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3EMJIEJ[EJINE U XUMH3AI[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2025-3-1 Twrr cTaThu: OpUTHHATIBHAS
VIK 633.1:004.048 Type of article: original

Knaccudpukauus u kaprorpadpupoBanue
CeJIbCKOX03SIMCTBEHHBIX KYJIbTYP € HCIOJb30BAHUEM
AUCTAHIUOHHOTO 30HIMPOBAHUA U MAIIMHHOTO 00y4YeHUA

<) Kannukun B.K., Kpsuiosa O.C., I'apadyraunosa JI.B.

Cubupckuii ghedepanvhwiii HayuHbll YeHmp azpobuomexnonozuti Poccutickou akademuu Hayk
HoBocubupckast o6macts, p.im. Kpacnoo6ck, Poccus

(<)e-mail: vk kalichkin@gmail.com

[IpencraBneHsl pe3ynbTaThl HCCIEAOBAHUH 0 KIACCU(PUKALUKN U KapTOorpadMpOBaHUIO CEJIBCKO-
XO3AHUCTBEHHBIX KYJIBTYpP C TIOMOIIbI0 MAamMHHOTO 00y4deHus (MO) ¢ ucnonp30BaHnEM JaHHBIX JTHUC-
TAHIIMOHHOTO 30HAMpOBaHus. Mccnenoanus mposenensl B 2022, 2023 rr. HA TEPPUTOPUU 3EMIIC-
MOJIB30BAHMS X035 CTB, pacronoxkeHHbIX B HoBocuOupckoit obnactu. Vcnons3oBansl n300paxeHus,
nonyueHHsle ¢ Sentinel-2 u Landsat 8-9. Ilpuznakamu 1y o0yuenus moaeneit MO BbICTynamiu ECTb
CHEKTPaJIbHBIX MI0JI0C U MATh BETETALIMOHHBIX MHAEKCOB 3a Pa3Hble aThl BET€TAl[HOHHbBIX IEPHOIOB.
IIpumenstmu anroputMbl MO ¢ koHTpoupyeMbIM oOyueaueM: XGBoost, KNN, RF u SVM, a takxe
ueipornyto cetb deep-FNN. Monenmn XGBoost, KNN u RF moka3zann BBICOKYIO TOYHOCTH KJIACCH-
¢dukanmun — 93-97% npu pazpemennu 30 m/mukcens 1 80-90% npu pazpemennn 90 M/mukcens. Mo-
nenb deep-FNN mnokazana HauMeHbIINE Pe3yabTaTbl ¢ TOUHOCTBIO OT 78 10 92% mpu paspeuieHuu
30 m/miukcens. Obmiee cHUkeHre TOYHOCTH Ha 8—12% mpu paspemenn 90 M/IUKceIb B CPaBHEHHUH C
pasperzenueM 30 M/TUKCENb TOJYEPKUBACT BAXKHOCTh MacIITada ass 3 GEeKTUBHOTO pacro3HaBaHUs
Kyneryp. Takke oOydeHne Mojenei Ha O0beIMHEHHBIX TaHHBIX CITyTHUKOB Sentinel-2 u Landsat 8-9
pu pasperieHnn 30 M/TTUKCENh Majno 0ojee BRICOKHE 3HaUeHUs MeTpuku Fl-score, vem Ha ITaHHBIX
OTJENBHO M0 KaXIOMY M3 3THUX CIIyTHHKOB. Paznmunsie MeTpuku oneHku (Fl-score m ROC-AUC-
score) MoATBepAnIId, 9To Moaeidb XGBoost Obuta Hanbonee MPOU3BOIUTENBHOM U TOUHOW. Jlydrnas
oOmasi knaccuuKanus JOCTUTHYTA Ul KyKypy3bl, sSlUMEHS, OTHOJETHUX U MHOTOJIETHHUX TpaB, a
TAKXe 3aJIe)KH, C HEKOTOPBIM CHI)KEHHEM TOYHOCTHU Ul OBCA, rOpOXa, BUKM M MIICHHULBI MITKON
03uMOH. HanmenbIast TOUHOCTh OTMEUEHa P Ki1accu(UKauy KapToders, SpoBOTo parica, MIIeH!-
IIBI MATKOU SIPOBOH W mapa. Pe3ynbraTsl HccieoBaHUN MMOAUYEPKUBAIOT 3HAYUMOCTH BRIOOPA MOZICITH
MO u macitaba pa3penieHus CIy THUKOBBIX CHUMKOB JIJISl YCTICTITHON KIIacCU(UKAIINH CEJTbCKOX035IH-
CTBEHHBIX KYJBTYP.

KiroueBsble ciioBa: knaccuuKaus CelbCKOXO3SHCTBEHHBIX KYJIBTYp, TUCTAaHIIHOHHOE 30HAUPO-
BaHKe, MAllIMHHOE 00y4eHHe, KapTorpadupoBanue

Crop classification and mapping using remote sensing and machine
learning

(pKalichkin V.K., Krylova O.S., Garafutdinova L.V.

Siberian Federal Scientific Centre of AgroBioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk Region, Russia

(X)e-mail: vk.kalichkin@gmail.com

Research results on crop classification and mapping using machine learning (ML) with remotely
sensed data are presented. Studies were conducted in 2022, 2023 on the land use of the farms located
in the Novosibirsk region. Sentinel-2 and Landsat 8-9 images were used. The features for training

3emiteiene u XUMHU3aIus CubUpPCKHUil BECTHHK CEITbCKOXO3IHCTBEHHON HayKH ¢ 2025 ¢ 55 ¢ 3 5



Crop classification and mapping using remote sensing

Kalichkin V.K., Krylova O.S., Garafutdinova L.V.

and machine learning

the ML models were six spectral bands and five vegetation indices for different dates of the growing
seasons. XGBoost, KNN, RF and SVM supervised learning ML algorithms and deep-FNN neural
network were applied. The XGBoost, KNN and RF models showed high classification accuracies of
93-97% at 30 m/pixel resolution and 80-90% at 90 m/pixel resolution. The deep-FNN model showed
the lowest results with an accuracy of 78 to 92% at 30 m/pixel resolution. The overall 8—12% reduc-
tion in accuracy at 90 m/pixel resolution compared to 30 m/pixel resolution emphasizes the impor-
tance of scale for effective crop recognition. Also, training the models on the combined Sentinel-2 and
Landsat 8-9 satellite data at 30 m/pixel resolution yielded higher values of the F1-score metric than on
the data separately for each of these satellites. Various evaluation metrics (F1-score and ROC-AUC-
score) confirmed that the XGBoost model was the best performing and most accurate. The best over-
all classification was achieved for corn, barley, annual and perennial grasses, and fallow, with some
decrease in accuracy for oats, peas, vetch and soft winter wheat. The lowest accuracy was observed
in the classification of potatoes, spring rape, soft spring wheat and fallow. The results of the research
emphasize the importance of ML model selection and satellite imagery resolution scale for successful

crop classification.

Keywords: crop classification, remote sensing, machine learning, mapping
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INTRODUCTION

Spatial data in the form of large-scale crop
maps at the level of a specific land use, mu-
nicipal district or region are necessary for the
development and management of government
subsidy allocation and crop market planning.
In addition, the growing demand for crop insur-
ance has increased the practical requirements
for crop mapping. Crop identification using tra-
ditional methods such as field surveys, although
accurate, has limitations. Mapping a single crop
plot takes considerable time and access to these
plots can be difficult. Field surveys therefore re-
main an expensive approach to crop mapping,
and regulatory agencies may not have the man-
power to carry out such work on the ground. To
meet this need, there is a need for online crop
statistics at the plot level, including for track-
ing declared and actual crops sown. This can be
achieved using remote sensing technologies and
artificial intelligence methods. [1-3].

Since the early 1970s, classification of vege-
tation using remote sensing data has been used
as an alternative to traditional field studies.
However, it has not yet been possible to com-
pletely eliminate field surveys. They are nec-
essary for quantitative assessment of the struc-
ture of agricultural crops, preparation of data
and classification algorithms, and validation of
models [4, 5]. Over the past two decades, the
importance of research in crop mapping using
remote sensing has continued to grow [6, 7].
The widespread popularity of satellite imagery
over other platforms is due to its resolution and
open access. Research has shown that multi-
spectral remote sensing images obtained with
appropriate sensors are suitable for crop map-
ping [8—11]. The second most widely used crop
mapping technology is synthetic aperture radar
(SAR) [12, 13]. The use of hyperspectral imag-
es remains uncommon, as does the use of ter-
restrial lidar scanner. For crop classification, a
single sensor is usually used, as pre-processing

6 Siberian Herald of Agricultural Science ¢ 2025 ¢ 55 ¢ 3
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Kraccuduxarnms u xaprorpadpupoBanne
CEJIbCKOXO3SIHCTBEHHBIX KYJIBTYP C UCIIOJIb30BaHUEM
JVCTAHIOHHOTO 30HANPOBAHUS U MAIIMHHOTO 00yYeHHS

Kannukun B.K., Kpeutosa O.C., I'apadyrannosa JI.B.

the images from multiple sensors can be chal-
lenging. In global practice, images from the
Sentinel and Landsat series of satellites are cur-
rently the most commonly used in this subject
area [3, 14].

Machine learning (ML) and deep learning
(DL) models have shown the ability to classify
crops from medium and high-resolution satel-
lite images with high accuracy' [15]. The algo-
rithms and models used for crop mapping are
varied and grouped into three categories:

— parametric ML classifiers (e.g. logistic re-
gressions, hidden Markov models);

— nonparametric ML classifiers (e.g. support
vector machine, decision tree, random forest,
k-nearest neighbors, etc.);

— DL classifiers (neural networks of various
modifications).

Parametric machine learning classifiers work
by making certain assumptions about the statis-
tical distribution of the data.

Nonparametric ML classifiers make no as-
sumptions about the distribution of the data.
The mathematical basis of DL allows neural
networks to learn to recognize patterns in the
data that is fed to them during the training pro-
cess [16—18].

A review of the effectiveness of crop classi-
fication models using ML and DL based on re-
mote sensing data conducted in the paper [19]
showed that the most successful were random
forest (RF), support vector machine (SVM),
extreme gradient boosting (XGBoost) and neu-
ral networks (CNN, LSTM). These models
achieved the highest overall accuracy in nu-
merous studies (386 publications). However,
the range of variation in the overall accuracy
indicator was quite large. This indicates that
the choice of the classifier and specific features
significantly affects the accuracy of the crop
mapping process [20, 21]. A possible solution
to the problem of accuracy in crop classifica-
tion may be to combine images from different
satellites, which helps to reduce the time gap in

the data. This technology is called multimodal
remote sensing, and the classification efficiency
of combined images from data [22] is superior
to that of individual images.

The purpose of the study was to assess the
accuracy of classification of agricultural crops
by various models of ML and DL using remote
sensing data and to carry out their mapping on
the territory of the studied land use objects.

MATERIAL AND METHODS

Research on the classification and mapping
of agricultural crops using remote sensing data
was carried out in 2022 and 2023 on the land
use territory of the EEP “Praktik™ of the Novosi-
birsk State Agrarian University and the ES “Elit-
naya” of the Siberian Federal Scientific Centre
of Agro-BioTechnologies of the Russian Acad-
emy of Sciences, located in the Novosibirsk dis-
trict of the Novosibirsk region (54°54'20.15"N,
82°52'20.06"E and 54°54'57"N, 82°57'6"E),
with a total area of 950 ha. Classification and
mapping were carried out for crops cultivated
in farms: potatoes, soft spring wheat, soft winter
wheat, corn, annual grasses, spring rape, barley,
vetch, oats, peas, perennial grasses. The struc-
ture of land use of farms also includes complete
fallow and unused lands (layland).

The work used images obtained from Sen-
tinel-2 (Operational Land Imager (OLI)) and
Landsat 8-9 (Thermal Infrared (TIRS) Col-
lection 2), available for free download from
Sentinelhub  (https://apps.sentinel-hub. com)
and the US Geological Survey (https:// earth-
explorer.usgs.gov), respectively. Images with
cloudiness below 75%, obtained from June 1
to August 31 were used. All satellite data were
matched in accordance with atmospheric and
radiometric correction. Scanned pictures of the
images were converted to vector form and di-
vided into objects in the form of a regular grid
of 30 x 30 m (7657 data on the EEP “Praktik”
object and 23,191 on the ES “Elitnaya” object)
and 90 x 90 m (887 data on the EEP “Praktik”

"Wu E, Maleki R., Oubara A., Gomez D., Eftekhari A., Yang G. Machine Learning Approaches for Crop Identification from
Remote Sensing Imagery: A Review // International Conference on Soft Computing and Pattern Recognition. Cham: Springer Nature
Switzerland, 2023, pp. 325-336. DOI: 10.1007/978-3-031-27524-1_31.
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object and 3081 on the ES “Elitnaya” object).
Data containing information on spectral charac-
teristics and vegetation indices were calculated
using the “zonal statistics” function in Quantum
GIS (QGIS).

Spectral bands from both sensor systems
were used: blue, green, red, near infrared (NIR),
shortwave infrared SWIR1 and SWIR2, as well
as five vegetation indices: NDVI (Normalized
Difference Vegetation Index), LAI (Leaf Area
Index), NDMI (Normalized Difference Mois-
ture Index), NDWI (Normalized Difference
Water Index), GNDVI (Green Normalized Dif-
ference Vegetation Index).

A preliminary field survey was conducted
to collect reliable data on crops. The boundar-
ies of the plots were recorded digitally using
SW maps in shp-file format and integrated into
QQGIS. Satellite images were also loaded into
QGIS, their characteristics were developed,
unnecessary stripes were eliminated, and veg-
etation indices were calculated. The values of
the spectral characteristics of pixels from multi-
spectral satellite images and vegetation indices
were referenced in a single coordinate system
2505 Pulkovo 1942/Gauss-Kruger CM 87E to
construct a data set. The first set consisted of
the data from the Sentinel-2 satellite, the sec-
ond — from Landsat 8-9 data, the third included
a combination of the data from these satellites.

The input data for ML and DL were geo-
referenced contours of agricultural plots with
crops placed on them, formed as classes of spa-
tial objects using the "regular grid" function in
QGIS. The classes were characterized by attri-
bute characteristics of spectral bands and vege-
tation indices (11 features in total). Preliminary
processing included data normalization, han-
dling of missing values, and dividing the data
into training and test sets in a ratio of 80 and
20%, respectively. The test sample was formed
using the method of complete randomization.
The correlation analysis was also conducted to
identify a high correlation between the features
and the recognizable classes. No high correla-

tion was found, so all 11 features were included
in the ML and DL models. In 2022, 12 crops
(classes) were cultivated on the territory of the
studied farms, of which two classes were pres-
ent in both land use objects. In 2023, 11 crops
(classes) were cultivated, of which two classes
were also present in both objects. The distribu-
tion of the data by classes was unbalanced.

To build crop classification models, ML al-
gorithms with supervised learning were used:
Support Vector Machine — SVM, K-Nearest
Neighbor — KNN, Random Forest — RF and
XGBoost. ML algorithms were trained using a
dataset containing pre-classified crop samples.
Besides, to classify the data the deep feed-for-
ward neural network — deep-FNN — with three
open layers was used. This algorithm is de-
signed to autonomously learn and extract hier-
archical representations of data using intercon-
nected layers of nodes. The deep-FNN neural
network was trained over 20 epochs. Standard
Python libraries for ML were used to build and
train the models (numpy, pandas, skikit-learn,
matplotlib, etc.).

The selection of metrics for assessing clas-
sification accuracy was carried out taking into
account a specific model. For the task of identi-
fication by SVM, KNN, RF and XGBoost algo-
rithms with an unbalanced distribution of data
by classes, the weighted avg F1-score was used,
since this metric is a harmonic mean between
precision and recall and allows taking into ac-
count not only the proportion of the correctly
classified positive examples, but also the ability
of the model to detect all positive examples, as
well as the ROC-AUC-score metric. Categori-
cal accuracy was used as an error metric to eval-
uate the performance of deep-FNN. To evaluate
each class separately, the classification_report
method from the scikit-learn library was used,
which provides information for each class sepa-
rately, as well as the average weighted F1-score
values?.

The models were validated by field recording
of the placement of agricultural crops through-

?Dealing with unbalanced data. https://habr.com/ru/companies/otus/articles/769242/
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out the entire territory of land use objects and
comparing the results obtained with the classi-
fication results. Based on the results of the XG-
Boost model for the classification of agricultur-
al crops and its validation, crop mapping was
carried out in the QGIS software package.

RESULTS AND DISCUSSION

Crop mapping based on remote sensing re-
mains challenging due to the high local vari-
ability and temporal dynamics of agricultural
crops. These properties result in high intra-class
variance of the spectral-temporal signal, which
increases with the size and diversity of the study
area, the number of crops to be recognized, and
the variability of meteorological conditions.
To address the problems associated with spec-
tral-temporal variations, data with sufficient
spatial resolution and high temporal density of
observations are usually required, which can be
combined in the used ML approaches with ver-
ified field data.

The peculiarity of our research was that op-
tical remote sensing data with a resolution of
10 and 20 m per pixel of the Sentinel-2 satellite
and 30 m per pixel of Landsat 8-9, expressed in
a raster model, were transformed into a vector
model using QGIS functions.

Using a vector model of data representation
and grid construction, the spectral characteris-
tics of pixels and the values of vegetation in-
dices are combined in a single geodatabase of
features in the form of tables, thereby creating
the ability to work with ML algorithms and op-
timizing computing resources. To reduce classi-
fication errors due to the use of the images taken
on the same day, the maximum possible number
of images available for download during crop
vegetation was used. In total, there were 26
such images for both satellites, years and land
use objects.

At the first stage of the research, the ac-
curacy of the ML algorithms was tested with
all data sets in terms of years and land use
objects (see Table 1). Almost all ML mod-
els showed fairly high performance and ac-
curacy of crop classification when using
the weighted average Fl-score as a unit of
measurement, but some features should be
noted. Thus, the XGBoost model demon-
strated the best results on all data sets in
both years of research, while the classifi-
cation accuracy was 94-97% at a scale of
30 m/pixel and 80-90% at a scale of 90 m/pixel.

The KNN model demonstrated approxi-
mately the same classification accuracy as
the XGBoost model. A slightly lower classi-
fication accuracy was observed when imple-
menting the RF model — 93-96% at a scale of
30 m/pixel and 80—-88% at a scale of 90 m/pixel.
The lowest classification accuracy rates were
obtained when implementing the deep-FNN
model, which varied within 78—92% atascale of
30 m/pixel and within 56-79% at a scale of
90 m/pixel. The obtained results can be ex-
plained by the fact that ML algorithms can
process tabular data types, while deep neural
networks (DNNSs) have difficulties processing
such data. According to the authors of articles
on machine learning on specialized Internet
resources Habr (https://habr.com/ru/articles)
and Kaggle (https://www.kaggle.com/), DNNs
showed good results when working with imag-
es and text, but when processing tabular data,
DNNs were inferior in classification accura-
cy to ML algorithms. The use of DL for ana-
lyzing tabular data remains understudied, and
variants of ensemble ML models still domi-
nate in most applications®>. In this regard,
classical ensemble approaches (XGBoost and
RF) demonstrated higher classification accu-
racy than DNNGs.

*Jaykumaran. Training 3D U-Net for Brain Tumor Segmentation (BraTS2023-GLI) Challenge. AVAILABLE AT: https:/

learnopencv.com/3d-u-net-brats. (accessed 24.10.2024).

“Learning from tabular data. AVAILABLE AT: https://habr.com/ru/articles/534186/ (accessed 29.10.2024).
SData Science Trends on Kaggle! AVAILABLE AT: https://www.kaggle.com/code/shivamb/data-science-trends-on-kaggle

(accessed 29.10.2024).
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The Fl-score metric values when training
models on various Sentinel-2 and Landsat 8-9
satellite data at different resolutions, years of re-
search and land use objects have unstable char-
acteristics. This can be explained by the uneven

number of observation days and the number of
predictors formed depending on this number. In
addition, the accuracy of the classification de-
pended not only on the number of predictors,
but also on the distribution of survey days over

Ta6ua. 1. Pe3ynbrarsl OIIEHKH TOYHOCTH MOJIETIEH MalIMHHOTO 00yueHwus o metpuke F1-score

Table 1. Results of assessing the accuracy of machine learning models using the F1-score metric

EEP “Praktik”

ES “Elitnaya”

Model Sentinel-2 | Landsat 8-9 | Landsat + Sentinel | Sentinel2 | Landsat8-9 | Landsat+ Sentinel
2022
Scale 30 m/pixel
KNN 0,95 0,92 0,95 0,96 0,96 0,96
SVM 0,92 0,87 0,91 0,94 0,93 0,95
RF 0,95 0,93 0,95 0,95 0,96 0,96
XGBoost 0,95 0,94 0,95 0,96 0,97 0,97
deep-FNN* 0,92 0,85 0,92 0,88 0,78 0,88
Scale 90 m/pixel
KNN 0,81 0,82 0,77 0,86 0,83 0,85
SVM 0,76 0,75 0,71 0,82 0,77 0,82
RF 0,80 0,80 0,80 0,83 0,84 0,84
XGBoost 0,81 0,80 0,81 0,84 0,86 0,86
deep-FNN* 0,69 0,72 0,71 0,62 0,56 0,64
2023
Scale 30 m/pixel
KNN 0,97 0,96 0,97 0,96 0,94 0,96
SVM 0,96 0,91 0,96 0,94 0,86 0,94
RF 0,96 0,96 0,96 0,96 0,95 0,96
XGBoost 0,97 0,97 0,97 0,97 0,96 0,97
deep-FNN* 0,91 0,91 0,92 0,87 0,85 0,89
Scale 90 m/pixel
KNN 0,89 0,85 0,89 0,85 0,80 0,86
SVM 0,81 0,74 0,81 0,85 0,72 0,82
RF 0,88 0,85 0,88 0,87 0,83 0,86
XGBoost 0,90 0,87 0,90 0,89 0,85 0,88
deep-FNN* 0,69 0,74 0,78 0,74 0,76 0,79

*For deep-FNN, the categorical accuracy metric was used.
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the vegetation period, namely: the more evenly
the survey days are distributed in time, the high-
er the accuracy of the classification.

However, it can be argued that higher clas-
sification accuracy for all ML models on both
land use objects and in both years of research
was obtained at a scale of 30 m/pixel compared
to a scale of 90 m/pixel. Also, training of all
models on combined data from Sentinel-2 and
Landsat 8-9 satellites at a scale of 30 m/pixel
showed more stable values of the F1-score met-
ric. The results of the deep neural network with
the FNN architecture (deep-FNN) were not in-
cluded in the further analysis due to its low clas-
sification ability.

In ML, there are many metrics for assessing
the accuracy and performance of models, each
with its own advantages and disadvantages.
However, a single universal metric that could
optimally assess the quality of model perfor-
mance in all cases has not yet been developed.
In this regard, to assess the performance of
models, it is not enough to use only one met-
ric, but it is necessary to compare the values of
two or more metrics that are most suitable for a
given task.

The weighted average Fl-score does not
always allow for an unambiguous comparison
of the performance of models due to its depen-
dence on the threshold probability value. In this
regard, in addition to the Fl-score, this study
uses the ROC-AUC-score metric, which allows
for an adequate comparison of the performance
of different models with an unbalanced data set
(the higher the value of this metric, the higher
the classification ability of the models). Thus,
the highest values of the ROC-AUC-score met-
ric were shown by the XGBoost method for
both years of research for both objects using the
combined data of the Sentinel-2 and Landsat
8-9 satellites at a scale of 30 m/pixel. In 2022,
for the ES “Elitnaya” object, this indicator was
0.978, for the EEP “Praktik” object — 0.923,
in 2023 — 0.972 and 0.979, respectively. The
KNN method also showed close values of the
ROC-AUC-score metric. In 2022, for the EEP

“Praktik” object, it was only 0.1% less than the
XGBoost method, in 2023 — 0.7%. At a scale
of 90 m/pixel, the maximum ROC-AUC-score
value was also shown by the XGBoost method.
Thus, in 2023, for the EEP “Praktik™ object, this
metric is equal to 0.877, for the ES “Elitnaya”
object — 0.895, in 2022, for the EEP “Praktik”
object, the ROC-AUC-score is equal to 0.714,
for the ES “Elitnaya” object — 0.896.

To visualize the accuracy assessment of ML
models using ROC-AUC-score, a graph show-
ing the results of crop classification when ana-
lyzing combined data (Sentinel-2 and Landsat
8-9) at a resolution of 30 m/pixel and 90 m/pixel
for 2023 is presented as an example (see Fig. 1).

The ROC curve displays the ratio between
the proportion of classes from the total number
of feature carriers correctly classified as car-
rying the feature and the proportion of classes
from the total number of classes not carrying
the feature, incorrectly classified as carrying the
feature. Typically, the ROC curve has a parabol-
ic shape with varying curvature, and the higher
the curvature, the better the model works. Fig.
1 shows that the ROC curve for the analysis of
images at a scale of 30 m/pixel for the XGBoost
method has better characteristics than all other
ML methods for both the EEP “Praktik™ object
and the ES “Elitnaya” object. The worst ROC
curve indicators are noted for the SVM method,
the KNN and RF methods occupy an intermedi-
ate position. The same patterns were observed
for the ROC curve when analyzing images at a
scale of 90 m/pixel, but with reduced curvature.
Taking into account the analysis of the model
accuracy assessment by two metrics (F1-score
and ROC-AUC-score), it can be concluded that
the most productive and accurate at different
scale values for both years of research and for
both land use objects was the extreme gradient
boosting method (XGBoost), the second place
was taken by the k-nearest neighbors method
(KNN), the third place was occupied by the ran-
dom forest (RF). The lowest accuracy rates were
shown by the support vector machine (SVM),
i.e. it can be concluded that this algorithm is
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poorly suited for solving problems of this type.
At the same time, the combined data from Sen-
tinel-2 and Landsat 8-9 satellites at a scale of 30
m / pixel had a greater informative capacity for
training models in crop classification problems.

The overall crop classification accuracy was
determined using the output of the XGBoost
model on the fused 30 m/pixel satellite data av-
eraged over 2022, 2023 (see Table 2).

The highest overall accuracy for land use
objects was obtained when classifying corn,
barley, annual grasses, as well as perennial
grasses and layland. The recognition accuracy

a
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of the above crops was 0.2-2.0% higher than
the weighted average F1-score. For oats, peas,
soft winter wheat and vetch, the overall classi-
fication accuracy was 0.5-2.0% lower than the
weighted average F1-score. The lowest overall
accuracy was obtained when classifying pota-
toes, spring rape, soft spring wheat and fallow.

Based on the results of classification of re-
mote sensing images using the XGBoost model,
land use maps of the EEP “Praktik and the ES
“Elitnaya” were created, containing 11 identi-
fied classes of agricultural crops, as well as lay-
land and fallow for 2022 (a) and 2023 (b) (see
Fig. 2).
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Puc. 1. ROC-xpuBBIe I pa3HBIX METOIOB MAITMHHOTO 00ydeHus. Macmtad 30 M/TIUKCENh:
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Fig. 1. ROC curves for different machine learning methods. Scale 30 m/pixel:
a — EEP “Praktik”, 6 — ES “Elitnaya”; scale 90 m/pixel: 6 — EEP “Praktik”, 2 — ES “Elitnaya”
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Mapping of agricultural crop species in the
study areas was carried out using geoinforma-
tion technologies based on their classification
(identification) using data analysis obtained
from satellite images. ML models allow for ef-
ficient processing of large volumes of vector
information from space images and contribute
to increased classification accuracy. This opens

Ta6a. 2. O0mas TOYHOCTh KITaCCU(UKAITUHN CEITh-
CKOXO3SIICTBEHHBIX KYIbTYyp Mozeibio XGBoost

Table 2. Overall accuracy of crop classification
by the XGBoost model

Class Culture Accuracy, %
1 Potato 83,5
2 | Soft spring wheat 91,0
3 |Layland 97,5
4 | Soft winter wheat 95,0
5 |Perennial grasses 96,7
6 |Spring rape 88,0
7 |Fallow 92,5
8 [Comn 98,5
9 | Annual grasses 98,0
10 |Barley 98,5
11 | Vetch 96,0
12 |Oat 94,5
13 |Peas 94,5

Weighted average F1-score 96,5

up new opportunities for researchers and agron-
omists, allowing them to identify crop species
and make informed agricultural decisions based
on up-to-date information on their spatial local-
ization.

CONCLUSIONS

1. Evaluation of the ML models using the
weighted average F1-score showed fairly high
performance and accuracy of crop classification
by the XGBoost, KNN, and RF algorithms, with
the exception of the SVM method. The best re-
sults on all data sets in both years of research
were demonstrated by the XGBoost model with
a classification accuracy of 94 to 97% at a scale
of 30 m/pixel and 80-90% at a scale of 90 m/
pixel. The KNN model demonstrated approxi-
mately the same classification accuracy as the
XGBoost model. A slightly lower classification
accuracy was observed when implementing the
RF model — 93-96% at a scale of 30 m/pixel
and 80-88% at a scale of 90 m/pixel. The low-
est classification accuracy rates were obtained
when implementing the deep-FNN model,
which varied within 78-92% at a scale of 30
m/pixel, and within 56-79% at a scale of 90 m/
pixel.

2. The accuracy of crop classification on
similar datasets was 8—12% lower at 90 m/pixel
than at 30 m/pixel. This highlights the signif-
icant impact of scale on crop recognition ac-
curacy. Also, training all models on combined
Sentinel-2 and Landsat 8-9 data at 30 m/pixel
showed higher F1-score values than on individ-
ual data from each of these satellites.

3. The analysis of the model accuracy as-
sessment by two metrics (F1-score and ROC-
AUC-score) showed that the most productive
and accurate at different scale values for both
years of research and for both land use objects
was the extreme gradient boosting method
(XGBoost), slightly inferior to it in accuracy
were the k-nearest neighbors (KNN) and ran-
dom forest (RF) methods. The lowest accuracy
rates were shown by the support vector machine
(SVM). The combined data from Sentinel-2 and
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Fig. 2. Maps of classification of agricultural crops of the EEP "Praktik" and ES "Elitnaya"

Landsat 8-9 satellites at a scale of 30 m/pixel
had a greater informative capacity for training
models.

4. The highest overall accuracy (average for
2022, 2023) for land use objects was obtained
for corn, barley, annual grasses, as well as for
perennial grasses and layland when classifying
the combined Sentinel-2 and Landsat §8-9 data
at a resolution of 30 m/pixel using the XGBoost
model. The recognition accuracy of the above
crops was 0.2-2.0% higher than the weighted
average Fl-score. For oats, peas, soft winter
wheat and vetch, the overall classification ac-
curacy was 0.5-2.0% lower than the weighted
average Fl-score. The lowest overall accuracy
was obtained when classifying potatoes, spring
rape, soft spring wheat and fallow.

5. The use of remote sensing and ML allows
the creation of crop placement maps in land
use space, thereby reducing the labor costs of
field geolocation and the creation of digital on-

line statistics of cultivated crops. These maps
can also be used to monitor crops and forecast
yields.
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Cuiia pocra Kak BaxHbIi GaKTOP KU3HECIIOCOOHOCTH CeMSH COH

Haooiiuenko K.B., <) Myxamerxanosa C.C.

Bcepoccuiickutl nayuno-ucciedo8amenbCKull UHCMUmym opouaemozo 3emiedenus — puiuan
Dedepanvroco HayuHo2o yeumpa cuopomexruku u meauopayuu um. A.H. Kocmsaxosa
Bounrorpan, Poccus

(<)e-mail: muha2014damir@mail.ru

Bricokast >KU3HECTIOCOOHOCTD CEMSIH MTPEACTaBIISIET cOO0W OAHO M3 BAXKHEHILINX YCIOBHH MOTy4e-
HUS OOTaThIX YPOXKacB PasIMUHbIX CEIbCKOXO3SHCTBEHHBIX KYIbTYp. [IpH 9TOM cuita pocta siBiseTcs
3HAUUMBIM (DAKTOPOM JKU3HECTIOCOOHOCTH CEMsIH, OKa3bIBaeT BIUSHHE HA YPOXKAHHOCTD, TO3BOJISET
IIPOTHO3UPOBATH KAYECTBO YPOXKas, TEM CaMbIM CHI)Kasl 3aTpaThl HA MUHEPAJbHBIE YIOOPEHUS U TIpe-
apaTbl-OMOCTUMYJISITOPEL. B cTarhe mpuBeneHb! pe3ynbTaThl HCHBITAHUN YETBIPEX COPTOB COU Ce-
JeKIuM Beepoccuiickoro Hay4HO-HCCIIe0BaTeIbCKOI0 HHCTUTYTA OPOLIAEMOI0 3€MIIEAEIIHNS: HOBOTO
nepcnektuBHoro copra BHNUMO3 4, a Takxke paiionnposanHbix coptoB BHHMO3 86, BHMIMO3 31
u Bonrorpagka 2. Llens ucciaenoBaHus 3aKiirodanach B CPaBHUTEIBHOM OLIEHKE KU3HECTOCOOHOCTH
CeMSH MEePCIEeKTUBHOTO U PaliOHMPOBAHHBIX COPTOB COM Ha OCHOBE M3yYEHUS TOKa3aTesel CHIIbI po-
cTa ceMsH (OTHOIICHHE YHMCIa MPOOHMBIINXCA POCTKOB K YUCITY BBICESTHHBIX BCXOXKHX CEMSH; Mac-
ca Ha/J3eMHOM M KOpHEBOI vacTell pacrenuii B mepecyete Ha 100 pocTKOB). 3aKiIagKy OMBITa U TI0-
CJICAYIOIIUI yUeT Pe3yJbTaToB NPOBOAMIN B JaOOPATOPHBIX YCIOBHSAX IO YTBEPKACHHOH METOIHUKE
OTIPENIEIICHHS CHJIBI POCTa CEMSH. YCTaHOBIICHO, YTO 3a TOJbI PpOBeNeHus ucnbitanuii (2021-2023)
HanOombIIeH cuioid pocta obnananu cemena copra BHUMO3 4. Cpean u3ydaeMbIX COPTOB y AaH-
HOTO copTa 3adMKCHpOBaHa HaMOOJNbIIasl BEIMYMHA 3€JICHOW MacChl M MacChl KOPHEBOW YacTH pac-
teruit (109,6 u 47,9 T coorBercTBeHHO). HOBBIII COPT MOKa3anm MaKCUMAaJbHBIA CPEIHUIN MPOIEHT
HOPMAaJIBHBIX POCTKOB, BBIMIEANINX Ha TTOBEPXHOCTH (92,7%), OMHOBPEMEHHO ¢ MUHUMAIILHOW JIOJIeH
Henpopocumx cemsiH (1,3%) u poctkos ¢ npuzHakamu Oomne3nu (0,7%). Takxke 0OTMEUEHO OTCYTCTBHUE
Hernpopocuux ceMsH B 2022 u 2023 rr.

KiiroueBble ciioBa: cosi, celeKuus, COpT, CUIIa pOCTa, JKU3HECTIOCOOHOCTD CEMSH

The power of growth as an important factor in the viability of soybean seeds

Naboychenko K.V., &) Mukhametkhanova S.S.

All-Russian Research Institute of Irrigated Agriculture — Branch of the Federal Scientific Center
of Hydraulic Engineering and Land Reclamation named after A.N. Kostyakov

Volgograd, Russia

(<) e-mail: muha2014damir@mail.ru

High seed viability is one of the most important conditions for obtaining high yields of soybeans.
At the same time, vigor is a significant factor of seed viability; it influences yield, allows predicting the
quality of yield, thereby reducing the cost of mineral fertilizers and biostimulant preparations. The ar-
ticle presents the results of the tests of four varieties of soybean breeding of the All-Russian Research
Institute of Irrigated Agriculture: a new promising variety VNIIOZ 4, as well as the released varieties
VNIIOZ 86, VNIIOZ 31 and Volgogradka 2. The purpose of the study was to comparatively assess the
viability of seeds of the promising and released soybean varieties on the basis of studying the indica-
tors of seed vigor (the ratio of the number of germinated sprouts to the number of sown germinated
seeds; the mass of the aboveground and root parts of plants in terms of 100 sprouts). Experimental de-
sign and subsequent recording of the results were carried out in laboratory conditions according to the
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in the viability of soybean seeds

Naboychenko K.V., Mukhametkhanova S.S.

approved methodology for determining the seed vigor. It was found that during the test years (2021—

2023) the seeds of the variety VNIIOZ 4 had the highest growth vigor. Among the studied varieties,

this variety recorded the highest value of green mass and root mass of the plants (109.6 and 47.9 g,

respectively). The new variety showed maximum average percentage of normal shoots emerged on the

surface (92.7%), along with minimum percentage of ungerminated seeds (1.3%) and shoots showing

signs of disease (0.7%). The absence of ungerminated seeds was also observed in 2022 and 2023.
Keywords: soybean, selection, variety, growth vigor, seed viability

Jost mutupoBanusi: Haboiiuenko K.B., Myxamemxanosa C.C. Cuia pocTa Kak BaKHBII (aKTOp KM3HECIIOCOOHOCTH CEMSH
cou // CubHUpCKUil BECTHHUK CelbcKoxXo3siicTBeHHoW Hayku. 2025. T. 55. Ne 3. C. 19-24. https://doi.org/10.26898/0370-8799-

2025-3-2

For citation: Naboychenko K.V., Mukhametkhanova S.S. The power of growth as an important factor in the viability of soybean
seeds. Sibirskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricultural Science, 2025, vol. 55, no. 3, pp. 19-24.

https://doi.org/10.26898/0370-8799-2025-3-2

Kondguukr nurepecon

ABTOpBI 3a5IBJISAIOT 00 OTCYTCTBHU KOH(IMKTa HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

Buarogaphocts

HccnenoBanue mpoBeneHO B pamMkax rocynapctBeHHoro 3aaanus Ne FNFR-2022-0007 «Co3nanne yCTOHUMBBIX K YCIOBHSAM
apuIN3aliK KJIUMaTa TeHETHYECKHX PECYPCOB CEIbCKOXO3SIMCTBEHHBIX KYIbTYp (COHM, KyKypy3bl), OONajaroliuX Ba)KHBIMHU
XO3SIMCTBEHHO IIEHHBIMU MPU3HAKaMU M OT3BIBYMBBIX Ha OPOLIEHHE, IJISI MOJydeHHs: Oe30IacHbIX U KaueCTBCHHBIX, B TOM UHCIIE

(DYHKIMOHATBHBIX, TPOAYKTOB TUTAHUS».
Acknowledgements

The research was carried out within the framework of the state assignment No. FNFR-2022-0007 "Creation of genetic resources
of agricultural crops (soybean, corn) resistant to climate aridization conditions, possessing important economically valuable traits
and responsive to irrigation, for obtaining safe and high-quality, including functional, food products".

INTRODUCTION

Increasing the status of soybeans as the most
important agricultural crop, which serves as the
main raw material for food industry enterprises,
is one of the priority directions of agricultural
production and contributes to solving the prob-
lem of food security on the scale of not only a
specific region, but also the country as a whole
[1-5]. The increase in production of such a crop
as soybean, which is responsive to growing con-
ditions, must necessarily be accompanied by ap-
propriate scientific support, primarily in the field
of'selection and seed production [6—8]. The guar-
antee of obtaining stable yields of high-quality
products along with the use of highly adaptive
varieties is the use of high-quality seed material
[9, 10].

High seed viability is one of the most import-
ant conditions for obtaining rich harvests of any
agricultural crop, including soybeans. Factors
influencing viability (field and laboratory ger-

mination, growth energy) have been studied in
sufficient detail' [11, 12]. At the same time, such
an indicator as germinative power, which rep-
resents the ability of seeds to break through to
the surface of the soil (or other substrate) and is
a complex indicator of their biological proper-
ties, has undeservedly fallen by the wayside.
This indicator is of great importance, as it
determines the ability of seeds to form healthy
plants, affects crop yields, allows predicting the
quality of the crop, reducing the costs of mineral
fertilizers and biostimulant preparations [13, 14].
The purpose of the study is a comparative as-
sessment of the viability of seeds of the promis-
ing and released soybean varieties bred by the
All-Russian Research Institute of Irrigated Agri-
culture (VNIIOZ) based on a study of germina-
tive power rate indicators (the ratio of the num-
ber of germinated sprouts to the number of sown
germinated seeds; the mass of the aboveground
and root parts of the plants per 100 sprouts).

"Mysak E.V., Selikhova O.A., Tikhonchuk P.V. Influence of photoperiod on sowing qualities of seeds and main elements of
soybean productivity // Achievements of science and technology of AIC, 2014, N 6, pp. 51-53.
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MATERIAL AND METHODS

The experiment was conducted by VNIIOZ
employees in 2021-2023. The objects of the
study were zoned varieties VNIIOZ 86, VNIIOZ
31, Volgogradka 2 and a new promising variety
VNIIOZ 4. The experiment was laid out and the
results were recorded in laboratory conditions
according to the method for determining the ger-
minative power?.

The number of seeds sown — 50 pcs. The ex-
periment was repeated three times. The seeds
were sown at a depth of 0.1 m in glass vessels
with sand moistened to 60% of the total moisture
capacity and covered with a 7 cm layer of air-dry
sand with a grain size of 1.0-2.5 mm. Germina-
tion was carried out in the light at a temperature
of 16-18 °C. The germinative power was deter-
mined on the 10th day. On the day of the count,
the shoots that emerged on the surface were cut
flush with the sand surface, then counted and
weighed. Separate records were kept of germi-
nated, ungerminated, swollen and rotten seeds of
each of the studied varieties.

RESULTS AND DISCUSSION

As part of the study, the following main indi-
cators of the germinative power were taken into
account: the number of germinated sprouts as
a percentage of the sown germinated seeds, as
well as the mass of the aboveground and root
parts of the plants per 100 sprouts.

According to the obtained results, among the
four varieties, the maximum average value of
green mass and root system mass was record-

ed for the promising variety VNIIOZ 4 (109.6
and 47.9 g, respectively). At the same time, the
highest indicators for this variety were noted in
2023 — 131.6 and 66.2 g, respectively (see Ta-
ble 1).

The number of normal sprouts in the VNIIOZ
86 variety was maximum in 2023 (90%), mini-
mum — in 2021 (78%). On average, during the
study, the share of the sprouts that did not break
through to the surface was 11.3%, undergermi-
nated seeds — 3.3%. No sprouts with signs of dis-
ease or curved were noted (see Table 2).

In the VNIIOZ 31 variety, the highest number
of normal sprouts was recorded in 2022 (88%),
the lowest — in 2021 (84%). The share of un-
dergerminated seeds ranged from 4 (2022 and
2023) to 10% (2021). The average percentage of
sprouts that did not emerge on the surface was
8%. No sprouts with signs of disease or curved
ones were found (see Table 2).

The Volgogradka 2 variety had the highest
number of normal sprouts in 2023 (90%) and
the lowest in 2021 (80%). The share of under-
germinated seeds averaged 4% over three years.
The average percentage of sprouts with signs of
disease and curved sprouts was 0.7%, and those
that did not break through to the surface were
9.3% (see Table 2).

The new promising variety VNIIOZ 4 had
the highest number of normal sprouts in 2023
(96%), the lowest in 2021 (90%). The average
percentage of the sprouts that did not emerge on
the surface was 5.3%, the sprouts with signs of
disease and curved — 0.7%. The share of under-
germinated seeds averaged 1.3% (see Table 2).

Ta6a. 1. Macca Hag3eMHON 1 KOPHEBOH HacTell pacTenmii B mepecdyere Ha 100 pocTKOB, T

Table 1. Weight of the above-ground and root parts of plants per 100 sprouts, g

Herbage Root weight
Variety 2021 2022 2023 Average for 3 2021 2022 2023 Average for 3
years years
VNIIOZ 4 103,2 94,0 131,6 109,6 41,4 36,2 66,2 47,9
VNIIOZ 86 95,6 59,8 93,0 82,8 45,6 442 41,8 43,9
VNIIOZ 31 82,0 101,0 86,4 89,8 42,8 47,6 46,8 45,7
Volgogradka 2 87,4 107,0 113,8 102,7 34,0 47,6 50,8 44,1

2GOST 12040-66. Seeds of agricultural crops. Method for determining growth strength // Seeds and planting material of
agricultural crops: collection of standards. Moscow: Publishing House of Standards, 1973, 408 p.

PactreHneBoncTBO M ceneKIus

CubupcKuii BECTHHK CENbCKOXO3SHCTBEHHON HayKH * 2025 ¢ 55 ¢ 3

21



The power of growth as an important factor
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Tao6a. 2. Ilokazarenu cuibl pocTa CeMsIH H3y4aeMbIX COPTOB, IIT./%

Table 2. Indicators of seed growth vigor of the studied varieties, pcs./%

Sprouts
Variety . with signs of disease | Not germinated seeds
normal not germinated and crooked
2021
VNIIOZ 4 45/90 2/4 1/2 2/4
VNIIOZ 86 39/78 7/14 0/0 4/8
VNIIOZ 31 42/84 3/6 0/0 5/10
Volgogradka 2 40/80 8/16 0/0 2/4
2022
VNIIOZ 4 46/92 4/8 0/0 0/0
VNIIOZ 86 44/88 6/12 0/0 0/0
VNIIOZ 31 44/88 4/8 0/0 2/4
Volgogradka 2 44/88 2/4 0/0 2/8
2023
VNIIOZ 4 48/96 2/4 0/0 0/0
VNIIOZ 86 45/90 4/8 0/0 12
VNIIOZ 31 43/86 5/10 0/0 2/4
Volgogradka 2 45/90 4/8 172 0/0
Average for 3 years
VNIIOZ 4 44,0/92,7 2,3/5,3 0,3/0,7 0,7/1,3
VNIIOZ 86 42,6/85,3 2,8/11,3 0/0 0,8/3,3
VNIIOZ 31 43,0/86,0 4,0/8,0 0/0 3,0/6,0
Volgogradka 2 43,0/86,0 2,3/9.3 0,3/0,7 1,3/4,0
CONCLUSION CKOTO TOCYIapCTBEHHOTO arpapHOTO YHUBEPCH-

Thus, it was established that over the years
of the experiment, the seeds of the new promis-
ing variety VNIIOZ 4 had the greatest germina-
tive power. With an average number of normal
sprouts of 92.7%, there were no undergerminat-
ed seeds in 2022 and 2023 (an average of 1.3%
over three years) and a minimum proportion of
the sprouts with signs of disease (0.7%). In addi-
tion, this variety was distinguished by maximum
indicators of green mass (131.6 g) and root mass
(66.2 g). Based on the results of the study, the
VNIIOZ 4 variety was sent to undergo the state
variety testing procedure.
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MosekyasipHo-reHeTu4ecKuid noaumoppusm Glycine soja Sieb. & Zucc.

N3 MOnmyJsaiumn I[aJIbHeBOCTO‘IHOFO peruoHa

(<) JlaBpentheBa C.U.', bonaapenko O.H.!, UBanmii A.A.', baimHoBa A.A.!,

HNBauenko JLE.!, Toaoxsact K.C.?

l\@edepanvhoiii nayunviii yenmp «Bcepoccutickuil nayuHo-ucciedo8amenbCKuil UHCIMumym couy
baarosemnienck, Poccust

*Cubupcruil pedepanvhulil Hayunwlll yenmp azpobuomexnonoeuti Poccuiickoil akademuu Hayk
Hosocubupckast o6macts, p.im. KpacHooOck, Poccus

(<X)e-mail: lana.lavrenteva.1984@mail.ru

Glycine soja Sieb. & Zucc. siBIseTCSs PEAKOM KYJIBTYPHOU COM U UMEET 00JIe€ IMPOKYIO ICHETH-
YECKYI0 N3MEHYHBOCTh 110 MHOTMM XO3SIHICTBEHHO LIEHHBIM MIPU3HAKaM, B TOM YHCIIE TIO COIEP KaHUIO
Oenka. B HacTosmee BpeMst HarOoJsiee MOy pHBIM HHCTPYMEHTOM TeHETHYECKOTO aHaTN3a MPUHSTO
CUMTATh MOJIEKYJISIPHBIE MapKephl, KOTOPbIE aKTUBHO MCTIOIB3YIOTCS B U3yUYEHUH TeHETHYECKOTO pa3-
HooOpaswus. Lenn uccnenosanus — nuddepennmanyst GopM IUKoM cou U3 Koswieknn denepaabHOTo
HAy4HOro LieHTpa «BcepoccuiicKuil HayuyHO-UCCIEN0BATEIbCKUN HHCTUTYT COM», a TAKKE COCTaB-
JieHne Ha ocHoBe SSR-aHanm3a MOJIEKYISIpHO-TeHETHUECKUX (HOpMYI, HEOOXOIMMBIX JUIS AalbHEH-
el ceneKInoHHOU paboTel. OOBEKTOM HCCIIe0BAaHHS TTOCTYKIIH 47 GopM TUKOM COM M3 pa3HBIX
paiioHoB AMmypckoit obiacti U 4 (opmbl n3 Onmmkaimx apeanos (Xadaposckuit u [Ipumopckuit
kpasi, Kutait). [yig u3y4eHus MOJIEKY/ISIPHO-TCHETUIECKOTO MONMUMOp(U3Ma IIPOBEICH CTaHapTHBIN
[TI[P-ananu3 Ha TOTOBOH peakIMOHHOW cMmecHu ¢ ucmonb3oBanueM 20 map SSR-mpaiimepos. Brep-
BbIC Ha OCHOBE OIIEHKH crerneHu nmonumopdusma JJHK nukoit con mo MUKpocaTeuiiTaM CoCTaBICHBI
reHeTu4ecKkue (hOpMyIbl UCCIEAYEMBIX KOJUIEKIIMOHHBIX TeHOTHUIIOB, IIOCTPOEHA JeHIporpaMma Jis
BBISIBJIGHUS] MX T€HETUYECKOTO pa3HO00pa3ns, YCTaHOBJIEHA CTENeHb T€HETHUYECKOro pojacTBa. Mak-
CHUMAaJIbHOE KOJIMYECTBO YHUKAIBHBIX ajutesieil (1o AeBsITh) 0OHApYyKeHO y (GopM AMKOM COH, IPOU3-
pacraromux B biarosemenckom paitone Amypckoit oomactu (Kbn-91) u Xa6aposckom kpae (Xao6-1).
HesHaunTenbHBIM TEHETHYESCKUM Pa3HOOOpa3ueM OTIMYaUCh 00pasibl U3 ApXapuHCKOTO paioHa,
B KOTOPBIX OTMEUEHO He 0ojiee TpexX YHUKAIBHBIX ayjienei A kaxaoil popmsl. Tak Kak B cesekuu-
OHHBIX MPOTpaMMax PEKOMEH/YETCsl UCIONb30BaTh (POPMBI JMKOW COM ¢ HAMOONBIIMM Pa3HOOOpa-
3MeM YHUKAJIbHBIX ajulesiell, anpoOrupoBaHHas MapKepHas CHCTEMa MOKET OBbITh TPUMEHEHa I TeHe-
THUYECKOTO T epeHIIpOoBaHUS POPM JTUKOH COH.

KmoueBsbie cioBa: Glycine soja, reHeTnueckoe pasHoodpasue, JJHK-mMapkepsl, MukpocareuT-
HBbIE JIOKYCBhI, SSR-aHanmm3, MOJIeKyIsIpHO-TEeHETUIECKHE (POPMYJTBI

Molecular genetic polymorphism of Glycine soja Sieb. & Zucc.
from the population of the Far East region

(<) Lavrent’yeva S.L.!, Bondarenko O.N.!, Ivaniy A.A.', Blinova A.A.',

Ivachenko L.E.!, Golokhvast K.S.?

'Federal Research Center "All-Russian Scientific Research Institute of Soybean"
Blagoveshchensk, Russia

2Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia

(<X)e-mail: lana.lavrenteva.1984@mail.ru

Glycine soja Sieb. & Zucc. is the ancestor of cultivated soybean and has a wider genetic variability

in many economically valuable traits, including protein content. Currently, the most popular tool of
genetic analysis is considered to be molecular markers, which are actively used in the study of genetic
diversity. The objectives of the study are differentiation of wild soybean forms from the collection of
the Federal Research Center "All-Russian Scientific Research Institute of Soybean", as well as compi-
lation of molecular-genetic formulas necessary for further breeding work on the basis of SSR-analysis.
The object of the study were 47 forms of wild soybean from different districts of the Amur region and
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Molecular genetic polymorphism of Glycine soja Sieb. & Zucc.
from the population of the Far East region

Lavrent’yeva S.1., Bondarenko O.N., Ivaniy A.A., Blinova A.A.,
Ivachenko L.E., Golokhvast K.S.

4 forms from the nearest habitats (Khabarovsk and Primorsky Territories, China). A standard PCR
analysis was performed on the finished reaction mixture using 20 pairs of SSR primers. For the first
time, based on the assessment of the degree of polymorphism of wild soybean DNA by microsatellites,
genetic formulas of the studied collection genotypes were compiled, a dendrogram was constructed
to identify their genetic diversity and the degree of genetic kinship was established. The maximum
number (9 each) of unique alleles was detected among the G. soja forms of the Blagoveshchensk re-
gion (KBI-91) and Khabarovsk region (Hub-1). The samples from the Arkharinsky district were cha-
racterized by insignificant genetic diversity, in which no more than three unique alleles for each form
were noted. As it is recommended to use forms of G. soja with the greatest variety of unique alleles
in breeding programs, the marker system tested in the work can be used for the genetic differentiation
of G. soja.

Keywords: Glycine soja, genetic diversity, DNA markers, microsatellite loci, SSR-analysis, mo-
lecular genetic formulas
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INTRODUCTION be especially distinguished, which, compared to
G. max, has an abundance of alleles and can be
used to improve varieties. G. soja is able to hy-
bridize with cultivated soybeans due to the ab-
sence of a selection barrier between them, which

allows it to be used to increase genetic diversity

Genetic diversity is the most important condi-
tion for increasing the yield. At various periods,
cultivated soybean (Glycine max (L.) Merr.) has
undergone significant genetic changes, includ-

ing the introduction of local varieties to other
regions of the country and the world. Active use
of selective breeding has led to a decrease in ge-
netic diversity, causing a number of problems in
the cultivation of this crop [1]. At the same time,
wild relatives of soybeans, on the contrary, have
arelatively high level of genetic diversity. In this
regard, among the wild forms of soybeans, Us-
suri soybean (Glycine soja Sieb. & Zucc.) can

and expand the gene pool'.

Analysis of literature sources showed that
wild soybeans are phylogenetically diversified
and adapted to different habitats, have good re-
sistance to biotic and abiotic stresses (low tem-
perature, dehydration, salt stress, high levels
of phenylpropanoids and isoflavones)® [2, 3].
Therefore, G. soja can be a source of genes for
increasing the resistance of G. max® [1, 3]. Hy-

'Chung G., Singh R.J. Broadening the genetic base of soybean: a multidisciplinary approach // Critical Reviews in Plant Scien-

ces, 2008, vol. 27, N 5, pp. 295-341.

2Robison J., Arora N., Yamasaki Yu., Saito M., Boone J., Blacklock B., Randall S. Glycine max and Glycine soja are capable of
cold acclimation // Journal of Agronomy and Crop Science, 2017, vol. 203, N 6, pp. 553-561.

3Li Y.H., Li W.,, Zhang Ch., Yang L., Chang R.-Zh., Gaut B., Qiu L.-J. Genetic diversity in domesticated soybean (Glycine max)
and its wild progenitor (Glycine soja) for simple sequence repeat and single-nucleotide polymorphism loci // New Phytologist, 2010,

vol. 188, N 1, pp. 242-253.
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bridization of G. max and G. soja contributes
to the creation of new cultivars with increased
stress resistance [4].

Collection of various genetic resources and
selection of valuable traits through botanical
classification, external morphological character-
istics and genetic evaluation are of great impor-
tance*. At this stage, molecular markers are con-
sidered the most popular tool for genetic analy-
sis [5], especially SSR markers [6, 7]. They are
not subject to environmental influences and are
not limited in quantity, can be effectively used
in the management of genetic resources, for the
analysis of the diversity of quantitative traits,
and for improving selection tools [8]. The use of
SSR analysis to study wild soybeans will allow
for genetic monitoring of these forms and will
contribute to the preservation of genetic material
in gene banks [9].

There are currently global gene banks that
work to conserve wild soybean germplasm.
For example, China has the largest collection
of wild soybean germplasm in Southeast Asia,
numbering 6,172 samples. The Chung G. col-
lection (South Korea) contains 6,012 samples.
The gene bank of the National Institute of Agri-
cultural Sciences in Japan contains 1,131 sam-
ples [10, 11].

The Amur Region is home to the northern
distribution area of wild soybeans, the genetic
potential of which has been poorly studied. In
this regard, the objectives of our study were to
differentiate the forms of wild soybeans from
the collection of the Federal Research Center
"All-Russian Scientific Research Institute of
Soybean" (FRC ARSRIS), as well as to com-
pile molecular genetic formulas based on SSR
analysis, which are necessary for further breed-
ing work.

MATERIAL AND METHODS

The object of the study was 51 forms of wild
soybean from the collection of the Federal Re-
search Center "All-Russian Scientific Research
Institute of Soybean". The forms were selected
in six districts of the Amur Region (Arkharin-

sky - KA, Belogorsky - KBel, Blagoveshchen-
sky - KBI, Zeisky - KZ, Mikhailovsky - KM,
Tambovsky - KT), in Primorsky (No. 5683) and
Khabarovsk Territories (Khab-1), as well as in
the territory of the People's Republic of China
(No. 5673, 5674) (see Fig. 1). In 2023, collec-
tion samples were grown on the basis of the se-
lected forms in the experimental field of the Fed-
eral Research Center "All-Russian Scientific Re-
search Institute of Soybean" (Sadovoye village,
Tambovsky District, Amur Region) (see Fig. 2).

Ten seeds were selected from each sample for
molecular genetic analysis. Total DNA was ex-
tracted using the DNA-Extran reagent kit (RPC
“Sintol”, Russia) from pre-prepared soybean
seeds (0.05 g). The concentration and quality of
double-stranded DNA were measured using an
EzDrop 1000 nano-spectrophotometer (Blue-
Ray Biotech, Taiwan). The isolated DNA was
diluted to 100 ng/ul.

PCR analysis was performed in triplicate
using the above SSR primers for which the an-
nealing temperatures were optimized. The final
reaction volume was 25 pl and consisted of:

a) 12.5 pl of the ready-to-use reaction mixture
"BioMaster HS-Tagq PCR-Color (2x)" (OOO
"Biolabmix", Russia), containing 100 mM Tris-
HCI with pH = 8.5 (at 25 °C), 100 mM KCI,
0.4 mM of each deoxynucleoside triphosphate,
4 mM MgCl2, 0.06 units of activity/ul Taqg DNA
polymerase, 0.2% Tween-20, HS-Taq DNA
polymerase stabilizers and dyes;

0) 10 ng of the extracted DNA sample;

B) 10 pM of forward and reverse primers;

r) 9.5 pl sterile water.

Amplification of the isolated soybean DNA
fragments was carried out using a Real-time
CFX96 amplifier (Bio-Rad Laboratories Inc.,
USA) in the following temperature-time regime:
initial denaturation at 95 °C for 5 min; then 35
amplification cycles, including denaturation at
95 °C for 10 s, primer annealing at 49-60 °C
(depending on the primer) for 30 s, elongation
at 72 °C for 50 s; final elongation at 72 °C for
12 min.

*Zhou Zh., Jiang Y., Wang Zh., Gou Zh., Lyu J., Li W. Resequencing 302 wild and cultivated accessions identifies genes related
to domestication and improvement in soybean // Nature Biotechnology, 2015, vol. 33, N 4, pp. 408-414.
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The reaction products were separated by
electrophoresis in 2% agarose gel stained with
ethidium bromide and in 0.5% TBE buffer using
a SE-1 horizontal electrophoresis chamber (He-
likon, Russia) for 2 h at a current of 50 mA and
a voltage of 85 V. Visualization was performed
by irradiating the gel with ultraviolet light using
the Gel Doc EZ gel-documenting system (Bio-
Rad Laboratories Inc., USA). Identification and
determination of the sizes of alleles of micro-
satellite loci were performed using the Image
Lab Version 6.0.14 Standard Edition program.
The size of the fragments was determined rela-
tive to the molecular weight marker 50bp DNA
Ladder (ZAO Evrogen, Russia). The identified
alleles for each locus were designated by the
numbers corresponding to the approximate
molecular weight (bp). The absence of an am-
plified fragment on the electrophoregram was
designated as "0".

RESULTS AND DISCUSSION

Previous studies have shown that 20 pairs of
primers flanking the Satt236 and Satt590 loci
did not hybridize with the matrix DNA, while
the rest were monomorphic. The results of the
bioinformatics search for associations indicated
that not all loci from the 20 markers can be used
for genotyping certain qualities that are linked
to adjacent regions (QTLs) associated with the
necessary traits, such as vegetation period, seed
weight, protein and oil content in seeds [12].
Thus, only 12 SSR loci were fully suitable for
further genotyping (see Table 1).

One measure of genetic diversity is the num-
ber of alleles in a population. The number of al-
leles is easy to measure, but its disadvantage is
that it depends on the size of the sample used to
estimate diversity. On the one hand, the great-
er the number of alleles in a population and the
more evenly they are distributed, the more vari-
able the genetic potential of the population is.
On the other hand, the greater the number of
alleles in SSR loci, the more informative they
are for characterizing the population®. The total
number of alleles identified in a series of analy-

ses was 128 for 12 SSR loci, with 5 to 16 alleles
identified for each locus (see Table 1). The aver-
age number of alleles per locus was 10.67.

Considering that the level of polymorphism
is essentially an indicator of alleles effectively
operating in the population (ne), this value cor-
relates with the number of alleles identified in
each of the studied loci (i.e. the more alleles
identified, the higher the level of polymor-
phism). The average indicator of the level of
polymorphism was 7.04 units.

In addition, the value of the informative val-
ue of the markers used (PIC) was calculated.
The higher the PIC value for a given locus, the
more informative it is as a marker. The follow-
ing division was adopted depending on the PIC
value: PIC > 0.5 - the locus is very informative;
0.5 > PIC > 0.25 - quite informative; PIC <0.25
- little informative. This indicator characterizes
the discriminatory power of the locus not only
by the number of alleles detected, but also by

Taoa. 1. Xapakrepuctuka UccienyeMbIX MUKPO-
CaTeJUTNTHBIX JIOKYCOB

Table 1. Characteristics of the investigated
microsatellite loci

Num- The mag-
Molecular ber of Effective nitude of
Locus cicht. b alleles number of | information
Welght, b-p. alleles (n)) | polymor-
(n,) phism (PIC)
Satt470 | 222...255 3,58 0,72
Satt556 173...200 6 3,48 0,71
Satt281 163...200 9 5,62 0,82
Sart005 | 215...280 13 10,04 0,90
Satt002 115...166 10 5,48 0,82
Satt517 188...256 10 7,13 0,86
Satt442 | 200...325 14 10,79 0,91
Satt431 150...220 15 8,31 0,88
Satt588 103...134 6 3,42 0,71
Satt373 | 212...330 9 6,49 0,85
Sattl73 | 240...326 16 10,53 0,91
Satt234 | 217...310 15 9,67 0,90
Average | 103...330 | 10,67 7,04 0,83

SBackeljau T., De Bruyn L., De Wolfe H., Jordaens K., Van Dongen S., Winnepennincks B. Multiple UPGMA and neighbor-joi-
ning trees and the performance of some computer packages // Molecular Biology and Evolution, 1996, vol. 13, N 2, pp. 309-313.
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the relative frequencies of their occurrence. The
PIC value approaches one if the locus has many
alleles with approximately equal frequencies of
occurrence, and is zero if the locus is monomor-
phic [6]. In our studies, we found that all the
studied SSR loci had PIC > 0.5, which indicates
their high information content as molecular ge-
netic markers for assessing the degree of genet-
ic relationship. The average PIC value for the
studied forms of wild soybean was 0.83. In this
case, the studied set of genotypes had a sufficient
sample, which affected the polymorphism of mi-
crosatellite loci. As a result, high average values
of the informative value of the markers used and
their level of polymorphism were revealed.

The discriminatory capabilities of the pre-
sented marker system were assessed for wild
soybean forms. As a result of amplification, in-
tervarietal polymorphic patterns of DNA frag-
ment distribution were obtained for all loci.
Unique sets of alleles with differences in more
than two loci were obtained for each of the 51
forms. Molecular genetic passports, or so-called
genetic formulas of genotypes, were compiled
for each variety based on the identified set of al-
leles of microsatellite loci (see Table 2).

To study the genetic diversity of wild soy-
beans from the collection of the Federal Re-
search Center "All-Russian Scientific Research
Institute of Soybean", unique alleles were identi-
fied for each growing region. For wild soybeans
from the Zeisky District, most unique alleles
were identified for the KZ-578 form (A234,
D230, H198, L310); from the Tambov region —
for the KT-158 form (A247, D280, F200, G293,
H200, L270); from the Belogorsky district — for
the KBel 84 (A234, B185, C188, G315, J267)
and KBel-30 forms (C200, E120, H175, K331,
L304); from the Mikhailovsky district — for the
KM-6367 form (C181, F188, G205, H180); from
the Arkharinsky district — for the KA-438 form
(E150, 1110, K300); from the Blagoveshchen-
sky district — for the KBI-91 form (A234, C200,
D244, F250, G275, H175, 1110, J272, K250).
The form of wild soybean from the Khabarovsk
Territory is worth noting, in which nine unique
alleles were identified (B173, C188, D222,
E145, F235, G275, 1130, J304, L240). In addi-
tion, six unique alleles were identified for wild

soybean forms from China: Ne 5673 — A247,
C163, D250, E127, G250, H205; Ne 5674 —
A255,B190, C168, D244, G290, L250.

Genetic distance is a measure of genetic di-
vergence between species, subspecies or po-
pulations of the same species. The smaller it is,
the greater the genetic similarity. The value of
genetic distance can vary from 0 (there are no
common alleles between populations) to 1 (al-
lele frequencies in the population are the same).
In this case, the genetic distance varies from 1
to 0. If the genetic distance between two popu-
lations is 1, then all genes of these populations
have alleles that belong to only one of them.
Such a distance corresponds to the completion
of the gradual divergence of the population of
the original species and the final separation of
the new species.

We assessed the degree of genetic relation-
ship of the studied soybean genotypes and sta-
tistically processed the obtained results using
the POPGENE software package. Based on the
analysis of the binary matrix, the genetic iden-
tity (GI) and genetic distance (GD) of the stu-
died varieties and wild forms of soybeans were
calculated. To visualize the detected genetic
distances, a dendrogram was constructed using
the unweighted pairwise group method analysis
(UPGMA) (see Fig. 3).

Analysis of the obtained hierarchical dendrite
allowed us to identify several main clusters in
the sample of studied wild soybean genotypes,
mainly corresponding to the areas of wild soy-
bean growth. It should be noted that 100% of
the wild soybean forms from the Mikhailovsky
district are found in one cluster, which indicates
their high genetic identity. Note that the maxi-
mum distance was found between the wild soy-
bean forms from the Zeisky and Belogorsky dis-
tricts.

CONCLUSION

For the first time, the analysis of genetic di-
versity and identification of the gene pool of 47
forms of wild soybean from different areas of
the Amur Region and 4 forms from the nearest
areas (Khabarovsk and Primorsky Territories,
China) were carried out using 20 pairs of SSR
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Taoa. 2. MonekynsipHo-reHeTHUecKue (GopMyIibl KOJJIEKIIMOHHBIX TeHOTUIIOB G. $0ja, TIOTyYeHHBIE
C MCII0JIb30BaHHEM MUKPOCATEINIUTHOTO aHaIN3a

Table 2. Molecular genetic formulas of G. soja collection genotypes obtained using microsatellite

analysis
Variety Formula* Variety Formula*
KZ-671 A, B CoioDo B oF55GosoH s 1pd Ko ss g || KM-6361 | A, B, C D, E.F. G H._I J K, L.
KZ -616 ALB1o0CouoPasoEra0F 240Gas0H 0gl et 330Kogs e || KM-6368 | A, B, C D, E F. G H I J K L.
KZ -596 AL B 60 CouoDouiB1ieF 1350050 H sl et 50K Lose || KM-6352 | A, B, C..D, E F, G H I J K, L.
KZ -599 A, 10B10ConoDasoE a0 235Cas0H g0l 30731:K0 e lse || KM-6365 | A, B .C D, E . F, G, H, I J,.K, L
KZ -578 AL B0CouoDasoE 1oF 12050 H 108l 30 K50 Lar || KM-6367 | A, B .C . D, E F G, H. I J K,L.q:
KZ -592 AL 0B00C76D,50E 136F 2350050 H 175l 500 304Ks6 00 || KM-6376 | A, B .C, D, B F G, H oL o Jo0 Kol
KZ -642 ALBooC i DasoE il 240035 H gl 1030520 Kosolago || KM-6360 | A, B . .C .0 D,  EF, G, H I oK lon
KZ -1209 AL B 60CreDon B iFaus ool 000 Koseloge || KM-322 | A B .C D, E F G H_I J K L.
KT-153 ALBCoiDoco B 1ssF s GanoH ool 1620, K5 510y || KA-346 | A, B C D, E F G, H I J K. L.
KT-156 AL BCaiDarsE Lo ase G Haosl 30 Kagolose || KA-353 | A, B 0iCluoDassE 66245000 00l 13092725531 Lo
KT-221 AL B 10CoiDoes B Fas G H sl J50.Koss Lo || KA-360 | AL BoiCliiDyuiEiFs1sGo o H oL od500 K6l
KT-158 AL, B CsDasoE 1ol 2000203 H00 1030 300Konslare || KA-377 | AL B 0iC0uDossE usFaisGoioH sl 500 K6l 1
KT-164 AL B e sClsDossEraoFase 051505l 030520 Ka0olngs || KA-494 1 AL B 00C oDy B LoFousGoooH sl 1039200K5 1501
KT-165 ALB 160C0aDi0sE1io0F25¢Ga s H, o] 09 100Kanslogs || KA-438 | A, B .C D, B F 0G0 H sl 107200K500Logs
KT-166 AL1,C Do Er0F256G515sHa100 1109320851366 KA-455 | A,,.B0sCouiDs1sE 0P 2000015 H 6L 130720053, Laso
KBel-84 AL B eCaeDoe B LoFaisGy s Ho sl oo Kags Loy || KA-444 1AL B e.CoiiD, B LiFa00GaisH kol 039 200K55: Lo
KBel-107 | A,,B 4C e D0 127 F250G50H0s]1030272Ks 5L || KBL-77 | A, B, C oD, E L Fy 0GogsH sl 3950 K0 46 l0n
KBel -50 AL, B 100C a1 Do B ioFaasCnoHogsl 030570 Kanslnss || KBI-9T | A B, .C,. D, E ,F. G, H. I I, K L,
KBel-116 | A, B, C, D, E L FiGaoH ool 0027 Ks 05k || KBI-9O | A B, C .. D, E F0GosoH ol 05950000 1
KBel-113 | A,.B,,,C, D, sE 5 Fo00GoooH sl ohos:Ks0s L300 || KBL-93 | A B3 ,C ., D,s B L F0.GoosH oo 0395005l
KBel -156 | A,B,,C :DyeoBinFr1005sH 0l 110906 K00 ls 1o || KBI-S632 1 A, B C .D,. E F .G, HI oL,
KBel -1275 | A,,.B,3,C, Dy E 1158510055 H 50l 10025:K50s 0310 || KBL-5625 | A, /B 3 C 0 D, B ( F10.GoioH sl 03930K0 a6l
KBel -30 A,,B10iCluoDaerE 120 2100505H 751 107272Ka5 L || KBI-5618 | A, B iC o D, B\ F0.GoioH ool 03930K0 46010
No. 5673 AL, B, CiDyso B oo F 16eGosoHoosl 030500 Kanslnss || KBI-5630| A, B .C D, E F G, H LI, K L,
No.5683 | A, B, C., D, B F G H Lo 0Kos s
No. 5674 AL B 00ClesPouiE 16 166 Ga00Ha00l 1039520 K500 Laso Chab 1 ABCDEFGHIIEKL
2347173 7188222271457 235 02751 12007 130" 304" 309240

*Locus codes: A — Sattd70, B — Satt556, C — Satt281, D — Satt005, E — Satt002, F — Satt517, G — Satt442, H — Sattd31,
11— Sart588, J — Satt373, K — Satt173, L — Satt234. The subscript is the allelic state of the locus (bp).
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K3-1209, pop9 — KT-153, popl10 — KT-156, popl1l — KT-221, pop12 — KT-158, popl13 — KT-164, pop14 — KT-165,
popl5 — KT-166, popl6 — Kben-84, popl7 — Kben-107, popl8 — Kben-50, popl9 — Kben-116, pop20 — Kben-113,
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pop46 — Kbi-5618, pop47 — Kbi-5630, pop48 — Ne 5683, pop49 — Ne 5673, pop50 — Ne 5674, pop51 — Xao-1

Fig. 3. A dendrogram showing the genetic proximity and remoteness of 51 forms of wild soybeans:

popl — KZ-671, pop2 — KZ-616, pop3 — KZ-596, pop4 — KZ-599, pop5 — KZ-578, pop6 — KZ-592, pop7 — KZ-642,
pop8—KZ-1209, pop9 —KT-153, popl0-KT-156, popl1 —KT-221, pop12 —KT-158, pop13 —KT-164, pop14—KT-165,
popl5 — KT-166, popl6 — KBel-84, pop17 — KBel-107, pop18 — KBel-50, pop19 — KBel-116, pop20 — KBel-113,
pop21 — KBel-156, pop22 — KBel-1275, pop23 — KBel-30, pop24 — KM-6361, pop25 — KM-6368, pop26 — KM-6352,
pop27 — KM-6365, pop28 — KM-6367, pop29 — KM-6376, pop30 — KM-6360, pop31 — KM-322, pop32 — KA-346,
pop33 — KA-353, pop34 — KA-360, pop35 — KA-377, pop36 — KA-494, pop37 — KA-438, pop38 — KA-455, pop39 —
KA-444, pop40 — KBI-77, pop41 — KBI-91, pop42 — KBI-90, pop43 — KBI-93, pop44 — KBI-5632, pop45 — KBI-5625,
pop46 — KBI-5618, pop47 — KBI-5630, pop48 — no. 5683, pop49 —no. 5673, pop50 — no. 5674, pop51 — Hub-1
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markers, the degree of DNA polymorphism by
microsatellites was assessed, based on which
genetic formulas of genotypes were compiled
for the purpose of molecular genetic certifica-
tion and differentiation of wild soybean forms.
A dendrogram of genetic similarity was con-
structed based on SSR analysis, the degree of
genetic relationship of the studied forms of wild
soybean from the collection of the Federal Re-
search Center "All-Russian Scientific Research
Institute of Soybean" was established. It was
shown that the maximum number of unique al-
leles (nine each) was identified among the forms
from the Blagoveshchensk District (KBI-91)
and Khabarovsk Territory (Khab-1). Wild soy-
bean forms from the Arkharinsky District were
distinguished by insignificant genetic diversity
(no more than three unique alleles for each).

In breeding programs, it is recommended to
use forms with the greatest diversity of unique
alleles. Thus, the marker system tested in the
work can be used for genetic differentiation of
wild soybean forms.
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Peaqm3anus noTeHUMAJa NPOAYKTHBHOCTH KpaM0e a0MCCHHCKOM
MPHU PA3JUYHOM YPOBHE MUTAHUSA

<) Mpaxosa T.5.', Onpun U.B.

l®edepanvrotii nayunviil yenmp 1yOsHBIX KYIbmMyp
ITensenckas obnacts, Poccus

[lenszenckuil 20Cy0apcmeeHublll a2papHbulil YHUGepcumen
ITen3a, Poccus

(<)e-mail: prakhova.tanya@yandex.ru

[IpencraBneHsl pe3ynbTaThl UCCICAOBAHUS BIMSHUS MPEAIOCEBHOIO BHECCHMS PA3IMYHBIX 1103
MUHEpaJIbHBIX YI0OpEHHI Ha MPOLYKTUBHOCTH KpamOe abuCCHHCKOH B ycnoBusX Jiecoctenu Cpeane-
ro [ToBomxkes. Uccnenosanus nposoamim B 2021-2023 rr. B [len3enckoii odnactu. BereraiimoHHsIi
nepuos kpambe B 2021 1. xapakrepusoBajcs HepoctarounbiM yeinaxknenuem (I'TK 0,80). B 2022 .
yCIIOBHS Xapakrepu3oBainch oOminpHbIM yBiIaxkHeHueM (I'TK 1,29). Yemosus 2023 1. 6pun Hanbo-
nee OmaronpusaTHBEIME 11 pasBuTHsa kpambe (I'TK 1,02). ITokazano, 9T0 yinydlIeHHe ypOBHS ITUTa-
HUS COCOOCTBYET IOBBIILICHHIO TI0JIEBOH BexoXkecTu Ha 2,8-9,2%, cOXpaHHOCTH pacTeHuil K yoop-
ke — Ha 1,4-7,1%. Makcumanbhsiii (91,6%) mokaszaresb MOJTHOTHI BCXOIOB IOJIYyYEeH NMPH COUYCTAHUU
N..P. K. . HauGonpiee yBenniyeHne COXpaHHOCTH pacTEHH OTMEUECHO B BapUAHTAX C IPUMEHEHUEM

NzZPzZKzZ (98,6%) u N, P K ' (97,2%), uro na 7,1 u 5,7% COOTBETCTBEHHO MPEBHIIAET KOHTPOIb.
Uucio TIOANKOB HAa OHOM PAaCTeHHWU B 3aBUCHMOCTH OT 1103 YAOOPEHHH H3MEHSIOCH OT 852,6 mo
995,4 ipu 819,4 B xOoHTpONMBEHOM BapuanTe. Hanbompmmas (5,05 r) Macca ceMsH ¢ OMHOTO pacTeHUS
ormeuena Ha pone N, P K . B Bapuanrax ¢ ucnonssopanuem N, P, K. 1 N, P K. monyuens: Hau-
Oonee kpymnHble cemeHa, macca 1000 cemsiH kotopbix cocramia 8,81 u 8,91 . Haubonee menkue
ceMeHa OTMedeHbl B BapuanTtax npu Buecenun N, P, K. (7,73 r) u N, P, K, (7,74 r). [Ipennocesnoe
BHECEHHE yI0OPEHUH CIIOCOOCTBOBAJIO YBEJIIMUCHUIO YPOXKAHHOCTH KyJIBTYphI 110 1,95-2,13 1/ra, npu-
6aBka cocrasmia 0,03-0,21 1/ra. MakcumanbHas ypoxkailHOCTB ITOJTyYeHa B BAPHAHTAX C BHECEHUEM
N, P K, u N, P, K, —2,13 n 2,10 1/ra coorseTcTBeHHO. Hanbombuias MacIA4HOCTb CEMSIH OTMEYE-
Ha Ha (one ¢ npumenenueM N, P, K, (37,6%) u N, P, K, (36,5%). B Bapuanrax ¢ Buecenuem N
B Pa3IMYHbIX COYETAHMAX MACIUYHOCTh CEMSH CHIKanach Ha 0,2-2,7% 1o orHomenuio K Gpony N, .
[IpuMeHeHne MHUHEPaJIbHBIX YINOOPEHUH CHIKAET COAEPKaHHE dPYKOBOH KUCIOTH A0 60,3-60,9%.
Hcknrouenune cocrapun Bapuant N, P K . riie laHHbII MOKa3aresb OBLT MAKCUMATIBEHBIM — 62,5%.
KuaroueBble ciioBa: kpambOe aOMCCHHCKas, MHUHEpAIbHbIE yTOOpEHHs, YpOXKAMHOCTh, Maclnd-

HOCTb, )KUPHOKHCIJIOTHBIN COCTaB, CTPYKTypa ypoxast

Realization of productivity potential of Crambe Abyssinica
at different nutritional levels

x)Prakhova T.Ya.!, Odrin 1.V.2

'Federal Research Center for Bast Fiber Crops
Penza region, Russia

*Penza State Agrarian University

Penza, Russia

(<X)e-mail: prakhova.tanya@yandex.ru

The results of the study of the influence of pre-sowing application of different doses of mineral
fertilizers on the productivity of Crambe Abyssinica in the conditions of the forest-steppe of the Mid-
dle Volga region are presented. The research was conducted in 2021— 2023 in the Penza region. The
growing season of crambe in 2021 was characterized by insufficient moisture (HTC 0.80). In 2022,
the conditions were characterized by abundant moisture (HTC 1.29). The 2023 conditions were most
favorable for crambe development (HTC 1.02). It is shown that improvement of nutrition level con-
tributes to the increase of field germination by 2.8-9.2%, plant viability to harvesting by 1.4—7.1%.
The maximum (91.6%) indicator of sprouting completeness was obtained with the combination of

N, P, K,, The greatest increase in plant viability was observed in the variants with application of
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of Crambe Abyssinica at different nutritional levels

N, P, K,, (98.6%) and N, P K (97.2%), which is 7.1 and 5.7% higher than the control, respectively.
The number of fruits on one plant depending on the fertilizer doses varied from 852.6 to 995.4 with
819.4 in the control variant. The highest (5.05 g) seed weight per plant was observed on the back-
ground of N, P K. The variants using N, P, K, and N, P, K, produced the largest seeds with 1000
seed weight of 8.81 and 8.91 g. The smallest seeds were observed in the variants when N, P, K/
(7.73 g)and N, P, K (7.74 g) were applied. Pre-sowing fertilizer application increased the crop yield
to 1.95-2.13 t/ha, the increment was 0.03—0.21 t/ha. Maximum yield was obtained in the variants with
application of N, P, K. ‘and N, P, K, —2.13 and 2.10 t/ha, respectively. The highest oil content of the
seeds was observed on the background with application of N, P, K. (37.6%) and N, P, K, (36.5%).
In the variants with the application of N in various combinations oil content of the seeds decreased

by 0.2-2.7% in relation to the background N, . Application of mineral fertilizers reduced the content

of erucic acid to 60.3—60.9%. The exception was the variant N

acid was the maximum 62.5%.

20P oK Where the percentage of erucic

Keywords: Crambe Abyssinica, fertilizers, doses, yield, oil content, fatty acid composition, crop

structure
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INTRODUCTION

Currently, oil-bearing cabbage crops are be-
coming increasingly important in agricultural
production, of which rapeseed, mustard, cole-
seed and camelina are grown on an industrial
scale in many regions of Russia [1]. Recently,
Crambe abyssinica has attracted considerable
interest from agricultural producers both in
terms of economic and agronomic indicators as
an alternative to traditional oil crops [2, 3].

Crambe abyssinica H. is a high-margin oil-
seed crop, the value of which is determined by
high seed productivity, as well as the gross yield
of vegetable oil [4, 5].

The fruits and seeds of crambe contain 25-35
and 42-46% fatty oil, respectively, with a low

iodine value (93-97)! [6]. Crambe oil has a high
content of erucic acid — up to 60% and high-
er. The concentration of oleic acid is 13—16%,
linoleic — 8—14, linolenic — 8—10% [8]. Various
studies show that crambe has high antioxidant
activity, since its seeds contain a fairly high con-
tent of ascorbic acid (0.36%) and carotenoids
(11,52%) [5, 6].

Due to the beneficial properties of the oil,
crambe has great potential for use in the chemi-
cal and processing industries [7, 9], in medicine
and perfumery [8, 10], as a source of biofuel [11,
12], and in the food industry for the preparation
of mayonnaise and margarine (see footnote 1)
[5]. Numerous tests in various regions have
shown it to be an unpretentious and tolerant crop

'Prakhova T. Ya. Promising oilseed crop Crambe Abyssinica // Achievements of Science and Technology of the AIC, 2013, No.

8, pp. 31-33.
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to various environmental conditions [3, 9], as
well as a good green manure and phytosanitary
crop [4, 13]. Despite this, crambe is considered
a rare crop, which is due to the insufficient de-
velopment of the sales market and the lack of
knowledge of the features of its cultivation tech-
nology.

Recently, climate change has had an aggra-
vating effect on the productivity of agricultur-
al plants. Often, stress becomes the main factor
limiting both their yield and quality. One of the
main conditions for increasing crop yield is the
use of resource-saving agricultural technologies,
including optimization of the nutrition regime
[14, 15]. It should be noted that the relationship
of crambe to various doses and forms of fertil-
izers has been insufficiently studied. In this re-
gard, studying the effectiveness of the influence
of mineral nutrition on crop productivity in un-
stable agroecological conditions of the Middle
Volga region is an important scientific and pro-
duction task and determines the relevance of this
work.

The purpose of the study is to investigate the
effect of different doses of mineral fertilizers
on the productivity of Crambe abyssinica in the
forest-steppe conditions of the Middle Volga re-
gion.

MATERIAL AND METHODS

The studies were conducted in 2021-2023
in the fields of the Penza Research Institute of
Agriculture, a branch of the Federal Scientific
Center for Bast Fiber Crops. The object of the
studies was the Crambe abyssinica of the Deme-
tra variety. The experiments were set up, all crop
records and observations were carried out in ac-
cordance with the methodological recommenda-
tions®. The oil content of crambe seeds was de-
termined by the Soxhlet method, protein by the
Kjeldahl method, and fatty acid composition by
gas-liquid chromatography on a Crystal 5000.1
chromatograph according to GOST R 51483-99
in the agrochemical laboratory of the Penza Re-
search Institute of Agriculture.

The experiment consisted of studying the
pre-sowing application of various doses of min-
eral fertilizers. The experimental design includ-
ed the following options: control; N, P, K.
N30P60K60; N30P60K30; Ny PoKepr NgPeoK

307 307 60° '60 60 60;
NP oK NoPyo Ko N Py K,s carbamide.

The sowing of cram%)e 3\(2)\/agocarried out at the
optimally early date (first ten days of May), in
rows with a seeding rate of 2.5 million viable
seeds/ha. Harvesting was carried out by the di-
rect method in the phase of full maturity of the
crop using the Sampo-130 selection combine.
The area of the plot was 10 m?, the experiment
was repeated three times, the placement of the
plots was sequential.

The soils of the experimental plot are repre-
sented by medium-deep leached chernozems.
The humus content in the arable layer is on aver-
age 5.73%, pH_, —4.9. The amount of easily hy-
drolyzed nitrogen was 86.1 mg/kg (according to
Tyurin and Kononova, GOST 26951-86), avail-
able phosphorus — 132.1 mg/kg (according to
Chirikov, GOST 26204-91), exchangeable po-
tassium — 107.7 mg/kg (according to Chirikov,
GOST 26204-91).

The main agroclimatic indicators during the
vegetation period of crambe over the years of re-
search were contrasting (see Table 1).

The vegetation period of crambe in 2021 pro-
ceeded in conditions with insufficient moisture,
the hydrothermal coefficient was 0.80. A total
of 144.5 mm of precipitation fell, or 84% of the
average long-term norm. At the same time, aver-
age daily temperatures reached 21.2 °C, which
is 1.6 °C higher than the climatic norm. In 2022,
the crop developed in conditions of abundant
moisture (HTC 1.29) with low average daily
temperatures (17.0 °C). During the period of ac-
tive vegetation of the crop, 182.4 mm of precipi-
tation fell, the sum of effective temperatures was
only 1411.5 °C with an average of 1810.0 °C.
The conditions of 2023 were the most favorable
for the development of crambe and were char-
acterized as moderately humid (HTC 1.02). The
total precipitation was 169.6 mm and the tem-
perature optimum reached 18.0 °C with average

“Methodology for conducting field and agrotechnical experiments with oil crops. Krasnodar: VNIIMK, 2010, 323 p.
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Table 1. Meteorological indicators for the crambe growing season

Indicator 2021 2022 2023 Long-time average annual data
Sum of temperatures > 10 °C 1803,4 1411,5 1656,0 1810,0
Average daily temperature, °C 21,2 17,0 18,0 19,6
Total precipitation, mm 144,5 182,4 169,6 172,1
HTC 0,80 1,29 1,02 1,10

long-term data of 172.1 mm and 19.6 °C, respec-
tively.

RESULTS AND DISCUSSION

Despite the positioning of Crambe abyssini-
ca as an undemanding crop, studies have shown
that it responds positively to the application of
mineral fertilizers.

Fertilizer application before sowing has a
certain effect on the initial changes occurring
in the seeds, as well as on the subsequent stage
of crambe plant development and, as a conse-
quence, on its productivity as a whole. On av-
erage, over the years of research, pre-sowing
fertilizer application contributed to an increase
in the growth force of crambe seedlings by 0.02—

0.17 cm, and in roots by 0.08—0.46 cm relative to
the variant without fertilizers (see Table 2).

In the variants with the use of complex fertil-
izers in the dose of N, P K and N, P, K. , the
strongest sprouts were noted, the length of which
was 1.63 and 1.56 cm, which is 0.17 and 0.10 cm
higher than the control. However, the "weight
of 100 sprouts" indicator was the highest in the
N, P, K, variant — 18.7 g with an average sprout
length of 1.52 cm. In this variant, despite the fact
that the crambe sprouts were shorter compared
to other variants, they were stronger and denser,
which affected their weight. At the same time, in
this variant, the greatest length of roots was not-
ed — 5.31 cm, which significantly (by 0.46 cm)

exceeded the indicators of the control variant.

Tao6xa. 2. Cuma pocta, moieBasi BCXOKECTh U COXPAHHOCTh PACTCHUN KpaMOe B 3aBHCHMOCTH OT 103

yanoopennit (2021-2023 rr.)

Table 2. Growth vigor, field germination and viability of crambe plants depending on fertilizer doses

(2021-2023)

Vigour Germinati Viability of plants for

Option Length of roots Length of sprouts Weight of 100 ermination harvesting

cm sprouts, g %

Control 4,85 1,46 12,5 82,4 91,5
N, P, K, 5,31 1,52 18,7 91,6 98,6
N, P K, 5,15 1,63 12,8 85,6 97,2
N, P K, 5,27 1,56 15,4 85,2 93,6
N, P, K 4,98 1,50 12,8 87,6 94,2
N, P Ko 5,12 1,48 15,0 90,4 92,9
N, P K, 5,04 1,51 16,1 86,0 96,6
N, P K, 4,93 1,54 15,5 90,4 95,7
N, P, K 5,17 1,48 17,2 90,4 96,1
Cpennee 5,09 1,52 15,1 87,7 95,2

Cv, % 3,0 34 14,0 3,6 2,4

LSD,, 0,29 0,06 1,19 1,28 1,17
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The field germination of crambe changed
slightly on average throughout the experiment —
from 82.4 to 91.6%. At the same time, a tenden-
cy towards an increase in germination in fertil-
ized variants by 2.8-9.2% relative to the control
was noted.

The maximum (91.6%) indicator of com-
pleteness of seedlings was obtained with the
combination of N, P, K_ . In the variants against
the background of the interaction of N, P K,
N, P, K, and N P, K, . the germination of
crambe plants was 90.4% and was insignificant-
ly lower than the previous one, but significantly
(by 8.0%) exceeded the control.

The survival of crambe plants for harvesting
was high on average over 3 years (92.9-98.6%)
and, depending on the fertilizer dose, increased
by 1.4-7.1% relative to the control. The great-
est increase in plant survival was noted in the
variants using fertilizers in combination with
N, P, K, (98.6%)and N, P, K  (97.2%), which
is 7.1 and 5.7% higher than the control, as well
as 0.6—4.3 and 2.0-5.7% higher than other vari-
ants.

When studying the influence of mineral nutri-

tion backgrounds on crambe yield, a special role

is played by the parameters of the elements of
the yield structure.

The use of complex fertilizers had a positive
effect on the formation of productivity elements of
crambe. The number of fruitlets on one plant, de-
pending on the feeding regime, varied from 852.6
to 995.4, with 819.4 in the control variant. At the
same time, the variability of this feature was in-
significant, the variation coefficient was 7.0%.
Increasing the phosphorus dose to P contributed
to an increase in the number of fruitlets by 41.7—
142.8. Their maximum number was obtained
against the background of N P, K = — 9954,
which significantly (by 176) exceeds the values of
this indicator in the control (see Table 3).

The greatest variability was observed in
seed productivity of one plant, the variability of
which in the experimental variants was 14.2%.
The seed weight per plant in the variant without
fertilizers was 3.51 g, when fertilizers were ap-
plied, seed productivity increased by 0.04-1.54
g depending on the nutrition background. The
highest (4.97 and 5.05 g) seed weight per plant
was noted in the variants against the background
of N, P, K, and N, P, K, and significantly ex-
ceeded this indicator in the control variant by
1.46 and 1.54 g with an LSD  of 1.17 g.

Ta6a. 3. Bricora pacTeHMi 1 3IEMEHTHI CTPYKTYPHI yporKast KpaMOe B 3aBUCHMOCTH OT J103 YI0OpeHHH

(2021-2023 rr.)

Table 3. Plant height and elements of the structure
(2021-2023)

of crambe harvest depending on fertilizer doses

Option Plant height, cm Number of carpophyls per Seed weight per Weight of 1000 seeds, g
plant plant, g

Control 99,1 8194 3,51 7,54
N, P, K, 98,8 926,6 4,97 8,81
N, P K, 99,9 976,1 5,05 7,98
N, P K, 99,7 977,0 3,86 8,91
N, P, K, 99,6 862,4 4,15 7,73
N, PoKeo 111,2 995.4 4,06 7,86
N, PoKs 107,5 968.,3 3,68 7,99
NP5k 103,9 852,6 3,55 8,04
N, P, K, 105,4 899,2 3,72 7,74
Cpennee 102,8 919,7 4,06 8,07

Cv, % 4,3 7,0 14,2 5,9

LSD,, 7,2 161,1 0,87 0,74
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In the variants using N, P, K, ‘and N, P K,
the largest seeds were obtained, the weight of
1000 seeds of which was 8.81 and 8.91 g. The
smallest seeds were noted in the variants with the
introduction of N, P, K _(7.73 g) and N, P, K |
(7.74 g), which insignificantly (by 0.19 and 0.20
g) exceeded the control variant.

Height is not a direct component of produc-
tivity, but is positively related to most of them.
The height of crambe plants varied from 98.8
cm in the N, P, K, treatment to 111.2 cm with
N, P, K, Increasing the dose of the nitrogen
component stimulated the greatest plant growth,
where the height of crambe was 102.8—111.2
cm, compared to 98.8-99.9 cm in the treatments
with a lower dose of nitrogen.

As a result of the conducted studies, with the
improvement of mineral nutrition conditions, an
increase in the yield of crambe seeds was not-
ed to varying degrees. In the variants with the
use of pre-sowing fertilizer application, the crop
yield varied within the range of 1.95-2.13 t/ha,
depending on the dosage of mineral elements,
the increase was 0.03—0.21 t/ha relative to the
control (1.92 t/ha).

The maximum yield (2.13 and 2.10 t/ha) was
obtained in the variants with the introduction of
N, P, K, and N, P, K, under pre-sowing culti-
vation, which significantly (by 0.21 and 0.18 t/
ha) exceeded the yield of the crop without fertil-
izers (see Table 4).

The lowest productivity was noted in the
N, P, K,, (1.95 t/ha), N, P, K _ (1.95 t/ha) and
N, P, K, (1.97 t/ha) variants, where the increase
in yield compared to the variant without fertiliz-
ers was insignificant and amounted to only 0.03
and 0.05 t/ha with an LSR of 0.11 t/ha.

An important criterion for assessing the ef-
fectiveness of fertilizer application is the yield of
fat and protein per unit area. On average, over 3
years, the oil content of crambe seeds was 34.8—
37.6%, with an increase in fat content depending
on the doses of nitrogen in mineral fertilizers.

Experience has shown that in the variants with
the introduction of N in various combinations,
the oil content of seeds decreases by 0.2-2.7%
in relation to the N,  background: 36.1-37.6%
versus 34.9-35.9%.

Tao6ua. 4. YpoxallHOCTb U Ka4ecTBO CEMsIH KpamoOe
B 3aBUCHMOCTH OT 1103 yaoopenuit (2021-2023 rr.)

Table 4. Productivity and quality of crambe seeds
depending on the fertilizer doses (2021-2023)

Option Yield, ]?evia- 0Oil Protein
t/ha tion, £ |content, % | content, %

Control 1,92 - 34,8 21,39
N, P, K, 2,10 0,18 36,5 22,13
N, P K 1,99 0,07 37,6 22,87
N, P K, 2,13 0,21 36,3 22,50
N, oPooke 1,95 0,03 36,1 22,18
N PoKeo 2,06 0,14 35,9 24,71
NyoPooxs0 1,97 0,05 35,0 25,08
NP, K, 1,95 0,03 35,1 24,36
NP, Ko 2,01 0,09 34,9 23,60

LSD,, 0,11 - 1,15 1,50

When assessing the effect of the phosphorus
component, an inverse relationship was noted:
increasing the phosphorus dose to 60 kg a.i./ha
led to an increase in oil content by 0.1-1.1%. If
in the variants with P, the oil content was 34.9—
36.5%, then with the introduction of P, it in-
creased to 35.0-37.6%. The highest fat content
was observed in the background with the use of
N, P, K., (37,6%)and N, P, K. (36,5%), which
was significantly (by 1.7-2.8%) higher than the
values in the variant without fertilizers.

The main factor on which the crude protein
content in crambe seeds depends is the provision
of plants with nitrogen and phosphorus. In our
studies, a tendency towards an increase in the
protein content in crambe seeds was noted with
the introduction of increasing doses of nitrogen
(N,;~N,,) to 23.60-25.08% at 22.13-22.87% in
the variants with a dose of N, , the increase was
on average 1.47-2.21%. In the variants with an
increase in the dose of the phosphorus compo-

nent to P, an increase in protein by an average
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of 0.4-2.9% was noted. The maximum accu-
mulation of protein was in the variants with the
introduction of N, P K, and N P, K ., which
was 3.32 and 3.69% higher relative to the con-
trol variant.

The value of oil is determined primarily by its
fatty acid composition. Pre-sowing application
of fertilizers had little effect on the quality of the
oil, in particular on its fatty acid composition.
For example, the maximum (14.7%) increase in
oleic acid concentration was noted in the variant
with N, P, K. . A decrease in the content of this
acid to 12.8% relative to the control was noted
with the application of N P, K. . In the other
variants, the oleic acid content was at the level of
the control variant — 13.3—13.0% (see Table 5).

The minimum (8.2 and 6.8%) content of lin-
oleic and linolenic acids was noted in the variant
with pre-sowing application of N, P K, which
is 0.2% lower than the control and 0.4-1.4 and
0.1-0.7% lower, respectively, than the indicators
of other variants. Application of fertilizers in the
doses of N P, K, and N P, K, contributed to
the greatest (9.3 and 9.6%) accumulation of lin-
oleic acid.

The application of mineral fertilizers reduces
the content of erucic acid to 60.3—-60.9% com-
pared to 61.9% in the control variant. The excep-
tion was the variant with the use of N, P K
where the content of erucic acid was maxi-
mum — 62.5%, which is 0.6% higher than the
control variant.

The amount of saturated fatty acids varied
from 1.6 to 1.8% in the variants with fertilizer,

while it was 1.5% in the control variant.

CONCLUSION

Crambe responds positively to the applica-
tion of mineral fertilizers in various doses and
combinations. The most effective are N, P, K,
and N, P, K, , the use of which allowed obtain-
ing the maximum realization of the yield poten-
tial up to 2.13 and 2.10 t/ha, the increase relative
to the control variant (without fertilizers) was
0.21 and 0.18 t/ha. The highest oil content of
seeds was noted against the background of the
use of N, P, K. (36.5%) and N, P, K, (37.6%),

307 300 730
and the use of the latter increased the content of

Taoda. 5. ConepxaHue OCHOBHBIX KHPHBIX KUC-
JIOT B MacjioceMeHax KpamoOe B 3aBHCUMOCTH OT 103
yao0peHuit

Table 5. Content of essential fatty acids in
crambe oilseeds depending on the fertilizer doses

Acids
Option
oleinic | linoleic | linolenic | erucic | saturated

Control 13,9 8,4 7,0 61,9 1,5
N, P, K, | 14,7 8,7 6,9 60,8 1,7
N, P K, | 13,7 8,2 6,8 62,5 1,6
N, P K, | 13,9 8.8 7,2 60,5 1,8
N, P, K, | 13,5 8,9 7,3 60,7 1,8
N PoKeo | 13,9 8,9 7,2 60,3 1,8
N, P K, | 13,3 9,3 7,4 60,5 1,7
N P K, | 12,8 9,6 7,5 60,5 1,8
N, P, K, | 13,8 8,6 7,2 60,9 1,7

erucic acid to 62.5%. Improved nutritional lev-
els contribute to an increase in field germination
by 2.8-9.2% and the survival of plants for har-
vesting by 1.4-7.1%, and also have a positive ef-
fect on the formation of productivity elements of
crambe. In the variants with the introduction of
N, P, K, and N, P, K. . the largest seeds were

obtained, the weight of 1000 seeds of which was
8.81 and 8.91 g.
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Bausinue morogubix ycaopuii Kuposckoii odsacTu
HA XO3SMICTBEHHO LIEHHBIE IPU3HAKU 03UMOM PiKH

C<)HabaroBa H.A., [llamoBa M.I.

Dedepanvrblii acpapusiti Hayunwli yeump Cesepo-Bocmoka um. H.B. Pyonuykoeo
Kupos, Poccust

(X)e-mail: nabatova43@rambler.ru

B pesynbrare narumnerHux uccnenoBannii (2019-2023) npoananu3npoBaHsl 12 CETEKIIMOHHO IIeH-
HBIX IPU3HAKOB 03UMOM pH. OOBEKTOM HCCIe0BaHUs SBISUIMCH 11 pallOHUPOBAHHBIX U MEPCIEK-
TUBHBIX COPTOB 03MMOW pku cenekuun dexepanbHoro arpapHoro HayuHoro 1eHtpa Cesepo-Boc-
Toka. [IpoBeneHa oleHka THAPOTEPMHUUECKHUX YCIOBUH, 3a MEPHO W3yUeHUs BBISIBICHO TPU TO1a C
ONarompusITHBIMU YCIOBUSMU BeceHHe-lieTHel Bereranuu (2019-2021) u nBa roga ¢ u30bITOYHBIM
yBnaxkaerreM (2022, 2023). C momMoIipo KOppessinOHHOTO aHajln3a PaCCMOTPEHO BIUSHHUE arpo-
METEOPOJIOTHYECKHAX (DAaKTOPOB OT/AETHHBIX MECSIeB BECEHHE-JIETHEH BereTalnu Ha (OpPMHPOBA-
HHUE YPOXKalHOCTH 03UMOH pku. BbIsiBNIeHa BbICOKast OTpUIIaTeNIbHASL 3aBUCUMOCTD YPOXKaHHOCTH OT
TEMIIEPAaTYPHOTO PEKUMA HIONS: CPETHEMECSYHON TEMIeparypbl BO3yXa H CyMMBbI d((EKTHBHBIX
temneparyp (>5°C) (r = —0,94). KonmaecTBo 0CaikoB BHOCHIIO CyIIECTBEHHBIH HETaTUBHBIN BKIIA/I
B (popmMHupoBaHUE yposKalHOCTH B (pa3bl BECEHHErO KYILICHUSI — BBIXOAA B TPYOKY (ampenb — Maii)
(r = 0,93 nu —0,89 coorBercTBeHHO). [IpoBeneHa oreHka BapruabeIbHOCTH M3yYaeMBbIX MPHU3HAKOB
B Pa3IUYHBIX ITOTOJHO-KIMMATHYECKUX yCIOBHAX. K BBICOKOCTAOMIBLHBIM MPU3HAKAM OTHOCHIIACH
Harypa 3epHa (CV = 1%) u mokazarenu NpogyKTUBHOCTH KOJOCA: JJIMHA, YUCIO KOJIOCKOB, 3€peH,
wiotHocTh Konoca (CV = 3-4%). HauGonbias n3MEHUYMBOCTh OTMEUCHA y MOKA3aTellsi YHCIIo najie-
Hus (CV = 43%). lnsg ananmza pe3ylbTaToB HCIIONB30BaH MeTo ] IaBHBIX KomroHeHT (PCA). OTme-
YeHbI HEOAMHAKOBBIC (PaKTOPHBIC HATPY3KH YPOXKacoOpa3yIoLIuX IMoKa3aresieid B KOHTPACTHBIC TObI.
KpynHocTb 3epHa B TOJIbI C M30BITOYHBIM YBIaKHEHUEM B OOJIBINEH CTETICHU BIMSUIIA HA JUCTICPCHIO
YPOXKaHOCTH, YeM B TOJIBI C ONITUMAIIBHBIMH YCIOBUSIMU. BBISIBIIEHO, YTO YPOXKAaHHOCTH B OOJIBIIIEH
CTEIEHH 3aBUCella OT YUCIia KOJIOCKOB, 03€PHEHHOCTH, MACChl 3¢pHA C KOJIOCA, BBICOTHI PACTEHHN H
YCTOWYMBOCTH K moJieranuio. MakTopHble HArPY3KH NEPEUHCICHHBIX TTOKa3aTelel Onpeaessui 00Jb-
IYI0 YaCTh TUCTIEPCHH ypoxkaitHOCTH: 45,09% B OnmaronpusTHbI To 1 48,25% B TOIBI ¢ N30BITOYHBIM
yBrnaxkneHueM. CrieioBaTeNbHO, CEIeKINOHHas padoTa 1o JaHHBIM Npu3HaKam Oyaet ¢ dexTuBHEe.

KuaroueBbie cioBa: o3umas poxb (Secale cereale L.), ypoxxaiiHOCTb, KOA(DGUIIMCHT BapHAIUH,
BJIMSTHAE TIOTO/IHBIX YCIIOBHA, KOPPENSAINS, METO]T TIIABHBIX KOMIIOHEHT

Influence of weather conditions of the Kirov region
on the economically valuable traits of winter rye

() Nabatova N.A., Shamova M.G.

Federal Agricultural Research Center of the North-East named N.V. Rudnitsky
Kirov, Russia

(<X)e-mail: nabatova43@rambler.ru

As a result of five-year research (2019-2023), 12 breeding valuable traits of winter rye were ana-
lyzed. The object of the study was 11 released and promising winter rye varieties of the FARC North-
East selection. The assessment of hydrothermal conditions was carried out, during the study period
3 years with favorable conditions of spring-summer vegetation (2019-2021) and 2 years with exces-
sive moisture (2022, 2023) were identified. The influence of agrometeorological factors of separate
months of spring-summer vegetation on the formation of winter rye yield was considered using cor-
relation analysis. A high negative dependence of yield on July temperature regime: average monthly
air temperature and the sum of effective temperatures (>5 °C) (r =—0.94) was revealed. The amount of
precipitation made a significant negative contribution to the formation of yields in the phases of spring
tillering and booting (April-May) (» = —0.93 and —0.89, respectively). The variability of the studied
characteristics under different weather and climatic conditions was assessed. Highly stable characte-
ristics included grain unit (CV = 1%) and spikelet productivity indices: length, number of spikelets,
grains, spikelet density (CV = 3-4%). The highest variability was observed in the number of spikelets
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(CV =43%). The principal component analysis (PCA) method was used to analyze the results. Diffe-
rent factor loadings of yield-forming indicators in contrasting years were observed. Grain coarseness
in years with excessive moisture had a greater influence on yield dispersion than in the years with
optimal conditions. It was revealed that the yield was more dependent on the number of spikelets, ear
grain content, grain weight per spikelet, plant height and lodging resistance. The factor loadings of
the above-mentioned indices determined most of the yield dispersion: 45.09% in a favorable year and
48.25%, hence, breeding work on these characteristics will be more effective.

Keywords: winter rye (Secale sereale L.), yield, coefficient of variation, influence of weather con-
ditions, correlation, principal component method

Jas uutupoBanusi: Habamosa H.A., lllamosa M.I. BmusiHue moromHsix yciaoBuit KupoBckoil 001acTi Ha XO3SHCTBEHHO
LIEHHBIC MIPU3HAKN 03UMON pxkn // CHOMpPCKHUI BEeCTHHK celbckoxo3stiicTBeHHON Hayku. 2025. T. 55. Ne 3. C. 44-51. https://doi.

org/10.26898/0370-8799-2025-3-5

For citation: Nabatova N. A., Shamova M.G. Influence of weather conditions of the Kirov region on the economically valuable
traits of winter rye. Sibirskii vestnik sel'skokhozyaistvennoi nauki = Siberian Herald of Agricultural Science, 2025, vol. 55, no. 3,

pp. 44-51. https://doi.org/10.26898/0370-8799-2025-3-5

KongaukT unrepecon

ABTOpBI 3asBISIIOT 00 OTCYTCTBUU KOH(IMKTa HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

INTRODUCTION

Global climate changes observed in recent
years on our planet are diverse and manifest
themselves not only in fluctuations in the hy-
drothermal regime, but also in the frequent
occurrence of climatic anomalies and extreme
weather events [1, 2]. The climate pattern of the
Kirov region is the presence of such factors lim-
iting crop yields as uneven distribution of heat
and moisture resources throughout the growing
season of plants, recurrent frosts in the early
spring, increased frequency and intensity of ex-
treme events, etc.! [3-5].

The hydrothermal regime has a great influ-
ence on the yield of winter rye. According to
some literary data, the genotype accounts for
25-40% of the yield increase, the remaining
60—75% is determined by environmental condi-
tions — temperature conditions, moisture supply,
intensity of sunlight, duration of daylight hours,
etc.? [6, 7].

Researcher G.N. Potapova [8] noted that
with the improvement of hydrothermal growing
conditions, the influence of the “year” factor on
the yield decreases by approximately 2 times.

In the conditions of northern agriculture of
the Non-Chernozem zone of the European part
of the Russian Federation, winter rye plants are
often exposed to adverse weather conditions,
which lead to a decrease in the productivity of
the plant, ear and grain size. In breeding work,
preference should be given to the source materi-
al that favorably combines resistance to adverse
environmental factors with high productivity.

The purpose of the research is to assess the
influence of hydrothermal conditions of the
spring-summer vegetation period (April — July)
on the variability of economically valuable traits
of winter rye varieties, as well as to establish the
contribution of these traits to the formation of
yield.

MATERIAL AND METHODS

The experiment was conducted on the ex-
perimental field of the Federal Agricultural Re-
search Center (FARC) of the North-East (Kirov)
in 2019-2023.

The soil of the experimental plot is sod-
podzolic heavy loamy (humus content is 1.37%,
mobile phosphorus is 190 mg/kg, exchangeable

'Perevedentsev Yu.P, Frenkel M.O., Shaimardanov M.Z. Modern changes in climatic conditions and resources of the Kirov
region. Scientific ed. E.P. Naumov. Kazan: Kazan State University, 2010, 242 p.

*Nettevich E.D. Influence of cultivation conditions and duration on the results of variety evaluation by yield // Bulletin of the

Russian Academy of Agricultural Sciences, 2001, N 3, pp. 34-38.
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potassium is 221 mg/kg of soil, pH of the salt
extract is 4.0). The object of the research was
11 promising and released varieties of winter
rye bred by the Federal Agricultural Research
Center of the North-East. The experiment was
laid out in 6-fold replication on the plots with
an accounting area of 10 m>. Harvesting of the
plots was carried out in late July — mid-August
using a Sampo-130 combine. Field evaluations
and harvest recording were carried out in accor-
dance with the methodology?.

In laboratory conditions, a structural analysis
of'yield elements was carried out in 10 plants of
each variety in three replicates for the following
indicators: spike length, number of spikelets per
spike, grain content of the spike, grain weight
per spike, weight of 1000 grains. The falling
number was determined using the Hagberg-Per-
ten method (GOST ISO 3093-2016) on a Fall-
ing Number 1900 device*.

The grain unit was determined according to
GOST 10840-2017° on the PH-1M grain-unit
scale. The ear density was calculated using the
formula

Spike density, pcs./10 cm

_ Number of spikelets per ear, pes.
Spike length, cm

- 10.

The index of environmental conditions (Ij)
was determined using the method of S.A. Eber-
hart, W.A. Rusell as presented by V.Z. Pakudin®;
the hydrothermal coefficient (HTC) using the
method of G.T. Selyaninov’; the coefficient of
variation (CV) using the method of B.A. Dos-
pekhov?.

The data were processed using the methods
of variance and correlation analysis, as well as
the principal component analysis (PCA) using
the AgCStat add-ins in Microsoft Excel 2016
and Agros 2.07.

RESULTS AND DISCUSSION

The spring-summer vegetation period for
winter rye plants is an important period for the
formation of vegetative and reproductive or-
gans. To analyze the weather conditions of this
period, such indicators as the amount of pre-
cipitation per month, average monthly air tem-
peratures, hydrothermal coefficient, and also the
index of environmental conditions based on the
yield feature were used. The years of research
differed significantly in temperature conditions
and the amount of precipitation (see Table 1).

Ta6a. 1. OcHOBHBIE METEOPOJIOTHYECKUE TTOKA-
3aTeld BECEHHE-JIETHEN BereTaluu 03UMOM paKu
(ampens — UrOIh)

Table 1. Basic meteorological parameters of
spring-summer vegetation of winter rye (April-July)

Month Year
2019 | 2020 | 2021 [ 2022 [ 2023
Average monthly air temperature, °C
April 3,8 2,1 5,2 4 6,8
May 13,6 | 12,2 | 150 | 8,5 13,8
June 158 | 153 | 19,9 | 16,1 | 14,1
July 16 20,5 | 19,2 20 18,7
Sum of effective temperatures (>5 °C)
April 26 8 35 38 81
May 270 | 225 | 309 120 | 279
June 324 | 308 | 448 | 332 | 272
July 342 | 481 | 440 | 464 | 423
Total precipitation, mm

April 16 89 48 63 30
May 38 89 58 53 39
June 94 41 63 118 31
July 57 100 92 130 180
HTC iy 1,29 | 1,23 | 1,17 | 2,14 | 1,75
Environmental
Conditions
Index 1,40 | —-1,24 | -0,32 | -0,09 | 0,24

3Fedin M.A. Methodology of state variety testing of agricultural crops. Moscow, 1985, 269 p.
*GOST ISO 3093-2016. Grain and its processed products. Determination of the falling number by the Hagberg—Perten method.

Moscow: Standartinform, 2019, 16 p.

SGOST 10840-2017. Grain. Method for determining the grain unit. Moscow: Standartinform, 2019, 19 p.
6Pakudin V.Z., Lopatina L.M. Assessment of ecological plasticity and stability of agricultural crops // Agricultural biology, 1984,

N 4, pp. 109-113.

'Selyaninov G.T. Methodology of agricultural climate characteristics / World agroclimatic reference book. L.: Gidrometeoizdat,

1937, pp. 5-29.

8Dospekhov B.A. Methods of field experiment. Moscow: Agropromizdat, 1985. 351 p.
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Analysis of weather conditions over five
years of research made it possible to identify
three years (2019-2021) with vegetation pe-
riods characterized by optimal moisture (HT-

Al iy 1.17-1.29) and two years (2022,
2023) with excessive moisture (HTC April " July
1.75-2.14). According to the environmental
conditions index, favorable conditions for the
formation of winter rye yields developed in
2019 (Ij = 1.40; average yield in the experiment
was 6.12 t/ha). Excessive moisture in April —
May 2020 (153-247% of the norm), as well as
low temperatures in April (£ _,..= 8 °C) led
to the fact that the resumption of rye vegetation
in 2020 occurred only on May 3. The late start
of the growing season reduced the average yield
in the experiment by 43% compared to 2019
(I = —1.24; average yield — 3.48 t/ha).

In the conditions of the Kirov region, a re-
liable negative correlation was established be-
tween the yield of winter rye and the amount of
precipitation in the critical phases of plant de-
velopment — spring tillering — booting (April —
May) (r=-0.93 +£0.21 and » =—-0.89 £ 0.26, re-
spectively). Excess moisture during this period
had a negative impact on the formation of yield.
Weather conditions in the flowering and earing
phases (June) did not have a significant impact
on yield (see Table 2).

A reliable negative correlation was estab-
lished between the yield and the temperature
regime during the grain ripening phase, when
there is an active outflow of plastic substances
from the leaves and stem to the caryopsis (July)
(r = -0.94 £ 0.20). During the ripening of rye
grain, the optimal temperature is considered to
be 16-20 °C [9]. In 2020, when the lowest yield
in the experiment was formed, the deviation of
the average monthly temperature in July was
1.6 °C from the norm, and there were also 12
days with an average daily air temperature of
more than 20 °C.

Analysis of the main breeding-valuable traits
of winter rye over five years made it possible to

Taodn. 2. BausiHue 0OCHOBHBIX METEOPOJIOTHYE-
CKHUX (paKTOPOB BEreTallMOHHOTO Teproia (anpeip —
HI0Jb) Ha YPO)KalfHOCTh COPTOB O3UMOM PiKU

Table 2. Influence of the basic meteorological

factors of the vegetation period (April-July) on the
yield of winter rye varieties

Correlation feature Month Correlation coefficient
(r+8r)
Total precipitation April -0,93* £ 0,21
May —0,89*% + 0,26
June 0,27 +£0,56
July -0,24 + 0,56
Average daily air tem- | April 0,35+ 0,54
perature
May 0,18+ 0,57
June -0,08 £ 0,58
July —0,94* + 0,20
Sum of effective tem- | April -0,31+0,55
peratures (>5°C)
May 0,20 +£ 0,57
June -0,13 £ 0,57
July —0,94* + 0,20

*Significant at p < 0,05.

determine their variability in years with differ-
ent climatic conditions (see Table 3).

Weather conditions over the five-year period
varied, which allowed us to observe the vari-
ability of the studied traits. The most stable
traits, which vary little depending on the con-
ditions of the year, include the grain unit (CV =
1%) and the productivity indicators of the spike:
length, number of spikelets, grains, spike den-
sity (CV = 3-4%). The greatest variability by
year was noted for the falling number indicator
(CV = 43%). The influence of the “year” fac-
tor for this trait was 90%, while the influence
of the genotype was only 4%. This dependence
of the falling number on weather factors is con-
firmed by numerous studies in other regions of
the country’® [10, 11].

°Ismagilov R.R., Gaysina L.F. Falling number of winter rye hybrids in the southern forest-steppe conditions of the Republic of
Bashkortostan // Vestnik of the Bashkir State Agrarian University, 2013, N. 4, pp. 13-16.
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Taoa. 3. CpaBHI/ITCJ'IBHaH OIICHKa (l)aKTOpOB BJIMSAHUS HA BApbUPOBAHUC XO3SHCTBEHHO [CHHBIX IMMPU3HA-

KOB y copToB 03uMoi pxku (. Kupos, 2019-2023 rr.)

Table 3. Comparative analysis of influence factors on variation of agriculturally valuable characteristics

in winter rye varieties (Kirov, 2019-2023)

‘ Range of feature Influence of the factor, %
Indicator LSD; CV, %
values by year “year” “genotype”
Yield, t/ha 3,48...6,12 0,32 20 77 13
Weight of 1000 grains, g 24,6...32,0 0,9 11 86 6
Productive bushiness, pcs. 3,4...5,0 0,8 16 27 15
Lodging resistance, points 3,1...4,8 0,3 16 58 31
Plant height, cm 125,3...155,3 5,7 10 49 40
Ear length, cm 10,5...11,6 0,5 4 30 18
Number of spikelets in an ear, pcs. 32,6...34,6 1.4 3 15 42
Ear grain content, pcs. 51,2...55,8 3,5 4 13 36
Grain weight per ear, g 1,31...1,80 0,16 12 42 23
Ear density, pcs. per 10 cm 28,2...31,0 1,1 4 29 37
Falling number, s 64...239 16 43 90 4
Grain unit, g/l 693...714 4 1 59 21

The yield in the experiment varied quite
strongly (CV = 20%) depending on the condi-
tions of the year, the influence of the “year” fac-
tor was 77%. Reliable differences were found
for all the parameters studied in the experiment.
Thus, 2019 can be singled out, when reliable
increases were observed in yield (+1.40 t/ha),
grain size (+3.1 g) and grain weight per a spike
(+0.20 g). Of the 12 parameters studied, the
genotype had a strong influence only on 3 pa-
rameters — the number of spikelets and grains
per a spike and spike density.

Analysis of the obtained data by the princi-
pal component analysis (PCA) method allowed
us to estimate the influence of individual traits
on the formation of the yield of varieties in the
years with different moisture levels. The values
of the factor loads are shown in Table 4. In the
years with favorable weather conditions, four
main components were identified that lead to
yield variability, which together accounted for
89.6% of the total variability of the resulting
feature.

The first component can be characterized as
"spike productivity and plant resistance to lodg-
ing." In it, the parameters of spike productivity
have the greatest load (45.09%): the number of
spikelets, grain content, grain weight per spike,

as well as plant height and resistance to lodging.
The second component consisted of the length
of the spike, its density and grain unit, which, in
the case of optimal moisture conditions during
the period of grain formation and filling, are ca-
pable of increasing the yield by 23.09%. Pro-
ductive tillering prevailed in the third compo-
nent, explaining 13.25% of the variance in the
yield of rye varieties. The fourth component,
consisting of grain size, is capable of changing
the yield by 8.19%.

In the years with unfavorable hydrothermal
conditions of the spring-summer vegetation pe-
riod, other features influencing the yield disper-
sion were revealed. In particular, the greatest
load was distributed not among four, but among
three main components (see Table 4). The great-
est share of dispersion (48.25%) in the yield was
contributed by lodging resistance, plant height
and spike parameters: length, number of spikes,
grain content, grain weight per a spike. The sec-
ond component was made up of spike density
and 1000-grain weight. Grain size in the years
with excessive moisture had a greater positive
load than in the years with optimal conditions.
Previously, a number of researchers noted an
increase in grain size with an increase in precip-
itation during the grain filling period [12—14].
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Taoa. 4. 3naueHus pakTOPHBIX HAIPY30K YPOXKaeoOpa3yOLIMX MMOKa3aTesIel COPTOB 03UMON PKH

Table 4. Values of factor loadings of yield-forming indicators of winter rye varieties

Main components
, Fl | F2 | F | F4 Fl. | F2 | F3
Indicator
Favorable years (2019-2021) Years with overwetting (2022, 2023)
Yield 0,719 —0,222 —0,267 0,550 —0,414 —-0,826 —0,074
Weight of 1000 grains 0,381 0,368 0,570 0,596 -0,562 0,591 0,074
Productive bushiness 0,537 -0,123 0,653 -0,472 -0,576 0,185 0,589
Resistance to lodging 0,902 -0,063 -0,303 -0,002 —0,794 0,097 —0,445
Plant height -0,834 0,059 0,228 0,225 0,665 0,215 0,288
Ear length 0,159 0,898 0,117 -0,136 -0,933 0,197 -0,131
Number of spikelets in a spike 0,920 -0,247 0,002 -0,100 -0,885 -0,350 0,071
Ear grain content 0,955 0,054 -0,022 -0,106 -0,974 -0,053 0,057
Weight of grain per ear 0,738 0,616 0,211 0,024 -0,927 0,174 -0,001
Ear density 0,558 -0,795 -0,115 0,015 -0,351 -0,804 0,306
Grain unit 0,528 0,599 —0,248 -0,018 0,432 -0,364 -0,730
Variation, % 45,090 23,094 13,252 8,185 48,245 18,283 14,047
Cumulated variation, % 45,090 68,184 81,436 89,621 48,245 66,528 80,575

The third component was represented by pro-
ductive tillering and grain unit and determined
about 14% of the dispersion. The total value of
the accumulated variability of factor loadings of
the three principal components was 80.58%, the
remaining 19.42% was explained by other indi-
cators that were not recorded in this experiment.

CONCLUSION

The study of released and promising variet-
ies of winter rye in the conditions of the central
zone of the Kirov region revealed the level of
variability of economically valuable traits with
changes in the hydrothermal regime during the
spring-summer vegetation period. Since the va-
rieties taken into the study were selected in lo-
cal conditions and maximally adapted to them,
no great variability of traits was noted (CV =
1...20%), with the exception of the falling num-
ber indicator, which in our studies and in the
works of other authors shows maximum vari-
ability in changing growing conditions (CV =
43%).

The dispersion analysis allowed us to identi-
fy the share of influence of the year's conditions
on the studied economically valuable traits. The
influence of the "year" factor in the experiment

ranged from 13 to 90%. The greatest influence
of external conditions was noted for the follow-
ing indicators: yield (77%), 1000-grain weight
(86%) and falling number (90%).

Based on the analysis using the principal
component method, the factor loadings with
which the studied indicators are included in the
principal components are calculated. In our ex-
periment, the first component included the in-
dicators of spike productivity, plant height and
lodging resistance, which were responsible for
45.09% of the yield variance in favorable years
and 48.25% in the years with excessive mois-
ture, i.e. these indicators responded equally to
changes in environmental conditions. The indi-
cators included in the first, most numerous com-
ponent are responsible for the majority of yield
variability, therefore, selection by these charac-
teristics will be more effective.

CIIMCOK JIUTEPATYPbI

1. [Ilonomapes C.H., Ilonomapesa M.JI., Manna-
nosa I.C., @omun C.H. OcobenHoctu ¢op-
MHUPOBaHHS YPOKaMHOCTH O3MMOW PKH B KOH-
TPACTHBIX TUAPOTEPMUUECKUX YCIOBHUIX CeBEpa
CpenneBomkbs // 3epHOOOOOBBIE U KPYISIHBIE
KyasTypsl. 2022. Ne. 4 (44). C. 151-162. DOI:
10.24412/2309-348X-2022-4-151-162.

PactreHneBoncTBO M ceneKIus

CubupcKuii BECTHHK CENbCKOXO3SHCTBEHHON HayKH * 2025 ¢ 55 ¢ 3

49



Influence of weather conditions of the Kirov region
on the economically valuable traits of winter rye

Nabatova N. A., Shamova M.G.

10.

Cyxoseesa O.3., Jlvickosa U.B., Jlvickosa TB.
BiusHue u3MeHeHU KMMaTa U BHECEHUS yl0-
OpeHuii Ha ypOXKaHHOCTh W Ka4ecTBO 3epHa (110
MHOTOJIETHUM JaHHBIM DajieHCKOM CeNeKIINOH-
Ho#t craniuu, Kuposckast oonacts) // M3BecTus
Poccuiickoii akagemun nayk. Cepust reorpadu-
yeckas. 2022. T. 86. Ne. 2. C. 220-231. DOL:
10.31857/S2587556622020108.

Ilepesedenyes [O.11., Ilasrosa B.H., Ilapy-
bosa E.M., Mupcaesa H.A., Hukonaes A.A.,
Hlaumanunckuti K.M. CoBpeMeHHbIE TEHJEH-
LMY U3MEHEHUS arpOKIMMAaTUYECKUX PEeCypCOB
Ha Tepputopuu [IpuBomKCcKOro QenepaibHOTO
okpyra // @yHaaMeHTaIbHas ¥ PUKIIaTHas KITH-
maromorus. 2022. T. 8. Ne. 4. C. 477-501. DOLI:
10.21513/2410-8758-2022-4-477-501.
Jlvickosa U.B., Cyxoseesa O.3., Jlvickosa T.B.
BrustHue J10KallbHOTO M3MEHEHHS KJMMaTa Ha
MIPOYKTHBHOCTh SIPOBBIX 3E€PHOBBIX KYIBTYD
B ycioBusix Kuposckoit obmactu // ArpapHas
Hayka EBpo-Cesepo-Boctoka. 2021. T. 22.
Ne. 2. C. 244-253. DOI: 10.30766/2072-
9081.2021.22.2.244-253.

Bonxosa JI.B. BnusHue TUApOTEPMUYECKUX
ycnoBuii KupoBckoii 00macTé Ha MPOAYKTHB-
HOCTh M Ka4e€CTBO 3€PHA COPTOB SPOBOW MSAT-
KOM MIIEHUIBI Pa3HBIX TPYINT CHENOCTH //
Arpapnas Hayka EBpo-CeBepo-Bocroka. 2023.
T. 24. Ne. 3. C. 377-388. DOI: 10.30766/2072-
9081.2023.24.3.377-388.

Jémuna H &. BrnusHue norogHsix yclIOBUM Ha
YPOXKaHOCTh M KaueCTBO 3€pHa SIPOBOM miiie-
Hunbl B Jecoctenu Cpemaero [loBomxbs //
Arpapnas Hayka EBpo-CeBepo-Bocrtoka. 2022.
T. 23. Ne 4. C. 433-440. DOI: 10.30766/2072-
9081.2022.23.4.433-440.

Habamosa H.A., Ymkuna E.U., llcapesa E.A.
BiusiHME NOTONHBIX YCIOBUM HA U3MEHUYUBOCTh
CEJICKIINOHHO IIEHHBIX MPHU3HAKOB COPTOB O3M-
MOH pku B ycioBusx Kuposckoii obnactu //
Arpapnas Hayka EBpo-CeBepo-Bocrtoka. 2023.
T. 24. Ne 4. C. 549-561. DOI: 10.30766/2072-
9081.2023.24.4.549-561.

Ilomanosa I'H. BnusiHue reHOTHIIa COpPTa U yC-
JIOBUH BBIpAIMBaHUsI Ha (DOPMUpPOBAHUE YpO-
xaiiHocti o3umoit pxku // ATIK Poccun. 2016.
T. 23. Ne 5. C. 948-952.

Ymruna E.U., Kedposa JILU., Illamosa M.I,
THapgenosa E.C., Habamosa H.A., [llewezo-
eéa T K., Hlexneuna JIL.M., IlLnaxmuna E.A. Bo3-
JIENTbIBAHUE O3MMOM P’KU B YCIIOBHSIX CEBEPHO-
ro 3emuenenusi: Mmonorpadus. Kupos: ®T'BHY
®AHI] CeBepo-Boctoka. 2021. 120 c.

Yaxeesa T.B. YCTOWIMBOCTH K TIPEAyOOPOUHOMY
MPOPACTAHUIO 3€pHA COPTOB TBEPJAOUN MILIEHU-
LI 110 TIAPAMETPY «UYUCIIO MajieHusD // BecTHUK

11.

12.

13.

14.

VNbSIHOBCKOM TOCYIApCTBEHHOM CEIBCKOXO3SH-
ctBeHHOM akamemuu. 2020. Ne. 4 (52). C. 114—
120. DOI: 10.18286/1816-4501-2020-4-114-
120.

Tonuapenxo A.A., Maxapog A.B., Epmaxos C.A.,
Cemenosa T.B., Touunun B.H., I[vicanxosa H.B.,
Kpaxmanesa O.A. Dxonorudeckas yCTOWYH-
BOCTh COPTOB 03UMOM PKHU C Pa3IMYHBIM THIIOM
KOpoTKocTeOenpHOCTH // Poccuiickas cenbcko-
xo3siicTBeHHas Hayka. 2019. Ne. 3. C. 3-9. DOI:
10.31857/52500-2627201933-9.

Bonowyx A.IL, Bonowyx U.C., Iviea B.B., /vi-
yvo O.B., Kosanvuyk O.H. ®opMmupoBaHue U
CTEKaHWE CEMSTH PXKH 03UMOH B 3aBUCHMOCTH OT
THAPOTCPMHUUCCKUX (PAKTOPOB M OCOOCHHOCTEH
copTa B 30HE 3aIaJHOM JIECOCTENN YKPanuHbI //
Becrthuk ['ocynapcTBeHHOro arpapHOro YHUBED-
cuteta CeBepHoro 3aypaibs. 2015. No. 3. C. 41—
46.

Epowenxo JI.M., /leoyues U.A., Pomaxun M.M.,
Epowenxo A.H., Epowenxo H.A., Pomaxu-
Ha B.B. Bnusnue rHApOTEPMHUYECKOTO KO3 hu-
[IMEHTAa Ha KPYIISTHBIE KauecTBa COPTOB SUMEHS
B ycnoBusix HeuepHosemHoOl 30HBI // BecTHuk
AnTaiicKoro rocyaapcTBEHHOIO arpapHoOro yHU-
BepcuteTa. 2020. Ne. 2 (184). C. 26-32.
Bonxosa JI.B. KoppensilIMOHHBIE CBSI3U MEXKAY
YPOKAMHOCTHIO M DJIEMEHTAMH MTPOAYKTHBHOCTH
SIPOBOM TIIICHUIIBI B PA3HBIC 10 TUAPOTEPMHUYC-
CKUM YCJIOBHSIM TOfIbI // METO/IbI U TEXHOJIOTUU
B CEJICKIIMH pacTeHUM U pacTeHueBoacTre. 2023.
C.27-34.

REFERENCES

L.

Ponomarev S.N., Ponomareva M.L., Mannapo-
va G.S., Fomin S.I. Features of winter rye yield
formation in contrasting hydrothermal condi-
tions of the northern Middle Volga region. Zer-
nobobovye i krupyanye kul'tury = Legumes and
Groat Crops, 2022, no. 4 (44), pp. 151-162. (In
Russian). DOI: 10.24412/2309-348X-2022-4-
151-162.

Sukhoveeva O.E., Lyskova L.V., Lyskova T.V.
Effect of climate change and fertilizers on grain
yield and quality in the northern part of Euro-
pean Russia (based on long-term data of the
Phalenskaya breeding station, Kirov region). /z-
vestiva RAN. Seriya Geograficheskaya = Izves-
tiva RAN (Akad. Nauk SSSR). Seriya Geografi-
cheskaya, 2022, vol. 86, no. 2, pp. 220-231. (In
Russian). DOI: 10.31857/S2587556622020108.
Perevedentsev Yu.P., Pavlova V.N., Parubo-
va E.M., Mirsaeva N.A., Nikolaev A.A., Shan-
talinskiy K.M. Current trends in agroclimatic
resources in Volga Federal District. Fundamen-

50

Siberian Herald of Agricultural Science * 2025 « 55 « 3

Plant growing and breeding



Bnusaue nmoronHbIx ycnosuit Kuposckoii obnactu
Ha XO3SIMCTBEHHO LIEHHbIE IPU3HAKN 03UMON PKU

Ha6arosa H.A., Illamosa M.T.

tal'naya i prikladnaya klimatologiya = Fun-
damental and Applied Climatology, 2022,
vol. 8, no. 4, pp. 477-501. (In Russian). DOI:
10.21513/2410-8758-2022-4-477-501.

4. Lyskova L.V., Sukhoveeva O.E., Lyskova T.V.
The influence of local climate change on the
productivity of spring cereals in the Kirov re-
gion. Agrarnaya nauka Evro-Severo-Vostoka =
Agricultural Science Euro-North-East, 2021,
vol. 22, no. 2, pp. 244-253. (In Russian). DOI:
10.30766/2072-9081.2021.22.2.244-253.

5. Volkova L.V. The influence of hydrothermal
conditions of the Kirov region on the produc-
tivity and quality of grain of spring soft wheat
varieties of different ripeness groups. Agrar-
naya nauka Evro-Severo-Vostoka = Agricultural
Science Euro-North-East, 2023, vol. 24, no. 3,
pp. 377-388. (In Russian). DOI: 10.30766/2072-
9081.2023.24.3.377-388.

6. Demina N.F. Influence of weather conditions on
the yield and quality of spring wheat grain in the
forest-steppe of the Middle Volga region. Agrar-
naya nauka Evro-Severo-Vostoka = Agricultural
Science Euro-North-East, 2022, vol. 23, no. 4,
pp- 433-440. (In Russian). DOI: 10.30766/2072-
9081.2022.23.4.433-440.

7. Nabatova N.A., Utkina E.I., Psareva E.A. In-
fluence of weather conditions on variability
of breeding valuable characteristics of winter
rye varieties in Kirov region. Agrarnaya nau-
ka Evro-Severo-Vostoka = Agricultural Sci-
ence Euro-North-East, 2023, vol. 24, no. 4,
pp. 549-561. (In Russian). DOI: 10.30766/2072-
9081.2023.24.4.549-561.

8. Potapova G.N. The effects of variety genotype
and growing conditions on the formation of win-
ter rye yield. APK Rossii = Agro-industrial com-
plex of Russia. 2016. vol. 23, no. 5, pp. 948-952.
(In Russian).

9. Utkina E.I., Kedrova L.I., Shamova M.G.,
Parfenova E.S., Nabatova N.A., Sheshego-
va T.K., Schekleina L.M., Shlyakhtina E.A.

NHO®OPMALINA Ob ABTOPAX

(X)Hab6aroBa H.A., mumanmuii Hay4yHbId CO-
TpynHuk; SPIN-kon 3945-9541; anpec pjist nepenu-
cku: Poccus, 610007, Kuposckas obmacts, Kupos,
yn. JleanHa, 166a; e-mail: nabatova43@rambler.ru

IamoBa M.I., HayyHbII COTPYAHUK, KaHIUJAT
CEJTLCKOXO3TMCTBeHHBIX HayK; SPIN-kom 4776-3830

Cultivation of winter rye in the conditions of
northern farming, Kirov, FSBSI FARC of the
North-East, 2021, p. 120. (In Russian).

10. Chaheeva T.V. Resistance to pre-harvest germi-
nation of durum wheat grain by the parameter
"falling number". Vestnik Ul'yvanovskoi gosu-
darstvennoi sel'skokhozyaistvennoi akademii =
Vestnik of Ulyanovsk State Agricultural Acade-
my, 2020, no. 4 (52), pp. 114-120. (In Russian).
DOI: 10.18286/1816-4501-2020-4-114-120.

11. Goncharenko A.A., Makarov A.V., Erma-
kov S.A., Semenova T.V., Tochilin V.N., Tsygan-
kova N.V., Krakhmaleva O.A. Ecological stabi-
lity of varieties of winter rye with various types
of a short stem. Rossiiskaya sel'skokhozyaist-
vennaya nauka = Russian Agricultural Sci-
ences, 2019, no. 3, pp. 3-9. (In Russian). DOI:
10.31857/S2500-2627201933-9.

12. Voloshchuk A.P., Voloshchuk L1.S., Glyva V.V,
Dyts'o O.V., Kovalchuk O.I. Formation and
run-off of winter rye seeds depending on hydro-
thermal factors and variety characteristics in the
zone of western forest-steppe of Ukraine. Vest-
nik Gosudarstvennogo agrarnogo universite-
ta Severnogo Zaural'va = Bulletin of Northern
Trans-Ural state agricultural university, 2015.
no. 3. pp. 41-46. (In Russian).

13. Eroshenko L.M., Dedushev 1.A., Roma-
khin M.M., Eroshenko A.N., Eroshenko N.A.,
Romakhina V.V. The influence of the hydro-
thermal coefficient on groat qualities of barley
varieties in the conditions of the Non-Cherno-
zem zone. Vestnik Altaiskogo gosudarstven-
nogo agrarnogo universiteta = Vestnik of Altai
State Agricultural University, 2020, no. 2 (184),
pp. 26-32. (In Russian).

14. Volkova L.V. Correlations between yield and
productivity elements of spring wheat in diffe-
rent years by hydrothermal conditions. Methods
and technologies in plant breeding and crop pro-
duction, 2023, pp. 27-34. (In Russian).

AUTHOR INFORMATION

(X)Natalia A. Nabatova, Junior Resecarcher;
SPIN-code 3945-9541; address: 166a, Lenina St.,
Kirov, Kirov Region, 610007, Russian Federation;
e-mail: nabatova43(@rambler.ru

Marina G. Shamova, Researcher, Candidate of
Science in Agriculture; SPIN-code 4776-3830

Hama nocmynaenus cmamou / Received by the editors 16.08.2024
Jlama npunamus k nyonukayuu / Accepted for publication 22.10. 2024
Hama nyonuxayuu / Published 15.04.2025

PactreHneBoncTBO M ceneKIus

CubupcKuii BECTHHK CENbCKOXO3SHCTBEHHON HayKH * 2025 ¢ 55 ¢ 3 51



KOPMOIIPOH3BO/ICTBO
FODDER PRODUCTION

https://doi.org/10.26898/0370-8799-2025-3-6 Turm cTaTthy: OpUTHHATBHAS
VK 639.3.043.2 Type of article: original

Hcnonb3oBaHne MUKPOKOHTPOJLIEPOB
JJIS1 oNpeeJIeHNs TOMOT€HHOCTH KOPMOCMeCH

HIupuna FO.M., Ky3oB A.A., <) TenuisikoBa A.B.

Dedepanvhblil uccredosamenvckutl yeump «FOoxcnwiil nayynvii yenmp Poccutickoil akademuu HayK»
Pocros-na-/lony, Poccus

(X)e-mail: firsik1991@mail.ru

[IpencraBieHsr pe3yiabTaThl IO ONPEAETICHHI0 OJHOPOAHOCTH CMECH, MOydeHHbIe (PU3MIECKUM
METO/IOM C HCIOJh30BaHHEM MHUKPOTPEHCcepoB (OKpalIeHHBIX YacTHI] kele3a). MuKpoTpeiicepbl —
BHEIIHUE WHJMKATOPBI, KOTOPHIE HCIIONB3YIOT JUISl OTPEICTICHUS TOUHOCTH CMEIIMBAHUS U YPOBHS
KOHTaMHMHAIM{ B IPEMHUKCAX U KOMOMKOpMax. OHH MPEACTaBIAIOT COO0M YacTUIIbI JKelle3a OANHAKO-
BOTO pa3Mepa, MOKPHIThbIe HETOKCHYHOM MUIIEBOH Kpackoi. MUKpoTpelicephbl CTA0OMIBHBI K YCIOBUSIM
MIPOM3BOJICTBA (BIAXXHOCTh, TEMIIEPATypa, JIABICHNE) U HE OKA3bIBAIOT OTPHIIATEIILHOTO BIMSHUS Ha
OpraHOJIETITHYECKIE CBOMCTBA M MMUTATEILHOCTh KopMa. Llens nanHo# paboThI — MPOBEACHNE OLIEHKN
YPOBHS TOMOTEHHOCTH KOPMOCMECEH sl 00bEKTOB aKBaKyJIBTYpHI C UCIIOJIB30BAHUEM (peppOMarHuT-
HBIX MUKPOTpeHCcepoB. DKCIIEPUMEHTAIbHBIE HCCIIEIOBAHMUS IPOBEIEHBI HA TEXHOJIOTUIECKOH JTHHUN
CMEILMBAHUS POMBIIIJICHHOTO KOMOMKOPMOBOTO 3aBoJa B AcTpaxaHckoil obnactu. [IpumMeHnsiemble
rpaHyIUpOBaHHbBIE CHCTEMBI IPEICTABIISIINA COO0M KOPMOBBIE CMECH C PA3IMYHBIM MaCCOBBIM COOTHO-
IIEHHEM OT/IEJIbHBIX KOMIIOHEHTOB, Pa3UYAIONIUXCS 110 AUAMETPy M HACBITHOM TIoTHOCTH. [IpoBe-
JIEHBI CEPUN TECTOB IS Pa3pabOTKH apaMeTPOB BBICOKOTO KadeCTBA CMEIIMBAHUS U OLEHKN TeXHH-
YECKUX XapaKTEPUCTHUK CMECHUTENS Ha TEXHOJIOTHYECKON JIMHUY ITPON3BO/ICTBA KOMOMKOPMOB Ha TOY-
HocTh cMmemmBanus 1 : 100 000. Mukpotpeticeps! F — kpacHbI# (KomudecTBO 4acTull Ha 1 T cocTas-
asuto 34 000) noOaBiisiin yepe3 yCTaHOBKY PYYHOTO BBOJa MHUKPOKOMITIOHEHTOB HETIOCPEICTBEHHO B
OyHKep HaJi CMECHUTEJIEM TIPU MPOU3BOJICTBE (openeBoro kopma 41/26 (BD) 6 mm. Pasmep mapruun
coctaysut 800 kr. [Ipy moMomm MUKPOTPEHCEPOB OMPENEIISUTH OJHOPOIHOCTh B KOPMOCMECH U TO-
TOBOM KOpMe€. YCTaHOBJIEHO, YTO B TecTe | KpuTepuili oqHOPOAHOCTH 10 ['ayccy cocTaBisieT He MeHee
92% u He 6omee 95% (Bpems cmemmBanus 60 ¢), B Tecte 2 u 3 — Boime 95% (Bpems cmemmBanus 90
u 120 c¢). TecTupoBanme J0Ka3all0, YTO 3HAYESHUS TOMOTEHHOCTH KOPMOCMECH U IKCTPYAUPOBAHHOTO
KOMOMKOpPMa HaxOJsTCS B OHOM MHTepBase. MecTo 0T0opa He OKa3bIBaeT HUKAKOTO BO3ACHCTBHS Ha
TOMOT'€HHOCTb.

KaroueBble cjioBa: TOMOTEHHOCTh, MHKPOTPEHCEPBI, KOPMOCMECH, DKCTPYAUPOBAHHBIH KOMOU-
KOpPM, MUKPOZI00aBKH, BPEMsI CMETIINBAHU

The use of microcontrollers to determine feed mixture homogeneity

Shirina Yu.M., Kuzov A.A., <) Teplyakova A.V.

Federal Research Center “Southern Scientific Center of the Russian Academy of Sciences”
Rostov-on-Don, Russia

xpe-mail: firsik1991@mail.ru

The results on the determination of the homogeneity of the mixture obtained by a physical method
using microtracers (colored iron particles) are presented. Microtracers are external indicators that are
used to determine the mixing accuracy and contamination level in premixes and compound feeds.
They are iron particles of the same size, coated with non-toxic, food-grade paint. Microtracers are
stable to production conditions (humidity, temperature, pressure) and do not adversely affect the or-
ganoleptic properties and nutritional value of the feed. The purpose of the work was to assess the
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TOMOT'€HHOCTU KOPMOCMECH

level of homogeneity of feed mixtures for aquaculture facilities using ferromagnetic microtracers.
Experimental studies were carried out on the technological mixing line of an industrial feed mill in
the Astrakhan region. The granulated systems used were feed mixtures with different mass ratios of
individual components differing in diameter and bulk density. A series of tests to develop high-quality
mixing parameters and evaluate the technical characteristics of the mixer on the feed production line
for mixing accuracy of 1:100000 were conducted. Microtracers F — red (the number of particles per 1
gram was 34,000) were added through the installation of manual input of micro components directly
into the hopper above the mixer during the production of trout feed 41/26 (GE) 6 mm. The batch size
was 800 kg. Using microtracers, the uniformity in the feed mixture and the finished feed was deter-
mined. It was found that in test 1 the Gauss uniformity criterion is at least 92% and no more than 95%
(mixing time 60 seconds), in test 2 and 3 above 95% (mixing time 90 and 120 seconds). The testing
has proved that the homogeneity values of the feed mixture and the extruded compound feed are in the
same range. The selection site has no effect on homogeneity.

Keywords: homogeneity, microtracers, feed mixture, extruded compound feed, micro additives,
mixing time
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INTRODUCTION

Mixing is one of the most important opera-
tions in the feed production process [1]. Its pur-
pose is to obtain a completely homogeneous
mixture so that the nutrient content in each sam-
ple taken is the same' [2, 3]. The uniformity in
size of the ingredients included in the finished
feed can directly affect their final dispersion:
when all their physical properties are relatively
identical, mixing becomes quite simple [4].

If the physical characteristics of the ingredi-
ents vary greatly, problems arise with mixing
and separating them. Measuring homogeneity
involves assessing the physical, chemical and
visual properties of the mixture. This is critical

to maintaining the consistency of the product
[5-9]. The control ingredients-indicators used
(salt, colored millet, barley grain, peas, etc.)
cannot guarantee a reliable result, since they are
partially destroyed during the mixing process.
When it comes to vitamins, mineral supplements
and medicinal products, the application rate of
which is small, these indicators are generally un-
acceptable [3, 10].

For homogeneous mixing, microanalogues
of the named indicator ingredients are required.
Factories that use progressive feed production
technologies use ferromagnetic microtracers
(MT) as indicators to assess the homogeneity of
mixing [11, 12]. Microtracers are external indi-

'Ozherelyeva O., Sytolkin A., Vasilenko L., Danyliv M., Vasilenko O. Compound feed technology in sturgeon fish aquiculture //
Biological Resources Development and Environmental Management: International applied research conference KnE Life Sciences,

2020, pp. 194-202. DOI: 10.18502/kls.v511.6047.
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The use of microcontrollers to determine feed mixture homogeneity

Shirina Yu.M., Kuzov A.A., Teplyakova A.V.

cators used to determine the mixing accuracy and
contamination level in premixes and compound
feeds. They are uniformly sized iron particles
coated with non-toxic food paint. Microtracers
are stable to production conditions (humidity,
temperature, pressure) and do not adversely af-
fect the organoleptic properties and nutritional
value of the feed.

The purpose of the work is to assess the level
of homogeneity of feed mixtures for aquaculture
objects using ferromagnetic microtracers.

MATERIAL AND METHODS

Experimental studies were conducted on a
mixing process line of an industrial compound
feed plant in the Astrakhan region. The granula-
ted systems used were feed mixtures with dif-
ferent mass ratios of individual components, dif-
fering in diameter and bulk density. The objec-
tive of the study was to conduct a series of tests
to develop high-quality mixing parameters and
evaluate the technical characteristics of the mix-
er on the compound feed production process line
for mixing accuracy of 1: 100,000. Microtra-
cers F (red, 34,000 particles/g) were added via a
manual microcomponent feeder directly into the
hopper above the mixer during the production of
trout feed 41/26 (GE) 6 mm. The batch size was
800 kg (batches 1-3) (see Fig. 1). The micro-
tracers were used to determine the homogeneity
in the feed mixture and the finished feed.

Spot samples were collected for the micro-
tracer analysis procedure. The results were cal-
culated using the Poisson statistical distribution
(discrete type distribution of a random variable;
describes the probability of a certain number
of events occurring in a certain time interval)®.
Sampling was carried out from the feed mixer
and from the bucket elevator and was carried out
in the same way for all batches.

Mixed feed from a mixer: 20 samples weigh-
ing approximately 100 g were collected at sev-
eral control points. The samples were collected
from the upper layer using a shovel, and at a
depth of 70-80 cm using a probe.

Extruded compound feed: 20 samples weigh-
ing approximately 100 g were taken from the
bucket elevator. The first sample was taken im-
mediately after the start of the flow, the follow-
ing samples were taken every 5 sec, and the last
sample was taken after 95 sec, when the extrud-
ed compound feed flow was almost finished. The
sampling was carried out using a shovel.

Microtracers were isolated from a spot sam-
ple of the product using a rotating magnet. A
small filter was fixed on a rotary detector with
a special locking ring. The prepared sample was
weighed and loaded into a working rotary detec-
tor using a funnel. Magnetic particles remained
on the filter paper, while the non-magnetic ones
fell into a special compartment of the detector.
The funnel was carefully cleaned of feed parti-
cles using a brush. The filter with magnetic par-
ticles was carefully removed from the detector
and demagnetized, then the residue was careful-
ly transferred from the small filter to the large
one. The large filter was pre-treated with a de-
veloping solution. It was left for several seconds
(=10) to develop the microtracers, then the filter
was placed on a hotplate to dry. The finished fil-
ters were carefully cleaned of foreign particles
and the color spots were counted using the Tra-
co-System on a computer.

The following statistics were calculated to do
the interpretation (see Fig. 1):

mean particle count; standard deviation in
particle count; coefficient of variation (%); x> —
value; probability, p (%); the degree of micro-
tracer recovery (%).

Using the calculated values, the probability
of the value y* was determined. In one line we
found the number of independent elements (up-
per horizontal line), in the other one — the deter-
mined value of y* (vertical column on the left).
At the intersection of the horizontal row and ver-
tical column, a probability value was read in the
range from a maximum of 0.999 (99.9%) to a
minimum of 0.0005 (less than 0.05%). This is
the probability that the value of ¥* found in the

2Shchegoleva S.A., Titov P.L., Pashchenko M.S. Statistical methods of quality control and management: distribution laws in
physical and technical systems: textbook for universities. Vladivostok, 2024, 56 p.
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The use of microcontrollers to determine feed mixture homogeneity

Shirina Yu.M., Kuzov A.A., Teplyakova A.V.

test will be randomly exceeded by the samples
from the "ideal" Poisson mixture.

Numerous studies conducted in the USA, Ser-
bia, Poland, Ireland, Italy, Russia [13] and other
countries show the high efficiency and speed of
using ferromagnetic tracers to assess the homo-
geneity of feed (see Table 1).

The results from the Poisson distribution and
the homogeneity of mixing p are expressed as a
probability for comparison and as the coefficient
of variation Cv from the Gaussian distribution
(see footnote 2).

RESULTS AND DISCUSSION

For batch 1, microtracers were added via a
manual microadditive injection unit into the hop-
per above the mixer. 20 samples were collected
from the gravity feed after the mixer. Under the
test mixing conditions, the mixture achieved a
mixing accuracy of 1:100,000 in the mixer with
a mixing time of 60 s (see Fig. 2). The calculat-
ed probability for microtracers was 12%, which
corresponds to a “good” mixture.

Batch 1 — homogeneity of the extruded com-
pound feed. For Batch 1, microtracers were add-
ed via a manual feeder into the hopper above the
mixer. 20 samples of compound feed were col-
lected from the bucket elevator. Under test con-
ditions, the mixture achieved a mixing accuracy
of 1:100,000 at 60 s (see Fig. 3).

120

The calculated probability for microtracers
was 8%, which corresponds to a “good” mixture.

For batch 2, microtracers were added via a
manual microadditive injection unit into the
hopper above the mixer. 20 samples were col-
lected from the gravity feed after the mixer.

Under test conditions, the mixture achieved
a mixing accuracy of 1:100,000 in a mixer at a
time of 90 s. The calculated probability for mi-
crotracers was 31% (see Fig. 4), which corre-
sponds to an “ideal” mixture.

Batch 2 — homogeneity of the extruded com-
pound feed. For Batch 2, microtracers were add-
ed via a manual feeder into the hopper above
the mixer. 20 samples of compound feed were
collected from the bucket elevator. Under test
conditions, the mixture achieved a mixing accu-
racy of 1:100,000 in a mixture at a time of 90 s

Tada. 1. Onpenenenre oOAHOPOIHOCTH CMEIINBa-
Hust, %

Table 1. Determination of mixing uniformity, %

Mixture Probability, p Sgﬁigiﬂt& f
Ideal >25 <5
Good >5-<25 >5-<8
Acceptable >1-<5 >8-<12
Heterogeneous <1 >12
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Fig. 2. Homogeneity of the feed mixture in the mixer (mixing time 60 sec.)
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Fig. 3. Homogeneity of the finished compound feed (mixing time 60 sec.)

(see Fig. 5). The calculated probability for mi-
crotracers was 35%, which corresponds to an
“ideal” mixture.

For batch 3, microtracers were added via a
manual microadditive feeder into the hopper
above the mixer. 20 samples were collected from
the gravity feed after the mixer. All the samples

were analyzed for homogeneity. Under test con-
ditions, the mixture achieved a mixing accuracy
of 1:100,000 in the mixer at 120 s (see Fig. 6).
The calculated probability for microtracers was
27%, which corresponds to an “ideal” mixture.
Batch 3 — homogeneity of the extruded com-
pound feed. For batch 2, microtracers were add-
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Fig. 4. Homogeneity of the feed mixture in the mixer (mixing time 90 sec.)
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ed via a manual feeder into the hopper above
the mixer. 14 samples of the feed were collected
from the bucket elevator. All samples were an-
alyzed for homogeneity. Under the test condi-
tions, the mixture achieved a mixing accuracy
of 1:100,000 in a mixture at a time of 120 s (see
Fig. 7). The calculated probability for microtrac-
ers was 35%, which corresponds to an “ideal”
mixture.

Table 2 summarizes the results of mixing ac-
curacy tests in the production of extruded com-
pound feed.

The requirements for mixing accuracy and
operating precision of the production line
(1:100,000) for feed are met in accordance with
EU Regulation No 183/2005 (feed hygiene re-
quirements):

— the probability of the feed mixture was 6
> 5% in batch 1 in the mixer, which corresponds
to a "good" mixture. Mixing time 60 s;

— the probability was 8 > 5% in batch 1 in
the extruded compound feed, which corresponds
to a “good” mixture. Mixing time 60 s;

— the probability of the feed mixture was
31> 25% in batch 2 in the mixer, which corre-
sponds to an "ideal" mixture. Mixing time 90 s;

60

— the probability was 35 > 25% in batch
2 in the extruded compound feed, which corre-
sponds to an "ideal" mixture. Mixing time 90 s;

— the probability of the feed mixture was
27> 25% in batch 3 in the mixer, which corre-
sponds to an "ideal" mixture. Mixing time 120 s;

— the probability was 26 > 25% in batch
2 in the extruded compound feed, which corre-
sponds to an "ideal" mixture. Mixing time 120 s.

The "degree of microtracer recovery, %" in-
dicator is the ratio of the average particle count
to the reference average particle count (specified
in the certificate for the premix with microtrac-
ers, taking into account the microtracer content
in the premix, expressed in %). It is considered
that the deviation of this indicator from 100% is
acceptable by +\-25%. Values within the range
of 75-125% are considered normal if the indi-
cators are outside this range. It is necessary to
study the operation of the process equipment in
more detail during the testing period to identi-
fy the causes of the deviation. Microtracers de-
scribe the behavior of small particles (vitamins,
enzymes, amino acids) inside transport equip-
ment. In our case, in tests 1 and 2, the values
of this indicator are very close and are within
the permissible limits for the feed mixture. In
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Fig. 5. Homogeneity of the finished compound feed (mixing time 90 sec.)
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Taoa. 2. P€3yJ'IBTaT TC€CTOB HAa TOYHOCTH CMCIIKMBaHWA KOMIIOHCHTOB

Table 2. Test result for accuracy of mixing the components

Batch Batch size/feed mixture Feed mixture Extruded compound feed

Batch 1, test 1; probability, % 800 kg TF 41/26 (GE) 6% (good mixture) 8% (good mixture)
Batch 1, test 1; degree of recovery, % 86% 38%

Batch 2, test 2; probability, % 800 xr TF 41/26 (GE) 31% (ideal mixture) 35% (ideal mixture)
Batch 2, test 2; degree of recovery, % 86% 37%

Batch 3, test 3; probability, % 800 xr TF 41/26 (GE) | 27 % (ideal mixture) 26% (ideal mixture)
Batch 3, test 3; degree of recovery, % 88% 122%

the extruded compound feed, the values of this CIIMCOK JIUTEPATYPbI

indicator are below the permissible limit, which
is presumably caused by the high percentage of
fat input, which led to the "dilution" of the feed
mixture with microtracers. Test 3 was within the
acceptable range for microtracer recovery, but
showed an unexpectedly high result in the ex-
truded feed. This is presumably due to a mix-up
of the batches (the last batch was less than 800
kg), which led to an incorrect calculation of this
indicator.

CONCLUSION

Conclusions on the homogeneity of mixing
based on the determination of a specific mark-
er in the samples under study (table salt, phos-
phorus, calcium, etc.) after statistical data pro-
cessing are made on the basis of the value of the
variation coefficient (Cv). In test 1, the Gaussian
homogeneity criterion is no less than 92% and
no more than 95% (mixing time 60 s), in tests
2 and 3 it is higher than 95% (mixing time 90
and 120 s). Testing has proven that the homo-
geneity values of the feed mixture and extrud-
ed compound feed are in the same range. The
sampling location has no effect on homogeneity.
Thus, the feed mill process equipment does not
subject the feed mixture and finished compound
feed to stratification during transportation in the
tested area.
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CopHble pacTeHus B moceBax KyKypy3bl B besaropoackoii oo1actu

JlyneBa H.H.!, CX)Mpbicnuk E.H.!, Boponkuna T.1.?

'Becepoccutickutl HaAy4HO-UCC1e008amenbCKUtl UHCUMYm 3auumol pacmeHuil
Cankr-IletepOypr, Poccus

2000 «Pycazpo-Hnsecm»

benropon, Poccus

(<)e-mail: vajra-sattva@yandex.ru

BunoBoit cocTtaB COpHBIX PacTeHM B MOCEBAaX KYyKYpy3bl, BO3ACIBIBAEMOM B Pa3HBIX PErHOHAX
Poccuiickoit Denepanuu, He UICHTHYCH. DTO 3HAYMTEIHHO TIOBBIIIACT POJIb PETHOHAIBHOTO (PHUTO-
CAaHUTAPHOTO MOHUTOPHHTA ITOCEBOB, OOYCIIOBIMBAOIIETO Pa3padOTKy MPOTHO3a JIJIsl IPUHSITHS Pe-
LICHHI IO BBIOOPY KOHKPETHBIX arpOTEXHUYCCKUX U XUMHUYECKUX Mep OOpbOBI C COPHBIMU PACTCHH-
siMH. BBISIBICH BUIOBOM COCTaB COPHBIX PACTCHUH B TIOCEBAaX KyKypy3bl B benropojickoit odnactu u
pa3paboTaH MHOTOJISTHHI MPOTHO3 MX MPOU3PACTaHUS B JIAHHBIX arpoUTOICHO3aX. MaTtepuaiom
JUTSL TIPOBEJICHUS UCCIICJIOBAHUSI TIOCITYKWINA JaHHBIC (PUTOCAHUTAPHOTO MOHHUTOPUHIA COCTOSIHHS
IIOCEBOB KyKypy3bl B benroponckoii oomactu B 2020, 2021 . Bo3MOXHOCTh CO3/[aHUS PETHOHAIb-
HOTO MPOTHO3a OOYCJIOBJICHA MAacCIITa0OM IIOJIEBBIX MCCieaoBaHuil (oOcienoBano 40 monel B pas-
HBIX paiioHax benropojckoit oonmactu). JIoCTOBEPHOCTh pe3yJbTaTOB ONpeeicHa MCIIOIb30BaHHEM
anpoOUWpPOBaHHOW B MHOTOJICTHEH MPaKTHUKE METOAWKH oOcienaoBaHus monell. HayuHoe obocHOBa-
HUE CTAOMJILHOCTHU IMPOU3PACTAHUS BBISBICHHBIX BHJIOB COPHBIX PacTEHUil Ha Teppuropuu benro-
poxckoli o0nmactu oOecrieunBaeT pa3paboTKy PErHOHAIILHOTO MPOTHO3a Ha JTUTEIHHYI0 BPEeMEHHYHO
MIEPCIICKTUBY. 3apErUCTPUPOBAHO 32 BHUJIa COPHBIX PACTCHUMU, CPEAM KOTOPHIX MPeo0IalaloT Mallo-
netHue BUIBI (65,63%). @uTocaHUTapHAs POJIb KaXKJOTO BHJIA BBISIBIICHA IIYTEM OIPE/CICHUS aK-
TUBHOCTH KaXJIOTO B IIeHO(IOpe arpouToiieHo30B. [pyrina BRICOKOAKTUBHBIX BUJIOB COPHBIX pac-
TEHUI BKIIIOUACT SKOBHUK OOBIKHOBEHHBIN, Maph OCIyI0, IIIETUHHUK CU3bIH, TACICH YEPHBIH, 00K
CEJI0M, TPEUYHIIKY BBIOHKOBYIO, IIUPHUILy HA3aA3alpPOKUHYTYI0. B TOBONBHOAKTUBHBIC BUJIBI BXOMAT
BBIOHOK IOJIEBOM, OCOT IMOJIEBOM, CIIOPBIII NTHYHM. [ pyrina MamoakTUBHBIX BKIOUaeT 13 BUIOB: MO-
JIBIHB OOBIKHOBEHHYO, IyPHUIIIHUK OOBIKHOBEHHBIM, CYpEIKY JTYTOBUHYIO, YACTEI] OJJHOJICTHUH, Jie-
ckypatinuio Coduu, ropolieK MBIIIUHBINA, MAJIbBY MaJICHbKYI0, COKHPKU BEIHKOJICITHBIC, IUKIaXCHY
JIypHUIITHUKOIMCTHYIO, JIATYK KOMITACHBIN, JIeOely paCKUIUCTYIO, TOpPEI] IEPEUHBIH, TpeXpeOepHUK
Hemnaxyuuil. BoIIBICHO AEBSITh HEAKTHUBHBIX BHUOB, M3PEIKa PETUCTPUPYEMBIX B MOCEBAX KYKypy-
3bl. Pacmipenenenre BU0BOro COCTaBa Mo rpyImiaM pa3Horo CTaryca akTUBHOCTH OYJIET COXPaHEHO B
JUTUTENIbHON BPEeMEHHOU MEPCHEKTUBE MPHU YCIOBUM HEU3MEHHOCTH COCTOSIHUSI TUAPOTEPMUUECKUX
YCIIOBHU, COXpaHEHUH CTPYKTYPhl TIOCEBHBIX IUIOMIAJICH U COOJIFOICHUN 0COOCHHOCTEH PEerHOHANb-
HOM TEXHOJIOTUU BO3JCIBIBAHUSA KYKYPY3bl U CUCTEMbI 3aIIUTHBIX MEPOIPHUSITHI.

KuioueBble ¢10Ba: MOHUTOPUHT, aKTUBHOCTH BUIOB, MHOTOJIETHUIN PETHOHAIBHBIN POTHO3

Weeds in corn crops in the Belgorod region

Luneva N.N.!, &X)Mysnik E.N.!, Voronkina T.1.?
'All-Russian Institute of Plant Protection
Saint-Petersburg, Russia

’LLC "Rusagro-Invest"

Belgorod, Russia

(X)e-mail: vajra-sattva@yandex.ru

The species composition of weeds in corn crops cultivated in different regions of the Russian
Federation is not identical. This fact significantly increases the role of regional phytosanitary monitor-
ing of crops, which leads to the development of a forecast for making decisions on the choice of spe-
cific agrotechnical and chemical measures to combat weeds. The species composition of weed plants
in corn crops in the Belgorod region was identified and a multi-year forecast of their growth in these
agrophytocenoses was developed. The data of phytosanitary monitoring of corn crops in the Belgorod
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Weeds in corn crops in the Belgorod region Luneva N.N., Mysnik E.N., Voronkina T.I.

region in 2020, 2021 were used as the material for the study. The possibility of creating a regional
forecast is due to the scale of field research (40 fields were surveyed in different areas of the Belgorod
region). The reliability of the results is determined by the use of the field examination method tested
in long-term practice. The scientific justification of the stability of the growth of the identified species
of weeds in the Belgorod region ensures the development of a regional forecast for a long-time per-
spective. Thirty-two species of weed plants were recorded, among which annual species predominate
(65.63%). The phytosanitary role of each species was revealed by determining the activity of each
in the cenoflor of agrophytocenoses. A group of highly active weed species include barnyard millet,
lamb's-quarters, yellow foxtail, black nightshade, sow thistles, wild buckwheat, redroot. Rather active
species include: corn bindweed, milk thistle, black bindweed. The group of little active includes 13
species: sagebrush, common cocklebur, rocket cress, hedge-nettle betony, tansy mustard, bird vetch,
mallow, forking larkspur, sumpfweed, prickly lettuce, common arache, water pepper, wild chamomile.
Nine inactive species were identified and occasionally recorded in corn crops. The distribution of spe-
cies composition by groups of different activity status will be preserved in a long time period, provided
that the state of hydrothermal conditions is unchanged, the structure of sown areas is preserved, and
the peculiarities of regional technology of maize cultivation and the system of protective measures are
observed.
Keywords: monitoring, species activity, multi-year regional forecast
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INTRODUCTION corn crops for grain occupy much larger areas:
1,845.2 thousand hectares in the Russian Feder-
ation, 850.6 thousand hectares in the CFD, and

96.2 thousand hectares in the Belgorod Region'.

Corn (Zea mays L.) is a widely grown for-
age crop in many countries around the world,

also grown for grain. In the Russian Federation,
corn crops for forage occupy 1,261.4 thousand
hectares, of which 400.1 thousand hectares
are in the Central Federal District (CFD), and
41.2 thousand hectares are in the Belgorod Re-
gion, which is part of this district. Fully ripe

Harmful objects in agricultural crops reduce
the yield by more than 35%, with 9.5% of losses
due to weeds [1]. The problem of weed infes-
tation of corn crops, like any cultivated crop,
is relevant both in Russia and abroad [2—6]. In
the Russian Federation, corn crop losses due to

!Cultivated areas of the Russian Federation in 2023 // Federal State Statistics Service (Rosstat). https://rosstat.gov.ru/storage/
mediabank/posev-4cx 2023 .xlsx (date of reference 20 February 2024).
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weeds average about 25%?. In 2021 and 2022,
the area of weed infestation of corn crops in the
Russian Federation exceeded 2,000 thousand
hectares, in 2023 it decreased to 1,311.3 thou-
sand hectares, but in 2024 it increased again to
1,611.59 thousand hectares®. It is indicated that
the numerical composition of biological groups
of weeds representing the destructive part of ag-
rophytocenoses in corn crops is not the same in
different federal districts on the territory of the
European part of the Russian Federation (see
footnote 3) (see Table 1).

These data are important for tracking the de-
velopment trends of segetal flora in the regions
and the characteristics of the formation of the
types of weed infestation that occur when spe-
cies from different biological groups are com-
bined, but are less suitable for plant protection
practice, since the same group in different re-
gions may include different types of weeds that
require different herbicide solutions [7].

Analysis of scientific publications shows
differences in the composition of commonly

encountered weed species in corn crops grown
in different regions of the Russian Federation.
Such species as lamb's-quarters (Chenopodium
album L.), barnyard grass (Echinochloa crus-
galli (L.) Beauv.), green amaranth (Amaranthus
retroflexus L.), green bristlegrass and yellow
foxtail (Setaria viridis (L.) Beauv. s. 1., Setaria
pumila (Poir.) Roem. et Schult.) are the domi-
nant weeds in corn crops in the southern regions
of the European part of the Russian Federation*
(see footnote 2) [8, 9], in the irrigated zone of
the Volga Delta [10], in the middle part of the
Central Federal District [1, 12], in the Low-
er Volga region [13], in the south of the Non-
Black Earth Zone [14]. In the southern regions,
the species composition of weeds is replenished
with common ragweed (Ambrosia artemisiifo-
lia L.), common cocklebur (Xanthium strumar-
ium L.) and China jute (4Abutilon theophrastii
Medik.) (see footnote 3) [9], moreover, common
ragweed is not indicated for the Volga Delta [9].
In addition to these species, corn crops in Kab-
ardino-Balkaria are contaminated with Johnson

Taodua. 1. [Ipeobnanaromniye 6MOTOrHUECKUE IPYIIITBI COPHBIX PACTEHHN B OTIEJIBHBIX (heaepabHbIX

OKpyrax, r./m?

Table 1. Predominant biological groups of weed plants in individual federal districts, pcs./m?

Federal District
Group of weeds
Central Southern North Caucasian Volga

Spring:

early 4.4 2,1 3,6 2,7

late 8,3 3,2 6,7 5,4
Dormant 0,5 0,1 0,7 0,2
Biennial 0,3 - 0,1 -
Taproot plants 0,02 - 0,01 0,05
Rootstock plants 0,3 - 1,6 0,3
Root-sucker plants 1,9 0,2 2,9 1,9

*Nakaev S.M.A., Okazova Z.P. Dominant weeds and their harmfulness in corn crops // Modern Science Success, 2017, vol. 2,
N 12, pp. 199-201.

SReview of the phytosanitary condition of agricultural crops in the Russian Federation in 2023 and a forecast for the development
of harmful objects in 2024. Moscow, 2024. 1281 p.

*Mysnik E.N., Zakota T.Yu. The structure of the species composition of weeds in corn crops in the steppe zone of the Krasnodar
Territory // Bulletin of Plant Protection. 2018. N 4 (98). pp. 50-53.
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grass (Sorghum halepense (L.) Pers.), couch
grass (Cynodon dactylon (L.) Pers.), arched
winter cress (Barbarea arcuata (Opiz ex J. et C
Presl) Reichb.) and common horsetail (Equise-
tum arvense L.) [8]. Black nightshade is often
found in corn crops in the Volga Delta (Solanum
nigrum L.), trailing hollyhock (Hibiscus trio-
num L.), mountain bluet (Acroptilon repens (L.)
DC.), corn bindweed (Convolvulus arvensis L.)
and couch grass (Elytrigia repens (L.) Nevski)
[10]. In the middle part of the Central Federal
District, in addition to species that contaminate
corn crops in all regions of its cultivation in the
European part of the Russian Federation, there
are species such as common spurrey (Spergu-
la arvensis L.), corn gromwell (Lithospermum
arvense L.), shepherd's purse (Capsella bur-
sa-pastoris (L.) Medik.), German camomile
(Tripleurospermum inodorum (L.) Sch. Bip.),
field pansy (Viola arvemsis Murray) [11], as
well as cleavers (Galium aparine L.), common
fumitory (Fumaria officinalis L.), field penny-
cress (Thlaspi arvense L.) [12]. Corn bindweed
and field milk thistle are also registered here
(Sonchus arvensis L.), grey thistle (Cirsium in-
canum (S.G. Gmel.) Fisch.) [12] is also often
found in corn crops in the Lower Volga region
and in the south of the Non-Black Earth Zone
[12—-14].

In the south of the Non-Chernozem zone,
common horsetail and pinweed are often found.
(Erodium cicutarium (L.) L’Herit.), Canada
fleabane (Erigeron canadensis L.), types of
hemp-nettles (Galeopsis spp.), clown's wound-
wort (Stachys palustris L.) [14]. A similar pic-
ture, showing differences in the species compo-
sition of weeds that are problematic in crops of
one crop grown in different regions, also char-
acterizes winter wheat crops [15], which deter-
mines the relevance of regional studies.

In plant protection practice, the development
of a set of protective measures in a separate
agroecosystem is based on the results of mon-

itoring the species composition and number of
weeds in individual fields within its boundaries,
and is therefore suitable for the fields of a given
agroecosystem [16]. Conducting phytosanitary
monitoring simultaneously in several farms in
one region allows us to draw a conclusion about
the contamination of all or individual crops in
this region [17]. To characterize the phytosani-
tary situation of crops in a region or area, large-
scale phytosanitary monitoring covering a large
number of fields is necessary. An objective as-
sessment of the phytosanitary situation in agro-
cenoses determines the forecast of the further
presence of harmful objects in them. A phy-
tosanitary forecast is a "probabilistic scientifi-
cally substantiated judgment on the dynamics
of populations of harmful objects in the future,
based on the patterns identified in the past" [18].
The subject of the forecast is the dynamics of not
only the number, but also the species composi-
tion of the destructive part of agrophytocenoses,
and the reliability of the forecast depends on the
reliability and scale of the monitoring results.
The regional forecast scientifically predicts the
presence, at least in the next field season, of a
complex of weeds identified in the current sea-
son. It is possible to give a forecast of the pres-
ence in the agrophytocenoses of the region for a
period of a number of years only for those spe-
cies of weeds whose stable growth in this region
is scientifically substantiated.

Weeds are wild plants of secondary habitats
[19], therefore the ranges of species, as well as
regional species complexes, are formed in ac-
cordance with the level of heat and moisture
supply of the territory and the level of require-
ments of each individual species for heat and
moisture factors®. On this basis, an ecologi-
cal-geographical analysis is carried out, which
is used in studying the distribution of weeds®.
Using this analysis, a complex of weeds was
previously identified for which the territory of
the Belgorod region is optimally suited in terms

SAlekhine V.V., Kudryashov L.V., Govorukhin V.S. Plant geography with the basics of botany. Moscow: Uchpedgiz, 1961, 532 p.

’Gillham J.H., Hild A., Johnson J.H., Hunt E.R. Jr, Whitson T.D. Weed invasion susceptibility prediction (WISP) mod-
el for use with geographic information systems. Arid land research and management. 2004. Vol. 18. Is. 1. P. 1-12. DOI:

10.1080/15324980490244933.
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of heat and moisture supply’. The complex of
weeds that forms agrophytocenoses in the crops
of a separate crop represents cenoflora as a divi-
sion of segetal flora and, like all weed flora, can
be predicted for the territory of the Belgorod re-
gion in a significant time perspective [15, 19].

The purpose of the study is to identify the
species composition of weeds in corn crops in
the Belgorod region and to develop a long-term
forecast of their growth in these agrophyto-
cenoses.

The research objectives are:

— to monitor corn crops;

— to systematize the data, establish the spe-
cies composition of weeds;

— to determine the degree of activity of spe-
cies in crops.

MATERIAL AND METHODS

The object of the study is the species com-
position of weeds in agrophytocenoses of corn
crops in the Belgorod region. The material for
the study was the data of phytosanitary moni-
toring of the state of corn crops in the Belgorod
region in 2020, 2021. Monitoring (40 fields
were surveyed) was carried out in accordance
with the methodology of geobotanical survey of
crops in relation to weeds®.

The materials are systematized using a spe-
cialized database “Weeds of the fields of the
Russian Federation™. The taxonomic structure
of the species composition was established by
the method of floristic analysis'®. The names of
taxa are given in accordance with the floristic
summary compiled for plant protection practi-
tioners''.

The phytosanitary role of weed species in
corn crops was revealed by determining their
activity in agrophytocenoses using the method
of T.A. Palkina'>. According to the methodolo-
gy, the activity of a species in the formation of
agrocenoses in crops of one culture (partial) was
determined taking into account two indicators:
the constancy of the occurrence of this species
in the crops of a given culture and the average
projective cover in the cenoflora.

Six classes of occurrence constancy were
identified: Ist class: the species was found in
less than 10% of fields, 2nd — in 10-20, 3rd — in
21-40, 4th — in 41-60, 5th — in 61-80, 6th — in
81-100% of fields.

Abundance classes were identified based on
the projective cover of the species in the commu-
nities: Ist class — single plants, 2nd — abundance
less than 0.5%; 3rd — abundance 0.5-1.0, 4th
— abundance 1.1-2.0, 5th — abundance 2.1-5.0,
6th — abundance more than 5%. Based on the
combination of these indicators, weed species
were divided into 6 categories (1 — particularly
active, 2 — highly active, 3 — moderately active,
4 — fairly active, 5 — slightly active, 6 — inactive)
in accordance with the scale given in Table 2.

RESULTS AND DISCUSSION

Low foxtail and unidentified foxtail spe-
cies have been recorded in corn crops. In the
plant protection system, closely related species
that require the same control measures are of-
ten grouped together, such as "vetch species",
"hemp nettle species" or "foxtail Setaria L."
Therefore, these species were combined for
analysis into a group of "foxtail species" and

"Luneva N.N., Fedorova Yu.A. Ecological and geographical substantiation of the formation of a species complex of weeds in the
Belgorod region // Biological species in the structural and functional hierarchy of the biosphere: Proc. XV int. scientific and practical.
ecological conf. (Belgorod, October 8-12, 2018). Belgorod: National Research University "BelSU", 2018, pp. 104-108.

8Luneva N.N. Technological methods of accounting and monitoring of weeds in agroecosystems // High-performance and
high-precision technologies and methods of phytosanitary monitoring. St. Petersburg: All-Russian Research Institute of Plant Pro-

tection, 2009, pp. 39-56.

*Mysnik E.N., Luneva N.N., Sokolova T.D., Nadtochiy I.N. Weeds of the fields of the Russian Federation. Database registration

certificate No. 2021522847 dated 09.12. 2021.

Tolmachev A.I. Methods of comparative floristics and problems of florogenesis. Novosibirsk: Nauka, 1986, 195 p.

"Luneva N.N., Mysnik E.N. Modern botanical nomenclature of weed species of the Russian Federation // Supplements to the
journal " Plant Protection News", 2018. Vol. 26. 80 p. DOI: 10.5281/zenodo.1241599.
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Ta6a. 2. banibl napuuaabHON AaKTUBHOCTH BUOB
pacTeHuii cereTaabHOM (DIOpHI B arpouToneH03ax
KYJBTYpbI (CM. CHOCKY 12)

Table 2. Partial activity scores of plant species of

segetal flora in agrophytocenoses of the culture (see
footnote 12)

Taba. 3. CrpykTypa COpHOTO KOMIIOHEHTA B arpo-
(uToIIEHO3aX MTOCEBOB KYKYpy3bl B benropoackoit
obnactu (2020, 2021 rr.)

Table 3. Structure of weed component in
agrophytocenoses of corn crops (Belgorod region,
2020, 2021)

Activity score in the persistency class Number in
Abun- | Projec- ) the family
dance |tivecov-| VI | V| IV | I | 1 |1 Weed plant family gen-
score er, % = types era
81-100 | 61-80 | 41-60 | 21-40|10-20 10
Composite plants (Compositae Giseke 11 8
6 >5 1 1 2 3 4 |5 Pl ( > )
3 Cruciferous plants (Cruciferae Juss.) 4 4
2,1-5.0 2 2 3 4 4 15 Buckwheat plants (Polygonaceae Juss.) 3 3
4 1,1-2,0 2 2 3 4 4 |5 Gramineous plants (Gramineae Juss.) 2 2
3 0,5-1,0 3 3 4 5 515 Goosefoot family (Chenopodiaceae Vent.)| 2 2
2 <0,5 4 4 4 5 516 Bindweed family (Convolvulaceae Juss.) 1 1
1 Legumes (Leguminosae Juss.) 1 1
Sirz: (;rl?;}' 5 5 5 5 6 le Amarantha'ceous (Amaranthaceae Jltlss.) 1 1
Poppy family (Papaveraceae Juss. (incl.
) ) Fumariaceae DC.)) 1 1
considered as one species. Parsley family (Umbelliferae Juss.) 1 1
As a result of processing the data obtained Heliotrope family (Boraginaceae Juss.
during the survey of corn fields in the Belgorod -(incl- Hydrophyllaceae R. Br.)) ! !
. . Equisetaceous plants (Equisetaceae
region, 32 species of weeds from 30 genera and  \fichx ex DC.) 1 1
}7 families were identified, which is indicated Mallow family (Malvaceae Juss.) ) )
in Table 3. Labiate family (Labiatae Juss.) ) ]
. abiate fami abiata .
The presented systematic spectrum, the lead- —: — coun
. o ; . ) Figwort family (Scrophulariaceae Juss.
ing families of which are Compositae, Crucifer- . 1. (incl. Orobanchaceae Vent.)) 1 1
ae, P olygonaceae, Grammeae‘ ?nd ChenopOd_la' Nightshade family (Solanaceae Juss.) 1 1
ceae, differs from the composition of the leading ,
Crowfoot family (Ranunculaceae Juss.) 1 1

families of the taxonomic spectrum of agrophy-
tocenoses of winter wheat crops in the Belgorod
region by the presence of the Chenopodiaceae
family instead of the Leguminosae family [15].
This indicates both the unity of the segetal flora
of the Belgorod region and the differences be-
tween its constituent coenofloras. The majority
(70.59%) of the families are represented by one
genus and one species. Taxonomic diversity is
expressed by the following average indicators:
the number of species in a family is 1.88, the
number of genera in one family is 1.76, the
number of species in one genus is 1,07.
Phytocenotic activity, showing the phytosan-
itary role of each type of weed in agrophyto-
cenoses of corn crops, is presented in Table 4.
Analysis of the identified species by lifespan
showed that annual weed species predominate
(65.63% are annual and biennial species). The

perennial group includes 10 species: corn bind-
weed, milk thistle, sagebrush, gray sow thistle,
field falcaria, common wormwood, arched win-
ter cress, common horsetail, bird vetch, com-
mon toadflax, small mallow.

No particularly active weed species were
identified in corn crops. The group of highly
active species in corn crops consisted of seven
weed species. Barnyard grass, lamb's-quarters
and foxtail species had high (95.00-100.00%)
rates of occurrence and projective cover (3.81—
4.69%) in the surveyed fields. Black nightshade,
grey sow thistle, wild buckwheat and pigweed
had slightly lower incidence and projective cov-
er rates: 65.00-80.00 and 1.32-3.44%, respec-
tively. Moderately active weed species were
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not identified in corn crops. The group of fairly
active species consisted of three species: corn
bindweed, field sow thistle and bird's knotweed.
Corn bindweed has a higher occurrence rate
(32.50%), and bird's knotweed has a projective
cover (9,20%).

The group of low-active species in corn
crops consisted of 13 species of weeds. Com-
mon wormwood, common cocklebur, arched
winter cress, hedge-nettle betony and Sofia
tansy mustard had a frequency of occurrence
in the surveyed fields of 30.00-35.00% with
a projective cover of 0,10-0,78%. Bird vetch,
small mallow, forking larkspur, sumpfweed had
a lower occurrence (10.00-17.50%) with a pro-
jective cover of 0.06-1.07%. Prickly lettuce,
common orache, water pepper and wild cham-
omile were found in an even smaller number of
fields (5.00-7.50%) with a projective cover of
0,50-7,80%.

The group of inactive species in corn crops
consisted of nine weed species: field falcaria,
rough sow thistle, common fumitory, common
horsetail, field pennycress, common worm-
wood, shepherd's purse, field forget-me-not and
common toadflax. In the surveyed fields, they
had low rates of occurrence and projective cov-
er: 2.50-7.50 and 0.01-0.12%, respectively.

For 29 out of 32 weed species infesting corn
crops in the Belgorod Region, this territory is
suitable for growth in terms of heat and mois-
ture supply (see footnote 7). It is not possible to
prove the suitability of the survey territory for
the growth of three more weed species identi-
fied in corn crops (common wormwood, com-
mon orach, small mallow) using the method
of eco-geographical analysis due to the lack of
electronic maps of their distribution. However,
the regular occurrence of these species during
monitoring allows them to be included in the
composition of the cenoflora of corn crops in
the Belgorod Region. Not all of the identified
species have high phytosanitary significance;
the most widespread and abundant in the agro-
phytocenoses of this crop are the seven high-
ly active and three fairly active species named
above.

CONCLUSION

1. The identified composition of the ceno-
flora of agrophytocenoses of corn crops in the
Belgorod region is stable and predictable in the
long term (long-term regional forecast). The
species composition and distribution of species
by groups of different activity status will be pre-
served if the state of hydrothermal conditions
in the region does not change and the structure
of crop areas is preserved, and regional agro-
technology for corn cultivation and a system of
protective measures are applied.

2. The results were obtained based on the
survey of a large number of fields; therefore,
they are of an average nature, i.e. not all iden-
tified species are present and will continue to
grow in all fields under corn crops. This signifi-
cantly increases the role of phytosanitary moni-
toring at the level of individual agroecosystems
to identify which of the species predicted in ag-
rophytocenoses of corn crops grow in a given
farm, and to promptly track the introduction of
species from other regions.

3. The obtained results are important for
developing a long-term regional forecast of the
growth of the identified complex of weeds in
corn crops in the Belgorod region, on the basis
of which it is possible to adjust the regional sys-
tem of protective measures in this crop. Knowl-
edge of the species composition of high phy-
tosanitary significance is important for planning
the purchase of means of protecting corn crops
from weeds on a regional scale. Knowledge of
the species composition of the entire complex
of weeds in corn crops is important for tracking
the changes that may occur when the structure
of crop areas and the melioration system are
disrupted.
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BosneiicrBue AuBuaenaa Ixerpum, KC u ero kommnosuuumn
¢ HoBoxu3osieM Ha (pUuTOCAHUTAPHOE COCTOSIHME CEMSH
U MOCEBOB SIPOBOI MATKOM MIIEHUIbI

Baacenxo H.I.J, %) Temusixoa O.1.!, ®omenko B.B.?

'Cubupcruti ghedepanvuviil Hayunslil yenmp acpodbuomexuonocutl Poccutickoti akademuu HayK
HoBocubupckas o6macts, p.i. KpacHoo6ck, Poccus

2Hosocubupckuti uncmumym opeanuyeckou xumuu um. H.H. Bopooicyosa Cubupckozo omoenenust
Poccuiickoii akademuu nayx

Hosocubupck, Poccust

(<) e-mail: rudol4757@mail.ru

B 2020 n 2021 rr. mpoBeneHoO WCCIeIOBAaHUE 0 U3YYCHUIO BIMSHUS MpoTpaBuTens [uBumeHn
OkerpuM, KC u ero xommno3uuuu ¢ HoBoxuzonem Ha 3apa)k€HHOCTh CEMEHHOTO Marepuaia u ¢Qu-
TOCAHUTAPHYIO CUTYallMIO B MOCEBAaX SPOBOM MsTKOW mineHuIbl copra HoBocubupckas 31, Bbipa-
IUBAaEMOM Ha 0€30TBaIHLHO-00pa0OTAaHHOM BEITIEIOUEHHOM depHO3eMe. OMBIT BKIIOYAT TPU Ba-
puanTa o0paboTku cemsH: 1) KOHTponb (0e3 00paboTkm); 2) KomMmepyecknidi GyHrunua JAuBuaeH,
Oxerpum, KC (mudenokxonazon, 92 /i + medeHokcam, 23 1/11); 3) KOMIO3HIINS, COIepIKaIias yMeHb-
menHoe B 13,4 pasza konmn4uecTBO nelicTByronux BemecTB duBuaenmna Dxctpum, KC n HoBoxu3ob
(mugenoxonazon, 6,88 r/in + medenokcam, 1,71 r/n + HoBoxuzons, 2,5% + saTapHas kuciora, 1,25%;
bopmyssinus npeaioxkena HoBocHOMpCKUM HHCTUTYTOM opranudeckoit xumun um. H.H. BopoxiioBa
CO PAH). Ycranosnena Boicokast Ononorundeckas apdexruBaocts (93,3 u 100,0%) 06paboTku ceMsH
Husunennom Dkcrpum, KC (pacxon 0,5-0,6 n/t) npotus Bipolaris sorokiniana (Sacc.) Shoemaker
(syn. Helminthosporium sativum Pam., King et Bakke; Helminthosporium sorokinianum Sacc.). Cuu-
YKEHHas1 HopMa pacxoja ociabmsuia 3pQexT 3amuTel BaBoe. bruomornaeckast 3pheKTHBHOCTH KOMIIO-
sunun ¢ HoBoxm3o0IeM ycTynana KoMMepueckoMy POTPABUTEINIO KaK C MOHWKEHHOH, TaK U C MOBHI-
IIEHHOUM HOopMOH pacxoma. O0a mpermapara CHIKaJIA YUCICHHOCTh Cop B. sorokiniana B o4Be, HO
Ha BEreTaTUBHOM JTalle Pa3BUTHS PACTCHUI YMEHbBIICHHE WX TUIOTHOCTH OTMEYaH MPU 00padoTKe
cemsiH JluBunennom Dkerpum, KC. B a3ze MosouHoit crienoctu 0oliee HU3KUE MTOKA3aTeNId Pa3BUTHUS
OOBIKHOBEHHOW KOPHEBOM THWIIM (PUKCHPOBAIN B 000X OMBITHBIX BapHaHTax Mpu OombIiel d¢hdek-
TUBHOCTH KOMMEPUECKOTO (YyHTUIH/IA. BBISBICHO, UTO 3amuTa ceMsiH (QyHIHIUIHON KOMITO3UIIHEH
¢ HoBoxuzonem MOXET OMOCpPENIOBAHHO (Yepe3 pOCTOCTUMYIISILUIO PACTECHHS-XO3IHMHA) BIUSATH Ha
MOPaKCHHOCTD JIUCTHEB KaK CEMTOPUO30M, TaK U OypOi piKaBUMHOM, YBEINYKMBAsT Pa3BUTHE JAHHBIX
Oomesneit B 2,1 1 2,5 pa3a COOTBETCTBEHHO.

Kumiouesbie cinoBa: [{usunena Dxctpum, KC, HoBoxuzomsb, sipoBast Msrkas MIICHUIA, Pa3BUTHE U
pacIpoCTpaHEHHOCTh OONE3HH

Impact of the Dividend Extreme, SC and its composition with Novochizol
on the phytosanitary condition of seeds and crops of spring soft wheat

[Vlasenko N.G.!, ) Teplyakova O.1.', Fomenko V.V.2

ISiberian Federal Scientific Centre of AgroBioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia

’N.N. Vorozhtsov Novosibirsk Institute of Organic Chemistry of the Siberian Branch of the Russian
Academy of Sciences

Novosibirsk, Russia

(xpe-mail: rudol4757@mail.ru

74

Siberian Herald of Agricultural Science * 2025 « 55 « 3 Plant protection



Bosneiicteue JuBnaenna Dxkctpum, KC 1 ero KOMIO3UIINK
¢ HoBoxuzonem Ha UTOCAaHUTAPHOE COCTOSIHHE CEMSH
¥ TIOCEBOB SIPOBOH MSATKON MIICHHUIIB

Bnacenxo H.I'., Temsxosa O.1., ®omenko B.B.

In 2020 and 2021, a study was conducted to investigate the effect of the dressing agent Dividend
Extreme, SC and its composition with Novochizol on seed infestation and phytosanitary situation
in the crops of spring soft wheat Novosibirskaya 31 cultivated on no-till leached chernozem. The
experiment included 3 seed treatment options: 1) control (without treatment); 2) commercial fun-
gicide Dividend Extreme, SC (Difenoconazole, 92 g/l + Mefenoxam, 23 g/l); 3) composition with
a 13.4-fold reduced amount of active ingredients Dividend, Extreme, SC and Novochizol (Difeno-
conazole, 6.88 g/l + Mefenoxam, 1.71 g/l + Novochizol, 2.5% =+ succinic acid, 1.25%; the formulation
was proposed by the N.N. Vorozhtsov Novosibirsk Institute of Organic Chemistry SB RAS). High
biological efficiency (93.3 and 100%) of seed treatment with Dividend Extreme, SC (consumption
0.5-0.6 1/t) against Bipolaris sorokiniana (Sacc.) Shoemaker (syn. Helminthosporium sativum Pam.,
King et Bakke; Helminthosporium sorokinianum Sacc.) was established. The reduced application rate
weakened the protection effect by half. The biological efficiency of the composition with Novochizol
was inferior to the commercial seed treatment with both reduced and increased application rates. Both
preparations reduced the number of B. sorokiniana spores in the soil, but at the vegetative stage of
plant development, their lower density was noted when treating seeds with Dividend Extreme, SC.
In the milk ripeness phase, lower development of common root rot was recorded in both experimental
variants with a predominance of efficiency from treatment with a commercial fungicide. It was found
that protection of seeds with the fungicide composition Novochizol can indirectly (through growth
stimulation of the host plant) affect the infestation of the leaves with both septoriose and brown rust,
increasing the development of these diseases by 2.1 and 2.5 times.

Keywords: Dividend Extreme, SC, Novochizol, spring soft wheat, development and prevalence
of the disease

Jasi wmrupoBanusi: Bracenxo H.I, Tennsixosa O.U., @omenxko B.B. BospeiictBue [duBupenna Dxcrpum, KC u ero
xomno3uiu ¢ HoBoxu3zonem Ha pUTOCAaHUTApPHOE COCTOSIHUE CEMSIH M OCEBOB SIPOBOH MSTKO#l mineHuIb! / CHOMPCKHI BECTHHK
cenbckoxossiiictBenHo# Hayku. 2025. T. 55. Ne 3. C. 74-84. https://doi.org/10.26898/0370-8799-2025-3-8

For citation: Vlasenko N.G., Teplyakova O.I., Fomenko V.V. Impact of the Dividend Extreme, SC and its composition with
Novochizol on the phytosanitary condition of seeds and crops of spring soft wheat. Sibirskii vestnik sel skokhozyaistvennoi nauki =
Siberian Herald of Agricultural Science, 2025, vol. 55, no. 3, pp. 74-84. https://doi.org/10.26898/0370-8799-2025-3-8

KongukT unrepecon

ABTOPBI 3a5BIISAIOT 00 OTCYTCTBUHU KOH(IMKTa HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

INTRODUCTION To control the formation of root rot of var-
ious etiologies, the two-component systemic
fungicide Dividend Extreme (OOO Syngenta,
Russia) is recommended [3, 4]. The formulation

is a suspension concentrate, the active ingredi-

The phytosanitary condition of agroecosys-
tems is one of the indicators affecting their pro-
ductivity [1, 2]. The effectiveness of the fight
against phytopathogens and the nature of the

impact on the host plant are determined by the
active ingredient (a.i.) of the pesticide, its for-
mulation! and the application rate’. In order to
increase the level of protection of grain crops,
combined preparations are being developed. In
recent years, the number of such preparations
has increased almost 2 times.

ents are difenoconazole, 92 g/l + mefenoxam,
23 g/l. Difenoconazole, a triazole derivative,
belongs to the largest group of systemic fungi-
cides that inhibit the synthesis of sterols. It has
specific activity against smut diseases, root rots
and seed mold. Due to moderate systemicity, it
gradually penetrates the xylem of the plant into

'Karakotov S.D., Popov S.Ya., Dymov Yu.A. Influence of the preparative form of the seed dressing on its biological efficiency //

Zemledelie, 2016, N 3, pp. 44-47.

“Dymov Yu.A. Research of biological efficiency of some promising seed treatments against root rots on spring wheat // Vestnik

Orel GAU, 2016, N 4 (61), pp. 84-90.
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Impact of the Dividend Extreme, SC and its composition
with Novochizol on the phytosanitary condition of seeds
and crops of spring soft wheat
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new growth, completely inhibits the growth of
subcuticular mycelium, and reduces the level of
sporulation of the pathogen. It practically does
not move in the soil>. According to the manu-
facturer, difenoconazole is the most effective
active ingredient for controlling dark-colored
fungi®. It is reported about the proven high ef-
ficiency of difenoconazole and mefenoxam in
the fight against such diseases of grain crops as
alternaria, helminthosporium and pythium root
rot. The high concentration of difenoconazole in
Dividend Extreme, SC allows to reliably protect
seedlings, the root system and the tillering node
from helminthosporium root rot for a period of
up to 30 days. The drug does not have a side
retardant effect on seedlings and eliminates their
spareness.

Mefenoxam (R-isomer of metalaxyl) is a
phenylamide, a systemic fungicide with protec-
tive, eradicating and curative action. Mefenox-
am inhibits the formation of proteins in fungi,
suppresses the synthesis of ribosomal RNA,
mycelial growth, the formation of zoospores,
oospores and chlamydospores, but has virtual-
ly no effect on the germination of zoospores.
Growth inhibition occurs only after the pene-
tration of the parasite's haustoria into the plant
cell’. Mefenoxam-based preparations are used
to combat Pythium, Helminthosporium, Fusar-
ium root rot, Alternaria seed infection and seed
mold. Mefenoxam has a systemic effect at very
low dosages (see footnote 3). During dressing,
most of the fungicide accumulates in the seed
coat, embryo and peripheral part of the endo-
sperm. During germination of treated seeds, a
significant part of the preparation is found in the
cotyledons, and a smaller part in the stems and
roots of the seedling. The period of protective
action of preparations containing mefenoxam is

10-14 days; in the soil, the substance is active
for 40-70 days (see footnote 5).

There are data on the activity of Dividend
Supreme, SC (difenoconazole, 39.92 g/l + me-
fenoxam, 3.08 g/l + thiamethoxam, 92.30 g/I)
against fusarium- helminthosporium (Leningrad
Region) and helminthosporium -fusarium root
rot of spring wheat (Saratov and Volgograd Re-
gions). In the first case, the fungicide efficiency
was 86.0-91.5%, in the second — 55.1-74.1%.
When applied to winter wheat crops in the Kras-
nodar Region, 100% control of fusarium rot was
recorded’. Due to the fact that many types of fun-
gi that cause root rot are resistant to fungicides,
continuous screening of modern preparations is
carried out. Thus, against an artificial infectious
background, high efficiency of Dividend Star,
SC (difenoconazole, 30.0 g / 1 + cyproconazole,
6.3 g / 1) against root rot pathogens Bipolaris
sorokiniana and Fusarium equiseti (100.0 and
99.6%, respectively) was established [5].

There are reports that the combined use of
seed dressings with anti-stress preparations en-
hances the host plant's defense mechanisms,
reduces the negative effects of fungicides, and
helps increase the yield of grain crops’. In par-
ticular, the tank mixture Dividend Star, 0.5 I/t +
Fitosporin-M, 1.0 I/t, reducing the development
of root rot by 2 times, increased the yield by 1.3—
2.4 c/ha. This technique is considered one of the
methods for greening the protection of spring
wheat [6].

The polysaccharide chitosan is used as a
biofungicide, the fungistatic action of which
depends on its physicochemical properties, the
type of microorganisms, the composition and
concentration of chitosan-containing substances
[7]. High fungistatic activity of chitosan in com-
bination with succinic acid has been noted on
fruit [8]. The combined effect of chitosan with

3Belitskaya M.N., Gribust LR., Baibakova E.V., Nefedyeva E.E., Shaikhiev I.G. Research and comparative analysis of active
substances of modern seed treatment agents for grain crops // Herald of Technological University, 2015, vol. 18, N 9, pp. 32-36.

‘www.syngenta.ru
Shttps://direct.farm/post/metalaksil-15149

*Grishechkina L.D., Burkova L.A., Dolzhenko V.I., Silaev A.L, Milyutenkova T.I. New insectofungicide combination Dividend

Supreme for wheat protection // Zemledelie, 2016, N 1, pp. 41-44.

"Lukhmenev V.P. Greening the protection of spring wheat through the use of biological preparations and growth regulators in tank
mixtures with pesticides // [zvestia Orenburg State Agrarian University, 2004, N 4 (4), pp. 16-17.
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vanillin and salicylic acid on the resistance of
wheat to brown rust (pathogen Puccinia recondi-
ta) and dark brown spot (pathogen Cochliobolus
sativus) has been established: resistance to both
pathogens is increased by chitosan, modified in
the first case with salicylic acid, in the second
- with vanillin. The addition of chitosan salic-
ylate to the medium for submerged cultivation
of Bacillus subtilis strains VKM B-2604D and
VKM B 2605D and to the Vitaplan preparation
increased its protective effect in the wheat — C.
sativus pathosystem by 1.5-2.0 times [9]. It is
assumed that the increased biological activity of
the new forms of the Vitaplan preparation is the
result of a combination of the fungicidal activity
of the biopreparation and the induction of plant
defense reactions by chitosan salicylate [10].

Chitosan salicylate is also capable of con-
trolling Phytophthora infestans (Mont.) de
Bary®. In field conditions, high biological effi-
ciency (93.1; 88.0 and 80.0%) of a chitosan-te-
buconazole composition against P. recondita,
Septoria nodorum and Blumeria graminis was
demonstrated with a single treatment at the be-
ginning of earing of soft spring wheat plants. The
addition of chitosan salicylate reduced the fun-
gicide consumption by 5.5 times and increased
grain yield by 0.55 t/ha [11]. The obtained re-
sults indicate the possibility of using chitosan to
create fungicide compositions in more advanced
forms — with low consumption rates while main-
taining equivalent efficiency [12, 13].

The purpose of this study is to investigate the
effect of the two-component fungicide-dressing
agent Dividend Extreme, SC and its composition
with Novochizol, containing a reduced amount
of difenoconazole and mefenoxam, on the phy-
tosanitary condition of seeds and crops of spring
soft wheat grown after fallow on non-mold-
board-cultivated unfertilized leached chernozem
in the northern forest-steppe of the Novosibirsk
region.

MATERIAL AND METHODS

The study was conducted in 2021 and 2022
on the experimental field of the Siberian Fed-
eral Scientific Centre of Agro-BioTechnologies
of the Russian Academy of Sciences, located
in the central forest-steppe Priobsky agroland-
scape region in the Novosibirsk region. The soil
is leached medium loamy chernozem of medi-
um thickness. The main soil cultivation is deep
non-moldboard loosening with SibIME tines, in
the spring — moisture closing with BIG-3A har-
rows and pre-sowing cultivation (6—8 cm) diag-
onally of the main cultivation. The forecrop is
fallow land without fertilization. Spring wheat
of the Novosibirskaya 31 variety was used in
the experiment. Sowing was carried out on May
20 (2021) and 21 (2022) with an SZS-2.1 seed-
er (with anchor coulters). The seeding rate is
6 million grains/ha. Harvesting was carried out
on August 26 (2021) and September 1 (2022).
Seed treatment was carried out with moisten-
ing (10  H20/t) 6 days before sowing in closed
plastic bags.

The experiment included three seed treatment
options:

1) control (without treatment);

2) commercial fungicide Dividend Extreme,
SC (difenoconazole, 92.0 g/l + mefenoxam,
23.0 g/l);

3) Dividend Extreme, SC (the amount of ac-
tive ingredient is reduced by 13.4 times: difeno-
conazole — 6.88 g/, mefenoxam — 1.71 g/l) +
Novochizol (2.5%) + succinic acid (1.25%). The
formulation was proposed by the Novosibirsk
Institute of Organic Chemistry, SB RAS.

An aqueous suspension of Novochizol (pro-
vided by Novochizol SA, Switzerland’) was pre-
pared by dissolving succinic acid (500 mg/100
ml of sterile water) and gradually adding No-
vochizol (1000 mg/100 ml of succinic acid
solution). To intensify the process, an ultrasonic
technological device UZTA-0.4/22-OM (U son-
ic, Russia!®) was used at maximum power for

SVasyukova N.I., Ozeretskovskaya O.L., Chalenko G.I, Gerasimova N.G., Lvova A.A., Ilyina A.V., Levov A.N., Varlamov V.P,
Tarchevsky I.4. Immunomodulatory activity of chitosan derivatives with salicylic acid and its fragments // Applied Biochemistry and

Microbiology, 2010, vol. 46, N 3, pp. 379-384.
‘www.novochizol.ch
www.u-sonic.ru
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1 hour. To compensate for evaporation caused
by prolonged ultrasonic treatment, sterile water
was added. To sterilize the solution, filtration
was performed using apyrogenic acetate cellu-
lose filters (pore size 0.45 pm; Sartorius, Ger-
many). The preparation was stored as a 1% stock
solution at 4 °C and used within 1 week. Dilu-
tion was performed immediately before seed
treatment [13].

The experiment was repeated three times. The
plot area was 14.7 m?. In the tillering phase, to
limit the growth of weeds, continuous treatment
was carried out with a tank mixture of herbicides
Axial, EC, 1.0 I/ha + Primadonna, SE, 0.4 1/ha +
Hextar, WDG, 10.0 g/ha. The efficiency of the
fungicide-dressing agent Dividend Extreme, SC
and its composition with Novochizol was stud-
ied in dynamics: phases of two, four leaves and
milky ripeness. The main evaluation indicators
were the development index (R, %) and the dis-
ease prevalence index (P, %) with the conver-
sion of the point score into a percentage'!. To an-
alyze the damage of the root system to common
root rot, ten plants were selected at ten points of
the plot (n = 100). In the upper root layer of the
soil, the intensity of accumulation of spores of
the fungus Bipolaris sorokiniana Shoem., which
is the main causative agent of the disease, was
assessed (conidia / 1 g of air-dry soil; average
sample — 1000 g from ten points). Sampling was
carried out by shaking the soil off the plants'> 13,

The study was conducted in the years with
contrasting degrees of humidity. In 2021, 187.9
mm of precipitation fell from May to August
(24,8; 73,3; 22,4; 67,4 mm), in 2022 — 113,1 mm
(2,5; 59,0; 28,4; 23,2 mm). Relative to the long-
term average, the difference by months was:
—45,2, +64,3, 68,9, +2,1 in 2021, -93,1, +1,7,
—60,6, —64,8 in 2022. The average daily tem-
perature in May — August 2021 reached 15,1;
17,2; 21,0; 19,1 °C (deviation from the long-

term average: +4,0, —0,5, +0,7,+2,8 °C), during
the same period 2022 — 15,3; 17,2; 18,9; 16,5 °C
(+5,0,+0,5,-0,1, +0,7 °C). According to the ac-
cepted classification, in terms of moisture levels,
2021 can be classified as moderately deficient,
2022 as extremely dry'.

RESULTS AND DISCUSSION

Two-year field trials showed that during
the vulnerable growth period (seedlings — two
leaves), the use of the commercial fungicide
Dividend Extreme, SC as a seed dressing reli-
ably reduced the frequency of the plants affected
by common root rot (by 1.8 and 2.0 times) (see
Table 1). Biological efficiency by year differed
slightly (52.2 and 58.1%). The development of
the disease relative to the control indicators (R
= 15.80 and 18.51%) decreased by 1.9 and 2.1
times. Thus, the positive effect of dressing with
a commercial fungicide was more pronounced in
the extremely dry growing season of 2022.

No annual decrease in the incidence of com-
mon root rot was observed in the Novochizol
variant. Only in 2021 did the fungicidal effect
of the experimental composition reach the level
of the commercial product (R = 6.25%, biologi-
cal efficiency — 60.40%) (see Table 1). In condi-
tions of severe drought (2022), on the contrary,
there was a tendency for the number of affected
plants to increase. The damage to primary roots
(R=122%, R, = 16.0%) and, in particular,
coleoptile (R = 11.2%, R = 7.9%) was poor-
ly controlled. For comparison, the biological
efficiency of Dividend Extreme, SC this year
reached 61.0 (primary roots) and 62.6% (cole-
optile).

In the four-leaf phase, the dependence of the
seed treatment efficiency on the wheat growing
conditions was observed. In a more favorable
season in terms of moisture, the level of damage
to plants protected by a commercial fungicide

"Sanin S.S., Neklesa N.P. Methodical instructions for conducting industrial demonstration tests of means and methods of

protecting grain crops from diseases. Moscow, 2004. 24 p.

2Teplyakov B.I. Common root rot of spring wheat on chernozems in the forest-steppe zone of Western Siberia. Novosibirsk,

2012. 146 p.

BTeplyakov B.1, Teplyakova O.I. Phytosanitary condition of leached chernozem and the spread of common root rot in the early
stages of ontogenesis of spring soft wheat / Bulletin of NSAU, 2012, N 1-2 (22), pp. 17-23.

14 Adaptive landscape farming systems of Novosibirsk region. Novosibirsk, 2002, 388 p.
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Taoa. 1. [lunamuka pa3BuTHsi OOBIKHOBEHHOM KOPHEBO THIJIM B IOCEBAX SPOBOM IMILIEHULIBI (ITOIEBOH OIBIT), %o
Table 1. Dynamics of common root rot development in spring wheat crops (field experiment), %

Dividend Extreme, DiVid;%i}féﬁ:g]li’_ SC+
. Control sC, o LSD,,
Indicator consumption 0,6 1/t consumption 0, é Ut
2021 2022 2021 2022 2021 2022 2021 2022
Two leaves stage
Disease progress index 15,80 | 18,51 8,25 7,75 6,25 18,75 - -
Disease prevalence 56,00 | 61,05 32,00 29,02 25,00 64,86 0,55 3,92
Four leaves stage
Disease progress index 21,00 | 27,76 14,75 12,50 14,50 18,26 - -
Disease prevalence 74,00 | 88,03 59,00 48,01 58,00 66,02 1,99 3,00
Milk-ripe stage
Disease progress index 29,47 | 30,28 18,53 23,73 24,20 23,00 - -
Disease prevalence 90,97 | 97,03 68,04 81,94 82,90 82,98 2,08 4,05

was 30.0% lower than in the control, in a dry
season it was 55.0% lower. When treating seeds
with a composition containing Novochizol, this
dependence was not detected. In both years, its
biological efficiency remained almost the same
- 31.0 and 34.0%, respectively. A significantly
lower prevalence of the disease than in the con-
trol was recorded in 2022: Dividend Extreme,
SC reduced the proportion of diseased plants by
48.01%, Dividend Extreme, SC + Novochizol —
by 66.02%. During the years of the study, the
effectiveness of protecting the underground in-
ternode and the aboveground root part with the
first treatment option reached 77.6 and 70.6%,
with the second — 57.3 and 37.6%, i.e. 1.4 and
1.8 times less than the control (R = 13,51
22,0%).

At the stage of milk ripeness, a decrease in
the development of common root rot by 1.4 and
1.3 times, respectively, was observed when us-
ing both treatment options. At the same time, the
commercial fungicide showed greater efficiency
(R =21.1% in 2021 and 2022). The prevalence
of the disease in the control on average over the
years of the study reached 94.0%, and in the
treatment options it decreased by 1.2—1.3 times

ontrol

when using Dividend Extreme, SC, by 1.1 times
— when seed dressing with a composition con-
taining Novochizol.

In all three phases, soil samples from plant
roots were studied using the flotation method
used to determine the level of spore infestation
by the main pathogen of common root rot. The
results showed that at the early stage of organo-
genesis, the number of B. sorokiniana conidia in
the root layer of plants protected by a commer-
cial seed treatment agent decreased by 21.8%
in the moderately humid season and increased
by 18.2% in the extremely dry season (see Ta-
ble 2). An annual decrease in spore density by
23.2-27.3% occurred under the influence of the
experimental preparation with Novochizol.

On the subsequent date of recording (four-
leaf stage), a smaller number of spores was
found in the treated crops. As a result of treat-
ment with Dividend Extreme, SC, the number
of conidia decreased by 24.6-35.2%, after treat-
ment with a composition with Novochizol — by
16.8-27.5% (control — 141.30 + 3.75 and 113.80
+2.39 conidia/l g of soil in 2021 and 2022). The
same trend was maintained in the milk ripeness
phase: due to the use of Dividend Extreme, SC,
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Tao6a. 2. /lunamuka HaKoIUIeHHs clop B. sorokiniana B BepXHEM MPUKOPHEBOM CJI0€ (II0JIEBOM OIIBIT),
KoHnaui/1 r mouBer*

Table 2. Dynamics of accumulation of B. sorokiniana spores in the upper root layer (field experiment),
conidia/l g soil*

Plant Dividend E)}treme, SC, Dividend Extr.eme, SC + Novochizol + succinic
develop- Year Control consumption 0,6 1/t acid, consumption 0,6 I/t
ment stage M+tm 15 0s facl** M+m 213 05 fact
Two leaves | 2021 86,30 + 3,15 67,50 £2,50 4,67 66,30 £ 1,25 5,90
2022 55,00 2,89 65,00 + 2,04 2,83 40,00 + 3,54 3,28
Four 2021 141,30 £ 3,75 106,3 £2,39 7,87 117,50 + 4,33 4,15
feaves 2022 | 113,80+2,39 73,80 £2,39 11,83 82,50 = 1,44 11,22
Milk ripe- | 2021 195,00 +£5,40 | 141,30+3,75 8,17 152,50 £4,33 6,14
ness 2022 | 1187,50+ 12,67 | 796,20 + 4,27 29,27 886,30 + 12,97 16,61

*Economic threshold of harmfulness — 20 conidia/1 g soil; moderate population — 20-100 conidia/l g; high — more than 100

conidia/l g.
**p =245 (5% level of significance).

table

the number of spores decreased by 27.5 and
33.0%, after the use of the experimental com-
position — by 21.8-25.4% (control — 195.00 +
5.40 and 1187.50 £ 12.67 conidia / 1 g of soil).
The data obtained show that both treatment op-
tions can create a phytosanitary effect, but its
enhancement at the vegetative stage of plant
development is largely facilitated by seed pro-
tection with the commercial fungicide Dividend
Extreme, SC (see the figure).

A positive aftereffect of protective measures
was also noted at the generative stage, when,
against a high infection background of B. so-
rokiniana, the frequency of occurrence of af-
fected plants grown from the seeds treated with
Dividend Extreme, SC, decreased from 90.97—
97.03% (control) to 68.04-81.94% (1.2-1.3
times). Treatment with a composition contain-
ing Novochizol reduced the frequency of occur-
rence of affected plants to a lesser extent —by 1.1
times. Most likely, the decrease in the efficiency
of the ecologized mixture was due to a decrease
in the amount of difenoconazole and mefenoxam
in its composition. More effective suppression
of the phytopathogen on seeds was noted when
they were treated with the recommended dose of
the preparation (0.5-0.6 1/t) (see Table 3).

During the years of the study, the biological
efficiency of Dividend Extreme, SC reached

93.3 and 100.0%, respectively, with an infesta-
tion in the control of 15.0 and 40.0%. A 13.4-
fold decrease in the amount of active ingredient
of the fungicide weakened the protection effect
by half. The biological efficiency of the compo-
sition with Novochizol was inferior to the com-
mercial seed treatment agent with both reduced
and increased application rates. The low level of
infestation with Fusarium spp. fungi (3.0% in
2021, 0.0% in 2022) did not allow us to evalu-
ate the effect of their suppression. A tendency for
the effectiveness of seed treatment to go down
with a decrease in the application rate of Divi-
dend Extreme, SC was observed against both 4/-
ternaria spp. (by 1.6 times) and Penicillium spp.
(by 1.5 times). In 2022, storage molds were not
detected in the seed lots. Alternaria infestation
in the control was 55.0%. At the same time, the
biological effectiveness of Dividend Extreme,
SC at the recommended application rate against
Alternaria spp. reached 100.0%.

In both seasons, seed treatment had virtual-
ly no effect on powdery mildew development.
Its prevalence was high: 86.56% in the control,
90.49% when treated with Dividend Extreme,
SC, 88.54% when treated with the composition
with Novochizol. The intensity of leaf coloniza-
tion differed slightly between the experimental
variants, but significantly between the years. An
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Dividend Extreme, SC +
Novochizol

56.85

Dividend Extreme, SC

Control

10

20

30 40 50 60 70

B 2 leaves — 4 leaves 4 leaves — Milk ripeness

Haxornenne kouuawii B. sorokiniana B IpuKOpHEBOM ciioe (mmoneBoit onsIT, 2021, 2022 1), %
Accumulation of B. sorokiniana conidia in the root layer (field experiment, 2021, 2022), %

Tao6a. 3. Bausaue HOpMBI pacxosa npemnaparoB Ha 3PPEeKTUBHOCTb 00pabOTKU CeMSH (METOJI PYJIOHOB,

26 °C, 2021, 2022 rr)

Table 3. The influence of the application rate on the effectiveness of seed treatment (roll method, 26 °C,

2021, 2022)
Option Consump- B. sorokiniana Fusarium Alternaria Penicillium Total infect- | Healthy,
P tion rate, I/t ’ spp. spp- spp.- ed, % %
Control - 15,0 3,0 22,0 6,0 66,0 34,0
1,0° 2,0 9,0 0
Dividend Ex- 0.5 93,3 333 59,1 00,0 12,0 88,0
treme, SC 8,0 , 14,0 2,0
0,04 46,7 o 364 66.7 29,0 71,0
Dividend Ex- 2,0 2,0 20,0 4,0
treme, SC + 0.5 8_6L,7 33—%3 9,1 33,3 28,0 72,0
Novochizol +
succinic acid 6,7 %’Lg %0’0 %LO 10%’0 32,0 68,0

*The numerator indicates the fungal infestation (%), in the denominator — biological efficiency (%).

increase in the intensity of powdery mildew de-
velopment was recorded in a dry year: when the
seeds were treated with Dividend Extreme, SC
— by 2.2 times, with the composition with No-
vochizol — by 3.5 times, in the control — by 2.3
times (see Table 4).

In the dry 2022, the prevalence and intensity
of septoriose and brown rust development were
lower compared to the moderately moisture-de-
ficient 2021. In the control, they decreased by
5.4 and 5.8 times for septoriose, 5.9 and 30.3

times for brown rust, in the variant with seed
treatment with Dividend Extreme, SC — by 2.1
and 1.9 times (septoriose), 6.3 and 20.4 times
(brown rust), when treated with a composition
with Novochizol — 2.2 and 3.8 times (septo-
riose), 2.4 and 6.4 times (brown rust).

Based on the presented data, it can be con-
cluded that the phytosanitary situation in crops
formed from the seeds treated with a composi-
tion containing Novochizol has worsened. At
the same time, the prevalence of septoriose and
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Tao6a. 4. Pa3Burue adporeHHBIX HHPEKIHIA B IIOCEBAX (IIOJIEBOM OITBIT, MOJIOYHAS CIIEIOCTb, (iar-ucr), %

Table 4. Development of acrogenic infections in crops (field experiment, milk ripeness, flag leaf), %

Disease prevalence Intensity of disease development
Option Year owde owder
pmil de\fvy septoriose brown rust pmil dewy septoriose brown rust

2021 77,01 91,98 89,01 4,87 4,81 4,55

Control 2022 96,02 16,99 15,03 11,31 0,83 0,15

Average | 86,56 54,48 52,02 8,09 2,82 2,35

2021 82,98 88,92 88,92 4,61 3,80 3,67

Dividend Extreme. SC, | 5057 | 9801 | 43,05 14,02 10,38 2,05 0,18
consumption 0,6 1/t

Average 90,49 65,99 51,47 7,50 2,93 1,93

Dividend Extreme, SC+ | 2021 82,00 80,01 87,97 3,90 5,36 3,95

Novochizol + 2022 95,07 36,03 37,04 13,52 1,40 0,62

succinic acid, Average | 88,54 58,02 62,51 8,71 3,38 2,29
consumption 0,6 1/t

brown rust increased by 2.1 and 2.5 times (36.03
and 37.04%, respectively, in the control — 16.99
and 15.03%).

Thus, the decrease in the amount of active
ingredients of Dividend Extreme, SC in combi-
nation with Novochizol, on the one hand, stim-
ulates the growth of the host plant (in the milk
ripeness phase, the height of the plants and the
value of their aboveground biomass exceeded
the control by 6.21 cm and 29.0%), but on the
other hand, it contributes to an increase in the
prevalence and intensity of the development of
airborne diseases. In both variants with seed
treatment, an increase in the density of standing
and grain content of the main spike was record-
ed, but in a dry year, the treatment had a negative
effect on the filling of wheat grains, the weight
of 1000 grains of which significantly decreased.
Seed protection increased the yield in a moder-
ately moisture-deficient season (Dividend Ex-
treme, SC — by 0.16 t / ha, the composition with
Novochizol — by 0.34 t / ha) and decreased it in
an extremely dry season (by 0.10 and 0.31 t/ ha,
respectively).

CONCLUSION

The effect of treating spring soft wheat seeds
with the fungicide Dividend Extreme, SC and a
composition containing Novochizol, Dividend

Extreme, SC and succinic acid was studied.
Their ability to suppress the development and
spread of seed, soil and airborne infections was
determined.

Laboratory studies have shown that high
biological efficiency (93.3 in 2021, 100.0% in
2022, 15.0 and 40.0% in the control) of wheat
seed protection from the main pathogen of com-
mon root rot B. sorokiniana can be ensured by
treatment with Dividend Extreme, SC at the rec-
ommended application rate (0.5-0.6 I/t). A re-
duced application rate weakened the protection
effect by half. A tendency for the effectiveness of
seed treatment to decrease with a decrease in the
application rate of Dividend Extreme, SC was
manifested in relation to Alternaria spp. (by 1.6
times) and Penicillium spp. (by 1.5 times). In
terms of its effectiveness, the composition with
Novochizol was inferior to the commercial seed
treatment agent with both reduced and increased
application rates.

The studied preparations reduced the level of
soil infectious load of B. sorokiniana in the field,
but at the vegetative stage of plant development,
the reduction of the infectious load was large-
ly facilitated by treatment with a commercial
fungicide, which reliably controlled the devel-
opment and spread of common root rot during
the vulnerable growth period (seedlings - two-
leaf phase). When treating wheat seeds with a
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composition containing Novochizol (consump-
tion rate of 0.6 1/ t), the fungicidal effect at the
level of a commercial seed treatment agent was
manifested only in one of the seasons. The effect
of seed treatment persisted at later stages of de-
velopment. In the four-leaf phase, the biological
efficiency of Dividend Extreme, SC was 29.8
and 55.0% in 2021 and 2022. The composition
with a reduced content of a.i. Dividend Extreme,
SC + Novochizol showed the same result in
both years (biological efficiency was 31.0 and
34.0%, respectively). At the stage of milk ripe-
ness, a decrease in the development of common
root rot was observed in both variants with treat-
ment with greater efficiency from dressing with
a commercial fungicide.

During observations of the development of
airborne diseases, it was noted that seed treat-
ment with a composition containing Novochizol
under conditions of insufficient atmospheric
moisture indirectly (through growth stimulation
of the host plant) affected the increase in leaf
damage by both septoriose and brown rust (by
2.1 and 2.5 times).
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NnenTudukanus naroreHoB Tomara de novo
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OpnHoil W3 HauOoJiee TOJABEPIKEHHBIX 3a00JICeBaHUSAM KyJbTyp siBisieTcs Tomar (Solanum
lycopersicum), 9Tto co3naeT HeOOXOAMMOCTh MAKCHMAaJIbHO TOYHOTO M ITOJHOTO OIPEEICHUsI BBI-
3BIBAIONINX ATH OOJIE3HW MATOTE€HOB. METo/, TIO3BOJISIFOIINN OTPENETUTh MAaTOTeHbl ¢ HYJS W UX
KOMITJIEKC, — CEKBEHHPOBaHUE BhICOKOKOHCepBaTuBHOTO JIokyca JIHK. Llenp paboTel — onpenenenne
BHJIOBOTO COCTaBa MaTOT€HHBIX TPHOOB M OaKTepHii JaHHBIM METOOM. MccnenoBanne nmpoBOIMIOCH
B 2023 1. B baxuucapaiickom paiione. OT60p Marepuaia MpoBOAMIICS C pacTeHH Tomara copta Pink
Heart (Kuraif), BeIpallieHHBIX B YCIOBHUSX 3aLTUIICHHOTO rpyHTa. [Ipu BU3yalbHOM OCMOTpE Ha pac-
TEHHSX ObUTM OOHAPYKEHBI J[BA THIIA MOPAKEHHUH, U3 KOTOPBIX B YACTYIO KYJIBTYPY OBLIO BBIACICHO
15 m3omaToB OakTepuii 1 rpubOB Ha cpenbl LB, ropoxoBo-MOpPKOBHBIN arap U KapToPeTbHO-ICKCTPO3-
HBIA arap. M3 BeIpoCIIUX KyJIBTYp OTOMpaMCh 00pasibl, 00JaIal0Nue CXOKUMU MPU3HAKAMHA IS
BoieneHust ToranbHoil JJHK, Ha kotopoit craBunace [ILP ¢ yHuBepcaiabHbBIMU TPUOHBIMU U Oak-
TepUabHBIMU TipaiiMepamu. [lomyueHHbIe aMIUIMKOHBI CEKBEHUPOBaIKCh. C MEpBOro TUIA Mopaxke-
HUSl OBLIM TIOJYYCHBI HYKJICOTUHBIC MOCJIEA0BATEILHOCTH, FOMOJIOTHUHbIe Enterobacter ludwigii,
E. kobei, E. cloaca n Pseudomonas veronii y 6axtepuii. IeHTHIHOCTh TOTYyYEHHBIX TOMOJIOTOB
cocrasisia 100% mpu 100%-M mokpeITHH. Y TPUOOB C TOTO K€ THTIA TIOPAKEHUH HYKICOTHTHBIE
IIOCJIEZIOBATEIFHOCTA TOMOJIOTHYHEI Botrytis cinerea m pony Penicillium, nX TOMOIOTUYHOCTH CO-
cTaBuia, Kak u 'y 6akrepuid, 100% co 100%-m nokpsiTreM. Co BTOPOTO THIA MOPAKEHHS ITOTYUCHBI
rocJeoBaTeNbHOCTH, ToMonorndnbie Cladosporium sp. u Penicillium chrysogenum. UneHTHYHOCTD
romoitoros cocrasuiia 100% co 100%-M nokpeiTueM.

KuaroueBslie ciioBa: Tomat copta Pink Heart, rpuOnbie u OakTepraibHBIE TaTOT€HbI, IpaiiMepbl Ha
16 S, ITS npatiMepsl, CEKBEHUPOBAaHNE

Identification of tomato pathogens de novo

(Cx)Alekseeva A.L.', Abdurashytov S.F.!, Lantushenko A.O.
'Research Institute of Agriculture of Crimea

Simferopol, Republic of Crimea, Russia

2Sevastopol State University
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(<)e-mail: alena_crao2000@mail.ru

One of the most disease-prone crops is tomato (Solanum lycopersicum), which creates the need
to identify the pathogens causing these diseases as accurately and completely as possible. One of the
methods allowing to determine pathogens from scratch or their complex is sequencing of highly con-
served DNA locus. The purpose of the work was to determine the species composition of pathogenic
fungi and bacteria by this method. The study was conducted in 2023, in the Bakhchisaray district. The
material was selected from tomato plants of Pink Heart variety (China) grown under protected soil
conditions. During visual inspection, two types of lesions were detected on the plants, from which 15
isolates of bacteria and fungi were isolated into pure culture on LB medium, pea-carrot agar and po-
tato-dextrose agar. From the grown cultures, samples with similar features were selected for isolation
of total DNA, on which PCR with universal fungal and bacterial primers was performed. The ampli-
cons obtained were sequenced. Nucleotide sequences homologous to Enterobacter ludwigii, E. kobei,
E. cloaca and Pseudomonas veronii in bacteria were obtained from the first lesion type. The identity of
the obtained homologues was 100% at 100% coverage. In fungi from the same type of lesions, the nu-
cleotide sequences were homologous to Botrytis cinerea and the genus Penicillium, their homologues
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were, as in bacteria, 100% with 100% coverage. Sequences homologous to Cladosporium sp. and
Penicillium chrysogenum were obtained from the second lesion type. The identity of the homologues

was 100% with 100% coverage.

Keywords: tomato variety Pink Heart, fungal and bacterial pathogens, 16 S primers, ITS primers,

sequencing
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INTRODUCTION

In connection with the food security policy,
vegetable growing has been developing in Rus-
sia in the 2010s—2020s. From 2013 to 2019, the
production volume of greenhouse vegetables
alone increased from 1.15 to 2.01 million tons
[1, 2]. Among other crops, this process also af-
fected tomato production. Thus, in 2021-2023
alone, the gross tomato harvest in the Russian
Federation increased by 5.7% (from 1.07 to 1.13
million tons) [3]. However, tomatoes, like other
crops, are susceptible to more than 200 differ-
ent bacterial and fungal diseases. The resulting
crop losses can reach 30-100% [4—6]. In this
regard, the problem of determining the species
of plant pathogens remains relevant, especially
in cases where it is difficult to phenotypically
determine their species and select plant protec-
tion methods. In modern developments, various
methods are used for this purpose, but in prac-
tice, the most widely used method is PCR for a
specific gene or multiplex PCR. Both methods
are intended primarily to establish the presence
of a certain type of pathogen on a plant [7-12].
However, in some cases, it is necessary to deter-
mine the type of pathogen or their combination
on a plant from scratch (de novo). Sequencing

of a highly conserved locus is often used for
this purpose. This method allows for taxonom-
ic identification of most groups of organisms to
the genus and species level [11-14]. However,
in the absence of a sufficient number of refer-
ence sequences in databases, determination to
the species level may be difficult [14].

The purpose of the study is to identify the
species composition of pathogenic fungi and
bacteria that affect tomato plants using sequenc-
ing and universal primers.

The objectives of the study included an iso-
lation of phytopathogens from the affected parts
of the tomato into a pure culture; an isolation
of the DNA of phytopathogens and conducting
a sequencing reaction of a highly conserved
region; and a comparison of the obtained se-
quences with the reference sequences from the
GenBank database.

MATERIAL AND METHODS

The plant material for the study was col-
lected in the village of Ayvovoye (Republic of
Crimea) from tomato plants of the Pink Heart
variety (China) grown in protected soil condi-
tions (see Fig. 1). The affected plants were from
the summer-autumn rotation. They were sown
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in July in the cassettes with stone wool, and in
the seedling phase they were transplanted into
the brackets with stone wool. Monthly seedlings
together with the brackets were transferred to
the mats with coconut substrate, 4 pcs. per mat.
During the entire vegetation period, complete
mineral nutrition was maintained (solution pH
5.5) in accordance with the phase of plant de-
velopment with drainage of all unused nutrient
solution. Selection of the affected material was
carried out in the fruit ripening stage of the sec-
ond-third raceme (November). Phytopathogens
from the affected leaves, stems and fruits were
isolated in pure culture according to the meth-
od'. DNA was isolated by the CTAB method>.

Puc. 1. Mecto oTOopa MaTepraa — TEIUTHIA 3alllH-
IIEHHOTO TpyHTa, ToMar copra Pink Heart

Fig. 1. Place of sampling — greenhouse with
protected soil, Pink Heart tomato variety

Universal primers ITS1/ITS4° (for fungi)
and of the 16S rRNA gene: fD1 and rD1* (for
bacteria) were used for PCR and sequencing.

The reaction was carried out in a Gene Ex-
plorer thermocycler (BIOER, China) according
to the following program: for bacteria — initial
denaturation (95 °C, 5 min), 30 cycles, includ-
ing denaturation (94 °C, 30 sec), annealing
(55 °C, 30 sec) and elongation (72 °C, 1 min);
for fungi — initial denaturation (94 °C, 2 min),
35 cycles, including denaturation (94 °C, 30
sec), annealing (55 °C, 30 sec) and elongation
(72 °C, 1.5 min). Sequencing was carried out
at Eurogen JSC on a 3500xL Applied Biosyste-
ms genetic analyzer (Thermo Scientific, USA).
The nucleotide sequences obtained as a result of
sequencing were compared with the sequences
deposited in GenBank using the BLAST ser-
vice.

RESULTS AND DISCUSSION

Two types of lesions were observed on the
plants. The first type of lesions on the plants
were characterized by spotting on the leaves,
stems and fruits. On the leaves, the spots were
large, of an indefinite shape, and dark brown in
color. The lesions formed on the tip of the leaf
blade and gradually captured the entire surface
of the leaf, leading to its wilting.

The stem was surrounded by dark spots of
varying heights. When a closed ring-shaped le-
sion formed on the stem, its top began to wither.

The fruits were covered with dark brown
spots, the damage spreading from the top of the
fruit. The sepals were also affected, with the tips
darkening first (see Fig. 2).

The second type of damage to plants was
characterized only by spotting on the leaves.
Very small, pale, light yellow spots of a round

"Methods for determining diseases and pests of agricultural plants / translated from German by K.V. Popkova, V.A. Shmygli.

Moscow: Agropromizdat, 1987, 224 p.

*Doyle J.J., Doyle J.L. A rapid DNA isolation procedure for small quantities of fresh leaf tissue // Phytochem. Bull., 1987, vol.

19, pp. 11-15.

3SWhite T.J., Bruns T.D., Lee S., Taylor J. Amplification and direct sequencing of fungal ribosomal RNA genes for phylogenetics
// In: Innis MA, Gelfand DH, Sninsky JJ, White TJ eds. PCR protocols, a guide to methods and applications. San Diego: Academic
Press, 1990, pp. 315-322. DOI: 10.1016/B978-0-12-372180-8.50042-1.

‘Weisburg W.G., Barns S.M., Pelletier D.A., Lane D.J. 16S ribosomal DNA amplification for phylogenetic study // J. Bacteriol,
1991, vol. 173, N 2, pp. 697-703. DOI: 10.1128/jb.173.2.697-703.1991.
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Puc. 2. I1epBblil TUIT TOpasKEHUS
Fig. 2. Type one lesion

shape with a blurred border were scattered over
the entire surface of the leaf blade. Over time,
they darkened, acquiring a more brown color,
and their borders became clear (see Fig. 3).

The lesions found on the plants did not allow
us to accurately determine the disease and the
species of pathogenic organisms, so we decided
to isolate the phytopathogens into a pure culture
in order to identify them using molecular meth-
ods. A total of 15 isolates of fungi and bacteria
were isolated from the plants into a pure culture,
of which eight isolates were isolated from the
first type of lesions on LB and pea-carrot agar
media, and seven isolates from the second type
of lesions on potato-dextrose agar.

Strains that were present in the majority of
replicates and had similar morphological fea-
tures to other isolates when isolated in pure
culture were selected for sequencing. A total of

-

7

N

ll'qa_g?LeﬂFsél-‘?t?qEI?L[?E‘lt}(!il

three bacterial isolates and six fungal isolates
were sequenced.

According to the sequencing results, the bac-
teria isolated from the first type of lesion are ho-
mologous to Enterobacter ludwigii, E. kobei, E.
cloaca and Pseudomonas veronii, the identity of
all homologues is 100% at 100% coverage (see
Table 1). According to the literature, strains of
E. ludwigii, E. kobei, E. cloaca are defined as
plant pathogens®.

At the same time, according to literature data,
P. veronii is not a pathogen and can be used in
biotechnology as a destructor of some hydro-
carbons [15]. It is noted that the nucleotide se-
quence of isolate LBst.3.2.2 has a high percent-
age of similarity with the nucleotide sequence
of isolate LBst.1.2.2, homologous to several
strains of Enterobacter, which suggests that the
lesion is caused by Enterobacter ludwigii.

SHumann J.L., Wildung M., Cheng C.H., Lee T, Stewart J.E., Drew J.C., Triplett E.W., Main D., Schroeder B.K. Complete
genome of the onion pathogen Enterobacter cloacaec EcWSU1 // Stand Genomic Sci., 2011, vol. 5, N 3, pp. 279-286. DOI: 10.4056/

sigs.2174950.
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Fungi with nucleotide sequences homologous Tao6u. 1. Ouenka romonoruu THK usonsros,
to Botrytis cinerea and species of the genus Pen- BBIICICHHBIX C OPAKEHHUIT IEPBOTO THIIA, IOCIE/I0-
icillium were also found on the first type of dam- BaTelbHOCTAM 13 Gasbl Mankbx GenBank
age. According to the literature, B. cinerea is a Table 1. Assessment of the DNA homology of
common pathogen of tomato and other cultivated the isolates obtained from type one lesions with
plants, while representatives of the genus Peni- Seduences from the GenBank database

—
—
—

Puc. 3. Bropoii T nopaxeHus
Fig. 3. Type two lesion

cillium are mostly not pathogens of living plants.
Since B. ciner(.ea isa necrotrqphic phytopathogen Isolate l:‘;;&f%‘f; Homologs
and prefers to infect plants with already damaged
or soft tissues [16, 17], it can be assumed that [Bcr1.2.2 663 (FD) | Enterobacter ludwigii
the primary damage could have been caused by 594 (RD) |Enterobacter kobei
Enterobacter bacteria. Also, damage by bacteria T ;
could have created conditions for the develop- nerobacter cloacae
ment and spread of fungi of the genus Penicilli- LBcr.3.2.2 660 | Enterobacter ludwigii
um. The homology of fungal isolates was, as with "By 121 1412 | Pseudomonas veronii

ria, 100% with 1009 T Table 1).
bacteria, 100% with 100% cove age (see Table )‘ L 527 | Pemcilliom .

From the second type of lesion, only fungi B ;.1.2white
homologous to Cladosporium sp. and Penicil- HMu.3.1gray.2 448 | Botrytis cinerea
logues were 100% identical with 100% cover- green
. . . Penicillium sp.

age (see Table 2). Since, according to literature
data, pathogenic properties are known only for Alternaria alternata
Cladosporium of these fungi, it is presumably
the cause of the lesion. Note. Homology, coverage/identity — 100/100%.

3amuTa pacTeHui CubUpPCKHUil BECTHHK CEITbCKOXO3IHCTBEHHON HayKH ¢ 2025 ¢ 55 ¢ 3 {9



Identification of tomato pathogens de novo

Alekseeva A.l., Abdurashytov S.F., Lantushenko A.O.

Tao6ua. 2. Onenka romonoruu JIHK nzonsaros,
BBIJICJICHHBIX C MIOPAYKSHHI BTOPOTO THIIA, TOCIIE/0-
BareNbHOCTAM M3 0a3nl naHHbIX GenBank

Table 2. Assessment of the DNA homology of

the isolates obtained from type two lesions with
sequences from the GenBank database

Sequence
Isolate Homologs
length, b.p.
KJ]n.4black2 491 Cladosporium sp.
KJln.4whitel 520 Penicillium chrysogenum
K/.1 blackl 485 Cladosporium sp.

Note. Homology, coverage/identity — 100/100%

CONCLUSION

Sequencing of highly conserved genome re-
gions such as 16S (for bacteria) and ITS (for
fungi) allows us to determine de novo the set of
species living on the plant and to isolate patho-
genic organisms among them. Comparing the
obtained nucleotide sequences with sequences
from the GenBank database, we were able to
assume that the first type of damage is caused
by E. ludwigii bacteria, which affected the stem
and its vascular bundles. The second type of
damage on the leaves is caused by fungi of the
genus Cladosporium sp.
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Bausinue KOMIJIEKCHOTO MAPA3UTOIH/IA
HA JUHAMHUKY 3aPasKeHHOCTH OBell reJIbMHUHTAMHU

C<)Mapuenko B.A., bupiokos U.B., Kypunos /I.A.

Topro-Anmaiickuii HayYHO-UCC1e008amMeNbCKULL UHCTMIUMYM CElbCKO20 XO3AUCMBA — UIuUa
Hayuonanvroeo uccnedosamenvckoeo Tomckoz2o 20cyoapcmeeHno2o yHusepcumema
PecrryOnuka Anraii, c. Maiima, Poccust

(X)e-mail: oestrus@mail.ru

Ilenpro MccaenoBaHus SBISIACH OIEHKA BIMSHUS KOMIDIEKCHOTO TEPAIEBTHYECKOTO IMPOTHBOIIA-
pasuTtapHoro cpejctaa rpymnmnosoro npuMeHeHus [IKI'-AA Ha ce30HHO€ TedeHHEe OCHOBHBIX MHBAa3UH
y oBerr [l opHoro Anras. KormponornaecknMu NCCiIei0OBaHUSIMU YCTaHOBIIEHO, YTO 3apaKEHHOCTH OBEII
relIbMUHTAMH MMONoTpsiAa Strongylata B Teuenue roma cocrasuia 65,0—100,0%, morunesusmu — 55,0,
JICTOYHBIMU CTPOHTWIATaMU — 36,0, Tpuxonedanamu u nukpoueiusivu — 1o 35,0%. CpeaHeromnoBoii
YPOBEHb IKCTCHCUBHOCTH WHBA3UH KEIYIOYHO-KUIICIHBIMUA CTPOHTHIATaMH Aocturai 77,4%, Tpu-
xonedamamu — 26,2, mpotoctporTwiamMu — 25,4, monuesusmu — 12,4, nukponenusmu — 8,4%. Ha
JIOJTTIF0 HEMATO/ B CTPYKTYpe TeIbMUHTOKOMIUIEKca mpuxoaniock 84,2%, tpemarox — 8,8, 1mectom —
7,0%. IToaHOCTBIO TOMUHHUPOBAIN JKEITYAOYHO-KUIIEUHbIE CTPOHTUIATHI (47,9%), B 3HAUNTEIBHOM
KoITM4ecTBe ObUIM TIpezacTaBieHbl Tpuxonedanst (21,1%) u nerounsie crporrwisthl (15,2%). Yera-
HOBJICHO, YTO IPOTHBONapa3uTapHeie 3epHodypaxHbie rpanyiasl [IKI-AA s¢d¢dekTuBHBI IPOTHUB BCeX
OCHOBHBIX TIPYIIII r'eJIbMUHTOB OBell. [Ipu Tpuxonedasiese u AUKpoIeno3e 3hHEeKTUBHOCTb COCTABH-
na 100,0%, mpu KeTyITouHO-KUIIIEIHBIX CTPOHTHIATO3aX — 98,3, MerouHsIx cTpoHTHIATO3aX — 93,0,
monwuesnosze — 91,0%. IlokazaHo, 9TO B OBIIEBOMYECKHX XO3SMCTBAaX pEervoHa MPH ONaronpusTHON
AMU300THYECKO OOCTAaHOBKE IO OCHOBHBIM TEJIBbMHHTO3aM MOXKET OBITh pPealu30BaHa CXeMa JIBY-
KpaTHOTO (BECHA M OCEHb) MPUMEHEHUS KOMILIEKCHBIX TEPAIIEeBTUYECKHUX CPEICTB, O0NAIAFOINNX IITH-
POKUM CIIEKTPOM Mapa3UTOMUIHOTO NeHCTBUA. [IpuMeHeHHe mpenapaToB MO3BOIHIO YACPKUBATH
YUCJICHHOCTh MAPa3uTOB U 3aPAKCHHOCTh UMH JKUBOTHBIX HA OTHOCHTEILHO HU3KOM YpoBHE. JKHUBOT-
HBIC YXOJWIH Ha 3UMHE-CTOHIIOBOE COIEpKAHUE C TIOCTATOTHO HI3KUMH ITOKA3aTEIISIMHU SKCTEHCHUBHO-
ctu (OU =10,0-20,0%) n uaTencuBHoCTH 3apaxkerns (MO = 14,7-18,9 smn/mmanHok B 1 T dexamuii).

KuroueBble cj10Ba: TeIIBMHUHTBIL, OBIIBI, 3apaKEHHOCTD, CTPYKTYpa TeJIbMHHTOKOMILIEKCA, Tapa3u-
ToLUAbL, 3P HEKTUBHOCTD

Influence of complex parasitocide
on the dynamics of helminth infestation of sheep

C<)Marchenko V.A., Biryukov L.V., Kurinov D.A.
Gorno-Altaisk Research Institute of Agriculture — Branch
of the National Research Tomsk State University

Maima, Altai Republic, Russia

(<X)e-mail: oestrus@mail.ru

The purpose of the study was to evaluate the effect of complex therapeutic antiparasitic means of
group application of AFG AA on the seasonal development of the main infestations in sheep of the
Altai Mountains. Coprological studies have established that the infestation of sheep with helminths
of the suborder Strongylata during the year amounted to 65.0—100.0%, moniezia — 55.0, pulmonary
strongylates — 36.0, whipworms and dicrocelia — 35.0% each. The average annual intensity of inva-
sion by gastrointestinal strongylates reached 77.4%, whipworms 26.2, protostrongylus 25.4, moniezia
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of helminth infestation of sheep

12.4, and dicrocelia 8.4%. Nematodes accounted for 84.2% of the helminth complex, trematodes —
8.8, cestodes — 7.0 %. Gastrointestinal strongylates were completely dominant (47.9%), whipworms
(21.1%) and pulmonary strongylates (15.2%) were represented in significant numbers. It was found
that antiparasitic grain-forage granules AFG AA are effective against all major groups of sheep hel-
minths. In whip-worm infection and dicroceliosis, the efficiency was 100.0%, gastrointestinal stron-
gylatosis — 98.3, pulmonary strongylatosis — 93.0, monieziasis — 91.0%. It was shown that in sheep
farms in the region, under favorable epizootic conditions for main helminthiases, a scheme of double
(spring and autumn) use of complex therapeutic agents with a wide parasitocidal spectrum of action
can be implemented. The use of drugs made it possible to keep the number of parasites and the infec-
tion of animals by them at a relatively low level. Animals we kept during winter stall-feeding period
with fairly low indicators of extensiveness (IE = 10,0-20,0%) and intensity (nidus index = 14.7-18.9

eggs/larvae per gram of feces) of infection.

Keywords: helminths, sheep, infection, structure of the helminth complex, parasitocides, effec-

tiveness
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INTRODUCTION

Farms of all types of ownership located in the
Altai Republic contain about 500 thousand sheep
and goats. Due to the high number of animals
on pastures, the epizootic situation is naturally
becoming more complicated, including invasive
diseases. When determining the approach to or-
ganizing treatment and preventive measures, it
should be taken into account that various types
of helminths can dominate in the parasitocoeno-
sis of sheep. In this regard, there is a need for
constant monitoring of the epizootic situation.

Despite the availability of knowledge in the
field of epizootology of helminthiasis in sheep,
the effectiveness of new antiparasitic agents and
methods of their application, there are currently
few studies concerning population patterns of
helminth development, in particular changes in
their numbers under the influence of regular an-
tiparasitic treatments.

Quite a lot of information has been accumulat-
ed about the composition of the helminth fauna,
the degree of infection of sheep with helminths,
and the characteristics of the invasive process in
flat and mountainous areas of various regions of
the planet' [1-4]. Research on Siberia, includ-
ing the Altai Republic, is fragmentary, and in-
dividual issues require more detailed study (pri-
marily, the impact of anthropogenic pressure on
the course of parasitic invasions). The causative
agents of parasitic invasions of sheep in the Altai
Mountains are characterized by a wide species
diversity and are represented by the main taxa of
parasitic invertebrates. The most significant in
epizootic terms are gastrointestinal and pulmo-
nary strongylates, moniezia, dicrocoelia, sheep
tick and sheep gadfly. In most cases, represen-
tatives of these taxa parasitize simultaneously in
the form of mixed invasions, so the use of drugs
with a wide range of antiparasitic activity is jus-

"Tsepilova L1, Shemyakova S.A., Nikolaeva E.A. Helminth fauna of sheep in the Teberda River valley // Theory and practice
of combating parasitic diseases: collection of scientific articles based on the materials of the international scientific conf. Moscow,

2022, vol. 23, pp. 484-489.
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Brnusiane koMImeKkcHOTo napasuronuaa
Ha TMHAMHUKY 3apa)KE€HHOCTH OBECL I'€JIbMUHTaAMU

Mapuenko B.A., bupiokos 1.B., Kypunos J[.A.

tified. The use of complex agents allows you to
act on the entire spectrum of parasites, which
helps reduce the volume of their use and the fre-
quency of manipulations with animals? 3 [5, 6].

The purpose of the study is to assess the effect
of a complex antiparasitic agent on the seasonal
course of the main invasions in sheep of the Al-
tai Mountains.

The study included the determination of the
structure of the helminth complex, the seasonal
dynamics of animal infection rates and the ther-
apeutic efficacy of the antiparasitic agent, which
was used as grain fodder antiparasitic feed gran-
ules (AFG).

MATERIAL AND METHODS

The study was conducted in 2023 and 2024
on a flock of sheep of the Gorno-Altai Selec-
tion and Breeding Center in the Ongudai Dis-
trict of the Altai Republic. The farm collected
coprological samples for ovolarvoscopic stud-
ies with subsequent characterization of the lev-
el and structure of animal infestation. Surveys
were carried out at least once every 2 months
(20-25 samples). When studying the infestation
of sheep with helminths of the gastrointestinal
tract, the helminthoscopy method according to
Kotelnikov-Khrenov was used, for pulmonary
helminths —the helmintholarvoscopy method ac-
cording to Berman-Orlov, for dicrocoelia — the
method of successive washes®.

To determine the effect of a complex parasi-
tocidal agent on the seasonal course of the main
invasions in sheep, we used grain forage gran-
ules with avermectin C and albendazole (AFG
AA) prepared on a AShG 250 extruder in the
experimental shop of the Gorno-Altai Research
Institute of Agriculture. Albendazole and aver-
mectin C have pronounced activity against nem-

atodes, flatworms and parasitic insects of the
main taxa of the parasite complex of sheep in
the region. The granules were fed from feeders
once to 380 sheep in spring (May) and autumn
(October) in groups at the rate of 2.5 g / kg of
animal weight (avermectin C — 0.2 mg / kg, al-
bendazole — 5.0 mg / kg).

Before assessing the effectiveness of the
preparation, helmintho-ovoscopic examina-
tions were carried out. The control in the ex-
periment was the infection rate of animals be-
fore treatment. The parasitocidal effectiveness
was assessed using the "critical test" method by
examining coprological samples using ovolar-
voscopy methods 20 days after the application
of the preparation. Based on the results of cop-
rological examinations, the following infection
indices were determined: EI, % — extensiveness
of invasion or prevalence, proportion of infected
animals; AI — abundance index, arithmetic mean
of the number of eggs/larvae in 1 g of feces per
examined animal. Based on the EI values of in-
dividual taxa, the indices of the structural index
of the helminth complex®, levels of extensive-
ness and intensity of infection (average values
of El and Al indices in samples) were calculated.
The following indices were used to assess the
parasiticidal activity of the preparation:

EE, % — extensive efficiency, the proportion
of animals completely freed from parasites, in
relation to the control (untreated); IE, % — inten-
sive efficiency, a decrease in the average number
of eggs in relation to the control after deworm-
ing. The number of moniesia eggs in the samples
was conditionally accepted as an indirect, vari-
able indicator of infestation.

To compare the parasiticidal efficiency of
AFG, statistical analysis of data was performed
on the geometric mean value of the number of
helminth eggs. Comparison of the differences

’Engasheva E.S., Moskalov V.G., Muromtsev A.B. Efficiency of the drug Monizen forte in helminthiasis and arachnoentomoses of
sheep // Theory and practice of combating parasitic diseases: collection of scientific articles based on the materials of the international

scientific conf. Moscow, 2019, vol. 20, pp. 205-209.

3Lagereva E.V.,, Abramov V.E., Musaev M.B. Supramolecular anthelmintic complex Altrik-extra for the treatment and prevention
of the main helminthiases of animals // Theory and practice of combating parasitic diseases: collection of scientific articles based on
the materials of the international. scientific conf. Moscow, 2020, vol. 21, pp. 187-193.

*Kotelnikov G.A. Helminthological studies of animals and the environment: a handbook. Moscow: Kolos, 1984. 208 p.
SMarchenko V.A., Efremova E.A., Vasilyeva E.A. Structure of helminthocenosis of cattle in the Altai Mountains // Russian Journal

of Parasitology, 2008, N 3, pp. 18-23.
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between the control and experimental groups
was carried out on the basis of the parametric
t-criterion at a significance level of p < 0,05 [7].

RESULTS AND DISCUSSION

Dynamics and structure
of sheep infection with helminths

Table 1 shows the seasonal dynamics of hel-
minth infestation in sheep based on the results
of surveys conducted 50 days after parasiticidal
treatments in May and October. Infestation with
gastrointestinal helminths of the Strongylata
suborder during the specified period was with-
in 20.0-100.0% with Al = 9.5-637.9. For hel-
minths of the genus Nematodirus, the consid-
ered indicators were 10.0-60.0% and 2.3-43.7
eggs, respectively, for whipworms and intes-
tinal nematodes of the genus Trichocephalus —
20.0-35.0% and 2.5-11.4 eggs. Moniezia and

Dicrocelium eggs began to be registered in the
summer-autumn period. Moniezia infestation
reached 55.0% with Al = 64.6. The maximum
EI of Dicrocelium was 35.0%, the average num-
ber of eggs was 20.5 specimens. Infestation of
sheep with pulmonary strongylates, which were
represented by the genus Protostrogylus, was at
a relatively low level throughout the year (6.7—
36.0% with Al = 2.5-9.3). The average annual
EI of intestinal strongylates was 65.3%, whip-
worms — 24.5, protostrongyles — 22.2, monie-
zia — 12.4, dicrocoelia — 6.5%.

Structure of the helminth complex

Knowledge of the structure of the helminth
complex allows for rational construction and
optimization of the system of antiparasitic mea-
sures. According to the results of ovolarvoscop-
ic studies, the share of nematodes in the annu-
al structure of the helminth complex is 84.2%,

Ta6a. 1. /lunamuka 3apaxeHHocTH oBerl renbMuHTamu (2023, 2024 tr.)
Table 1. Dynamics of helminth infection of sheep (2023, 2024)

Date Strongylata* | Nematodirus | Trichocephalus | Moniezia Dicrocelium | Protostrongylus
of exam- | n

ination EL% | Al | EL% | Al | EL% | Al | EL% | Al | EL% | Al | EL% | Al
January 20 | 73,3 | 183,0 | 60,0 | 43,7 | 26,6 11,4 0 0 0 0 20,0 9,0
March 20 | 70,0 | 101,6 | 25,0 6,2 35,0 6,6 0 0 0 0 25,0 6,0
April 20 | 65,0 | 1052 | 20,0 5,1 35,0 10,7 0 0 0 0 20,0 5,0
May 20 | 78,3 | 187,6 | 20,0 3,8 35,0 7,6 0 0 0 0 20,0 4,0
July 20| 75,0 {3303 | 10,0 | 23 | 300 | 81 | 250 | 227 | 0 0 | 250 | 85
August 25| 80,0 | 4455 | 24,0 18,5 | 32,0 6,8 32,0 | 56,5 | 24,0 | 20,5 | 32,0 9,3
October 20 | 100,0 | 637,9 | 30,0 | 21,6 | 20,0 4,6 55,0 | 64,6 | 35,0 19,5 | 36,0 7,0
December | 15 | 20,0 9,5 13,3 6,9 0 0 0 0 0 0 6,7 2,5
January 20 | 26,6 | 29,2 | 20,0 7,1 6,6 2,5 0 0 0 0 15,0 6,5
Average | — | 653 [ 2255 | 24,7 | 12,5 | 245 | 65 | 124 | 159 | 65 | 44 | 222 | 64

* Intestinal strongylates without nematodes.
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trematodes - 8.8, cestodes - 7.0% (see Fig. 1).
Representatives of gastrointestinal strongylates
absolutely dominated in terms of total values of
structural indices (47.9%), whipworms (21.1%)
and pulmonary strongylates (15.2%) were sig-
nificantly represented. The study data indicate
that during antiparasitic measures, the main at-
tention should be paid to monieziasis, intestinal
and pulmonary strongylatoses, which involves
the use of drugs with nematode- and cestodocid-
al action.

Parasitocidal efficacy of the drug

The least expensive of the complex prepara-
tions are AFG AA granules, which are mainly
focused on intestinal and pulmonary strongyla-
ta, monieziasis and arachnoentomoses. Group
feeding is a low-cost and effective technology
for controlling the number of parasitic species.
It has been established that AFG AA is quite
effective against the main groups of sheep hel-
minths (see Table 2). Thus, the extensive effec-
tiveness against gastrointestinal strongylata was
93.7 (May) and 92.0% (October), the intensive
effectiveness was 98.3 and 97.9%, respective-
ly. The preparation showed 100% effectiveness
against whipworms and dicrocoelium. In case
of pulmonary invasions, 89.0% of animals were
freed from helminths, the number of larvae in
feces decreased by 93.0%. In case of parasitism
of moniezias, the drug significantly reduced the
infection rates: the EE value was 91.0%. Studies
by other authors have established that oral ad-

>

70 M Strongylata

W Nematodirus

B Trichocephalus
Moniezia

B Dicrocelium

M Protostrongylus

21,1 ’

>

Puc. 1. CtpykTypa relbMUHTOKOMILIEKCa, %o
Fig. 1. Structure of the helminth complex, %

ministration of drugs based on macrolides and
benzimidazoles invariably demonstrates high
parasiticidal activity against helminthiasis of
farm animals [8—11].

The effect of antiparasitic drug on the number
of individual groups of helminths

The level of animal infestation with helminths
largely determines the nature of the negative
impact on the host organism and, consequent-
ly, the need for any antiparasitic measures. The
diversity of parasites, which differ in biology
and epizootology of the diseases they cause, as
well as sensitivity to antiparasitic agents, a pri-
ori suggests resorting to appropriate therapeutic
drugs and schemes (programs) for their use. The
use of complex therapeutic agents with a broad
spectrum of action, against the background of a
unified approach to their use, can significantly
optimize the system of antiparasitic measures.

The implementation of such an approach
helps to cut the costs of antiparasitic measures,
reduce the volumes of drugs used and the fre-
quency of manipulations with animals. At the
same time, regular tracking (monitoring) of the
number of parasites is necessary, the results of
which regulate the nature of intervention in the
parasitic system (choice of drugs, timing and
frequency of administration, etc.).

In sheep farms of the region, in a favorable
epizootic situation for the main helminthiases, a
scheme of double (spring and autumn) applica-
tion of complex therapeutic agents with a wide
spectrum of parasiticidal action (nematodes,
cestodes, trematodes, parasitic arthropods) can
be implemented.

A scheme of double feeding of antiparasit-
ic grain feed granules AFG AA was tested on a
flock of sheep. In the winter-spring period, the
EI of various helminths was approximately at
the same level, amounting to 80.0% in May (Fig.
2, a). In July, 50 days after the drug application,
the El recovered to 75.0% due to the infection of
animals on the pasture. At the end of the pasture
season (October), all animals (100.0%) were in-
fected with helminths. 64 days after the second
antiparasitic therapy, which was carried out in
October, the extensiveness of infection of sheep
with all helminths was 20.0%, including gas-
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Taoda. 2. DppexTuBHOCT MPOTUBONIAPAZUTAPHBIX 3epHOPYpakHbIX Tpanynt [IKI'-AA npu rexpMunTO3ax*

Table 2. Efficiency of antiparasitic grain-forage granules AFG-AA against helminthic diseases™

) Number of ani- Number of eggs/larvae
Period of mals, heads in 1 g of feces EE IE
drug feed- EI % % ’ 0/’ Ef, % p-criterion
- ; B . (3 (
ing treated | exam- arithmetic mean | geometric mean
ined
Gastrointestinal strongylates
sksk
May | 280 | 20| I3 | 18762315 1 232006 | o35 98,3 78,3 NA
October | 380 | 39 | 1900 1 63792031 1 282012 | 959 97,9 59,7 | <0,05
Whipworms
May | 280 | 70 | 20 | 0234 ) DBSZOIZ 4000 | 1000 | 1000 NA
Octorber | 380 | 20 | 200 | 46%2.5 | 0.66£0.08 | 1500 | 1000 | 100,0 NA
25 0 0 0
Moniezia
20 55,0 64,6 +125 1,8+ 0,09
Octorber | 380 55 30 47 0.67£0,07 91,0 92,8 62,8 <0,05
Dicrocoelium
Octorber | 380 | 29 | 330 | 195246 | 132015 | 4500 | 1000 | 100, NA
25 0 0 0
Pulmonary strongylates
20 36,0 7,0+3.1 0,49 £+ 0,08
Octorber | 380 55 70 035 — 88,9 92,9 - NA

* Ef — geometric mean efficiency; p-criterion — statistical significance of the probability of differences in geometric mean values

to control; NA — statistical analysis was not applied.

** The numerator shows the data before treatment with the drug, the denominator shows the data after.

trointestinal strongylates — 20.0%, protostron-
gylates — 6.7%. Consequently, the animals went
into winter with a fairly low value of the exten-
siveness of infection, although in January there
was a slight increase in the indicator (29.4%),
probably due to the surviving imaginal and lar-
val forms of parasites.

Fig. 2, 6 shows the dynamics of the intensity
of infection of sheep with helminths against the
background of the use of AFG AA. In the win-
ter-spring period (January - May), the overall
invasion intensity according to the propagative
forms of helminths (eggs + larvae) was within
120.4-203.0 specimens; in July, 50 days after the
drug application, the Al was 349.2 due to the in-
fection of sheep in the pasture. At the end of the

grazing season (October), all animals were in-
fected with helminths. During this period, the Al
reached its maximum value of 755.2. In Decem-
ber, 64 days after the second antiparasitic thera-
py, the abundance index, reflecting the intensity
of animal infection, was 18.9 for all groups of
helminths, including 18.9 for gastrointestinal
strongylates and 2.5 for protostrongylates. Thus,
the animals went into winter with a fairly low
infection intensity. In January of the following
year, a slight increase in the index was recorded
(Al =453).

It has been established that double applica-
tion of complex parasiticides in spring (before
going out to pasture) and autumn (before placing
livestock in stall barn housing) allows maintain-
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Fig. 2. Dynamics of the extensity (a) and intensity of infection (6) of sheep with helminths (2023, 2024)
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ing a relatively low number of helminths (nema-
todes, cestodes, trematodes), preventing clinical
manifestations of helminthiasis and preventing
losses in animal productivity. According to clin-
ical indications, additional antiparasitic therapy
can be carried out in the first ten days of August
for young animals of the current and previous
years of birth.

CONCLUSION

In the Ongudai district of the Altai Repub-
lic, the infection of sheep with helminths was
characterized by the following indicators: 1)
suborder Strongylata: EI = 65.0-100.0%, Al =
101.6-637.9; 2) whipworms: EI = 20.0-35.0%,
Al = 2.5-11.4; 3) moniezia: EI = 55.0%, Al =
64.6; 4) dicrocoelium: EI = 35.0%, Al = 19.5;
5) protostrongylids: EI = 20.0-36.0%, Al =
4.0-9.3. The average annual level of extensive-
ness of invasion by intestinal strongylates was
77.4%, whipworms — 26.2, protostrongyles —
25.4, moniezia — 12.4, dicrocoelium — 8.4%.
The share of nematodes in the structure of the
helminth complex was 84.2%, trematodes — 8.8,
cestodes — 7.0%. Gastrointestinal strongylates
were absolutely dominant (47.9%), whipworms
(21.1%) and pulmonary strongylates were quite
common (15,2%).

Antiparasitic grain feed granules AFG AA are
very effective against all main groups of sheep
helminths. In the event of gastrointestinal stron-
gylosis in case of double (spring and autumn)
therapy, the effectiveness of the drug was 97.9
and 98.3% respectively, in case of whip-worm
infection and dicrocoeliosis — 100.0%, in case
of pulmonary strongylosis — 89.0 and 93.0%,
in case of monieziasis — 91.0%. The use of the
complex drug allowed to keep the number of
parasites and their infestation among animals
at a relatively low level. The sheep were kept
in winter stalls with fairly low rates of exten-
siveness (10.0-20.0%) and infection intensity
(14.7-18.9 eggs/individual), which allows us
to recommend double therapy of animals with
AFG AA at arate of 2.5 g/kg to control infection
with the main types of zooparasites in the condi-
tions of the Altai Mountains.
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MexnopoaHbie pa3jimuns reMaToJ0rM4ecKuX noKasarejae KOpoB
B 3anagHou Cubupu
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[IpencraBneHs! pe3ynbTaThl aHAJIM3a COACP)KAHUS U M3MEHUYHMBOCTHU IOKa3aTeilel remMaroioruye-
CKOT'O cTaTyca y KOpOB Pa3HbIX HOPOJ, Pa3BOAMMBIX Ha TeppuTopuu 3ananHoit Cubupu. [Iponemon-
CTPUPOBAHBI JaHHBIC MO OLIEHKE Pa3inYuii aOCONIOTHOTO KOJMYECTBA JICHKOIMTOB, 3PUTPOLIUTOB,
TPOMOOLIMTOB, KOHIIEHTPA[M TeMOTJIOOMHA, OTHOCUTEIBHOTO Yuciia KIETOK JieHKouuTapHou dop-
MYJIBI, HHJIEKCOB CTpecca U aJanTalldi MKy *KUBOTHBIMHU TOJIITUHCKON, YePHO-TIECTPOIi, KpaCHOMH
crerHOM mopoa. MccnenoBana nepudepruaeckas KpoBb 3M0POBBIX KOPOB 2-i makTaruu. M3mepenue
reMaToJOrMYeCKUX MapaMeTPOB MIPOBOAMIN C HOMOLIbIO aBTOMATHYECKOI0 IeMaTOJIOTHYECKOro aHa-
muzaropa PCT 90Vet. JlelikonurapHyto (GopMylly HOACUUTHIBAIN B Ma3KaxX KPOBH, (UKCHPOBAHHBIX
B 95-rpasycHOM 3TaHOIE U OKpallleHHbIX 110 PoMaHOBCcKOMY. PaccunThiBany MHAEKCHI aJanTaluu U
cTpecca. Mcnonb3oBain podacTHOE CTaTHCTHUECKOE OLIEHMBAHWE M METOABI OMUCATENILHOW CTaTH-
CTUKHU. /{7151 cpaBHEHUs rpyIIl Henonb3oBad kputepuil Kpackena — Yosuca. ArocTepruopHbIe Cpas-
HEHMs NPOBOAWIM MeTonoM JlanHa. B GosiblIMHCTBE cilyyaeB pacnpesesieHue JaHHbIX ObUIO OTJIMY-
HBIM OT HOpMajbHOTo. CpenHue BENHYMHBI OLIEHUBAEMBIX IIOKA3aTeIed reMOrpaMMbl y BCEX KOPOB
BapbUPOBAJIHM B MpejiesiaX (PU3noI0ruiecKo HOpMBI, OOLIETIPUHATON AJIsl KPYITHOTO POTraToro CKOTa.
Haunbonee BbICOKMM alanTalOHHBIM MOTCHIWAIOM XapaKTepU30BaINCh KOPOBBI TOJIIIITHHCKON TO-
POMBI: KOJHYECTBO JIEHKOIMTOB cocTaBmino 12,1 X 10°/7, OTHOCHTENFHOE YHCIIO CErMEHTOSIEPHBIX
HeiTpodunos — 37,5%, unaekc ananrtanuu — 3,17, uanexc crpecca — 0,29. BeIsSBICHBI MEXKIIOPOIHBIC
pa3nuuMs 110 BCEM OLIEHMBAEMBIM I10KA3aTENIsIM, 3a MCKIIIOUEHHUEM IAJIOUKOSIEPHBIX HEHTpodnioB
(p <0,05). Hanbomnpras cuna BIusHUS (pakTopa Mopoabl yCTaHOBICHA ISl S03MHO(MUIOB, SPUTPOIIH-
TOB U TPOMOOLIMTOB; HAMMEHbIIIAsl — /11 MOHOIIMTOB. BenuurHa 1’ 47151 JaHHBIX TTOKa3areneil cocra-
Buia 0,43; 0,29; 0,29 u 0,44 coorBercTBeHHO. [lonyyennsie qanHeie oTpaxaroT JuddepeHIupoBaH-
HBIW BKJIJ] TCHETHUECKUX (PAKTOPOB B Pa3HbIC TeMaTOJIOIMYECKHE TTOKA3aTEIH.

KiroueBble cjioBa: reMaTrojOrHYecKiid CTaTyC, KPYITHBIN porarblii CKOT, Topoja, pedepeHcHbIH
HUHTEPBAJI, JCHKOLUTAPHBIC NHAEKCHI

Interbreeding differences in hematologic parameters of cows
in Western Siberia

<)Sebezhko O.I.

Novosibirsk State Agrarian University
Novosibirsk, Russia

() e-mail: sebezhkoolga@yandex.ru

The paper presents the results of the analysis of the content and variability of hematological status
indicators in cows of different breeds bred in Western Siberia. Data on the assessment of differences in
the absolute number of leukocytes, erythrocytes, platelets, hemoglobin concentration, relative number
of leukocyte cells, stress and adaptation indices between animals of Holstein, Black-and-White, Red
Steppe breeds are demonstrated. The peripheral blood of healthy cows of the 2nd lactation was exa-
mined. Hematological parameters were measured using the PCT 90Vet automatic hematology analy-
zer. The leukocyte formula was calculated in blood smears fixed in 950 ethanol and stained according
to Romanovsky. Adaptation and stress indices were calculated. Robust statistical estimation and de-
scriptive statistics methods were used. The Kruskal-Wallis criterion was used to compare the groups.
Post hoc comparisons were carried out using the Dunn’s method. In most cases, the data distribution
was different from normal. The average values of the estimated hemogram parameters in all cows
varied within the physiological norm generally accepted for cattle. Holstein cows were characterized
by the highest adaptive potential: the number of leukocytes was 12.1 x 10%]1, the relative number of
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segmented neutrophils was 37.5%, the adaptation index was 3.17, the stress index was 0.29. Inter-
breed differences were revealed in all evaluated indicators with the exception of band neutrophils
(p <0.05). The greatest influence of the breed factor has been established for eosinophils, erythrocytes
and platelets; the lowest for monocytes. The value of n? for these indicators was 0.43; 0.29; 0.29; 0.44,
respectively. The data obtained reflect the differentiated contribution of genetic factors to different

hematological parameters.
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INTRODUCTION

Study of the hematological profile of farm
animals is of key importance for characterizing
their physiological status, adaptive potential,
and assessing their welfare and health status.
These studies are important for optimizing feed-
ing, identifying potential problems at various re-
productive stages, which ultimately contributes
to production efficiency’?[1-6].

Blood parameters, formed under the influ-
ence of many genes, their interaction and the
environment, are characterized by a fairly high
phenotypic variability. Hematological status of
the animals is associated with many paratypic
predictors®*[7, 8].

In this case, the homeostasis of hematolog-
ical parameters, including the number, volume
of blood cells, biological activity is strictly reg-
ulated within physiological limits, and the de-
viations are associated with the development of
pathologies (anemia, erythrocytosis, etc.) and
non-hematological diseases [9—-11]. Such varia-

tions in phenotypes are caused not only by envi-
ronmental but also by genetic factors [12—-15].
When studying hematological and biochemical
parameters in large families, it was shown that
blood parameters are highly heritable. Genetic
effects explained an average of 40% of the dif-
ferences in 38 blood parameters [16]. As early as
1985, twin studies demonstrated that from 50 to
90% of interindividual differences in the number
of leukocytes, erythrocytes and platelets are due
to the genetic component’.

Recent studies have identified genetic loci as-
sociated with mean white blood cell and platelet
counts in different ethnic groups, suggesting a
genetic basis for differences [17, 18].

Studies of the influence of genetic predictors
on blood parameters in cattle are limited. Recent-
ly, studies on beef cattle have demonstrated dif-
ferent heredity and genetic correlations of blood
parameters between herds with different health
conditions [19], works devoted to the compari-
son of hematological and biochemical profiles of
the Brahman and Yunling cattle [20], Hereford
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bulls of different genetic groups [21]. Therefore,
the study of hematological parameters of differ-
ent cattle breeds is important for understanding
the contribution of genetic factors to the value of
blood parameters.

The purpose of the research is to assess the
content and variability of hematological param-
eters of cows of different breeds raised in West-
ern Siberia. To do this, it is necessary to calcu-
late average values in population samples of
cows of the Black-and-White, Holstein and Red
Steppe breeds, study the nature of the variation
and consider the influence of the breed factor on
the hematological profiles.

MATERIAL AND METHODS

The studies were conducted on the cows of
three breeds of the 2nd lactation, raised in the
conditions of industrial livestock complexes of
Western Siberia: Holstein (Kemerovo Region),
Black-and-White (Novosibirsk Region) and Red
Steppe (Altai Territory). The number of cows in
the samples was 51, 57, 53, respectively. The ex-
perimental groups included healthy animals that
were kept in conditions corresponding to the "Vet-
erinary rules for keeping cattle for the purpose of
its reproduction, cultivation and sale", determined
by order No. 622 of the Ministry of Agriculture of
the Russian Federation dated 21.10. 20.

Blood was collected in the morning hours be-
fore feeding the animals from the tail vein (v.
coccygea), which is the least stressful method
compared to collection from the jugular vein.
Blood was collected in vacuum tubes with the
anticoagulant dipotassium salt of ethylenedi-
aminetetraacetate (K2EDTA) applied to the
walls in the form of microparticles (with a pur-
ple cap). The vein and surrounding soft tissues
were punctured in one go with a sterile dispos-
able medical needle designed for vacuum blood
collection systems. Blood samples were deliv-
ered to the Laboratory of Biochemistry and Eco-

logical Genetics of the Department of Veterinary
Genetics and Biotechnology in a thermobox
with refrigerants at a temperature of +2...+4 °C,
avoiding increased mechanical impact on the
samples. Hematological parameters were mea-
sured using an automatic hematological analyzer
3 dif for 18 parameters PCT 90Vet (USA). The
leukocyte formula was counted under a micro-
scope at a magnification of 10 x 90, in blood
smears fixed in 95-degree ethanol and stained
according to Romanovsky. The stress index was
determined by the ratio of segmented neutrophils
to lymphocytes in the leukocyte formula. The ad-
aptation index was calculated as the inverse ratio
of lymphocytes to segmented neutrophils.

The distributions of the obtained data were
checked for normality using the Anderson-Dar-
ling (AD) and/or Shapiro-Wilk (SW) tests.
Tukey's method was used to determine the out-
liers. The median, quartiles, and limits were
used to present the data. Intergroup compari-
sons were performed using the Kruskal-Wallis
test, and post hoc analysis was performed using
the Dunn's method with the Holm's correction.
The effect size was assessed using n?= (H—k+1)/
(n—k), where H — Kruskal-Wallis statistics, k —
the number of comparison groups.

Calculations were performed in the programs
Microsoft Office Excel 16.0 and R x 64 3.6.2.

RESULTS AND DISCUSSION

The level of all studied hematological param-
eters in cows was within the generally accepted
physiological norm, which indicates the absence
of diseases in this population group (see Ta-
ble 1). This also allows comparisons to be made
between breeds without concerns about the in-
fluence of pathological processes on blood pa-
rameters. In most cases, the levels of leukocytes
are taken as normative in cattle — 5,0-16,0 x
10°/1; erythrocytes — 5,5-8,5 x 10'%/1; platelets —
270,0-500,0 x 10%1; hemoglobin — 80—139 g/1;
eosinophils — 2-20%, band neutrophils — 1-4%,
segmentonuclear neutrophils — 15-45%; lym-
phocytes — 45-75%, monocytes — 2—7%"°%7[3, 6].
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Tao6a. 1. I'ematonoruueckue nokasaresiv KOpoB pasHbIX opos 3anagHoit Cudupu
Table 1. Hematological parameters of cows of different breeds in Western Siberia

Indicator Me Lim Q1 Q3 IQR
1 2 3 | 4 5 6 7
Holstein breed
Absolute leukocyte count, x10%/1 12,1 1,8-41,7 7,9 23,6 15.7
Absolute erythrocyte count, x10'%/1 5,45 3,82-7,5 5,02 6,05 1.03
Platelets, x 10%/1 197,0 52-286,0 134,0 242,0 108,0
Hemoglobin, g/l 87,0 67-105,0 81,5 9,01 9,5
Leukogram
Granulocytes:
eosinophils, % 1.0 0,0-4.0 0,0 2.0 2.0
Stab neutrophils, % 1,0 0,0-2,0 0,0 1,0 1,0
Segmented neutrophils, % 225 10,0-44 19,0 29,0 10,0
Agranulocytes:
lymphocytes, % 73.5 47,0-84.0 64.5 76,0 11,5
monocytes, % 2,0 0,0-6,0 1,0 4,0 3,0
Leukocytal indexes of:
adaptation 3,17 0,48- 6,07 2.13 3.89 1,86
stress 0,29 0,12-0,79 0,25 0,43 0,176
Black-and-White breed
Absolute leukocyte count,x10%/1 9,85 3,9-16.1 8,1 11,25 3,15
Absolute red blood cell count, x10'%/1 6,68 5,27-17,86 6,24 7,09 0,85
Absolute platelet count, x10%/1 328.5 94,0-596 257 397 140
Hemoglobin concentration, g/ 91 70,0-109 85,5 96 10,5
Leukogram
Granulocytes:
eosinophils, % 10 0,0-27.0 7.0 15.0 9.0
Stab neutrophils, % 0,0 0,0-2,0 0,0 1,0 1,0
Segmented neutrophils, % 22 5,0-64,0 15 36 21
Agranulocytes:
lymphocytes, % 59.5 17.0-82.0 48 70 22
monocytes, % 1,0 0,0-6,0 1,0 3,0 2,0
Leukocytal indexes of:
adaptation 2,71 0,09-8,75 1,26 426 3,0
stress 0,34 0,06-1,59 0,23 0,7 0,47
Red Steppe breed
Absolute leukocyte count, x10%1 8,2 5-15,6 6,8 9,3 2.5
Absolute red blood cell count, x10'%/1 5,91 3,37-7,49 1,98 6,78 1,34
Absolute platelet count, x10%/1 360 341 -574 353 372 19
Hemoglobin concentration, g/l 98 73-129 90 107 17
Leukogram
Granulocytes:
eosinophils, % 3.0 0,0-11.0 1.0 4.0 3.0
Stab neutrophils, % 1,0 0,0-5,0 0,0 2,0 2,0
Segmented neutrophils, % 30 5,0-55,0 22,5 40 17,5
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Oxonuanue tadi. 1

1 2 3 4 | 5 6 7
Agranulocytes:
lymphocytes, % 59 37,0-90,0 50 69,5 19,5
monocytes, % 2,0 0,0-7,0 1,0 4,0 3,0
Leukocytal indexes of:
adaptation 2,14 0,7- 5,27 1,25 2,85 1,64
stress 0,47 0,06-1,45 0,32 0,79 0,46

Note. Me — median value; Q1 —

Despite the fact that the number of animals in
the breed groups was more than 50, and outliers
were excluded, in a number of cases the distri-
bution of traits did not correspond to the normal
(AD p-value < 0,05, SWp < 0,05), therefore the
data are presented with robust statistics.

Additional information about the state of
the body, including stress conditions, impaired
adaptive responses and subclinical manifesta-
tions of diseases, can be provided by integral
leukocyte indices. Adaptation and stress indices
based on the ratio of neutrophils and lympho-
cytes reflect two aspects of the immune system:
the innate immune response, mainly provided by
neutrophils, and adaptive immunity supported
by lymphocytes [9, 22].

Neutrophilic leukocytes play a key role in the
body's primary immune response against infec-
tions, using a variety of molecular effects such
as phagocytosis, chemotaxis, and the release of
reactive oxygen species. As regulators of innate
immunity, neutrophils activate and coordinate
other cells of the immune system by producing a
variety of cytokines and chemokines [23]. There-
fore, newborn calves, in whose blood there is the
largest number of neutrophils, have the highest
values of the stress index (see footnote 7). During
ontogenesis, the blood of adult cows acquires a
lymphocytic type, the adaptation index incre-
ases. Lymphocytes, including various popula-
tions, are responsible for adaptive immunity,
providing an antigen-specific response, partici-
pate in the host's reaction to viruses and aller-
gens. The highest values of the adaptation index
and the lowest stress index values are estab-
lished for the Holstein cows, reflecting the high
adaptive potential of this breed.

first quartile, Q3 — third quartile, IQR — interquartile range.

Since the distribution of the parameters in
many cases was not normal and data transforma-
tion did not give an effect, interbreed differen-
ces were analyzed using the Kruskal-Wallis test
(see Table 2). For all the hemogram parameters
evaluated, except for band neutrophils, the in-
fluence of the breed factor was established. The
greatest influence was characteristic of eosino-
phils, erythrocytes and platelets; the least — for
monocytes, which is consistent with the litera-
ture data [17].

The use of the Dunn's test for pairwise post
hoc comparisons allows us to identify the dif-
ferences in hematological parameters between
different breeds of cows (see Table 3).

Pairwise comparisons showed that cows of
the Red Steppe breed were characterized by a
lower number of leukocytes compared to the
animals of the Holstein and Black-and-White
breeds, while at the same time they had a higher
level of platelets, hemoglobin, and segmented
neutrophils (p-value < 0,05). Holstein cows had
the highest level of segmented neutrophils. The
breeds were ranked in descending order by the
number of erythrocytes: Black-and-White — Red
Steppe — Holstein (p < 0,05).

Hematological characteristics of farm ani-
mals demonstrate breed-specific features, ta-
king into account the influence of sex, age and
physiological status. Studies to assess interbreed
differences in hemograms will be important for
assessing the contribution of genetic factors to
the phenotypic dispersion of hematological pa-
rameters and understanding the features of the
formation of the cellular composition of the
blood both in health and in diseases.
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Taoa. 2. Brusaue daxropa nopoasl Ha ypOBEHb MTOKa3aTeNeH reMOorpaMMbl KOPOB

Table 2. Influence of the breed factor on the level of cow hemogram parameters

Indicator H p n2
Absolute leukocyte count, x10%1 20,15 0,0000421%* 0,098
Absolute red blood cell count, x10'%/1 55,97 7,01e-13%* 0,29
Absolute platelet count, x10%1 43,54 3,509¢-10 * 0,29
Hemoglobin concentration, g/1 20,37 0,00003769%* 0,11
Eosinophils, % 90,58 0,0le-13* 0,43
Stab neutrophils, % 5,248 0,07248 0,016
Segmented neutrophils, % 17,9016 0,0001296* 0,079
Lymphocytes, % 27,4523 0,000001093* 0,13
Monocytes, % 10,6543 0,004858 * 0,044
Adaptation index 14,9015 0,000581* 0,065
Stress index 17,5848 0,0001519* 0,079

Note. df = 2; n2 — effect size indicator.

Here and in Table 3. * p < 0,05 — statistically significant differences between the groups.

Taoba. 3. MexnoponHble CpaBHEHHs TeMaTOJIOTMUYECKUX TOKa3aTesei KOpoB

Table 3. Interbreeding comparisons of hematological parameters of cows

Indicator Holstein — Black-and-White Holstein — Red Steppe Black-and-White — Red Steppe
leucocytes, x10°/1
Z(p) 1,9587 (0,8268) 4,4551 (0,000008385)* 2,8268 (0,004701) *
Red blood cells, x10'/1
Z(p) | 7.38 (1.537e-13)* | 2,98 (0,0028)* 4,19 (0,00002733)*
Platelets, x10°/1
Z(p) ‘ 5,23 (1,688e-7)* ‘ 6,59 (4,212>-11)* 2,39 (0,01667)*
Hemoglobin, g/l
Z(p) | 1,792 (0,07313) | 3,9733 (0,00007087)* 3,4082 (0,000654)*
Eosinophils, %
Z(p) ‘ 8,8952 (0,00 7e-13)* ‘ 2,1959 (0,0281)* 6,8713 (6,362e-12)*
Segmented neutrophils, %
Z(p) 0,1053 (0,9161) 3,4229 (0,0006197)* 3,8637 (0,0001117)*
Lymphocytes,%
Z(p) | 4,8474(0,000001251)* | 4,3933 (0,00001116)* 0,2725 (0,7853)
Monocytes, %
Z(p) ‘ 1,9986 (0,04565)* ‘ 1,0315 (0,3023) 3,1885 (0,00143)*
Adaptation index
Z(p) | 1,2439 (0,2135) | 3,7276 (0,0001933)* 2,7734 (0,005548)*
Stress Index
Z(p) ‘ 1,282 (0,1999) ‘ 4,006 (0,00006175)* 3,0482 (0,002302)*
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CONCLUSIONS

1. The average values of hemogram indices
in cows of the Holstein, Black-and-White and
Red Steppe breeds at the age of the 2nd lacta-
tion, raised in Western Siberia, varied within
the physiological norm. The highest adaptive
potential was characterized by cows of the Hol-
stein breed: the number of leukocytes was 12,1
x 10%1, relative number of segmented neutro-
phils — 37,5%, adaptation index — 3,17, stress
index — 0,29.

2. Interbreed differences in the number of
leukocytes, erythrocytes, platelets, hemoglobin
concentration, relative number of cells of the
leukocyte formula, with the exception of band
neutrophils, stress and adaptation indices were
revealed. The greatest influence of the breed fac-
tor was established for eosinophils, erythrocytes
and platelets; the least — for monocytes.
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Biusinne 0MOAKTHBMPOBAHHOIO 3ePHA MIIEHUIIbI, 000 allleHHOT0
CeJICHUTOM HATPHSI, HA MPOAYKTUBHBbIE MOKA3aTeJIH MepeneioB

Eropos C.B., C<)Hocenko H.A., Marep C.H.

Cubupckuii ghedepanvhwiii HayuHblll Yyeump azpobuomexnonozuti Poccutickoil akademuu Hayk
Hosocubupckas oonacts, p.im. KpacHooOck, Poccus

(<X)e-mail: animal@sfsca.ru

[IpencraBiensl pe3ynbTarThl HccienoBaHuN 3()(EKTHBHOCTH WCIOIB30BAHUS 3€pPHA MIICHUIIBL,
OMOAKTUBUPOBAHHOTO JIBYMS CITIOCOOaMH, B COCTaBe PAallMOHOB MTHIL. MccienoBaHus MpoBeeHBI Ha
repenenax ArnoHCKOU CeNEKINH OT pokaeHus 10 153-nueBHOro Bo3pacta. B omHomHEeBHOM Bo3pacTte
c(hopMuUpOBaHbBI TPH TPYIIIILI HBILIAT 110 70 roJi. B Kaxk1oi. KoHTpobHas rpyIia mojyyaia OCHOBHON
patmos (OP). IlepBas onbiTHas rpymnma noimydana OP + 6HoaKTUBHPOBAHHOE BOJOW 3€PHO MIIIEHUIIBI
(20% ot maccel HATUBHOTO 3epHa B KopMme). Bropas ombiTHas rpymma nomydana OP + GnoaktuBupo-
BaHHOE C CEJICHUTOM HaTpus (ceieH 25 Mr/i Boasl) 3epHO meHutsl (20% oT Macchl HATUBHOTO 3€pHA
B KOpME). YCTaHOBIJICHO, YTO 10 CPABHEHHIO C HATUBHBIM 3€PHOM B PAIMOHE KOHTPOJIBHON TPYIIIIBI
Ipy OMOAKTUBAIMH MIICHUI[BI KOMOMKOpPMA 1-if U 2-# ONBITHBIX TPYIII B 3€pHE IMOBBIIIACTCS CaXxap OT
4,99 no 8,17 n 7,20% co cHmxeHueM kpaxmaia ¢ 76,23 no 72,49 u 71,95% u yBenuueHueM YpOBHSA
xkupa ¢ 1,35 mo 1,51 u 1,74% coorBercTBenno. Bxitouenne B OP mepenenoB OMOaKTUBUPOBAHHOTO
3epHa B |- OMBITHOI Tpymme CocOOCTBYET MOBBIMIEHUIO COXPAHHOCTH MOJIOAHSKA TEPETIeNIOB Ha
4,3%, BO 2-i1 onbITHOM rpyrie — Ha 7,1% Mo CpaBHEHUIO ¢ KOHTPOJIbHOU IPYIIION; 5KMBOM MACChI 3a
60 mueii onbiTa — Ha 6,0 1 7,2% (P > 0,99); cpennecyrounoro npupocta — Ha 6,5 u 7,4% (P > 0,99);
CHIDKEHUIO 3aTpat kopma ot 7,0 1o 8,5%; yooitHoro Beixoja — Ha 2,0 u 4,2%; TOBBIIIEHUIO COIepIKa-
HUA B MblIeuHo# macce nu3una ot 0,73 (P> 0,99) 1o 0,79% (P > 0,99). YcTaHOBICHO MOIOKUTETh-
HOE BJIMSIHUEC OMOAKTUBUPOBAHHOIO 3€PHA B COCTABE KOMOMKOPMA Ha MOKa3areIx BOCIPOU3BOICTBA!
HECYIIKH 1-i 1 2-# ONBITHBIX TPYTIN HA49aJIy MpoOpOC Ul Ha 3 THS paHbIIe, 9eM B KOHTpoie. bombie
SIMLL 32 YYETHBIN MEepUOJ MOJIYUYEHO OT HECYLIEK MEPENeaoB 2-il onbITHOM rpynmnsl — 72,48 1IT., 4TO
MPEBBIIIAET TOKA3aTENN KOHTPOJIBHOM rpynnsl Ha 8,7% u 1-i1 onbiTHON — Ha 7,8%. [1o auuHOl Macce
KYPBI-HECYIIKH 2-1 OIBITHOM I'PYTIIBI PEBBICHIH KOHTPOJIb HA 8,2%, TI0 YCIIOBHOMY 3KOHOMHUYECKO-
My 3 QeKTy mpu TPOU3BOJICTBE TOBapHBIX sull — Ha 14,0%.

KuroueBble ci10Ba: 3epHO TIIEHHUIIB, OMOAKTHBALIMSA, CEJIEH, MOJIOAHSK MEperesnoB, Meperne-
Jla-caMIIbl ¥ HECYIIKH, MPOAYKTUBHOCTD

Effect of bioactivated wheat grain enriched with sodium selenite
on productive performance of quails

Egorov S.V., <)Nosenko N.A., Mager S.N.

Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia

(<X)e-mail: animal@sfsca.ru

The results of the studies on the effectiveness of using wheat grain, bioactivated in two ways, in
the diet of quails are presented. The studies were carried out on the quails of Japanese selection from
birth to 153 days of age. At one day of age, three groups of chickens of 70 heads each were formed.
The control group received the basic diet (BD). The first experimental group received BD + bioacti-
vated with water wheat grain (20% of the weight of native grain in the feed). The second experimen-
tal group received BD + bioactivated wheat grain with sodium selenite (selenium 25 mg/I of water)
(20% from the mass of native grain in the feed). It was found that during bioactivation in wheat grain
of experimental groups I and I, sugar increases compared to native grain in the control group from
4.99% to 8.17 and 7.20%, with a decrease in starch from 76.23 to 72.49 and 71.95%, increasing the fat
level from 1.35 to 1.51 and 1.74%, respectively. The inclusion of bioactivated grain in the basic diet
of quails in the first experimental group helps to increase the viability of young quails by 4.3%, in the
second experimental group — by 7.1% compared to the control group; live weight for 60 days of ex-
periment by 6.0 and 7.2% (P>0.99), average daily gain — by 6.5 and 7.4% (P>0.99), reduction in feed
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Effect of bioactivated wheat grain enriched with sodium selenite
on productive performance of quails

Egorov S.V., Nosenko N.A., Mager S.N.

costs from 7.0 to 8.5%, slaughter yield — by 2.0 and 4.2%, an increase of lysine content in muscle mass
from 0.73 (P>0.99) to 0.79% (P>0. 99). A positive effect of the activated grain in the composition of
feed on the reproductive indicators was established: laying hens of the I and II experimental groups
began laying eggs 3 days earlier than in the control. More eggs during the record period were obtained
from laying quails of the II experimental group — 72.48 pieces, which exceeds the indicators of the
control group by 8.7% and the I experimental group by 7.8%. In terms of egg mass, laying hens of the
second experimental group exceeded the control by 8.2%, and in terms of the conditional economic
effect in the production of marketable eggs — by 14.0%.

Keywords: wheat grain, bioactivation, selenium, young quails, male quails and laying hens, pro-

ductivity
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INTRODUCTION

Grain feed as a source of carbohydrates in the
compound feed recipes makes up to 80%. The
disadvantage of grain components is that along
with starch they contain non-starch polysaccha-
rides, which create the problem of increased
viscosity of the contents of the gastrointestinal
tract, negatively affect the absorption of feed
and physiological indicators and productivity of
poultry [1].

An accessible and inexpensive way to in-
crease the completeness of animal diets is the
use of bioactivated grain, known for many mil-
lennia. The basis of biological activation is the
targeted action on the enzymatic complex of
grain by moistening at a comfortable tempera-
ture and with air access'[2].

Bioactivation of feed grain should last no
more than 24 hours, when the grains are still
free of mold, fungi and have flowability [3]. The
grain should be freshly harvested, without impu-
rities, not infected with fungi, with good germi-
nation and without mechanical damage.

The grain is a living organism that is at rest,
in which a slow metabolism takes place, sup-
porting the life of the germ cell®.

Dry cereal seeds contain up to 15% moisture.
When humidity increases, free water appears,
which sharply increases the intensity of respi-
ration and other metabolic processes. Under the
influence of free water, the permeability of cell
walls improves, which ensures the transition of
enzymes and nutrients into the solution and their
migration to the embryo.

As a result of enzyme activation, biochemical
processes in grain are accelerated. The effect of
temperature on grain promotes expansion of cap-
illaries of the shells and acceleration of water pen-
etration, which catalyzes some positive phenome-
na that cause structural and biochemical changes
in grain. The levels of cellulose and hemicellulo-
ses decrease, but the amount of soluble pentosans
increases, hydrolysis of high-molecular biopoly-
mers occurs, and biologically active compounds
are formed, providing an increase in the nutrition-
al value of sprouted grain® [4].

'"Mirontseva A.A., Tsed E.A., Volkova S.V. Optimization of water-heat treatment modes for batches of bioactivated rye and triticale
grains in the production of food ethyl alcohol // Collection of the writings of the VIII International scientific and practical conference
"Innovative technologies in the food industry: science, education, production". November 30, 2022, Voronezh, pp. 160-163.

*Veselova A.Yu. Intensification of preliminary preparation of cereal crops in the context of developing new technology // Bulletin

NGIEL 2011, vol. 2, N 6 (7), pp. 27-37.

3Zenkova M.L., Nazarova O.0. A new type of canned products from grain raw materials // Proceedings of the Tavria State

Agrotechnological University, 2012, vol. 12, N 4, pp. 97-103.

114  Siberian Herald of Agricultural Science * 2025 « 55 « 3

Zootechnics and veterinary medicine



Bnusane 6I/IOaKTI/IBI/Ip0BaHHOI‘0 3€pHa MIICHUIIBI,
OGOT‘aU.IeHHOTO CCJICHUTOM HaTpus,
Ha IMPOAYKTHUBHBIC MTOKA3aTCIIN IIEPEIICIIOB

Eropos C.B., Hocenko H.A., Marep C.H.

The use of bioactivated grain in poultry farm-
ing helps to increase egg production and normal-
ize the microflora of the gastrointestinal tract in
hens and broiler chickens, has a positive effect
on the height of the ileum villi in broiler chick-
ens, which ultimately improves feed conversion
and live weight gain* ° [5]. A positive effect of
bioactivated wheat grain on the reproductive ca-
pacity of meat chickens has also been revealed®.

Many enzymes are activated in sprouted
grain, so expensive enzyme preparations can be
excluded from the animals' diet and animal pro-
ductivity can be increased. In addition, the feed
obtained in this way is cheaper than compound
feed’.

There are several methods for obtaining bio-
activated cereal grain: using ultraviolet radia-
tion, using ultrasound treatment, adding organic
acids to steeping water, using non-thermal tech-
nology (cold plasma), etc.®? [6, 7].

Among the substances that play a significant
role in poultry nutrition, an important place is
given to microelements, including selenium,
which is necessary for growth, reproduction,
hematopoiesis and endocrine gland functions,
regulation of metabolism, permeability of cell
membranes, protective reactions of the body, for
the prevention of white muscle disease, etc.!”

Plants as the main source of selenium are the
first link in the food chain of the element's entry
into the animal organism [8]. The need for sele-
nium for higher plants has not been sufficiently
studied at present. However, it has been prov-
en that selenium is a controlling element in the
influence of protein metabolism in plants, the
activity of enzymes and non-enzymatic antiox-
idants, such as flavonoids, etc.' [9].

The absorption of selenium by plants is influ-
enced by many factors: concentration, chemical
form of the element, pH of the environment, etc.
In practice, sodium selenite is most often used,
which is a water-soluble and generally available
pool of Se for grain, which is converted into or-
ganic selenoprotein [10, 11]. It has been proven
that selenium from sodium selenite accelerates
the rate of germination of wheat seeds compared
to the control (without selenium treatment),
since, according to a number of authors, there is a
similarity between selenite and wheat grains'> .

Recommended rates of sodium selenite addi-
tion to aqueous solution when soaking seeds are
from 0.001 to 0.005% of the pure element'* [12].

The purpose of the research is to evaluate the
effectiveness of using bioactivated wheat grain
in two ways as part of quail diets at different
stages of postembryonic development.

*Kassamedinov A.I., Razumovskaya R.G. The use of sprouted grain in the diet of birds and its importance for the microflora of
the gastrointestinal tract / Vestnik of Astrakhan State Technical University, 2011, N 1 (51), pp. 2-27.

SAfsharmanesh M., Paghaleh A.S., Kheirandish R. Effects of sprouted and nonsprouted wheat and barley with and without
enzyme on intestinal morphometry of broiler chickens / Comparative Clinical Pathology, 2012, N 22 (5). DOI: 10.1007/s00580-

012-1517-3.

®Charyev A.B., Gadiev R.R. Efficiency of using sprouted barley grain in the diet of meat chickens of the parent flock // Izvestia

Orenburg State Agrarian University, 2015, N 1 (51), pp. 119-121.

’Egorov S.V,, Meged S.S., Fomin S.M. Unconventional methods of increasing the completeness of feeding suckling lambs //
Collection of scientific papers / RAAS, Siberian Branch, SibNIPTIZH. Novosibirsk, 2002, pp. 121-127.

$Veselova A.Yu. Intensification of preliminary preparation of cereal crops in the context of developing new technology // Bulletin

NGIEL 2011, vol. 2, N 6 (7), pp. 27-37.

*Vorobyov D.A., Zabudskiy A.I., Algazin D.N. Development of a grain bioactivation unit for use in feeding farm animals //
Bulletin of the Omsk State Agrarian University, 2017, N 4 (28), pp. 200-204.

YEgorov I A., Andrianova E.N., Petrosyan A.B., Manukyan A.V., Papazyan T.T,, Prisyazhnaya L.M., Rozanov B.L., Egorova T.V,,
Yudin S.M., Sokolov S.M., Panin A.I. Organic forms of micronutrients in farm poultry feed. Sergiev Posad, 2010, 44 p.

"Whanger P.D. Seleno compounds in plants and animals and their biological significance // Journal of the American College of
Nutrition, 2002, vol. 21, pp. 223-232. DOI: 10.1080/07315724.2002.10719214.

2Kulagina Yu.M., Golovatskaya I F. Effect of sodium selenite on the growth and development of wheat plants depending on the
method of treatment // Tomsk State University Journal. Biology, 2011, N 2 (14), pp. 56-64.

BAli F, Peng Q., Wang D., Cui Z., Huang J., Fu D., Liang D. Effects of selenite and selenate application on distribution and
transformation of selenium fractions in soil and its bioavailability for wheat (7riticum aestivum L.) // Environmental Science and
Pollution Research International, 2017, vol. 24 (9), pp. 8315-8325. DOI: 10.1007/s11356-017-8512-9.

YShchukin V.B., Gromov A.A., Shchukina N.V. Selenium as an exogenous stimulating factor in the initial period of growth and
development of winter wheat plants // Izvestia Orenburg State Agrarian University, 2005, N 3 (7), pp. 107-110.
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The objectives of the study included deter-
mining the effect of bioactivated grain in com-
pound feed in two ways on the survival rate of
quails, growth rate, feed costs, meat productivi-
ty, meat quality, egg production, and efficiency.

MATERIAL AND METHODS

The research was conducted in two stages
First stage

Before bioactivation, the grain germination
rate was determined according to GOST 12038—
84, amounting to 95-96% in three replicates.
The grain of soft wheat of the Obskaya variety
was taken for the research.

Bioactivation of grain was carried out ac-
cording to recommendations in the following
way: a sample of native wheat grain was washed
twice in tap water, and the floating debris was
separated"”.

The Teflon-coated baking sheets were cov-
ered with two layers of cloth, then the grain
was poured in and filled with water according
to the experimental scheme in a ratio of 1:2 un-
til completely covered. After 2 hours, the liquid
was drained, the grain was covered with cloth
(in two layers) moistened with water. During the
next 20 hours, the grain was stirred and sprayed
2-3 times. Then it was distributed in a layer no
more than 2 cm high on a surface covered with
cellophane and cloth. At room temperature, the
wet grain was dried for two days until the hu-
midity level of 11,32-11,36%.

After drying, the bioactivated grain was
crushed in a Farmer IGE-05 grain crusher to a
grind of at least 1-2 mm and then according to
the experimental design.

In the biochemical laboratory of the Siberian
Research and Design and Technological Insti-
tute of Animal Husbandry of the Siberian Fed-
eral Scientific Centre of Agro-BioTechnologies
of the Russian Academy of Sciences (SibRDTI-
AH SFSCA RAS), the chemical composition of

wheat grain in its native state and after drying
of bioactivated grain, starter and finishing com-
pound feed for quails, and the concentration of
selenium in the sodium selenite preparation were
determined using generally accepted methods.

Second stage

A scientific and economic experiment lasting
153 days was conducted according to the gen-
erally accepted methodology'® in 2023 in the
vivarium conditions of the physiological yard
of the SFSCA RAS according to the following
scheme (see Table 1).

To study the task, three groups of one-day-
old Japanese quails were formed, 70 heads each,
taking into account the requirements of the gen-
erally accepted poultry farming methods. The
conditions of keeping and feeding corresponded
to zootechnical standards.

The quails of the control group received the
basic diet (BD). For the quails of the 1st experi-
mental group, 20% of native wheat was replaced
by wheat grain bioactivated with tap water at

Ta6a. 1. Cxema omnbiTa

Table 1. Experiment scheme

Num-
Group ber of Feeding conditions
heads
Control 70 BD*
Experimental
Ist 70 |BD + bioactivated wheat grain
(20% of the native grain mass
in the compound feed compo-
sition)
2nd 70 | BD + bioactivated
B with sodium selenite (selenium
25 mg/1 of water) wheat grain
(20% of the native grain mass
in the compound feed)

*BD — basic diet, balanced according to the VNIIITIP
standards (2011).

B“Koneva M.S. Development of technology and evaluation of consumer properties of smoothies enriched with products from
sprouted wheat grain: Candidate’s thesis in technical sciences / M.S. Koneva. Krasnodar, 2017, 175 p.

*Methodology for conducting scientific and industrial research on feeding agricultural poultry // Russian Academy of Agricultural
Sciences; Scientific and Technical Center "Plemptitsa"; State Scientific Institution VNITIP; under the general editorship of V.I.

Fisinin and Sh.A. Imangulov. Sergiev Posad, 2000, 33 p.
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room temperature. The quails of the 2nd expe-
rimental group received in addition to the basic
diet 20% of native wheat grain, the same amount
of grain bioactivated with tap water at room
temperature, which included sodium selenite (25
mg/l of water by pure element) during the period
of rearing young animals (1-60 days) and pro-
ductive use of quail laying hens (61-153 days).

The feed consumed, the condition and safe-
ty of the quails were recorded daily; for quail
laying hens, the start date of egg-laying and the
counting of eggs. Quails were weighed individ-
ually in groups at the age of one day, then at the
age of 30 and 60 days.

Slaughter of the cockerels was carried out at
the age of 60 days, 5 heads from each group for
studying the biochemical composition of mus-
cle mass in the biochemical laboratory of the
SibRDTIAH SFSCA RAS and the indicators of
slaughter yield of the carcasses.

From the beginning of egg laying, daily egg
counts were made from layers of all groups. The
thickness of the shell was measured monthly
with a micrometer.

Economic efficiency is calculated based on
the difference in costs for the purchase of feed
and feed additives per unit of output, taking into
account the selling price.

The digital material obtained during the ex-
periment was processed by the method of vari-
ation statistics on a personal computer using
Microsoft Excel software using the criterion of
the reliability of the difference according to the
Student-Fisher method.

RESULTS AND DISCUSSION

First stage

After 1 day of soaking, the height of the wheat
grain sprouts in the main mass was from 1 to 3
mm in the 1st experimental group, from 1 to 4
mm in the 2nd experimental group, an insignifi-
cant part of the sprouts reached the length of the
roots, respectively of 5 and 6—7 mm.

Study of the dried and ground grain after
bioactivation showed, in comparison with the
native grain, an increase in sugars from 4.99 to
8.17 and 7.20%, a decrease in starch from 76.23
to 72.49 and 71.95%, an increase in fat levels

from 1.35 to 1.51 and 1.74% in the samples of
experimental groups (see Table 2). In terms of
the content of exchange energy, there was practi-
cally no difference between the samples (14.01—
14.05 MJ ME).

In the starter compound feed (age of the
quails from the 1st to the 30th day) in compari-
son with the control group, an increase in the fat
level in the 1st and 2nd experimental groups was
noted from 3.15 to 4.66 and 3.67%, fiber from
5.09 to 7.50 and 5.28%, lysine from 0.57 to 0.70
and 1.00%, a decrease in starch from 28.30 to
26.00 and 26.20%. The sugar level, according to
the biochemical laboratory of the SibRDTIAH
SFSCA RAS, was increased only in the 2nd ex-
perimental group in comparison with the control
by 3.20% (see Table 3).

In the finishing compound feed (from the 31st
to the 60th day and further) in the 1st experi-
mental group, the fat content was 3.08%, which
exceeded the control by 0.76%. The sugar level
in the 2nd experimental group, compared to the
control group, increased from 12.90 to 16.10%,
starch in both experimental groups decreased

Ta6ua. 2. XuMu4eckuil COCTaB 3epHa MIICHULIBI, %

Table 2. Chemical composition of wheat grain, %

Bioactivated grain
Indicator I\;si‘f V\;\;izgr x;ﬁhs‘;v;tj:n
selenite
Humidity 12,57 11,36 11,32
Dry matter 87,43 88,64 88,68
Crude protein 10,87 11,02 10,88
Crude fat 1,35 1,51 1,74
Fiber 2,11 2,51 2,17
Sugars 4,99 8,17 7,20
Starch 76,23 72,49 71,95
NFES 71,55 72,14 72,42
Lysine 0,275 0,254 0,263
Crude ash 1,55 1,46 1,47
Calcium 0,150 0,153 0,150
Phosphorus 0,346 0,364 0,343
EFU by crude DF 1,40 1,40 1,40
My T cetpEnt DE 1405 114,04 14,01
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from 28.30 to 26.00 and 26.20%, an increase in
lysine was noted from 0.53 to 0.70 and 0.60%.

There were also no significant differences in
the amount of exchange energy in the feeds of
all groups.

Second stage

The studies showed that the inclusion of bio-
activated wheat grain in the diets of quails in
the 1st and 2nd experimental groups had a posi-

Taba. 3. XuMudeckuii cocTaB pallmoOHOB Tepere-
JI0B, %

Table 3. Chemical composition of quail diets, %

Group
Indicator experimental
control
Ist 2nd
Starter feed
Humidity 12,68 11,32 12,44
Dry matter 87,32 88,68 87,56
Crude protein 20,61 20,63 20,63
Crude fat 3,15 4,66 3,67
Crude fiber 5,09 7,50 5,28
Sugars 12,90 11,30 16,10
Starch 28,30 26,00 26,20
Crude ash 10,58 9,80 9,92
Lysine 0,57 0,70 1,00
Calcium 2,05 1,98 2,10
Phosphorus 1,10 0,97 1,05
ME, MJ 13,08 13,10 13,23
EFU 1,31 1,31 1,32
Finisher feed

Humidity 12,30 11,56 11,92
Dry matter 87,70 88,44 88,08
Crude protein 19,47 19,58 19,89
Crude fat 3,22 3,98 3,31
Crude fiber 7,66 7,62 7,54
Sugars 11,20 16,70 16,20
Starch 33,50 24,20 26,10
Crude ash 12,75 13,61 14,05
Lysine 0,53 0,70 0,60
Calcium 2,79 2,36 2,57
Phosphorus 1,17 1,19 1,33
ME, MJ 12,39 12,40 12,35
EFU 1,24 1,24 1,24

tive effect on their growth rate (see Table 4). At
30 days of age, quails in the 2nd experimental
group exceeded the control group in live weight
by 8.2% (P >0.999). At 60 days of age, the live
weight growth rate of quails in both experimen-
tal groups was higher by 6.0 and 7.2% (P >0.99)
compared to the control. The average daily gains
of chickens during the entire study period in all
groups corresponded to the gain in their live
weight.

At the age of 1 month (see Table 5), the young
female quails in the 2nd experimental group ex-
ceeded the control by 8.0% (P > 0.99), males —
by 8.1% (P > 0.99). At the age of 2 months,
the females of the 1st experimental group were
larger by 4.3% (P > 0.95), the 2nd — by 6.7%
(P > 0.95), males, respectively, by 3.5%
(P >0.95) and 4.4% (P > 0.95) compared to the
control group.

During the record period of the research, the
feed consumption of young quails in the experi-
mental groups was at the same level for the first
month, then slightly decreased (by 1.6%) com-
pared to the control group. As a result, in the
experimental groups, feed costs for the gain of
1 g of live weight were lower by 7.1 and 8.5%
compared to the control.

In the experimental groups, by the age of 2
months, the survival rate of young quails ranged
from 92.9 to 95.7% versus 88.6% in the control
group, which was 4.3% higher in the 1st group
and 7.1% higher in the 2nd group.

At the end of the rearing period, the male
quails were slaughtered. The results of the con-
trol slaughter of the birds showed that the ave-
rage pre-slaughter live weight of cockerels in
the 1st and 2nd experimental groups was higher
than in the control group by 5.0 (P > 0.999) and
8.7% (P > 0.999), the weight of the eviscerated
carcass — by 8.0 (P > 0.999) and 13.24% (P >
0.999). As a result, the slaughter yield of car-
casses in the experimental groups was respec-
tively higher by 2.0 and 4.2% compared to the
control (see Table 6). The use of modified diets
did not affect the weight of the internal organs of
quail carcasses.

The biochemical composition of quail muscle
tissue mince showed that the inclusion of bio-
activated wheat grain with sodium selenite in
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Taoa. 4. /lunamuka *UBOH Macchl MOJIOJIHSIKA TIEPENIENIOB, 3aTpaThl KOpMa, B CpeTHEM Ha | roul.

Table 4. Dynamics of live weight of young quails, feed costs, on average per 1 head

Group
Indicator control Experimental
st | 2nd
Age, days: Live weight, g
1 8,47 £0, 08 8,40 £ 0,09 8,49 £ 0,08
30 131,00 +2,18 136,07 = 1,82 141,79 £ 1,25%%*
60 194,03 +£2,26 205,73 £2,26%* | 207,9 5+2,61%*
Period, days: Average daily gain, g
1-30 4,08 4,26 4,44
31-60 2,12 £0,07 2,32 +£0,07* 2,44 £ 0,08%*
1-60 3,09 £ 0,04 3,29 +004** 3,32 £ 0,04**
Period, days: Feed costs, kg
1-30 0,635 0,635 0,625
31-60 1,129 1111 1111
Feed consumed, total, kg 1,764 1,746 1,736
Period, days: Feed costs per 1 g of gain, g
1-30 5,18 4,97 4,69
31-60 17,84 15,95 16,79
1-60 9,51 8,84 8,70
Fend ot e 1 8 o gan dring e caper-
Here and in tables 5-8, 13.
*P>0,95.
**P>0,99.
***P>0,999.
Taba. 5. CoxpaHHOCTb, )KUBasi Macca MOJIOJHSIKA [IEPENEIOB, B CpeAHEM Ha | rom.
Table 5. Viability, live weight of young of quail, on average per 1 head
Group
Indicator control experimental
Ist | 2nd
Number Quails, total
ﬁetazihse beginning of the experiment, 70 70 70
At the end of the experiment, heads 62 65 67
Viability, % 88,6 92,9 95,7
Live weight Females
At 30 days of age, g 132,76 + 3,17 137,52 +£2,88 143,35+ 1,79**
At 60 days of age, g 207,26 + 3,66 216,09 +2,77* 221,17 +£3,81%*
Males
At 30 days of age, g 129,24 + 3,02 134,57 £2,42 139,75 + 1,62**
At 60 days of age, g 186,23 + 2,05 192,79 + 1,75%* 194,33*
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the diet of young quail in the 2nd experimental
group contributed to a decrease in muscle tissue
moisture by 1.3% (P > 0.99) with an increase
in dry residue by 1.3% (P > 0.99). Moreover,
the mineral part (raw ash) in the experimen-
tal groups increased by 16.0 (P > 0.999) and
10.2% (P > 0.99) in comparison with the control
group, including calcium — by 14.9 (P > 0.99)
and 16.1% (P > 0.99), phosphorus — by 5.1 (P>
0.95) and 8.7% (P > 0.999) (see Table 7).

When studying the amino acid composition of
muscle tissue samples, which characterizes the
quality of the products, an increase in the level
of all essential amino acids, except phenylala-
nine, was noted in the experimental groups (see
Table 8). Thus, the level of lysine was higher in
the 1st experimental group by 0.79% (P > 0.99),
in the 2nd — by 0.73% (P > 0.99), methionine,
respectively, by 0.10 (P > 0.95) and 0.16%
(P>0.999),threonine—by0.31(P>0.99)and0.30%

(P>0.999), valine—by 0.31 (P>0.95)and 0.31%
(P = 0.99), histidine — by 0.18 (P > 0.99) and
0.16% (P > 0.99), leucine + isoleucine — by 0.88
(P >0.99) and 0.65% (P > 0.99) compared with
the control group.

In terms of replaceable amino acids in sam-
ples of minced meat from the quail carcasses of
the experimental groups, a reliable increase in
the content of alanine, glycine, proline, serine,
and tyrosine was noted.

The sum of essential amino acids in the Ist
experimental group was 1.5 times higher than
the control, in the 2nd experimental group — 1.4
times. The sum of the studied non-essential ami-
no acids was also 1.5 and 1.4 times higher than
the control, respectively.

When calculating the economic effect, the
costs of feed, feed additives, grain preparation
during bioactivation, as well as the cost of selling
the obtained products were taken into account.

Ta6a. 6. [Tokazarenu yOOWHOTO BhIXO/a TYIICK MEPEICIIOB B 2-MECSIUHOM BO3pacte, 1 = 5

Table 6. Indicators of slaughter yield of quail carcasses at 2 months of age, n =5

Group
Indicator control experimental
Ist 2nd
Pre-slaughter live weight, g 187,8 1,43 197,2 £ 1,27%** 204,2 £ 1,14%**
Weight of gutted carcass, g 1344 +47 145,2 £ 1,71%** 152,2 + 2 45%%*
Slaughter yield, % 71,6 +£1,01 73,6 £0,95 75,8 £0,69
Liver weight, g 3,60+ 0,24 3,40+ 0,15 3,60+0,15
Stomach weight, g 5,30+0,12 5,00+ 0,09 5,51 +0,18
Heart weight, g 1,90 +£ 0,06 1,90 £ 0,06 2,02+0,12

Tao6a. 7. buoxumudeckuii cocrar (hapiiia MbIIIEUHON TKAaHU TIEPEIIENOB, IPH HATYPAJTLHOW BIAXKHOCTH, 11 = 5, %

Table 7. Biochemical composition of minced quail muscle tissue, at natural humidity, n =5, %

Group
Indicator trol experimental
contro 1st 2nd

Humidity 72,89 £ 0,33 73,09 £ 0,37 71,56 £ 0,10%**
Dry matter 27,11 £0,33 26,91 £ 0,37 28,42 £0,19%*
Crude protein 20,81 £ 0,08 21,18+ 0,27 21,49+ 0,38
Crude fat 5,30+ 0,34 448 +£0,27 5,65 + 0,40
Crude ash 0,998 + 0,043 1,158 £ 0,0126%*** 1,100 + 0,015%**
Calcium 0,087 + 0,003 0,100 £ 0,003** 0,101 £0,002**
Phosphorus 0,276 + 0,004 0,290 + 0,005* 0,300 + 0,004 **%*
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Tada. 8. AMUHOKHUCIOTHBIA COCTaB MBIIICYHON TKAHU MEPENENIOB 2-MECSIUHOr0 Bo3pacta, n =35, %

Table 8. Amino acid composition of muscle tissue of quails 2 months of age, n =15, %

Group
Indicator control experimental
Ist | 2nd
Essential amino acids
Arginine 0,97 £ 0,05 1,42 +£0,15* 0,97 £0,14*
Valine 0,66 + 0,06 1,32 + 0,05%* 0,97 + 0,04%*
Histidine 0,53+ 0,03 0,69 + 0,03%** 0,67 £ 0,03**
Lysine 1,55+0,13 2,34 £ 0,18%** 2,28 £0,12%*
Leucine + isoleucine 1,85+0,12 2,73 £ 0,26%* 2,50 £ 0,14%**
Methionine 0,38 £ 0,02 0,48 £ 0,04* 0,54 £ 0,02%**
Threonine 0,60 + 0,04 0,91 £0,10%** 0,90 £ 0,05%**
Phenylalanine 0,51+0,03 0,74 £ 0,10 0,68 + 0,04
Sum of essential amino acids 7,05 10,28 9,86
Non-essential amino acids
Alanine 0,97 £ 0,07 1,41 £0,16* 1,41 +£0,08%*
Glycine 0,58 £ 0,04 0,90 £0,12 0,83 £0,05
Proline 0,54 + 0,03 0,79 + 0,09* 0,73 £ 0,04**
Serine 0,61 +0,04 0,93 +0,12%* 0,91 £ 0,04%**
Tyrosine 0,45 +0,02 0,57 +0,07* 0,55 £0,02%**
Sum of non-essential amino acids 3,15 4,60 4,43
Total 10,20 14,88 14,29
Amino-acid index 2,24 2,23 2,23

The difference between these indicators was
used to determine this value (see Table 9). As a
result, the best indicators of economic efficiency
were noted in the experimental groups — exceed-
ing the control group by 46.62 and 71.48%.

The remaining livestock continued to use the
same feed in accordance with the experimental
design in order to study the egg production of
quail laying hens up to 5 months of age.

The hens of the experimental groups started

Taodua. 9. Dxonomuueckuil 3pexT npu BeIpalIuBaHUK MOJIOAHSKA TIEpETeoB (IIpu yooe B BO3pacTe

60 mueit), Ha 1 ron., n=>5

Table 9. Conditional economic effect when raising young quails (at slaughter at the age of 60 days),

per 1 head, n =15

Group
Indicator control experimental

Ist 2nd
Cost of 1 kg of starter feed, rubles 46,00 46,35 46,79
Cost of 1 kg of finisher compound feed, rubles 38,00 38,35 38,75
Cost of feed per head, rubles 72,11 72,02 72,78
Including costs for bioactivation of grain, rubles - 0,60 1,33
Costs of bioactivation of grain, % of feed cost - 0,84 1,83
Quantity of the products received, kg 0,1344 0,1454 0,1522
Cost of selling 1 kg of quail meat, rubles 650,00 650,00 650,00
Cost of production, rubles 87,36 94,38 98,93
Profit received, rubles 15,25 22,36 26,15
To the control group, % 100,00 146,62 171,48
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laying eggs at the age of 47 days, while those of
the control group started laying eggs at the age
of 50 days. No differences in egg weight were
observed between the groups (see Table 10). The
largest number of eggs during the accounting
period were obtained from the quail hens of the
2nd experimental group (72.48 pcs.), which is
8.7% more than in the control group and 7.8%
more than in the 1st experimental group, respec-
tively. In terms of egg weight, the quail hens of
the 2nd experimental group exceeded the con-
trol by 8.8%, and those of the 1st experimental
group by 8.0%.

Feed costs during the egg-laying period in
the 1st experimental group were higher by 7.6%,
in the 2nd — by 3.1% compared to the control.
However, more economical feed consumption
for the production of 10 eggs was noted in the

At the end of the studies, 30 eggs in each
group were selected and calibrated for weight,
color, and shape over 5 days and were placed
in incubation to determine the effect of modified
diets on the reproductive qualities of quail lay-
ing hens. As a result, after 17 days, incubation
waste in the control group and the 1st experi-
mental group amounted to 20.0%, in the 2nd ex-
perimental group — 16.7% (see Table 11).

Taking into account feed costs, the best in-
dicators of economic efficiency per laying hen
of quail were obtained in the 2nd experimental
group: they exceeded the control by 13.96%, or
51.05 rubles (see Table 12).

Ta6a. 11. Pesynasrarsl nuakyOaruu, # = 30
Table 11. Incubation results, n = 30

layers of the 2nd experimental group — less by Indicator pp— Grmllgt v
5.3% than in the control, and by 8.9% than in the )
1st experimental group. Incubation waste, pcs. 6 6 5
The thickness of the eggshell of laying quails  Including:
. . o unfertilized, pcs. 4 4 5
in the experimental groups was 10 um or 4.55%
(P > 0.95) greater, indicating a positive effect of ~ frozen embryos, pcs. 2 2 | -
bioactivated wheat grain on the quality indica- Incubation waste, %
tors of eggs. The quality and safety of eggs in-  across the group 20,00 20,00 | 16,67
crease with a thicker shell,
Taoa. 10. [Tokazarenu OpoayKTUBHOCTU HECYILEK MEPEIEIOB, B CpeAHEM Ha 1 rod.
Table 10. Productivity indicators of quail laying hens, on average per 1 head
Group
Indicator experimental
control
Ist 2nd

Period Weight of quail laying eggs, g

Egg laying 10,08 + 0,31 1021 0,31 10,31 +£0,14
Output at 50.0% productivity 12,07 £ 0,08 11,92 + 0,08 11,95+ 0,07
At the end of the study 12,28 + 0,10 12,28 + 0,10 12,20 + 0,08
On average 11,48 11,47 11,49

Productivity indicators

Total number of eggs received, pcs. 66,66 67,25 72,48

Egg mass, g 765,26 771,36 832,80

Egg mass, % from the control 100,0 100,80 108,83

Feed costs, kg

Total for the egg-laying period 2,89 3,11 2,98

For the production of 10 eggs 0,434 0,462 0,411

+ from the control group — +0,028 —0,023
From the control group, % 100,00 106,45 94,70
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Taoa. 12. DxoHomuueckas 3pGeKTUBHOCTb POU3BOICTBA SHUILI IIEPEIEIOB 32 ONMBITHBIN EPUO/I,

B CPETHEM Ha OJJHY HECYIIKY

Table 12. Economic efficiency of quail egg production during the trial period, on average per one hen

Group
Indicator control experimental

Ist 2nd
Cost of 1 kg of finisher compound feed, rubles 38,00 38,35 30,75
Cost of feed per head, rubles 109,82 119,27 115,48
Including costs for bioactivation of grain, rubles - 1,00 2,11
Number of eggs obtained, pcs. 66,66 67,25 72,48
Selling price of 10 eggs, rubles 97,50 97,50 97,50
Cost of obtained food eggs, rubles 649,94 655,69 706,68
Profit received, rubles 540,12 536,42 591,20
Percentage from the control group 100,00 99,31 113,96

Based on the results of blood tests, it was
established that homeostasis indicators in all
groups were within the physiological norm (see
Table 13).

When studying the protein composition of
quail blood serum in samples from the 2nd ex-
perimental group, an increase in protein lev-
els by 24.5% (P > 0.999), globulins by 41.9%
(P > 0.999) was noted with a tendency to in-
crease the amount of albumin by 4.8% (P =
0.92) compared to the control. This indicates an
increase in the biological status of quails in this
group [13].

The uric acid content in the 1st experimental
group was reduced by 27.3% (P > 0.999), in the
2nd experimental group a tendency to decrease
by 15.8% was noted (P = 0.94), which indicates
good metabolism of nitrogen-containing com-
pounds in the body of quails of these groups.

A decrease in the level of bilirubin in the
blood of quails of the 1st experimental group by
18.5% (P > 0.95) may indicate good liver func-
tion in the secretion of bile, which is necessary
for the activation of digestive enzymes, as well
as for participation in the hydrolysis and absorp-
tion of the nutrients.

Tada. 13. buoxumuueckuii COCTaB CHIBOPOTKH KPOBH CaMIIOB IIEPETIENOB, 1 = 5

Table 13. Biochemical composition of blood serum of male quails, n =5

Group
Indicator experimental
control
Ist 2nd
Protein, g/l 33,58 £0,68 33,64 +£0,70 41,81 £ 1,58%%**
Albumin, g/l 15,64 + 0,26 15,41+ 0,34 16,37 £0,34
Globulins, g/l 17,94 £ 0,57 18,23 +£ 0,42 25,44 £+ 1,34%%*
Uric acid, pmol/l 449,03 £23,56 324,80 + 20,2%** 377,88 £ 28,36
Cholesterol, mmol/l 440+0,14 430+0,21 435+0,11
Triglycerides, mmol/l 1,90 £ 0,20 1,78 +£ 0,07 1,81 +0,17
Direct bilirubin, pmol/l 3,50+ 0,28 2,85+ 0,06* 2,99 + 0,11
AST, v/l 290,50 £ 13,16 308,60 + 12,45 288,23 £ 8,86
ALT, w1 9,75+ 0,60 7,52 £ 0,45%* 9,27 £0,24
Creatinine, pmol/l 50,84 + 1,23 49,74 £ 0,72 50,21 + 1,20
Calcium, mmol/l 1,582 + 0,032 1,496 + 0,022* 1,610 = 0,009
Phosphorus, mmol/l 1,322 £ 0,066 1,242 £ 0,067 1,165 + 0,025%*
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The level of transamylases in the blood of all
groups, despite the decrease in the level of ALT
by 12.87% (P > 0.999) in the 1st experimental
group, was within the physiological norm, as
was creatinine, which confirms the absence of a
negative effect of the modified compound feed
on the body of quails in the experimental groups.

CONCLUSIONS

1. Compared with native grain in the control
group, with bioactivation in the wheat grain of
the diet of the 1st and 2nd experimental groups,
sugar increases from 4.99 to 8.17 and 7.20%,
with a decrease in starch from 76.23 to 72.49
and 71.95%, an increase in fat levels from 1.35
to 1.51 and 1.74%. The best indicators were not-
ed in the 2nd experimental group.

2. The inclusion of bioactivated grain in the
main diet of quails in the 1st experimental group
contributes to an increase in viability by 4.3%, in
the 2nd experimental group — by 7.1% compared
to the control group; live weight for 60 days of
the experiment by 6.0 and 7.2%, respectively (P
> 0.99), average daily gain — by 6.5 and 7.4%
(P >0.99), a decrease in feed costs from 7.0 to
8.5%.

3. A positive effect of bioactivated grain with
sodium selenite (Group 2) on meat quality was
established: a decrease in muscle tissue moisture
by 1.33% (P > 0.99), an increase in dry matter
by 1.31% (P > 0.99) compared to the control.
In both experimental groups, bioactivation con-
tributes to an increase in the content of essential
and non-essential amino acids, including lysine
— from 0.73 (P > 0.99) to 0.79% (P > 0.99), in
the mineral part of muscle tissue an increase
in crude ash was noted in the Ist experimental
group by 0.16 (P >0.999), in the 2nd — by 0.10%
(P >0.99), as well as calcium and phosphorus.

4. The economic efficiency of growing quails
in the 1st and 2nd experimental groups was re-
spectively 46.6 and 71.8% higher compared to
the control.

5. The positive effect of bioactivated grain in
the composition of compound feed on reproduc-
tion indicators has been established:

— laying hens of the 1st and 2nd experimental
groups began laying eggs 3 days earlier than in
the control group;

— more eggs were obtained during the record
period from quail laying hens of the 2nd experi-
mental group — 72.48 pieces, which exceeds the
indicators of the control group by 8.7% and the
Ist experimental group by 7.8%;

—1in terms of egg mass, the laying hens of the
2nd experimental group exceeded the control by
8.2%:;

— during incubation of eggs from quail laying
hens of the 2nd experimental group, incubation
waste was 3.37% less compared to both the con-
trol and the 1st experimental groups.

6. The use of bioactivated wheat grain in the
diets of laying hens in the experimental groups
had a positive effect on the quality of eggs. The
thickness of the shell in the experimental groups
was 10 um higher (P > 0.95) compared to the
control group.

7. The economic effect from the production
of commercial eggs was higher in the 2nd ex-
perimental group by 13.96% compared to the
control group.

8. A positive effect of the inclusion of bioac-
tivated wheat grain in the amount of 20.00 wt.%
of the wheat level in compound feed for quails
aged 5 months on homeostasis was established:

— in the samples of the 2nd experimental
group, an increase in protein levels by 24.5%
(P> 0.999), globulins by 41.9% (P>0.999)
with a tendency to increase albumins by 4.7%
(P=0.905) compared to the control was noted;

— the decrease in uric acid content in the 1st
and 2nd experimental groups was respectively
27.3(P>0.999) and 15.8% (P >0.95), which in-
dicates good metabolism of nitrogen-containing
compounds in the body of quails of these groups.

The replacement of 20.0% of native wheat
grain with bioactivated grain with sodium sel-
enite compared to bioactivated grain with water
was more effective in terms of its impact on the
indicators of viability, productivity of quails, the
quality of their products, feed costs and econom-
ic indicators in the studied age periods.
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PacnipocTpaneHre MUKOILIA3M03a KPYITHOTO POraToro CKoTa
HA TEPPUTOPHUHU CEJIbCKOXO03SMICTBEHHBIX NPeANPUATHI
Bosoroackoi odsactu

Cemuna JI.K., ) ABayeBckasi H.H., Pemu3oBa E.B., Ckynsouna 3.A., bananuena [ A.
Bonozoockuii punuan @edepanvrozo nayunoeo yenmpa « Becepoccutickuii
HAY4YHO-UCCNe008aMEeNbCKUNL UHCIMUMY M 9KCHEPUMEHMATIbHOU 8emepUuHapuil

um. K.U. Ckpaouna u A.P. Koseanenxo Poccuiickoti akademuu HayK»

Bomnoraa, Poccus

(X)e-mail: Natali.Avduevskaya@mail.ru

Uccnenosanue mposeneno Ha Oasze Bomoroackoro ¢unmana ®enepanbHOro Hay4HOTO IICH-
Tpa «BcepoccHMCKUI Hay4YHO-UCCIIENOBATEIbCKUNA HMHCTUTYT HKCIEPUMEHTAIBHON BETEPUHAPUU
uM. K.U. Cxpsouna u S.P. KoBanenko Poccuiickoit akagemuu Hayk» B 2022-2024 rr. C 1uemnsio
M3yYEHUS SMMU300THIECKON 00CTaHOBKHM 10 MHKOIIA3MO3Yy KPYITHOTO POTaTOro CKOTa OOCIIEIOBaHBI
CETLCKOXO3STMCTBEHHBIC TpeanpusaTHs Bomoromckoir obmactu. [IpoBeneHb O0aKTepHOIOTHUSCKUE H
MOJIEKYJISIPHO-TeHETHIECKUE HCCIIeIOBaHUS 00pa3loB KPOBH, Ha3aJIbHOH, IEPBUKATBHON, KOHBIOH-
KTUBaJbHOW M MPEIYIUAIBHON CIU3U OT TEJST, CIIEPMBI OT OBIKOB, MOJIOKA OT KOPOB, a TaKXe Ta-
TOJIOTO-aHATOMHUYECKOTO Marepuana. [Ipu monexynsipHo-reneTnyeckoM uccienopannu (meron I111P)
Cpe/IHUI ToKa3arenb 0oOHapyXEeHUs] TEHOMOB BO30yIUTENe MUKOIUIA3MO3a 338 HENOJHBIX TPU Toja
(mo mait 2024 r.) coctaBun 66,3% c xomebanusamu 1o rogam ot 60,0 go 70,2%. CymmapHbIi TO-
Kazarenb 10 ToflaM W BHJaM Onomatepuana BapbupoBai oT 0 (cnmepma, kpoBs) 1o 100,0% (mperry-
[MaTbHAS CIIHM3b) C BBICOKOH JT0NIe 0OHapy)KeHUS MHUKPOOPTaHW3MOB B 00pasliaX KOHBIOHKTHBAIb-
HOM, Ha3aIbHOU ciu3u U narmarepuana (77,8; 72,0 u 75,0% coorBercTBeHHO). bakTepuonoruueckum
MeTonoM uccienoBanbl 393 mpoObl. [Ipu 3ToM YHCIO MONTOKUTEIBHBIX 00Pa3LoB pacpenenIoCh
cnenyonmm oopazom: 48,2% — KOHBIOHKTHBAJIbHAS CiN3b, 46,8 — marmatepuan, 33,3 — npenyuu-
ajpHas Cn3k, 26,2 — HazadbHAas CN3b, 2,5% — nepBUKaIbHAS clu3b. V3 21 MOJI0KUTEIIBHON TIPOOHI,
uccienoBanHor metojom [P, pocT KonoHUI MUKOIIJIa3M Ha TBEPJION MUTATEILHON CpeJle BhISBICH
TobKO B 17 o6pasuax (81,0%), U3 HUX TUNHWYHBIEC KOJIOHUU B BUJE «SIMYHHLBI-IJIA3yHBN» OOHApYyXe-
Hel B 10 oOpasuax (47,6%), nerunnunsie — B 7 (33,3%). TunuaabiMu popMaMy OKa3aluch KyJIbTYpbl
Mycoplasma bovis, nerunnanbiMu — Mycoplasma dispar. B omHOM 13 00CI€/I0BaHHBIX XO3SHCTB BO
BCEX MPo0Oax MaToJOTHYECKOTO MaTepuana BhISABIEH reHOM M. dispar, B APYTrOM XO34HCTBE BO BCEX
npobax HazaapHOU ciusn uneHTudumuponana JAHK M. bovis u M. dispar.

KuroueBblie ci10Ba: MUKOIUIA3MO3, KPYIHBIN poraTblil ckoT, Mycoplasma bovis, Mycoplasma dispar
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The study was conducted on the basis of the Vologda branch of the Federal Scientific Center
"All-Russian Institute of Experimental Veterinary Medicine named after K.I. Skryabin and Ya.R. Kova-
lenko of the Russian Academy of Sciences" in 2022—-2024. Agricultural enterprises of the Vologda re-
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gion were surveyed in order to study the epizootic situation on bovine mycoplasmosis. Bacteriological
and molecular genetic studies of blood, nasal, cervical, conjunctival and preputial mucus samples from
calves, semen from bulls, milk from cows, as well as pathological and anatomical material were carried
out. In molecular genetic testing (PCR method), the average detection rate of mycoplasmosis pathogen
genomes for the partial three years (through May 2024) was 66.3% with year-to-year variation from
60.0 to 70.2%. The cumulative rate by year and biomaterial type ranged from 0 (semen, blood) to
100.0% (preputial mucus) with a high proportion of microorganisms detected in conjunctival, nasal
mucus and pat material samples (77.8; 72.0 and 75.0%, respectively). 393 samples were analyzed by
the bacteriological method. The number of positive samples was distributed as follows: 48.2% — con-
junctival mucus, 46.8 — pathological material, 33.3 — preputial mucus, 26.2 — nasal mucus, 2.5% — cer-
vical mucus. Out of 21 positive samples examined by PCR, growth of mycoplasma colonies on solid
nutrient medium was detected only in 17 samples (81.0%), of which typical colonies in the form of
"fried egg" were found in 10 samples (47.6%), atypical colonies were detected in 7 samples (33.3%).
Mycoplasma bovis cultures were typical forms, Mycoplasma dispar cultures were atypical. In one of
the surveyed farms, the M. dispar genome was detected in all the samples of pathological material; in
another farm, DNA of M. bovis and M. dispar was identified in all the samples of nasal mucus.
Keywords: mycoplasmosis, cattle, Mycoplasma bovis, Mycoplasma dispar
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INTRODUCTION further optimization, therefore the study of my-

coplasmosis in specific conditions of place and
time is very relevant today [2, 3].

Mycoplasmas are the smallest prokaryotic
microorganisms that do not have a cell wall and
are resistant to antibiotics, the main mechanism
of action of which is to suppress the process of
synthesis of the bacterial wall. The predominant

Mycoplasmosis of cattle causes significant
economic damage to livestock farms, being one
of the reasons for the low yield of calves and
the causative agent of a number of diseases (ker-
atoconjunctivitis, rhinitis, pneumonia, arthritis,
mastitis, etc.)! [1]. In addition, mycoplasmosis

has a negative impact on the process of animal
reproduction - it causes infertility, early abor-
tions, etc. The methods of specific treatment
and prevention of the disease in question require

route of transmission of mycoplasmosis is aero-
genic. In natural conditions, transmission often
occurs through alimentary, sexual and transpla-
cental routes? [4].

'4bed A.M. Epidemiological study of mycoplasma mastitis in cattle (transmission and control) // Innovative approaches in
modern science: collection of articles based on the materials of the LXXV International scientific and practical conf. Moscow, 2020,

vol. 15 (75), pp. 7-13.

2Alekseeva K.N., Kozlov Yu.V. Experience of using tulatromycin in the prevention of mycoplasmosis in cattle // Scientific support
for the agro-industrial complex: collection of articles based on the materials of the 78th scientific and practical. students' conference
on the results of research for 2022. Krasnodar, 2023, Part 1, pp. 290-293.
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The most common pathogenic and clinically
significant types of mycoplasma isolated from
young and adult cattle currently include Myco-
plasma bovis, M. dispar and M. bovigenitali-
um [5]. The most pathogenic among the listed
species is M. bovis [6]. High contagiousness of
some types of mycoplasma, complexity of treat-
ing mycoplasmosis and significant economic
costs of culling affected livestock determine the
relevance of timely and accurate diagnostics for
disease control and prevention® [7, 8].

Diagnosis of mycoplasmosis is based on the
analysis of epizootological, clinical and patho-
logical-anatomical data, as well as on the re-
sults of laboratory studies, including cultivation,
molecular genetic studies, electron microscopy,
etc.* [9]. Cultivation of mycoplasmas on selec-
tive nutrient media is a classic and least expen-
sive method, but the most labor-intensive task,
since specialized media and microaerophilic
conditions are required for the growth of myco-
plasmas [10—13]. Identification of mycoplasma
isolates to the species level is also critical, as M.
bovis, M. dispar and M. bovigenitalium are con-
sidered primary pathogens, while other species
are considered part of the resident microbiome
that does not play a significant role in disease
development®.

Despite the large number of nutrient media
with different compositions recommended for
the isolation and cultivation of cattle mycoplas-
mas, to date no standard, universal media pro-
duced by the biological industry have been cre-
ated with the help of which it would be possible
to carry out the indication and identification of
microorganisms quickly enough [14].

Effective diagnostics allows for the prompt
introduction of early measures to control the herd
for mycoplasmosis. In this regard, at the present
stage, the most important task of researchers is

the initial detection of mycoplasma strains that
have a pathogenic effect on cattle, followed by
their identification.

The purpose of the research is to study the
epizootic situation for mycoplasmosis in cattle
on the territory of agricultural enterprises in the
Vologda region with the determination of the
species affiliation of isolated crops.

MATERIAL AND METHODS

The study was conducted by specialists from
the Vologda Branch of the Federal Scientific
Center "All-Russian Institute of Experimental
Veterinary Medicine named after K.I. Skryabin
and Ya.R. Kovalenko of the Russian Academy
of Sciences" in 2022-2024. The object of the
study is the samples of biomaterial from bulls,
cows and calves provided by agricultural enter-
prises of the Vologda Region.

The molecular genetic method (RT-PCR) was
used to study the blood samples (n = 5), nasal
(n = 50), cervical (n = 18), conjunctival (n =
9), preputial (n = 1) mucus from the calves, se-
men from the bulls (n = 1), pathological mate-
rial (lung tissue, mediastinal lymph nodes from
calves, aborted fetuses) (n = 8) from seven agri-
cultural enterprises.

The material for bacteriological examination
was nasal (n = 191), cervical (n = 40), conjunc-
tival (n = 29) and preputial mucus (n = 9), bull
semen (n = 15), cow milk (n = 77), pathological
material (lung tissue, mediastinal lymph nodes,
aborted fetuses) (n = 32) from 11 agricultural en-
terprises.

The studies were conducted in accordance
with the “Methodological recommendations
for the isolation, cultivation and identification
of mycoplasmas, acholeplasmas and ureaplas-
mas’”’.

3Zubova TV., Smolovskaya O.V., Semechkova A.V. Cultural identification of mycoplasmas // Modern trends in agricultural
production in the global economy: Proc. XX Int. scientific-practical. conf. Kemerovo, 2021, pp. 417-422.

*Makavchik S.A., Vaganova A.N., Sukhinin A.A., Verbov V.N., Sboychakov V.B., Borisenko S.V., Roka V.V. Laboratory methods
for diagnosing infections caused by Mycoplasma bovis, Mycoplasma bovigenitalium and Ureaplasma diversum.: method.

recommendations. St. Petersburg, 2023, 50 p.

SDoronin M.1., Lozovoy D.A., Mikhalishin D.V., Starikov V.A., Guseva M.N., Borisov A.V., Volkov M.S. The use of Novostimin
for decontamination of mammalian cell lines from mycoplasmas // Proceedings of the Federal Center for Animal Health. Vladimir,

2020, vol. 17, pp. 225-239.

Shastin P.N. Mycoplasma bovis — pathogen, diagnostics and prevention // Actual problems of science and technology. Innovation:
collection of scientific articles based on the materials of the X International scientific and practical conference. Ufa, 2023, pp. 7-12.

"Guidelines for the isolation, cultivation and identification of mycoplasmas, acholeplasmas, ureaplasmas. Moscow, 1982, 48 p.
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Molecular genetic testing was carried out
at the Vologda Regional Veterinary Laborato-
ry and the Federal Center for Animal Health
(VNIIZZH, branch in Vladimir) using the prim-
ers for detecting mycoplasma DNA (PCR-my-
coplasmosis-factor reagent kit).

During bacteriological examination, the ma-
terial was seeded on liquid and solid nutrient
media (PPLO, AGV) with the addition of glu-
cose, horse blood serum, and yeast extract. To
suppress the growth of foreign microflora, an-
tibacterial drugs (penicillin, vancomycin) and
fungicides (amphotericin, fluconazole) were
added to the nutrient media.

The obtained data were statistically processed
using the Microsoft Office 2010 software pack-
age.

RESULTS AND DISCUSSION

According to the information of the Veter-
inary Department of the Vologda Region, my-
coplasmosis of cattle in livestock farms of the
region up to and including 2021 was not regis-
tered. According to our data, individual herds of
cattle in agricultural enterprises of the region are
affected by mycoplasmosis, which is confirmed
by the results of bacteriological and molecular
genetic studies.

In 20222024, 92 samples of biomaterial
from one bull and calves of different ages with
mycoplasmosis symptoms (nasal and conjuncti-
val discharge, cough, etc.) were tested for myco-
plasmosis using the PCR method in the Vologda
Regional Veterinary Laboratory. The results are
presented in Table 1.

It was found that the average detection rate
of mycoplasma pathogen genomes for less than
three years (up to May 2024) was 66.3%, with
annual fluctuations from 60.0 to 70.2%. The to-
tal rate by year and type of biomaterial varied
from 0 (sperm, blood) to 100.0% (preputial mu-
cus) with a high percentage of confirmation in
samples of conjunctival, nasal mucus and patho-
logical material (77.8; 72.0 and 75.0%, respec-
tively). In the context of farms, the proportion of
positive results for all types of biomaterial var-
ied from O (two farms) to 100.0% (two farms).

The obtained data indicate a fairly high per-
centage of mycoplasmosis detection by the PCR
method, especially when examining patho-
logical material, nasal and conjunctival mucus
(up to 100.0% in 2022).

In 2022-2024, 393 samples were examined
using the bacteriological method. The results of
the study are presented in Table 2.

According to the data obtained, the percent-
age of detection of the colonies in the form of
"fried egg" typical for mycoplasmosis (see
Fig. 1) on average over the study period was
6.6% with fluctuations by year from 1.8% in
2024 to 12.3% in 2023, and by farms — from 0
to 75.0%. In addition to typical colony shapes,
forms in the form of "sunflowers", "volcanoes
with craters", etc. were detected (see Fig. 2).

The distribution of positive samples by type
of biomaterial for the entire study period was as
follows: 26.2% (colonies in the form of "fried
egg" — 13.1%) — nasal mucus, 46.8 (3.1) — patho-
logical material, 48.2 — conjunctival mucus,
33.3 — preputial mucus, 2.5% — cervical mucus.
Moreover, when studying nasal mucus samples,
the greatest number of cases of detection of my-
coplasma colonies with a characteristic growth
in the form of "fried egg" was noted. Mycoplas-
ma colonies could not be isolated from milk and
sperm.

When comparing the results obtained by
both methods, the following was established. Of
the 21 positive samples confirmed by the PCR
method, colony growth on a solid nutrient me-
dium was recorded only in 17 samples (81.0%),
including colonies in the form of "fried egg" — in
10 samples (47.6%), atypical forms — in 7 sam-
ples (33.3%).

Later, the species affiliation of typical and
atypical forms of colonies was established in
the reference laboratory of cattle diseases of
the All-Russian Research Institute of Animal
Health. Typical forms were M. bovis cultures,
atypical — M. dispar. In one of the examined
farms, the M. dispar genome was detected in
all samples of pathological material, in another
farm, M. bovis and M. dispar were found in all
samples of nasal mucus.

The identified colonies of M. bovis and M.
dispar were examined for biochemical prop-
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erties using a number of tests: inoculation on
a medium with Tween 80, arginine hydrolysis,
and blood serum liquefaction. It was found that
the isolated mycoplasma species do not cause
arginine hydrolysis, do not liquefy blood serum,
and do not form a light ring on a medium with
Tween 80, which allowed them to be classified
as pathogenic. The identified M. bovis culture,
unlike M. dispar, was characterized by the pres-
ence of phosphatase activity, which is applicable
as a criterion for differentiating the indicated mi-
croorganism species.

Since M. bovis and M. dispar cause many
diseases in cattle [15], improving their diagnos-
tic and identification methods is very important
today. When using the PCR method, detection
of mycoplasma genetic material in a sample is
not direct evidence of the presence of a living
pathogen capable of causing disease, which

casts doubt on the correctness of the diagnosis
[2]. In this regard, the indication and identifica-
tion of mycoplasmas affecting adult individuals
and calves is carried out primarily using bacte-
riological methods with the use of special nu-
trient media. Mycoplasmas can be differentiated
by the bacteriological method not only by the
forms of colonies, but also by their biochemical
properties. Thus, according to M. Abed Alhus-
sen et al. [15], M. dispar does not produce colo-
nies typical of mycoplasmas, especially in early
passages, while M. bovis forms typical forms in
the form of "fried egg".

CONCLUSION

The obtained results indicate the spread of
mycoplasmosis of cattle in the farms of the
Vologda region. Identification of the genomes
of M. bovis and M. dispar in the intravital and

Puc. 1. Tunmmanas popma KOJOHHMI MUKOTIIIA3M B BUJIC «SIUYHUIBI-TIIA3YHBI
Fig. 1. Typical shape of mycoplasma colonies in a "fried-egg" form

Puc. 2. Herunnunble GOpMbI KOJIOHUH MUKOIIIA3M B BUJIE «TIOJICOJTHYXOBY (@) U «BYJIKAHOB € KpaTepamm» (0)
Fig. 2. Atypical forms of mycoplasma colonies in the form of "sunflowers" (a) and "volcanoes with craters" (6)
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postmortem material of sick animals indicates
the need to take a set of measures to prevent the
further spread of pathogenic mycoplasma spe-
cies and prevent this infection on the territory of
agricultural enterprises.

The results of PCR diagnostics make it pos-
sible to establish the cause of the disease at the
gene level. However, one should not underesti-
mate the importance of bacteriological methods
for studying mycoplasmosis, which allow one
to determine the presence of a living cell in the
studied biomaterial and its role in the occurrence
of pathology in animals.
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Ccpinka Ha uznanue https:// www.ural-press.ru/search/?q=014973.
B pazznerne KOHTaKThI 3aiiTH IO CCBIIKE
http://ural-press.ru/contact/, rae MOXXHO BBIOpaTh (PUITHAI IO MECTY KUTEIHCTBA

* B penakuum s;kypHaJia
Ten.: +7 (383) 348-37-62, e-mail: sibvestnik@sfsca.ru

ITonmHOTEKCTOBAs BEpCUs KypHaAIIa
«CubupCcKui BECTHUK CEITHCKOXO35MCTBEHHON HAYKI
pasmelnieHa Ha caiite HayuHoil anekTpoHHON OUOIMOTEeKH:
http://www.elibrary.ru
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