetation — 1.5-2 1 per 1 ha.

Figure 4. Experimental plots, 2020

During the research conducted the following records and observations: counted the yield structure, rec-
orded yield of oats, counted the mass of 1000 seeds. The experiments and studies were conducted in accord-
ance with the guidelines [16]. Mathematical processing of data was carried out according to the methodology
of Dospekhov B.A. [17].

Results and Discussion

Positive reaction of plants to the treatment with growth stimulator on seed germination was noted for all
cultivars. However, responsiveness was mixed. The highest increase in field germination (and excess of con-
trol) was obtained by the cultivars “Korifej” (16,7 %), “Argument” (12,2 %), “Pegas” (14,3 %), “Rusich”
(11,8 %), “Vektor” (7,6 %).

The study of yield structure elements of crops allows highlighting those of them that are paramount in
determining its valueunder specific soil-climatic conditions (Tables 1, 2).

Table 1
Yield structure elements, 2020
No. Cultivar Experiment Plant | Number of Panicle Mass of 1000
option height, | stems on one| Length, cm | Number of Mass of grains, g
cm plant, pcs grains, pcs | grain from
one plant, g
1 Pegas Control 80 1.3 11 25 1.59 26.2
Guminatrin 82 1.4 10 26 1.64 274

Cepusa «brnonorusa. MeguuuHa. Neorpadpusa». 2024, 29, 4(116) 147



S.V. Zharkova, N.l. Shevchuk, L.V. Sokolova

Continuation of Table 1

No. Cultivar Experiment Plant | Number of Panicle Mass of 1000
option height, |stems on one| Length, cm | Number of Mass of grains, g
cm plant, pcs grains, pcs | grain from
one plant, g
2 Korifej Control 81 1.2 13 24 1.51 26.7
Guminatrin 83 1.2 11 28 1.64 29.4
3 Argument Control 86 1.3 14 24 1.87 24.6
Guminatrin 87 1.4 11 26 1.93 26.9
4 Vektor Control 86 1.3 14 22 1.56 23.2
Guminatrin 87 1.3 13 26 1.64 25.7
5 Rusich Control 80 1.1 14 22 1.55 29.1
Guminatrin 83 1.1 13 25 1.59 30.6
Statistics
Mean 83.5 1.3 12.4 24.8 1.65 27.0
o 2.7 0.1 1.4 1.8 0.13 2.1
Cv, % 3.2 8.1 11.5 7.2 7.94 7.9
SEM 0.9 0.03 0.5 0.6 0.04 0.7
Table 2

Yield structure elements, 2021

No. Cultivar  |Experiment option|  Plant Number Panicle Mass of
height, cm | of stems | Length, cm | Number of | Mass of | 1000 grains,
on one grains, pcs | grain from g
plant, pcs one plant, g
1 Pegas Control 84 1.2 11 31 1.78 27.6
Guminatrin 85 1.2 12 32 1.81 29.6
2 Korifej Control 76 1.1 12 29 1.72 25.2
Guminatrin 86 1.1 13 27 1.83 26.2
3 Argument Control 84 1.1 9 24 1.35 21.9
Guminatrin 92 1.1 10 29 1.54 22.6
4 Vektor Control 76 1.1 13 29 1.27 23.3
Guminatrin 85 1.1 13 33 1.41 24.7
5 Rusich Control 83 1.1 11 26 1.14 26.8
Guminatrin 92 1.1 14 31 1.28 29.2
Statistics

Mean 84.3 1.1 11.8 29.1 1.51 25.7
o 5.1 0.0 1.5 2.7 0.24 2.5
Cv, % 6.1 1.9 12.5 9.2 16.10 9.8
SEM 1.7 0.01 0.5 0.9 0.08 0.8

Under the 2020 conditions, all the yield structure elements studied except for the panicle length were
higher on the Guminatrin option. So, the height of plants was on average 1.8 cm higher, the maximum ob-
tained in the “Argument” and “Vector” cultivars — 87 cm. “Rusich” surpassed the control more than others,
by 3 cm, with its average height of 83 cm. Average height was 83.5 cm.

The number of stems on one plantin the processed option exceeded the control only in cultivars “Argu-
ment” and “Pegas”, and that by only 0.1 pcs. Average number of stems on one plant was 1.3 pcs.

The panicle length was maximum at the control, exceeding the experimental option by an average of
1.6 cm. The shortest — 10 cm — was obtained from the “Pegas”. Average panicle length was 12.4 cm.

The number of grains from one panicle led by the “Korifej” cultivar — 28 pcs. on the Guminatrin vari-
ant, the lowest number obtained from “Vector” and “Rusich” cultivars was 22 pcs. The average excess over
control was 2.8 pcs. Average number of grains from one panicle was 24.8 pcs.

The mass of grain from one plant in the processed option exceeded the control on average by 0.07 g.
Maximum was obtained from the “Argument” — 1.93 g with Guminatrin and 1.87 g by control. Average
mass of grain from one plant was 1.65 g.
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The mass of 1000 grains were also higher on the Guminatrin option. “Rusich” cultivar showed the best
result with 30.6 g, and the second place had “Korifej” cultivar with 29.4 g. The average excess over control
was 2.04 g. Average mass of 1000 grains was 27.0 g.

The “Korifej” cultivar showed the great receptivity to treatment — the mass of 1000 grains after it in-
creased by 2.7 g. The “Pegas” cultivar showed the lowest dependence, the increase was only 1.2 g. The
“Vector” cultivar showed a 2.5 g increase, the “Argument” cultivar showed an increase of 2.3 g, the
“Rusich” showed a 1.5 g increase.

Under the 2021 conditions, all the yield structure elements studied except for the number of grains from
one panicle were higher on the Guminatrin option.

The “Pegas” cultivar showed the lowest responsiveness too. Plant height and panicle length has hardly
changed, the increase was only 1 cm. The number of grains per plant has increased by 1 pcs., but “Pegas”
showed a slight increase in the mass of grains from one plant, and as a consequence — an increase in the
mass of 1000 grains by 2.0 g.

The “Korifej” cultivar showed the rise in plant height by 10 cm on the Guminatrin option — the first
place among all studied cultivars. Its mass of grains from one plant increased by 0.11 g, the mass of
1000 grains — by only 1.0 g.

The “Argument” cultivar showed a rise in plant height by 8 cm, panicle length by 1 cm, number of
grains from one panicle 5 pcs., the mass of grains from one plant in 0.19 g, the mass of 1000 grains has in-
creased by only 0.7 g.

The “Vector” cultivar showed a rise in the plant height by 9 cm, in the number of grains from one pani-
cle by 4 pcs., in the mass of grains from one plant by 0.14 g, and the mass of 1000 grains increased by only
14 g.

The “Rusich” cultivar showed a rise in the plant height by 9 c¢m, in the panicle length by 3 cm, in the
number of grains from one panicle by 3 pcs., in the mass of grains from one plant 0.14 g per plant, and the
mass of 1000 grains increased by 2.4 g.

Crop yield is a very important indicator, it shows how much production was obtained from one unit of
the area. To increase the yield, it is necessary that optimal conditions for the growth and development of the
plant are created. When the optimum is deviated, the yield decreases, so the use of growth stimulators allows
not only to reduce the impact of adverse factors on the plant, but also to increase the yield at the expense of
increasing resistance to external factors. Table 3 shows the yield of oats for 2020-2021.

Table 3
Yield of oats, t/ha
No. Cultivar Experiment option Yield, t/ha Yield gain

2020 2021 Mean t/ha %

1 Pegas Control 1.56 1.85 1.71 - -
Guminatrin 1.75 2.42 2.09 0.38 22.2

2 Korifej Control 1.60 1.77 1.69 - -
Guminatrin 2.20 2.08 2.14 0.46 27.0

3 Argument Control 1.35 1.33 1.34 - -
Guminatrin 1.84 1.83 1.84 0.50 36.9

4 Vektor Control 1.51 1.62 1.57 - -
Guminatrin 1.99 2.15 2.07 0.51 32.3

5 Rusich Control 1.56 1.64 1.60 - -
Guminatrin 2.01 2.49 2.25 0.65 40.6

Statistics

Mean 1.74 1.92 1.83 0.50 31.8

9 0.25 0.35 0.28 0.09 6.6
Cv, % 14.64 18.10 15.38 17.57 20.8

SEM 0.08 0.12 0.09 0.04 33

Yield growth was between 22 and 40 percent. Based on the harvest data, it can be concluded that in
2021 the average yield was higher both on control and on the experiment, the exception being only the
“Korifej” cultivar.
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The yield of “Pegas” cultivar in 2021 was significantly higher than in 2020. At the control, the differ-
ence was 0.29 t/ha, at the experiment — 0.67 t/ha. Despite the significant change in crop yields in 2021, the
trend of increased the yields with Guminatrin was maintained and stands at 12.2 % in 2020 and 23 % in
2021.

The “Korifej” cultivar also had an increase in the yield by control in 2021 compared to 2020, this in-
crease was 0.17 t/ ha, the option with Guminatrin had a negative growth dynamic and it was 0.12 t/ ha. The
average increase in control over two years was 0.46 t/ha or 27.0 %.

The average of the “Argument” cultivar over two years was almost identical and the difference was on-
ly 0.02 t/ha. But if we compare the options of the experiment, it turns out that the application of Guminatrin
increased yield by 0.5 t/ha or 36.9 %.

The “Vector” cultivar had the same positive dynamics of yield growth in 2021 compared to 2020, it was
0.11-0.16 t/ha. The experiment with fertilizer gave an increase in yield of 0.51 t/ ha, which was an increase
in yield by 32.27 %.

The “Rusich” cultivar showed the highest response to the use of Guminatrin, an increase of yield was
0.65 t/ha, which corresponds to a record increase in yields of 40.63 %.

The highest yield was generated by the use of Guminatrin in 2020 by the cultivars “Rusich” (2.01 t/ ha)
and “Korifej” (2.20 t/ ha), in 2021 — by the cultivars “Pegas” (2.42 t/ ha) and also “Rusich” (2.49 t/ ha). On
average for 2 years of the research, the yield of more than 2.0 t/ ha was formed at the background of
Guminatrin by the “Pegas”, “Korifej”, “Vector” and “Rusich”.

Pre-seeding treatment of seeds and then the plants in the growing phase with Guminatrin fertilizer with
a stimulating effect contributed to increased yields compared to control in both years of studies for all test
options. In 2021, the increase of oats yields at the background of the treatment was higher than in 2020 by
0.01-0.47 t/ha. The average yield gain by 2 years was from 22.2 % to 40.6 %. The most responsive cultivar
to the growth stimulant Guminatrin was “Rusich”.

Conclusions

Pre-seeding treatment of seeds and then the plants by vegetating with the stimulant Guminatrin contrib-
uted to an increase in the yield structure elements of the investigated oats cultivars, and as a consequence
resulted in an increase in yield compared to control by 0,38-0.65 tons/ha.
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C.B. Xapxosa, H.H. IlleBuyk, JI.B. CokonoBa

OprannkajblK TYMUHATPUH THIHANTKBIBI 0ap CYJIbI OHIMALIITI

Kazipri yakpiTra cyiibl Peceiifin 6apiblk Iepiiik aliMakTapbliHIa ecipijeni. 3epTreyaiH MakcaTbl — AnTai
enkeciHiH [IpuoOckast aiiMarbl )KaFIailbIHAa TYMHUHATPUH ©CY CTUMYJIATOPBIH KOJIaHyFa OaiIaHbICThI CYJIIBI
OHIMIUIITIHIH KanblNTacyblH 3eprrey. JKymbic AnTail MEMIIEKeTTIK arpapiblK YHHBEPCHTETIHIH OKY
yaackenepi 0OazaceiHma 2020-2021 skpuimapsl okyprisinai. 3eprrey oObektinepi «Kopudeit», «Ileracy,
«AprymenTty», «Bekrop», «Pycuu» copTTapblHBIH eMeH aramTapbl Oonasl. XKymeic epitinaici 8 m cyra 2 1
TYMUHATPUH MOIIICPIHAC NalbIHAAIAbl. OHICY YIIIH JXYMBIC CpITIHIICIHIH IIBFBIHBL TYKbIMAap — 1
ToHHara 10 J1; eciMAIKTEp BEreTalUsUIbIK Ke3eHre colikec — 1 ra-ra 1,5-2 n. 3eprrey OapbichIHIA Keneci
Kaz0anap MeH Oakpulayjap KYpri3iiji: eHIMHIH KYpbUIBIMBI, CyJibl eHiMIUIiri, 1000 TYKBIMHBIH CaiMarbl.
T'yMUHATpUHHIH ocy CTUMYJISTOpBIHA €H ce3iMTan copT «Pycwu» OGommel. TykeIMumapael, comaH KeifiH
oCIMIIKTep/i BereTalrsuIblK Ke3eH1e T'yMUHATPHHMEH ery ajIblHIa OHIeY 3epPTTEIICTiH CYJIbl COPTTaPhIHBIH
OHIMIUIIK KYPBUIBIMBIHBIH JJIEMEHTTEPIiHIH JKOFapbUIayblHa BIKIAJ CTTi )KOHE HOTIKECiHAe OakpuiayMeH
cansIcThIpFanaa eHiMALTIKTIH 0,38-0,65 1/ra ecyine okemni.

Kinm ce30ep: cymbl, copTTap, TYMHHATPUH, OHIMIUTIK, AaKbUI KYPBUIBIMBIHBIH JJIEMEHTTEPI, OHIMALTIKTIH
ecyi.

C.B. Xapxosa, H.H. IlleBuyk, JI.B. Cokonosa

YPpoxkalHOCTH 0BCA ¢ OpraHnyecknum yaoopennem ['ymuHaTpun

B nacrosmee BpeMs oBec BO3/eNbIBaETCS IPaKTUYECKU BO Beex peruoHax Poccun. Ilens Hamux uccienosa-
HUH — W3Y4UTh (GOPMUPOBaHHE YPOXKAHHOCTH OBCA B 3aBUCUMOCTH OT IPHUMEHEHHUS] CTUMYJISITOpa pOCTa —
I'ymunatpuna B ycnoBusax IIprobckoii 30 Anrtaiickoro kpas. PaGora npoBoannace Ha 6a3ze yueOHBIX yda-
CTKOB ANTaiiCKOTo rocynapcTBeHHOro arpapaoro yHusepcutera B 2020-2021 rr. O0beKkTamMu UCCIeI0BaHUH
ciyxxun 1yopaser coproB «Kopudeit», «Ilerac», «Apryment», «Bekrop», «Pycua». Paboumii pacTBop ro-
TOBHJIM U3 pacueTa 2 1 ['ymunatpuHa Ha 8 11 Bonsl. Pacxon pabodero pactBopa Ha 00paboTky: cemsH — 10 1
Ha | 1; pacrenuil no Bererauuu — 1,5-2 1 Ha 1 ra. B xone uccnenoBanuii mpoBOAUINUCH CIEAYIOIUE YUEThI
1 HaOJIIOJCHUS: CTPYKTypa ypoxkas, ypoxkaifHocTs oBca, Macca 1000 cemsin. Hanbomnee «OT3BIBUMBBIM» Ha
cTuMynaTop pocta I'ymuHatpus okasaincs copt «Pycuuy. IIpennoceBHas o6paboTka ceMmsH, a 3aTeM pacTe-
HHUH 1o BereTanuy ['yMUHAaTPHHOM CIIOCOOCTBOBANIa YBEJINUCHHUIO DJIEMEHTOB CTPYKTYPBI YpOXKasi UcCiemye-
MBIX COPTOB OBCa U, KaK CIIEICTBUE, IPUBEIA K YBEINUEHUIO YPOXKAHHOCTH MO CPAaBHEHHIO C KOHTPOJIEM Ha
0,38-0,65 T/ra.

Kniouesvie cnosa: osec, copta, [ yMHHATpUH, YpOKAHHOCTB, 3JIEMEHTHI CTPYKTYPHI ypOXKas, MPUPOCT ypo-
JKaitHOCTH.
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