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3EMJIEJ[EJINE U XUMH3AI[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2025-8-1 Twrr cTaThu: OpUTHHATIBHAS
VIK 633.1:632.51:632.911.4 Type of article: original

IIpumenenne ResNet 1151 naeHTH(PUKAIUY COPHBIX PACTEHUH
B I10CEBaX 3€PHOBLIX

(<) Pukcen B.C., lllmak B.A.

Cubupckuil (hedepanvhviil HaAy4Hblll YyeHmp azpoduomexnono2utl Poccutickoll akademuu Hayk
HoBocubupckast o6macts, p.im. Kpacnoobck, Poccus

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

C pa3BUTHEM TEXHOJIOTHI HCKYCCTBEHHOTO MHTEJUIEKTa M MALTMHHOTO 00Y4eHHsI CBEPTOUYHbIEC HEH-
pounbie cetu (CNN) cTanu oJHUM U3 KIIIOYEBBIX HHCTPYMEHTOB B 00J1ACTH KOMITBIOTEPHOTO 3PCHUSI.
OHM aKTHBHO NPUMEHSIOTCS [UIsl pEICHHS 3a/1a4, CBA3aHHbBIX C HACHTH(UKALMEH 1 KiIacCupuKauei
00BbeKTOB. B cenmbcKoM X03HCTBE, I/Ie TOUHOCTh U CKOPOCTH 00Pa0OTKH JaHHBIX IMEIOT KPUTHIECKOE
3HaueHre, CNN Halu MHUPOKOe NMPUMEHEHHE, B YACTHOCTH ISl aBTOMAaTHYECKOTO Paclio3HaBaHUs
COpHBIX PacTeHHH B MOCEBAX CEJIbCKOXO3MCTBEHHBIX KyJbTyp. Llenblo JaHHOTO MCCiIe0BaHus SB-
JseTCs pa3paboTka KiraccHu(PUKaTOpoB M300paKEHUN Ha OCHOBE CBEpTOUHBIX Mopeneil ResNet-18,
ResNet-34 u ResNet-50 15t uneHTHOUKAIMK COPHSIKOB M KilacCU(UKAIIMU CTEIICHH UX PacipocTpa-
HEHHS Ha y4acTKaX, 3aHAThIX 36PHOBBIMH KyJIbTypaMu. B kauecTBe MCXOMHOW WHPOPMAIMH UCTIOINb-
3yIOTCSl Pe3yNbTaThl (PUTOCAHUTAPHOTO MOHUTOPUHrA MOCeBOB mueHuus! (7riticum aestivum L.) n
stamenst (Hordeum sativum L.) 1 oTtorpadumn yueTHBIX TUI0ma oK. B X01e MOHUTOPUHTA BBISBICHO
19 BUIOB COPHBIX PAaCTEHUI, KOTOPbIE MPUCYTCTBOBAIM HA yYacTKaX C Pa3HOM CTEHECHBIO HHTEHCHUB-
HOCTH. J[71s1 KOTMYECTBEHHON OLIEHKH 3aCOPEHHOCTH Ka)KAOMY By NMPHCBAUBAJICS HIICHTU(UKATOP:
0 — ecnm BuA TpEBHIIAT SKOHOMHUYSCKHUI Topor BpemoHocHocTH (DIIB), 1 — ecnin He mpeBHITIIAIL.
OcHoBHas 3anada KinaccudukaTopa 3aKiiodaiach B PaclloO3HaBaHHM COPHSKOB Ha (ororpadusx u
OTIpEeNIeJICHNY OHOW M3 JIBYX T'paJlalliii 3aCOPEHHOCTH ydacTKa. [IpenoKeHHbIH MOIX0 ] IPOIeMOH-
CTPUPOBAI BICOKYIO 3(h(heKTUBHOCTH. TOUHOCTH KIaccu(pHUKaLUil Ha TECTOBOM Habope N300pakeHH
cocraBwia B cpenHeM 95%. st olleHKM HaJEeKHOCTH MeTona Oblla MOCTpOEHA MaTpHlla OMIHOOK,
KOTOpasi TakXKe MOATBEPINIIAa BBICOKYIO TOUHOCTh IpeackazaHuid. IlomydeHHble pe3ynbTraTsl CBUIE-
TEJILCTBYIOT O BBICOKOH 3()()eKTUBHOCTHU HCIIONB30BaHUs apXxuTekTyp ResNet st 3a1au apromaruye-
CKOT'0 PacHO3HaBaHMA COPHAKOB. [IpakTHyeckoe mpuMeHeHue pa3paboTaHHbIX KIACCU(PHUKATOPOB I10-
3BOJISICT OIIEPAaTHBHO MPOBOIUTH (PUTOCAHUTAPHYIO TUATHOCTHKY ITOCEBOB, YTO CIIOCOOCTBYET CBOE-
BPEMEHHOMY ¥ TOYHOMY TTOA00pY TepOUIHUIOB AT OOPHOBI ¢ COPHBEIMU PACTCHUSMH.

KuroueBble ciioBa: copHble pacTeHus, IIyookoe oOydyenue, kiaccudukarop, ResNet, mmennna
SApOBasi, IMMEHb SIPOBOU

Application of ResNet for identification of weeds in grain crops

C)Riksen V.S., Shpak V.A.

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

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

With the development of artificial intelligence and machine learning technologies, convolutional
neural networks (CNN) have become one of the key tools in the field of computer vision. They are
actively used to solve problems related to the identification and classification of objects. In agriculture,
where the accuracy and speed of data processing are of critical importance, CNNs have found wide
application, in particular, for the automatic recognition of weeds in crops. The purpose of this study
is to develop image classifiers based on ResNet-18, ResNet-34 and ResNet-50 convolutional models

3emiteiene u XUMHU3aIus CubupCKHUil BECTHHK CEITbCKOXO3IHCTBEHHON HayKu ¢ 2025 ¢ 55 ¢ 8 5



Application of ResNet for identification

Riksen V.S., Shpak V.A.

of weeds in grain crops

to identify weeds and classify their prevalence in grain crop areas. The results of phytosanitary mon-
itoring of wheat (Triticum aestivum L.) and barley (Hordeum sativum L.) crops and photographs of
accounting sites are used as initial information. During the monitoring, 19 weed species were identi-
fied that were present in the areas with varying degrees of intensity. To quantify the weediness, each
species was assigned an identifier: 0 — if the species exceeded the economic threshold of harmfulness
(ETH), 1 - if it did not exceed it. The main task of the classifier was to recognize weeds in photographs
and determine one of two gradations of weediness of the area. The proposed approach demonstrated
high efficiency. The accuracy of classifications on the test set of images was 95% on average. An error
matrix was constructed to assess the reliability of the method, which also confirmed the high accura-
cy of predictions. The obtained results indicate the high efficiency of using ResNet architectures for
automatic weed recognition tasks. Practical application of the developed classifiers allows for prompt
phytosanitary diagnostics of crops, which contributes to the timely and accurate selection of herbi-

cides for weed control.

Keywords: weeds, deep learning, classifier, ResNet, spring wheat, spring barley

Jns nurupoBanusi: Puxcen B.C., I[lnax B.A. Tlpumenenne ResNet misi nieHTH(HUKAIMK COPHBIX PACTEHHH B IMOCEBAX
3epHOBBIX // CHOMPCKUIT BECTHHK CeNbCcKoXo3siicTBeHHOM Hayku. 2025. T. 55. Ne 8. C. 5-16. https://doi.org/10.26898/0370-8799-2025-8-1
For citation: Riksen V.S., Shpak V.A. Application of ResNet for identification of weeds in grain crops. Sibirskii vestnik sel'skok-
hozyaistvennoi nauki = Siberian Herald of Agricultural Science, 2025, vol. 55, no. 8, pp. 5-16. https://doi.org/10.26898/0370-8799-
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INTRODUCTION

Agriculture faces growing challenges such
as climate change, resource depletion, and the
need to increase crop yields. One key concern
is weed control, which reduces crop productiv-
ity by competing for nutrients, water, and light
[1]. Traditional weed control methods, including
mechanical tillage and herbicide application,
are often ineffective and can negatively impact
ecosystems [2]. Therefore, the implementation
of modern technologies such as artificial intelli-
gence (Al) and machine learning (ML) to auto-
mate weed identification and classification pro-
cesses is becoming increasingly important [3].

Convolutional neural networks (CNNs) have
proven to be a powerful tool for image process-
ing and object recognition. Among the various
CNN architectures, ResNet (Residual Network)'
has attracted particular attention. ResNet uses
residual connections to avoid the vanishing

gradient problem and facilitate deeper network
learning, making it effective for image classifi-
cation tasks®. In agriculture, ResNet is used to
analyze the data collected by drones, satellites,
and stationary cameras, enabling real-time data
collection and automating crop monitoring and
management processes® [4—7].

Recent studies demonstrate the high effec-
tiveness of ResNet in weed identification. The
authors note that ResNet provides high accuracy
even when working with large datasets, which
is especially important for analyzing agricultural
images, where variability in shooting conditions
(illumination, angle, resolution) can be signifi-
cant [8]. A key advantage of ResNet is its ability
to be trained on deep architectures without the
loss of accuracy, which is especially important
for tasks requiring high detail, such as weed
identification [9, 10].

The accuracy of ResNet convolutional mod-
els used for classifying weeds in agricultural

'He K., Zhang X., Ren S., Sun J. Deep residual learning for image recognition // Proceedings of the IEEE conference on computer

vision and pattern recognition, 2016, pp. 770-778.

2Zhang X., Zhou X., Lin M., Sun J. Shufflenet: An extremely efficient convolutional neural network for mobile devices // Proceed-
ings of the IEEE conference on computer vision and pattern recognition, 2018, pp. 6848—6856.

SMulla D.J. Twenty five years of remote sensing in precision agriculture: Key advances and remaining knowledge gaps // Bio-
systems engineering, 2013, vol. 114 (4), pp. 358-371. DOI: 10.1016/j.biosystemseng.2012.08.009.

6 Siberian Herald of Agricultural Science ¢ 2025 ¢ 55 ¢ 8

Agriculture and chemicalization



TIpumenenne ResNet s uneHTHGUKALNE COPHBIX paCTEHUIT
B I10CEBAX 3€PHOBBIX

Pukcen B.C., IlInmak B.A.

crops ranges from 83 to 94%, demonstrating the
high efficiency of this architecture for solving
agronomic problems related to the automation
of plant identification processes [11, 12].

The purpose of the study is to develop image
classifiers based on the ResNet-18, ResNet-34
and ResNet-50 convolutional models for iden-
tifying weeds and classifying the extent of their
spread in the areas occupied by grain crops.

MATERIAL AND METHODS

To train the convolutional neural network, the
initial dataset used included photographs with a
resolution of 1340 x 1790 pixels taken with a
mobile camera, as well as phytosanitary diag-
nostic results. The total dataset size which was
used included 146 images.

The classifier's purpose is to identify weeds in
the images of grain crops (wheat and barley) and
assess the degree of weed infestation, assigning
it to one of two categories: low or high. Prelim-
inary data processing identified 32 weed infes-
tation classes. Each class is assigned a unique
numerical label (see Table 1).

The identifier "0" is assigned to the weeds
whose numbers do not exceed the econom-

ic threshold of harmfulness (ETH), and "1" to
those whose infestation exceeds the ETH. A
single image may contain either one or sever-
al weeds with a given gradation. Therefore, the
classification task is a multi-component recogni-
tion task, where each image may correspond to
multiple labels.

To solve this problem, the research utilized
the ResNet (Residual Network) architecture,
known for its residual blocks and ready-made
implementations in the PyTorch framework.
To simplify work with PyTorch, the FastAi li-
brary was used, providing a convenient inter-
face for managing network components [13].
The ResNet-18, ResNet-34, and ResNet-50
models presented in the study are based on
pre-trained networks from PyTorch. The image
processing algorithm includes the following
steps (see Fig. 1):

1. The original image is sequentially passed
through convolutional layers, activation func-
tions, and pool layers.

2. The output of ResNet is a multidimen-
sional vector, where each element corresponds
to the probability of the presence of a certain
class of an object.

Tabua. 1. BeigeneHHble TUIIBI 3aCOPEHHOCTH € YUETOM pajaliuii
Table 1. Selected types of contamination taking into account the gradations

Identifier Label Identifier Label
Chenopodiumalbum0 0 Lappulasquarrosal 16
Chenopodiumalbum1 1 LathyrussylvestrisO 17
Cirsiumarvensel 2 Panicumcapillare0 18
ConvolvulusarvensisO 3 Panicumecapillarel 19
Convolvulusarvensis] 4 Pastinacasylvestris1 20
Echinochloacrus-galli0 5 Persicariahydropiper0 21
Echinochloacrus-gallil 6 Persicariahydropiper! 22
Equisetumarvense( 7 SinapisarvensisO 23
Equisetumarvensel 8 Sinapisarvensis| 24
Erodiumcicutarium0 9 Sonchusarvensis0 25
Euphorbiavirgata0 10 Sonchusarvensis| 26
Euphorbiavirgatal 11 Stachyssylvatica0 27
Fallopiaconvolvulus0 12 Stachyssylvatical 28
Fallopiaconvolvulusl 13 Taraxacumofficinalel 29
Galiumaparine0 14 Viciasativa0 30
Lappulasquarrosa0 15 Viciasatival 31

3emiieienue U XUMH3aIvs
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Application of ResNet for identification
of weeds in grain crops

Riksen V.S., Shpak V.A.

The classifier supports detection of multiple
objects in a single image. An object is consid-
ered recognized if its probability exceeds 50%.
This allows for the detection of both multiple
weeds and instances of their absence.

RESULTS AND DISCUSSION

Due to the limited number of source images,
which was insufficient to train a neural network
with high generalization capacity, a dataset aug-
mentation strategy was employed using the aug_
transforms tool from the PyTorch library. This
method implements a set of transformations,
including rotations, scaling, translation, and
randomized operations such as cropping, bright-
ness, and contrast adjustments. Each transfor-
mation generates unique image variations that
preserve the semantics of the original data but
are visually distinct due to artificially created ar-
tifacts.

The use of synthetic augmentation allowed us
to increase the training data volume by a factor
of 6, significantly improving the model's gener-
alization ability. A visualization of the process of
creating modified images is shown in Figure 2.

The standard input format for ResNet neural
networks is a 224 x 224 pixel matrix. PyTorch's
built-in transformation functions are used to
process images of arbitrary sizes. The original

Normalization

Trimming

Rotation

Relocation

Convolutional layers

images, with a resolution of 1340 % 1790 pix-
els, were first reduced to 512 x 512 pixels using
the Resize operation and then scaled to the target
size of 224 x 224,

The amount of computation directly depends
on the dimensionality of the input data. Since the
original color images were taken using a stan-
dard digital camera, their digital representation
on the computer has three channels: red, green,
and blue, whereas a regular grayscale image has
only one channel.

The neural networks were trained on a test
dataset to minimize overfitting and improve
model reliability. Key hyperparameters were set
at the start of training:

—number of epochs: 100;

— batch size: 16 images;

— learning speed (learning rate).

To optimize the process, the Adam algorithm,
which has proven effective in computer vision
tasks, was used. Each epoch included a full pro-
cessing cycle of all images, divided into batches
of 16 images. This approach ensured a balance
between training speed and the stability of gra-
dient descent.

The final accuracy (accuracy multi) of all
models exceeds 95%, demonstrating the high
efficiency of the algorithms in correctly clas-
sifying images (see Table 2). This accuracy is

fc - 1000

Image type——» Data processing —3 Feature extraction ——— Classification —» Image output

Puc. 1. O61iee onrcanre METOJO0JIOTUH KilacCH(UKALIMN COPHSIKOB
Fig. 1. General description of the weed classification methodology
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Original image

Zoom Shift

Rotation

Flip

Synthetic images

Puc. 2. [Tponecc reHepaiy CHHTETUYECKUX U300paKeHUI

Fig. 2. The process of generating synthetic images

achieved through careful data preprocessing,
including augmentation and normalization,
as well as an optimized ResNet architecture
adapted for working with agricultural images.
However, given the specific nature of the task—
identifying weeds under conditions of visual
similarity to crop plants and variable lighting—
the balanced F1 metric became a key aspect of
the analysis.

Final F1-score values in the range of 0.60—
0.68 indicate moderate task complexity due to
high intra-class variability of weeds (e.g., differ-
ences in growth stages and shooting angles) and

the need for further fine-tuning of the models. By
comparison, in binary classification problems,
the F1-score often exceeds 0.8, highlighting the
multi-component nature of the current task.

Figure 3 shows the classification algorithm,
including the following elements: the top block
represents the true weed infestation labels, corre-
sponding to the expert labeling; the bottom block
represents the model's predicted labels, obtained
after processing the image through ResNet con-
volutional layers. The example demonstrates
how the model correctly identifies the dominant
weed class.

Ta6a. 2. Pesynbrarel 00yueHust Helipocereii ResNet'-0B 1o smoxam

Table 2. Results of training ResNet neural networks by epochs

Epoch | train_loss | valid_loss | accuracy multi F1

ResNet-18

1 1.072530 0.726205 0.227371 0.182359

30 0.492774 0.235319 0.784483 0.378663

60 0.111596 0.138264 0.948276 0.577651

100 0.062181 0.131960 0.957974 0.596734
ResNet-34

1 1.064179 0.841298 0.252155 0.160588

30 0.481951 0.272955 0.719828 0.326994

60 0.100709 0.134861 0.949353 0.608854

100 0.048375 0.137498 0.951509 0.617053
ResNet-50

1 1.056238 0.754548 0.199353 0.181455

30 0.412729 0.216938 0.799569 0.442536

60 0.077629 0.166699 0.942888 0.650513

100 0.032208 0.179525 0.950431 0.675379

3emiieienue U XUMH3aIvs
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This visualization helps not only evaluate the
overall performance of the model, but also iden-
tify the algorithm's "blind spots," such as diffi-
culties in recognizing small or shaded weeds.

For in-depth error analysis, a confusion ma-
trix metric was used, constructed using a "one
versus all" strategy (see Figs. 4-6). The matrix's
rows (2 % 2) display the distribution of images by
their actual labels: Y — images belonging to the
target contamination class (true positives); N —
the set of images from all other classes (true neg-
atives). The columns of the matrix correspond to
the model's predictions: Y are the images clas-
sified as the target class; N are the images as-
signed to other categories. The matrix diagonal,
from left to right, shows the images that were
classified correctly (correct predictions); those
outside the diagonal reflect incorrect classifica-
tions (incorrect predictions). This representation
allows us to localize problem areas in classifi-
cation and assess which classes the model most
often confuses.

The obtained results demonstrate that Res-
Net-based models achieve high accuracy (95%)
on real-world agricultural data. The high accu-
racy and stability of the F1 score make them
suitable for implementation in automatic crop
monitoring systems.

Sonchusarvensis] Euphorbiavirgatal
Sonchusarvensis| Euphorbiavirgatal

t 3 i

Classes 1, 3, 8, 16, 19, 28, 30, and 31 are pre-
dicted absolutely accurately with a total of 146
correct classifications (see Fig. 4). The smallest
number of correct classifications (six incorrect
classifications) was predicted for the class Con-
volvulusarvensis1 and Sonchusarvensisl.

The confusion matrix demonstrates a sig-
nificant improvement in classification quality
when switching to the ResNet-34 model (see
Figure 5). Compared to ResNet-18, the number
of absolutely correct predictions increased to
13, highlighting the effectiveness of the deep-
er architecture in processing complex features
of agricultural images. The Euphorbiavirgatal
class was the source of six errors, which may
be due to insufficient representativeness of the
samples in the training set. The Euphorbiavirga-
ta0 and Sonchusarvensisl classes each resulted
in five erroneous predictions. The likely cause is
artifacts in the images (e.g., partially obscured
leaves by cultivated plants).

The increase in the number of correct classi-
fications in ResNet-34 confirms that the deeper
network (34 layers) is better at recognizing sub-
tle patterns such as leaf texture or inflorescence
shape compared to ResNet-18.

The ResNet-50 model demonstrates an in-
crease in the number of absolutely correct clas-

Fallopiaconvolvulus]
Fallopiaconvolvulus|

Puc. 3. PesynpraT kitaccuukaIiy IByX CHIMKOB 110 HelipoceTn ResNet
Fig. 3. The result of classification of 2 images by the neural network ResNet
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sifications to 16 cases (see Figure 6), which is
three cases more than ResNet-34. However, this
improvement is accompanied by a number of is-
sues indicating a decrease in the predictive sta-
bility of the deeper architecture. Despite the in-
crease in the number of correct predictions, Res-
Net-50 requires 40% more resources for training
and inference, which is not justified by the slight
increase in accuracy.

The conducted confusion matrix analysis al-
lows us to convincingly recommend ResNet-34
as the optimal classifier for the task of identi-
fying weeds in agricultural crops. Unlike Res-
Net-18 and ResNet-50, ResNet-34 demonstrates
balanced performance, avoiding both the lack of
expressiveness of shallow networks and the ex-
cessive complexity of deep architectures.

CONCLUSION

The study confirmed the effectiveness of us-
ing ResNet architectures for identifying weeds
in agricultural crops. Key results:

1. Data augmentation using aug_transforms
in PyTorch allowed us to increase the training
sample size sixfold, significantly improving the
generalization ability of the models. Transforma-
tions (rotations, scaling, and brightness changes)
created variable yet semantically intact images,
compensating for the initial data limitations.

2. Image preprocessing (compression to 512
x 512 pixels and subsequent scaling to 224 x
224) and the use of RGB channels ensured com-
patibility with the ResNet input format, preserv-
ing the information content of the data while re-
ducing the computational load.

3. Training models with parameters (100 ep-
ochs, batch size = 16, Adam optimizer) demon-
strated high accuracy (accuracy multi >95%),
but moderate Fl-measure values (0.60—0.68)
indicated the complexity of multi-class classifi-
cation in the presence of intra-class variability of
weeds and survey artifacts.

A comparison of ResNet architectures re-
vealed that ResNet-34 is optimal: ResNet-18
demonstrated insufficient depth for recognizing
fine details (leaf texture, inflorescence shape),

leading to a 15% higher error rate in complex
classes (e.g., Sonchusarvensis1). ResNet-50, de-
spite increasing the correct prediction rate to 16,
demonstrated a decrease in predictive stability
due to overfitting to noise and a 40% increase in
resource consumption.

Problematic classes such as Euphorbiavirga-
tal (six errors) and Convolvulusarvensisl (low-
est accuracy) require dataset expansion and bal-
ancing techniques.

The study proved that the depth of the neu-
ral network should correspond to the complexity
of the task: excessive parameterization (Res-
Net-50) worsens practical applicability, and in-
sufficient (ResNet-18) limits the quality of the
forecast.
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PACTEHHUEBO/ICTBO U CEJIEKLJUA
PLANT GROWING AND BREEDING
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MeTtox paHHeill AMATHOCTUKH YCTOMYMBOCTH COPTOB MILEHULBI
K COBMECTHOMY JAeiCTBHUIO XJIOPHIHOIO 3aCOJIeHUS U HHPUIIMPOBAHUSA
B. sorokiniana

)T'ypoBa T.A., Uecnouenko H.E.

Cubupckuii ¢hedepanvhviil Hayuuslil yeHmp azpoduomexnono2utl Poccutickotl akademuu Hayk
HoBocubupckas obnacts, p.i. KpacHooock, Poccust

(<)e-mail: guro-tamara@yandex.ru

[IpencraBnensl pe3ynbTaThl pa3pabOTKM METOAa paHHEH IHAarHOCTUKU YCTOMYMBOCTH COPTOB
MIICHUIIBI K COBMECTHOMY JCHCTBHIO XJOPHUIHOTO 3aCOJICHHSI U WH(QHUIMPOBAHUS BO30YAHUTEIIEM
OOBIKHOBEHHOW KOPHEBOW THUJIM 3JIaKOB Bipolaris sorokiniana Shoem (B. sorokiniana) o BbIXoay
AIEKTPOMTOB U3 JIMCTOBOH TKaHU MPOPOCTKOB. MccmenoBanus mpoomwim B 2022, 2023 TT. Ha Ye-
THIPEX COpTaxX MSTKOW sIpOBOYW mIeHHIbI. [I[popoCcTKu BhIpammBamy U3 WHOUIIMPOBAHHBIX ITaTOTE-
HOM TPEXCYTOUHBIX IPOPOCIINX CEMSH Ha PacTBOpPE XJIOpHIa HATpHs (OIMBIT) U HAa BOJOIIPOBOIHON
BoJie (KOHTPOJIb) B 3aJaHHBIX KIIMMATHUECKUX YCIOBUIX. Peakiuio cCOpTOB Ha CTpece OMPEAEIIsUI 110
OTHOCHUTEIILHOMY M3MEHEHUIO YeNbHOM 31eKTponpoBoAHOCTH (YIOII) BOIHBIX BBHITSXKEK JIHCTHEB Ha
koHykTomerpudeckoit ycranoBke edge EC, HANNA Instruments (I'epmanust). DkcriepuMeHTaIEHO
OTIpENIeJICHBI YCIOBHS MOATOTOBKH 00pa3IoB, 00ECTIEYNBAIOIINX MAaKCUMAJIbHBIE MEKCOPTOBBIE pa3-
JUYMS: pa3Mep Hape3KH JIMCTOBOM TKaHU — 1,5 MM, COOTHOILIEHUE JTMCTOBOM TKaHU U Boabl — 1 : 40,
BpeMsl JKCITO3UIMH 00pa3loB B JUCTHIIMPOBAHHON Boje He MeHee 1,5 4. [IpoBeneHHas oreHka
YCTOHYMBOCTH COPTOB MILICHUIIBI TOKa3ai1a OONbIny0 H((GEepeHIMPYIOIIYI0 CIIOCOOHOCTh pa3pado-
TAHHOTO METOJIa ¥ HAaHOOJIBIIINE MEKCOPTOBBIE PA3INYMs IO CPABHEHUIO ¢ MOPHOPH3HOTOTHUECKUM
MeTo/0M. BrIOOpodHBIe cpeqHue ISl OTHOCUTENBHBIX M3MeHeHUH YOIl BOAHBIX BBITSKEK JIUCTO-
BOW TKaHH COPTOB paszIuJaInch B 2,6—7,3 pasa, mokazareiiel JUIMHB 1 OMOMAacChl POCTKOB U KOpHEH
y MaHHBIX cOpTOB — B 1,2-2.3 paza. Koadduruent xoppernsiuu panroB CrimpMeHa MeXTy IToKazaTe-
JIAMH yCTOWYUBOCTH COpTOB cocTami 7 = 0,88 nipu p < 0,01. Pesynbrarsl IMarHOCTUKH YCTONYHBO-
CTH UCCJIEIOBAaHHBIX COPTOB MIIEHHUIIBI 10 POCTOBBIM IpoueccaM U YOIl BOAHBIX BBITSKEK JINCTHEB
cosnanu. BeisieieHa coprocnenuduaHocts: copt HoBocubupckas 18 menee ycronuus, Omckas 18,
Cubwupckas 21 u HoBocubupckast 44 Gojiee yCTOMUUBBI K UCCIISIyEMOMY COBMECTHOMY cTpeccy. Cre-
JIaH BBIBOJ] O BO3MOXKHOCTH MTPUMEHEHUS pa3paboTaHHOTO METO/A MO BBIXOAY JIEKTPOIUTOB JIHCTHEB
JUTS paHHEHW TUarHOCTUKH ((EHOTUITHPOBAHHSA) COPTOB IMIIEHHIIBI IO YCTOHYMBOCTH K COBMECTHOMY
IeicTBHIO B. sorokiniana v XIIOPUIHOTO 3aCOICHUS.

KuroueBble ci10Ba: MIIeHNIA, COPT, YCTOMUNBOCTb, COBMECTHBII CTPECC, BBIXOJ DIEKTPOJIUTOB,
yenbHas 3JeKTPOIPOBOAHOCTh
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The article presents the results of developing a method for early diagnostics of wheat variety re-
sistance to the combined effects of chloride salinity and infection with the causative agent of common
root rot of cereals Bipolaris sorokiniana Shoem. (B. sorokiniana) based on the release of electrolytes
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The method of early diagnostics of wheat varieties resistance

Gurova T.A., Chesnochenko N.E.

to combined action of chloride salinity
and B. sorokiniana infection

from the leaf tissue of seedlings. The studies were carried out in 2022 and 2023 on four varieties of
soft spring wheat. The seedlings were grown from three-day-old germinated seeds infected with the
pathogen in a sodium chloride solution (experiment) and in tap water (control) under given climatic
conditions. The response of the varieties to stress was determined by the relative change in the spe-
cific electrical conductivity (SEC) of aqueous leaf extracts using an edge EC conductometric setup,
HANNA Instruments (Germany). The conditions for preparing the samples that ensure maximum
intervarietal differences were determined experimentally: the size of the leaf tissue cut is 1.5 mm, the
ratio of leaf tissue to water is 1:40, the exposure time of the samples in distilled water is at least 1.5
hours. The conducted assessment of the resistance of wheat varieties showed a greater differentiating
ability of the developed method and the greatest intervarietal differences compared to the morpho-
physiological method. The sample means for relative changes in the SEC of the aqueous extracts of
leaf tissue of the varieties differed by 2.6—7.3 times, and the length and biomass of the shoots and roots
in these varieties differed by 1.2-2.3 times. The Spearman rank correlation coefficient between the
resistance indicators of varieties was r = 0.88 at p < 0.01. The results of diagnostics of the resistance
of the studied wheat varieties according to growth processes and the SEC of aqueous leaf extracts co-
incided. Variety specificity was revealed: the Novosibirskaya 18 variety is less resistant, Omskaya 18,
Sibirskaya 21 and Novosibirskaya 44 are more resistant to the studied combined stress. A conclusion
was made about the possibility of using the developed method for the release of leaf electrolytes for
early diagnostics (phenotyping) of wheat varieties for resistance to the combined action of B. soroki-

niana and chloride salinity.

Keywords: wheat, variety, resistance, combined stress, electrolyte leakage, electrical conductivity
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INTRODUCTION

Under natural conditions, plants, including
soft spring wheat, are exposed to the combined
effects of environmental stress factors (biotic
and abiotic) in various combinations and dos-
es, with sequential or simultaneous occurrenc-
es. The combined effects of damaging factors,
such as common root rot of cereals (caused by
B. sorokiniana), one of the most common and
damaging diseases of soft spring wheat, as well
as soil salinity, including chloride, reduce pro-
ductivity and degrade grain quality, limiting ag-
ricultural production worldwide [1-3]. Stressful
interactions between abiotic and biotic factors

will become more common with observed and
projected climate change [4].

A key economic factor in increasing soft
spring wheat yields is the development and cul-
tivation of the varieties resistant to the combined
effects of the stressors, including B. sorokiniana
and chloride salinity. Diagnosing the stress tol-
erance of the varieties, especially early ones, is a
key component in selecting the breeding materi-
al for the development of new varieties and their
application in agricultural technology' [5-7].

In field conditions, diagnosing crop stress
resistance based on yield depression is a rath-
er labor-intensive and time-consuming process

'Gurova T.A., Osipova G.M. The problem of combined stress resistance of plants under climate change in Siberia // Siberian

Herald of Agricultural Science, 2018, vol. 48, N 2, pp. 81-92.
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due to the impossibility of simulating the same
annual stress load?. Therefore, stress resistance
is often diagnosed in laboratory conditions us-
ing indirect methods that measure physiologi-
cal, biochemical, and biophysical parameters of
plants [8—10].

Laboratory diagnostic methods for the resis-
tance of wheat varieties to B. sorokiniana and
salt tolerance of grain crops are known: indi-
rect biophysical methods based on optical and
electrophysical parameters®?>, as well as direct
diagnostic methods based on morphophysiolog-
ical and phytopathological indicators of seed-
lings® 7. These methods can be used to evalu-
ate the collection and breeding material of soft
spring wheat to only one type of stressor—either
B. sorokiniana or chloride salinity. The proposed
method is based on our theoretically substanti-
ated and experimentally established increase in
the permeability of plant cell membranes under
the combined effects of B. sorokiniana and chlo-
ride salinity. The relationship between chang-
es in seedling cell membrane permeability and
the resistance of soft spring wheat varieties was
identified [11, 12]. Changes in the permeability
of cell membranes are assessed using the con-
ductometric method by measuring the electrical
conductivity of electrolytes released through
damaged cell membranes from plant tissues into
distilled water, which can be an indicator of the
stress resistance of the variety [13—15].

One of the most important requirements for
a diagnostic method is its discriminatory power.
This is determined by the reliability of assessing
the resistance of closely related objects (variet-
ies of the same crop, plants from the same vari-

etal population). Therefore, in the experiment, it
is necessary to select stress regimes (conditions)
that ensure the greatest amplitude of varietal dif-
ferences. We previously identified the pathogen-
ic structure of the pathogen—the conidial sus-
pension of B. sorokiniana—as an active factor,
the level of stress load, the method and timing
of its application, as well as the concentration
of sodium chloride and the age of seedlings as
methodological approaches for maximizing in-
tervarietal differences [11].

The purpose of the work is to experimen-
tally establish methodological techniques for
sample preparation and SEC measurements and
to develop a method for early diagnosis of the
resistance of soft spring wheat varieties to the
combined action of B. sorokiniana and chloride
salinity.

MATERIAL AND METHODS

The experimental work was carried out at
the Siberian Physical-Technical Institute of the
Siberian Federal Scientific Center of Agro-Bio-
Technologies of the Russian Academy of Sci-
ences (SibPhTI SFSCA RAS) in the laboratory
of physical processes in agrophytocenoses.

In order to develop methodological tech-
niques for conductometric measurements that
ensure maximum intervarietal differences in di-
agnosing stress resistance in spring wheat, lab-
oratory experiments were conducted in a roll
culture (see footnote 3) against the background
of a simulated combined effect of sodium chlo-
ride and B. sorokiniana on seedlings of zoned
spring wheat varieties Novosibirskaya 44, No-
vosibirskaya 18, Sibirskaya 21, bred by the Sib-

*Goncharova E.A., Eremin G.V., Gasanova T.A. Express-methods of evaluation of stress resistance of cultivated crops and
strategy of its diagnostic for breeding // Russian Agricultural Sciences, 2015, N 5, pp. 21-24.

*Diagnostics of plant resistance to stress: method. manual / edited by G.V. Udovenko. L., 1988, pp. 85-97.
“Patent No. 2446671 Russian Federation. IPC A01G 7/00 (2006.01), A01G 1/00 (2006.01), AO1H 1/04 (2006.01) The method for

determining the relative resistance of soft spring wheat varieties to chloride salinization; No. 2010125443/13 / Gurova T.A., Berezina
V.Yu., Kutserubova N.S; applied 21.06.2010; published 10.04.2012. 11 p.

SPatent No. 2625027 Russian Federation. IPC C12N 1/14(2006.01), AOIH 5/12(2006.01). The method for determining the
relative resistance of soft spring wheat varieties to the pathogen of common root rot of cereals; No. 2015135418 / Gurova T.A., Alt
V.V., Lugovskaya O.S.; applied 20.08.2015; published 27.02.2017. 13 p.

®Benken A.A., Khrustovskaya V.N. Laboratory evaluation of plant disease resistance and parasitic properties of the pathogens
causing common root rot of cereals // Proceedings of the All-Russian Research Institute of Plant Protection, Leningrad, 1977, Issue

56, pp. 9-13.

"Udovenko G.V., Goncharova E.A. Effective express methods for assessing varietal and individual plant resistance to extreme

conditions // Reports of VASKhNIL, 1982, N 7, pp. 13-19.
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NIISR - ICG SB RAS and Omskaya 18, bred by
the Omsk Scientific Center.

The conditions for sample preparation and
SEC measurements of aqueous leaf extracts
were experimentally determined, including de-
termining the leaf tissue cutting size, the leaf tis-
sue-to-water ratio, and the exposure time of plant
samples in distilled water. The studies were con-
ducted on the Omskaya 18 and Novosibirskaya
18 cultivars, which contrast in resistance. To de-
termine the dependence of the SEC on the size
of the cuttings, cuttings of 1.5 mm and 1.0 cm in
size were made from the middle part of the first
leaf of wheat seedlings, and the SEC of the va-
rieties was compared at different exposure times
of the cuttings in distilled water (1.5 and 24 h).
To establish the dependence of the SEC on the
mass ratio of distilled water to leaf tissue, dilu-
tions were prepared in the ratios of 1:40, 1:30,
1:20, 1:10. To establish the dependence of SEC
on the duration of leaf tissue exposure to water,
sample preparation times of 0.5; 1.5; 3.0 and 4.5
h were used.

Experimental options:

— control (without stress load);

— seed infection: B. sorokiniana + chloride
salinity.

The stress load levels that allow us to differ-
entiate wheat varieties when assessing their re-
sistance to combined stress were as follows: co-
nidial suspension of B. sorokiniana 5000 conidia
per grain, sodium chloride (NaCl) concentration
1.3% [11]. The stress load levels were previous-
ly established by us in specially conducted pot
experiments.

The plants were grown in a roll culture on
tap water (control variant) and sodium chloride
(variant — infection of seeds with B. sorokiniana
+ chloride salinization) in a Biotron-7 climate
chamber (developed by SibPhTI SFSCA RAS)
with a day-night photoperiod of 16 and 8 h, re-
spectively, illumination of 253.0 and 0 pmol
m~ s (day-night), temperature of 22 and 18 °C

(day-night), humidity of 60%.

Aqueous extracts were then prepared from the
seedling leaves. The specific electric conductivi-
ty of the leaf water extracts was measured using
the edge EC conductivity meter from HANNA
Instruments (Germany).

A comparative assessment of the resistance
of wheat varieties was carried out using the de-
veloped method and based on growth indicators
and accumulation of wet and dry biomass of
seedlings®. The response of the variety was de-
termined by the relative change (K) in the mea-
sured parameters of seedlings after exposure of
plants to combined stress conditions:

4, — A4
Ay
where 4, — control sample parameter; 4, — pro-
totype model parameter.

The lower the indicator (K), the more resis-
tant the variety is in the studied group of vari-
eties.

The analytical experiments were repeated
six times, and the biological experiments were
repeated three times. A representative sample
consisted of 200 seedlings in each experimental
variant. The experimental data were processed
mathematically using standard statistical soft-
ware. The error of the mean did not exceed 1.5—
2.0%.

To determine the significance of differences
in mean values, Student's t-test was used. Mean
values were calculated for the entire experimen-
tal data set. Three series of experiments were
conducted.

K= - 100%, (1)

RESULTS AND DISCUSSION

Development of methodological techniques
for conductometric measurements

Changes in electrical conductivity of aqueous
extracts of sprout leaves depending on the size
of the cuttings. The role of crushing leaf cut-

8Gurova T A., Denisyuk S.G., Lugovskaya O.S., Svezhintseva E.A., Mineev V.V. Methodological provisions for early diagnostics
of spring wheat and barley resistance to the combined effect of stressors. Novosibirsk: , , .
f spring wh d barley resi h bined effect of N ibirsk: SFSCA RAS, 2017, 62 p
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tings must be taken into account, since with an
increase in the number of injured cells, not only
does the transition of the contents into water in-
crease, but there is a long-term increase in per-
meability associated with irritation of the cells
adjacent to the damaged ones® '°. We found that
increasing the cut size resulted in a significant (p
< 0.05) decrease in SEC in the control variants
of both varieties with exposure times of 1.5 and
24 hours, as well as in the experimental variants
of the Omskaya 18 variety (see Table 1). In the
experimental variants of the Novosibirskaya 18
variety, SEC increased by 13.4% with a cut size
of 1.0 cm and an exposure time of 24 hours. The
variability of the results increased significantly
with a sample exposure time of 24 h and both
cutting sizes (p < 0.05). In the variant with a
sample exposure time of 1.5 h, the variability
of the results was significantly (p < 0.05) higher
with a cutting size of 1.0 cm. Intervarietal differ-
ences with a sample exposure time of 1.5 h were

1.7 and 1.3 times in the 1.5 mm and 1.0 cm vari-
ants, respectively. Based on these results, a cut-
ting size of 1.5 mm was determined as a method-
ological approach for developing a method for
assessing the stress resistance of varieties.

Changes in the specific electrical conduc-
tivity of aqueous extracts of the seedling leaves
depending on the ratio of the test material and
water. The mass ratio of leaf cuttings to dis-
tilled water affects the results of determining
the exosmosis of electrolytes from leaf tissue
into distilled water. Changes in the electrolyte
concentration in the solution can lead to signifi-
cant deviations in the measured parameters (see
footnote 10). Therefore, one approach to setting
up the method is to select a plant tissue-to-water
ratio that minimizes intra-varietal variation and
maximizes inter-varietal differences. The results
of SEC changes depending on the mass ratio of
leaf tissue to water are presented in Table 2.

It was found that with a decrease in the ratio

Ta6a. 1. YuenbHas 3JIEKTPOIIPOBOIHOCTD BOJIHBIX BBITSIKEK JIUCTHEB MSATKON SIPOBOM IIICHHUIIbI B 3aBH-
CHUMOCTH OT pa3Mepa Hape30K JIMCThEB U BPEMEHU HKCIIO3UIIMU 00Pa3IlOB B KOHTPOJIC U MIPU COBMECTHOM
JICHCTBUY XJTOPHIHOTO 3aCOJICHHS M KOHUAUATBHOM cycniensuu B. sorokiniana, YOII x 103 Cwm/m (M + m)

Table 1. Specific electrical conductivity of aqueous extracts of soft spring wheat leaves depending on the
size of leaf cuttings and the exposure time of the samples in the control and under the combined action of
chloride salinity and conidial suspension of B. sorokiniana, EC x 107 Sm/m (M £ m)

Exposure time of samples
Option L,5h 24 h
1,5 mm I cm 1,5 mm | I cm
Novosibirskaya 18
Control 4,20 + 0,05 2,60 + 0,04 11,70 £ 0,53 5,80 + 0,07
Coefficient of variation, % 2,65 5,16 6,45 10,99
Conidial suspension B. sorokiniana + NaCl 31,90 £ 0,60* | 25,10 +0,50* | 59,2 + 1,8* 67,1 £2,1*
Coefficient of variation, % 2,23 3,44 5,74 17,71
Omskaya 18

Control 3,7+0,08 1,50 £ 0,03 7,40 £ 0,36 2,44 +£0,17
Coefficient of variation, % 3,36 5,33 11,9 17,62
Conidial suspension B. sorokiniana + NaCl 18,80 +£0,14* | 11,10 £0,20* | 35,30 +£0,30* | 19,70 + 0,90*
Coefficient of variation, % 1,86 6,50 2,07 11,65

Note. Here and in Tables 2 and 3: *differences from the control are significant at the 5% significance level. Mean data values

and their standard errors are presented.

°Koval S.F.,, Shamanin V.P. Plant in an experiment. Omsk: ICG SB RAS, Omsk State Agrarian University, 1999, 204 p.
YGrishenkova N.N., Lukatkin A.S. Determination of plant tissue resistance to abiotic stressors using the conductometric method //

Povolzhskiy Journal of Ecology, 2005, N 1, pp. 3—11.
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of leaf tissue and water, the variability of the re-
sults increases, since the resulting extracts are
highly diluted electrolyte solutions, therefore the
ratio of distilled water, which is added to obtain
extracts, and the mass of leaf tissue should be at
least 1:40. Intravarietal differences at this ratio
for the Novosibirskaya 18 and Omskaya 18 vari-
eties were 6.8 and 5.0 times, respectively.

Changes in the specific electrical conductiv-
ity of leaf cuttings depending on the duration of
exposure of the leaf tissue to water. The dura-
tion of exposure of the leaf tissue in water, as
we have established experimentally, should be
no less than 1.5 hours (see Table 3).

During this time, electrolytes are released
from the headspace and cytoplasm of plant
tissue cells into distilled water. With a shorter
exposure period, electrolytes are released only
from the headspace of the apoplast cell [11]. The
lowest variability of results was also noted after
1.5-hour exposure of samples in distilled water.
Intervarietal differences established at exposure
times of 1.5; 3.0; 4.5 h were approximately the

same and amounted to 1.5; 1.66 and 1.67 times,
respectively. However, an increase in exposure
time leads to an unjustified increase in the du-
ration of the sample evaluation procedure and a
decrease in productivity.

Development of a method for early diagnosis
of resistance of soft spring wheat varieties to the
combined action of B. sorokiniana and chloride
salinity. The developed method is implemented
as follows.

Preparation of B. sorokiniana infectious ma-
terial. To prepare the infectious material, B. so-
rokiniana isolates are cultured on solid Czapek
medium for 1415 days. By this time, the fungal
colonies have produced the largest number of vi-
able conidia''. Then, 0.1% water agar is added to
the test tube containing the fungal culture, shak-
en, and a conidial suspension is prepared for
infecting wheat seeds. Infecting the seeds with
the conidial suspension ensures direct contact
between the pathogen and the host plant, which
approximates natural experimental conditions
and allows the fungus to exhibit its pathogenic
properties, i.e., cause disease symptoms.

Taoba. 2. YaenbHas 3IEKTPONPOBOAHOCTD BOJHBIX BBITSKEK JTUCTHEB MSTKON SIPOBOM MIIICHHUIIBI
B 3aBHCHMOCTH OT MAaCCOBOT'O COOTHOIICHUS JUCTUUIMPOBAHHON BOJIbI U 00pa3iia JIMCTOBON TKaHU
B KOHTPOJIE U NPU COBMECTHOM JEMCTBUM XJIOPUJIHOTO 3aCOJEHUS] U KOHUIMAJIBbHOM CYyCIIEH3UU

B. sorokiniana, YOII x 103 Cym/Mm (M + m)

Table 2. Specific electrical conductivity of aqueous extracts of soft spring wheat leaves depending
on the mass ratio of distilled water and leaf tissue sample in the control and under the combined action
of chloride salinity and conidial suspension of B. sorokiniana, EC x 107 Sm/m (M + m)

Water to leaf sample mass ratio
Option
1:40 1:30 | 1:20 | 1:10
Novosibirskaya 18
Control 4,14 + 0,05 542+0,12 6,85+ 0,07 7,43 £0,02
Coefficient of variation, % 2,65 4,24 2,68 0,68
B. sorokiniana + NaCl 28,10 £ 0,26* 35,46 +0,54* 37,75 £0,51* 42,70 £ 0,78*
Coefficient of variation, % 1,23 3,07 2,49 5,52
Omskaya 18

Control 3,73 £0,08 3,83+£0,19 4,35+£0,03 5,45 +0,09
Coefficient of variation, % 5,36 10,97 1,38 6,92
B. sorokiniana + NaCl 18,82 + 0,14* 23,34 +0,38* 27,64 +0,21%* 30,62 +0,33*
Coefficient of variation, % 1,86 3,64 1,52 3,84

"Berezina V.Yu., Gurova T.A., Bereberdin N.A., Langolf E.I. Evaluation of biological activity of the causative agent of common

root rot of cereals: method. recommendations. Novosibirsk: SB RAS, 1994, 24 p.
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Taoua. 3. VnenbHas SJICKTPOIPOBOAHOCTL BOAHBIX BBITAKCK JINCTHCB MSTKOM HpOBOﬁ MIICHULIBI U3YUCH-

HBIX COPTOB B 3aBUCMMOCTH OT BPEMEHU IOATOTOBKH 00pa3I[0B B KOHTPOJIE U IIPU COBMECTHOM JICHCTBUU
XJIOPUTHOTO 3aCOJICHHS U KOHUAMATIBHOM cycnieH3uu B. sorokiniana, YOII x 107 Cwm/m (M + m)

Table 3. Specific electrical conductivity of aqueous extracts of soft spring wheat leaves of the studied
varieties depending on the time of sample preparation in the control and under the combined action of

chloride salinity and conidial suspension of B. sorokiniana, EC x 103 Sm/m (M £ m)

Option Sample preparation time, h
0,5 15 | 30 4,5
Novosibirskaya 18

Control 3,20+ 0,12 4,20 +0,24 3,20 £ 0,06 3,40£0,11
Coefficient of variation, % 8,70 4,00 4,72 7,92

B. sorokiniana + NaCl 27,30 £ 0,20* 41,20 £0,22%* 49,80 £ 0,28* 52,00 + 1,30%*
Coefficient of variation, % 6,10 1,29 2,48 1,98

Omskaya 18

Control 2,30 +£ 0,04 3,80 + 0,08 3,20+ 0,10 3,30+0,05
Coefficient of variation, % 491 3,96 2,39 3,48

B. sorokiniana + NaCl 14,70 £ 0,33* 26,80 + 0,57* 31,60 + 0,48%* 30,90 + 0,49%
Coefficient of variation, % 4,97 4,22 3,99 4,78

A 1.3% sodium chloride solution is prepared
in distilled water using the chemical reagent
NacCl (sodium chloride) of analytical grade.

Growing experimental plants. Well-formed
soft spring wheat seeds with no visible signs of
disease, pests, or mechanical damage are select-
ed. To eliminate surface saprophytic and patho-
genic microflora, the seeds are sterilized with
ethanol for 1 minute, then rinsed three times
with sterile distilled water. Prepared seeds are
germinated in a thermostat in Petri dishes on fil-
ter paper moistened with water. On the third day
of cultivation, the germinated seeds are spread
on filter paper strips and inoculated with a co-
nidial suspension of a mixture of moderately
pathogenic B. sorokiniana isolates prepared on
0.1% water agar. The infectious load—the titer
of pathogen conidia in one drop of suspension—
is 5,000 conidia per wheat kernel, determined in
a Thom-Goryaev chamber.

Next, the infected plants are grown in a roll
culture, first for 1.0—1.5 days on tap water until
shoots 15-20 mm long appear above the roll sur-
face, then on a 1.3% sodium chloride solution.
The shoots are grown under controlled climate
conditions: a day—night photoperiod of 16 and
8 h, a temperature of 22 and 18 °C (day—night),

illumination of 253.0 and 0 pmol m—2 s—1 (day—
night), and humidity of 60% until the first leaf
phase for 10 days. Control plants are grown in
a roll culture under the same conditions on tap
water. The samples are then prepared from the
control and experimental plants for measuring
specific electrical conductivity.

Measurement of specific electrical conduc-
tivity. The first leaves of 10-day-old control and
experimental seedling samples are washed with
tap water and dried with filter paper. A medium
sample is prepared for each treatment. For this,
the plant material is cut into 1.5 mm-long pieces
from the middle part of the leaves using a blade.

The chopped plant material is placed in a
nylon bag and washed under running tap water
for 15 minutes, then rinsed with distilled water.
The chopped tissue is dried with filter paper, and
200 mg portions are prepared and placed in a
glass beaker with 5 ml of distilled water under
ambient light and temperature conditions (e.g.,
E=253.0 pmol m?s™ att =22 °C). In our case,
this was done in a Biotron-7 chamber. After at
least 1.5 hours, the infusion is filtered through
a nylon cloth, the filtered extracts are placed in
the measuring cell of a conductometer, and the
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SEC of the control and experimental samples is
measured.

The resistance of a variety is judged by the
relative change in the SEC (K) of the aqueous
extracts of leaf tissue of seedlings after exposure
to stressors:

- G, —G,l

K= - 100%, )

K

where G, — specific electrical conductivity of
aqueous extracts of the control sample leaves;
G, — specific electrical conductivity of aqueous
extracts of the experimental sample leaves.

The obtained results were processed statisti-
cally using standard statistical programs.

The results of diagnostics of resistance of the
four varieties of spring wheat to combined stress
according to SEC and growth indicators and bio-
mass are presented in Tables 4 and 5.

the evidence presented suggests that, the No-
vosibirskaya 18 wheat variety exhibits a more
pronounced suppression of growth processes
and a decrease in biomass accumulation than the
Omskaya 18, Sibirskaya 21, and Novosibirska-
ya 44 varieties. This indicates that the Novosi-
birskaya 18 variety is less tolerant to the com-
bined effects of B. sorokiniana and chloride sa-
linity. Moreover, the sample means for relative
changes in shoot and root length and biomass
for these varieties differ by a factor of 1.2-2.3,
while the sample means for relative changes in
the SEC of aqueous leaf tissue extracts differ by
a factor of 2.6-7.3.

Thus, the proposed method has a greater dif-
ferentiation capacity and establishes the greatest
intervarietal differences in the early diagnosis of
resistance of soft spring wheat varieties to the
combined action of B. sorokiniana and chloride

Taoa. 4. Ilokazareau TpOPOCTKOB COPTOB MSTKOHM SIPOBOM MIIIEHULIBI B KOHTPOJIE U IIPU COBMECTHOM
JeWCTBUM XJIOPUIHOTO 3aCOJICHUS M KOHUAUAIBHOW CycieH3uu B. sorokiniana (M + m)

Table 4. Indicators of sprouts of soft spring wheat varieties in control and under the combined action of
chloride salinity and conidial suspension of B. sorokiniana (M £+ m)

Length, mm Crude biomass, mg Dry biomass, mg Speci.ﬁc
. electrical
Option cctrical
sprouts roots sprouts roots sprouts roots conquctivity,
cm/m
Novosibirskaya 44
Control 153+£0,6 | 93+0,3 | 90,2+1,2 | 86,2+3,9 13,3£1,0 | 10,7+0,6 43+0,1
B. sorokiniana +
NaCl 13,2+£0,2*% | 4,6+0,2% | 794+ 1,9*% | 578+£28% | 122+0,2 |7,9+04% | 16,2+ 0,3**
Novosibirskaya 18
Control 19,6 £0,4 13,80 | 100,1+£29 | 85,0+2,5 158+0,8 | 9,2+0,1 3,5+0,1
B. sorokiniana +
NaCl 12,7+£0,2*% | 6,1 £0,4* | 63,2£0,9% | 51,9+0,9* | 10,1 £0,1* | 7,6 £0,1* | 25,5+£0,9%*
Omskaya 18
Control 164+0,6 | 109+0,2| 93,0+£1,2 | 97,0+3,9 | 13,9+0,1 |10,0+0,3 44+0,2
B. sorokiniana +
Nacl 12740% | 61£0% | 71,5+12% | 72241.9% [ 119£0,1% | 9240 | 11,6+0.2%
Sibirskaya 21
Control 15,66+0,4 | 10304 | 740+3,6 | 91,9+£28 12,3+0,6 | 10,8+£0,2 48+0
B. sorokiniana +
NaCl 12,7+£0,2*% | 6,7+0,2*% | 60,4+0,7% | 73,6 £2,5% | 9,9+0,2*% | 8,6+0,3*% | 15,6 +0,4%*

Note. Differences with the control are significant at the level of: *5%; **1%. The mean data values and their standard errors

are presented.

24

Siberian Herald of Agricultural Science * 2025 « 55 « 8

Plant growing and breeding



Mertoz paHHe# JUarHOCTHKU YCTOHYHBOCTH COPTOB IIIICHHIII
K COBMECTHOMY JICHCTBHIO XJIOPUIHOTO 3aCOJICHHS
u uHbUUUpoBaHus B. sorokiniana

T'yposa T.A., Yecnouenko H.E.

Taoua. 5. /lnarHocTHKa yCTOHYMBOCTH COPTOB MATKOM SIPOBOM MIIEHHUIIBI IO POCTOBBIM MapaMeTpaM
1 YIE€IbHOHN 3JEKTPONPOBOAHOCTH MPU COBMECTHOM JIEHCTBUH XJIOPHUIHOTO 3aCOJIEHHS U KOHUAHAIBLHON

cycrnieH3uu B. sorokiniana

Table 5. Diagnostics of resistance of soft spring wheat varieties by growth parameters and specific
electrical conductivity under the combined action of chloride salinity and conidial suspension of

B. sorokiniana

Relative changes in indicators to the control, %

Option Length Crude biomass Dry biomass Specific
electrical
sprouts roots sprouts roots sprouts roots conductivity
Novosibirskaya 44
B. sorokiniana +NaCl | —13,7¢ | -s0.5% | —119% | -329% | -222¢ | 89 | <2767+
Novosibirskaya 18
B. sorokiniana + NaCl | -35,2%* ‘ —55,8% -36,9* ‘ —38,9% ‘ -36,1* —17,4* +628,5%*
Omskaya 18
B. sorokiniana + NaCl -22,6%* ‘ —44,0%* -23,1%* ‘ -25,6%* ‘ —14,4%* -8,0 ‘ +163,6%*
Sibirskaya 21
B. sorokiniana + NaCl —18,6* ‘ —34,9% —18,4* ‘ —19,9%* ‘ —19,5% -20,4* +225,0%*

Note. Differences with the control are significant at the level of significance: *5%; **1%.

salinity. Moreover, the results of diagnosing re-
sistance to the combined action of B. sorokin-
iana and chloride salinity of the studied wheat
varieties based on growth processes and on the
SEC of aqueous extracts of leaf tissue coincided.
The Spearman rank correlation coefficient be-
tween the resistance indicators based on growth
processes and on the SEC of aqueous extracts of
leaf tissue of seedlings is = 0.88 at a signifi-
cance level of < 0.01 according to the Student's
test.

CONCLUSIONS

1. A method has been developed for early di-
agnostics of the resistance of soft spring wheat
varieties to the combined action of the pathogen
of common root rot of cereals B. sorokiniana and
chloride salinity based on the release of electro-
lytes from the plant tissue of seedlings.

2. The conditions for sample preparation and
measurement of the SEC of aqueous leaf ex-

tracts were experimentally established, ensuring
maximum intervarietal differences: the size of
leaf tissue cuttings is 1.5 mm, the ratio of leaf
tissue to water is 1:40, the exposure time of plant
samples in distilled water is at least 1.5 hours.

3. The developed method has greater discrim-
ination power and identifies the greatest interva-
rietal differences. Moreover, the sample means
for relative changes in the SEC index of aqueous
extracts of leaf tissue of the varieties differ by
2.6-7.3 times, and the sample means for relative
changes in the length and biomass of shoots and
roots for these varieties differ by 1.2-2.3 times.

4. The results of diagnostics of the studied
wheat varieties’ resistance to the combined ac-
tion of B. sorokiniana and chloride salinity,
based on growth processes and the SEC of aque-
ous leaf tissue extracts, were consistent. Variety
specificity was revealed: the Novosibirskaya 18
variety was less resistant, while the Omskaya 18,
Sibirskaya 21, and Novosibirskaya 44 varieties
were more resistant.
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5. The obtained results allow us to conclude

that the proposed method can be used for early
diagnostics (phenotyping) of wheat varieties for
resistance to the combined action of B. sorokin-
iana and chloride salinity during variety testing.
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TexHos0rMsI NPOM3BOACTBA MUHH-KJIYOHEH KapTogeis
B YCJIOBHMSIX 3aLUUIIEHHOI0 IPYHTA

<) omoBa H.M., Uypakos A.A.

Kpacnospckuii cocyoapcmeennulii azpapusiii yHugepcumem
Kpacnosipck, Poccust
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[Ipon3BoacTBO MOCAIOYHOTO MaTepHala KapToders Ha OCHOBE 030POBICHHOTO NCXOIHOTO MaTe-
pHana MMPOKO HCIONB3YIOT B KapTrodeneBoncTse. [lanbHeiinee coOBepIIEeHCTBOBAHNE TIPUEMOB BbI-
pallrBaHusl MUHU-KIYOHEH TO3BOJIMT YBEIUUUTh YPOXKaHHOCTh B TOBAPHOM CeKTope. Pa3zpaboTaHsl
3JIEMEHTBI COPTOBOM TEXHOJIOTUU KapTodelis Ha 3Tale MPOU3BOJICTBA MUHU-KIYOHEH B YCIIOBUSIX 3a-
LIUIIEHHOTO rPpyHTa. J[J151 OLIEHKH OT3BIBUMBOCTH PACIIPOCTPAHEHHBIX B Poccuu coproB kaproders Ha
AJIEMEHTHI arPOTEXHHUKH ITPH BhIPAIIMBAHUY MUHU-KITYOHEH NMPOBEJICH OIBIT B JIETHEH TETLTUIIE B Yep-
te ropona KpacHosipcka. OObeKTaMU HCCIIEAOBaHNS BEIOpAHBI OUEHb paHHUN copT MeTeop, paHHHE
(pannecnensie) @emnoke, Pozapa, ['ymmusep, Peq Cxapiiert, Bera. Ycranosiena coproBas crienuduka
OT3BIBYMBOCTH COPTOB KapTO(elis Ha MPUEMbI BBIPAIIIMBAHUS B 3aKPBITOM TPYHTE: 00BEM T'OPIIKOB,
riepeBasiky. Mcronp30BaHue IByXIUTPOBBIX EMKOCTEH 00€CIIeUrBAET MAKCHMAaIbHYIO BEIPYUKY U BbI-
X0J MUHU-KIIyOHEH y copToB Pozapa, Pen Ckapnert, denokc, nutpoBeix — Meteop, ['ynnusep. Mu-
HUMaJbHAs YPGEKTUBHOCTD MOTYUYeHA TP UCIIOIB30BAHUU MSTHIIMTPOBBIX TOPIIKOB. CHIla BIMSHUAS
(hakTopa «pazmMep ropuika» Oblta MakCUMabHOM, coctaBuB 47,2% 1o guciy kiryOHe#, n 63% — mo
Macce K1yoHa. Ha mormio renoTuma npunuioch COOTBETCTBEHHO 15 u 17% n3MeHYHBOCTH PHU3HAKOB.
Copt Pozapa moinoXuTeNbHO pearnpoBai Ha MepeBaIKy U3 paccagHoi emkoctu 0,2 J1 B TOPIIOK 2 II.
HauGomnpmas mpoayKTUBHOCTE copTa Bera mosy4ueHa npu rnocajike B TOPIIKY 1 J1 ¢ MOCIeayomeH fe-
kanuranuei. CpeliHee yuciio KIyOHeH B TOpIIKe cocTaBuiio 6,2 1iT., Macca kiayoHs 8 . [loiydeHHbIe
JTaHHBIE BO3MOXXHO HCIIOJH30BaTh B OPUTHHAILHOM CEMEHOBOJICTBE M3YYEHHBIX COpPTOB. C ydyeToMm
CTETIeH! BIIMSHUS TEHOTHUIIA Ha PYTUX 00pasiiax morpedyercs yToOuHeHHEe Pe3ylIbTaToB.

KuroueBble cjioBa: TeIUIUIla, COPT, pa3Mep MOCaJOYHOTO TOpIIKa, OE3BUPYCHOE CEMEHOBOJICTBO,
Solanum tuberosum L.

Technology of production of potato mini tubers in protected soil
conditions

C<)Popova N.M., Churakov A.A.
Krasnoyarsk State Agrarian University
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The production of potato planting material based on improved source material is widely used in
potato growing. Further improvement of mini tuber growing techniques will increase crop yields
in the commercial sector. Elements of potato varietal technology have been developed at the stage
of mini tubers production in protected soil conditions. An experiment was conducted in a summer
greenhouse within the city of Krasnoyarsk to assess the responsiveness of potato varieties common
in Russia to the elements of agricultural technology when growing mini tubers. The objects of the
study were the very early variety Meteor, early (early ripening) Felox, Rosara, Gulliver, Red Scarlett,
Vega. Varietal specificity of potato varieties' responsiveness to indoor cultivation techniques has been
established: pot volume, transshipment. The use of two-liter containers ensures maximum revenue
and output of mini tubers for the varieties Rosara, Red Scarlett, Felox, and liter containers — Meteor,
Gulliver. Minimum efficiency was achieved using five-liter pots. The influence of the “pot size” factor
was maximum, amounting to 47.2% for the number of tubers and 63% for the weight of the tuber.
The genotype accounted for 15 and 17% of the variability of traits, respectively. The Rosara variety
responded positively to being transferred from a 0.2 1 seedling container to a 2 1 pot. The highest pro-
ductivity of the Vega variety was obtained when planted in 1 1 pots with subsequent decapitation. The
average number of tubers in a pot was 6.2 pcs., tuber weight was 8 g. The obtained data can be used
in the original seed production of the studied varieties. Taking into account the degree of influence of
the genotype on other samples, it will be necessary to clarify the results.

Keywords: greenhouse, variety, planting pot size, virus-free seed production, Solanum tuberosum L.

PacrenneBoncTBO 1 cenexiys CubupCKHUil BECTHHK CEITbCKOXO3IHCTBEHHON HayKu ¢ 2025 ¢ 55 ¢ 8 29



Technology of production of potato mini tubers
in protected soil conditions

Popova N.M., Churakov A.A.

Jns untupoBanus: [lonosa H.M., Yypaxos A.A. TexHONOrus: NMpoONU3BOACTBA MUHH-KIyOHEH KapTodens B YCIOBHUSIX 3allld-
HIEHHOTO TpyHTa // CHOMpPCKUI BECTHHK CelbcKoXo3stiicTBeHHOU Hayku. 2025. T. 55. Ne 8. C. 29-37. https://doi.org/10.26898/0370-

8799-2025-8-3

For citation: Popova N.M., Churakov A.A. Technology of production of potato mini tubers in protected soil conditions. Si-
birskii vestnik sel skhozyastvennoi nayki = Siberian Herald of Agricultural Science, 2025, vol. 55, no. 8, pp. 29-37. https://doi.

org/10.26898/0370-8799-2025-8-3

Kondguukr nurepecon

ABTODBI 3asBJIAIOT 00 OTCYTCTBUU KOH(MIINKTA HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

BaarogapHocTh

DenepanbHas nenesas nporpamma KHTIT «Pa3BuTHE CEIEKIMU K CEMEHOBOJICTBA COPTOB KapTodesist aJalTHPOBAHHBIX K YCIIO-
BUSIM BbIpaliuBaHus Ha Tepputopun KpacHosipckoro kpas u Boctounoit Cubupuy.

Source of funding

The ISTP federal target program " Development of selection and seed production of potato varieties adapted to growing condi-

tions in the Krasnoyarsk Territory and Eastern Siberia".

INTRODUCTION

The importance of potatoes as a food, feed,
and industrial crop is enormous. Among the
general requirements for all potato breeding pro-
grams is the development of high-yielding vari-
eties. One of the main reasons for the decline in
potato yields in production is the use of seed ma-
terial infected with viruses, viroids, and bacteria.

Therefore, to increase crop yields, the plant-
ing material that has been treated to meet reg-
ulatory requirements is currently being used.
This is achieved through modern clonal propa-
gation techniques of microplants obtained from
regenerated apical meristems. The primary ob-
jective of this method is to increase the amount
of source material, which can be achieved by
achieving the maximum propagation rate, while
preventing viral re-infection. Following the tis-
sue culture-based recovery stage and subsequent
selection of the best infection-free lines, potato
seed production begins with the cultivation of
mini-tubers in protected soil conditions. Hydro-
ponic systems and other accelerated propagation
methods are also used for this purpose.

In the field, healthy parent plants and clones
are selected primarily by visual assessment, fol-
lowed by laboratory testing for latent infections
using polymerase chain reaction (PCR). When
selecting a mini-tuber production technology for
specific conditions, a number of factors must be
considered. These include the analysis of pro-

duction indicators, a comparison of investment
costs, production costs, and profitability.

Active vegetative growth and intensive tuber
formation are the primary goals when growing
in greenhouses. To increase tuber production,
optimal conditions for plant growth and devel-
opment must be created: controlling tempera-
ture, humidity, and daylight hours, as well as en-
suring adequate nutrition. Additionally, special
preparations can be used to stimulate tuber for-
mation and limit plant growth. In recent years,
numerous attempts have been made to improve
cultivation technologies. The main goal of these
improvements is to obtain as many minitubers
as possible from a single plant per unit of the
greenhouse area. Various crop production meth-
ods are used to achieve this goal, but not all hy-
potheses proposed by scientific research prove
effective in industrial production' [1-17].

The purpose of the study is to develop the el-
ements of potato varietal technology at the stage
of mini-tubers production in protected soil con-
ditions.

MATERIAL AND METHODS

To validate the mini-tuber cultivation tech-
nology elements, experiments were conducted
in a plastic greenhouse in 2021 and 2022. Test-
tube plants and mini-tubers were grown at the
breeding and seed production center at the Kras-
noyarsk Agrarian University. The study subjects

'Gavrilova A.Yu., Paviovskaya N.E., Gagarina IN., et al. Technology of production of improved source material in elite potato
seed production: recommendations for production. Oryol: Oryol State Agrarian University named after N.V. Parakhin, 2022, 60 p.
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were the very early Meteor variety, and the early
(early maturing) varieties Felox, Rosara, Gulliv-
er, Red Scarlett, and Vega. The first experiment
involved planting the Rosara, Meteor, Red Scar-
lett, Felox, and Gulliver varieties in 1-, 2-, and
S-liter pots.

In the second experiment, the Rosara and
Meteor varieties were planted in 0.2-liter seed-
ling cups, followed by transplanting the adapted
and grown plants (12—15 cm tall) into 1-, 2-, and
5-liter pots. A comparison was made with plant-
ing without the transplanting stage.

To determine the effect of decapitation on the
productivity of the potted Vega potato cultivar,
a factorial experiment was conducted. Mechan-
ical decapitation and a plant growth regulator
based on chlormequat chloride were studied as
experimental treatments. Plants without linear
growth inhibition served as a comparison treat-
ment. Plants were planted in 1- and 2-liter pots.
This treatment was hypothesized to help remove
apical dominance, which, in turn, would pro-
mote additional branching and stolon formation.
Twenty microplants were planted in five repli-
cates for each treatment.

An optimal microclimate in the greenhouse
was maintained using ventilation and a shading
net. Average air humidity was 68% in June, 71—
73% in July, and 76-79% in August. Air tem-

peratures were 20.8°C in June, 25.8°C in July,
and 21.7°C in August.

The experimental data were processed using
the STATISTICA 13.3 program?.

RESULTS AND DISCUSSION

Potato productivity was assessed based on
the pot volume for five genotypes (see Fig. 1).
Using discriminant analysis, it was found that
the variety has a significant effect on the number
of tubers formed per pot. The partial lambda for
this trait is 0.84, with the coefficient significance
at p = 0.04. Pot volume is not a significant factor
influencing the number, total weight, or average
weight of a single tuber.

The maximum number of the tubers formed
in S5-liter containers, regardless of the variety.
The Rosara and Gulliver varieties showed the
greatest responsiveness. For the three studied
samples, growing in 2-liter containers showed
a slight advantage. For the Gulliver variety, the
number of tubers tended to decrease as container
size increased from one to two liters. The num-
ber of formed tubers decreased by 22 percentage
points, to 3.2.

The pot size factor had the greatest influence
on the number of tubers — 47.2%. The influence
of the genotype and the interaction of the factors
amounted to 22 and 15%, respectively.

Number of tubers

== \olume 11

e Volume 2 1

S = N W e NN RO

=== Volume 51

Rosara Meteor

Red Scarlett I

Felox Gulliver

Puc. 1. Cpennee uuciio kiryOHeH y copToB KapTodesist B 3aBUCMMOCTH OT 00beMa ropiika

Fig. 1. Average number of tubers in potato varieties depending on the volume of the pot

*Khizhnyak S.V., Puchkova E.P. Mathematical methods in agroecology and biology. Krasnoyarsk: Publishing house of KrasSAU,

2019, 240 p.
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The size of the tubers also depended on the
volume of the cultivation vessels (see Fig. 2).

Large tubers weighing 15-25 g were ob-
tained when growing samples in 5-liter pots. The
choice of 1- or 2-liter pots had a minor effect
on the tuber weight. This factor had the greatest
influence, reaching 63%. The variety accounted
for 17.1% of the effect, and the interaction of the
factors accounted for 9.2%.

All experimental variants yielded minitubers
larger than 9 mm, which meets standard require-
ments. In this case, the yield of tubers per unit
area of greenhouse soil will be the determining
factor in choosing the planting option. Fifty-two
1- and 2-liter pots, and 19 5-liter pots, were
placed per square meter in the greenhouse. The
Red Scarlett variety yielded the fewest tubers
(87) using 5-liter pots. The varieties are ranked
as follows in the order of increasing tuber yield:
Meteor (93), Felox (120), Gulliver (127), and
Rosara (160).

The Meteor, Red Scarlett, and Felox varieties
showed an insignificant advantage in tuber har-
vesting from two-liter containers compared to
the liter ones. A significant difference (p = 0.01)
was obtained for the Rosara variety, the number
of the tubers was 265, which is 67 more than in
the variant with a liter pot. The cost of peat sub-
strate and minitubers is also a factor determining
the economic performance of production. With
a selling price of 30 rubles per a minituber and
a cost of 1 liter of substrate of 7.06 rubles, the

30

revenue per unit of greenhouse area was highest
when planting the Rosara (7,273 rubles), Red
Scarlett (4,632 rubles), and Felox (6,441 rubles)
varieties in two-liter containers. Higher reve-
nue for the Gulliver and Meteor varieties (5,998
and 5,657 rubles, respectively) was ensured by
planting in liter pots.

An experiment to assess the effect of trans-
shipment on the minituber yield was conducted
on the Rosara and Meteor varieties. A significant
(p = 0.00) negative effect for the "average tuber
weight" trait was obtained for the Rosara variety.
Transshipment resulted in a decrease in tuber
weight by an average of 11 g across the variants
(see Fig. 3). The number of the tubers obtained
from one clone, on the other hand, increased by
1.3 pieces, or 24 percentage points (see Fig. 4).
The average number of standard tubers per va-
riety in one pot was 4.8. Taking into account the
planting density, the advantage was in favor of
planting in 2-liter pots when transshipping mi-
cro-plants.

The Meteor variety showed weak response
to the studied technology element (p = 0.22) in
terms of the "average number of tubers per pot"
parameter. Transshipment resulted in a signifi-
cant (p = 0.02) reduction in the tuber weight to
12 g, compared to an average value of 20 g in
the control.

Pot size had the greatest impact on the tuber
yield (49% of the total). The impact of the "va-
riety — pot size" and "variety — transshipment"

25

20 NG

15 e

Tuber weight
|
|

= Volume 11

=== Volume 2 1

Rosara Meteor

Red Scarlett

* Volume 5 1

Felox Gulliver

Puc. 2. Cpennsis Macca KiyOHs KapTogess o BapHaHTaM SKCIEPUMEHTa, T
Fig. 2. Average weight of potato tuber according to experimental variants, g
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factors was 12% each. The least significant role
was played by transshipment (7%), variety (3%)
and the interaction of the three factors (2.5%).
Tuber weight was affected by pot volume (the
strength of the factor influence was 45%), trans-
shipment (23%), variety (13%), the interaction
of pot volume and transshipment (7%) and vari-
ety — pot volume — transshipment (3%). For the
Rosara variety, the average tuber yield was 177,
234, 125 pcs/m?, respectively, for the planting

options of 1, 2 and 5 liters. For the Meteor vari-
ety, 156, 177, 86 pcs/m? were obtained, respec-
tively.

Therefore, it is advisable to grow Meteor
without transshipment in one- or two-liter pots,
and the Rosara variety — with transshipment,
choosing 2-liter pots for cultivation.

Decapitation is a well-known technique for
increasing yield or disease resistance in field
potato crops. When producing minitubers, this

B Volume 11
B Volume 2 1
B Volume 5 1
’ With Without With Without
transplantation transplantation transplantation transplantation
Rosara Meteor
Puc. 3. Cpenusisg Macca KITyOHS y COPTOB KapToes Mo BapuaHTaM MOCAAKH, T
Fig. 3. Average tuber weight for potato varieties by planting options, g
9.0
8.0
s 70
2
6.0
oy
£ _
£ 50
B 40 -
B
£ 30 -
= 20 - ® Volume 11
1,0 H Volume 2 1
0,0 5 Volume 51
’ With Without With Without
transplantation transplantation transplantation transplantation
Rosara Meteor

Puc. 4. Cpennee uucio KIryOHeH y cOpTOB KapToders o BapuaHTaM MOCaIKH
Fig. 4. Average number of tubers in potato varieties by planting options
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method can increase stem count and, conse-
quently, plant productivity**. According to our
data, top removal had a positive effect on tuber
count. On average, 5.7 tubers were produced per
treatment. In the control, the average tuber count
was 3.96 tubers per plant.

Along with mechanical decapitation, a plant
growth regulator containing the active ingredi-
ent chlormequat chloride was evaluated for yield
and minituber quality. In the chemical decapita-
tion trial, plants planted in two-liter pots showed
an advantage (see Fig. 5).

When planted in liter containers, the num-
ber of the tubers decreased by 0.6 pieces and
amounted to 3.7 pieces. In terms of tuber num-
ber, mechanical decapitation significantly
(» = 0.00) outperformed the chemical prepa-
ration. In terms of the tuber weight, the variant
with spraying with a growth regulator showed a
clear advantage (p = 0.00). In addition, a clear
trend of increasing average tuber weight with a
decrease in their number per plant was evident. A
strong inverse correlation (» =—0.81 = 0.43) was
established between the number of the tubers in
one pot and the tuber weight.

Thus, mechanical decapitation of the Vega va-
riety is a significant tool for increasing produc-
tivity and yield in the production of minitubers.

CONCLUSIONS

1. Varietal specificity of potato varieties' re-
sponse to indoor cultivation techniques, such as
pot volume and transshipment, has been estab-
lished.

2. Increasing the size of the planting pot pro-
motes an increase in the number and size of
minitubers. However, due to the rational use of
greenhouse space, the maximum revenue was
obtained when cultivating the varieties Rosara
(7,273 rubles), Red Scarlett (4,632 rubles),
Felox (6,441 rubles) in two-liter containers, and
Gulliver (5,998 rubles), and Meteor (5,657 ru-
bles) in liter containers.

3. The Rosara variety proved to be responsive
to transplanting: microplants should be planted
in 0.2-liter containers, and the grown seedlings
should be transplanted into two-liter pots. In this
case, the yield of the tubers was 234 per square
meter, with an increase of 57 and 109 tubers for
the one-liter and five-liter pots, respectively.

4. It is necessary to plant the Vega variety in
liter-sized pots in order to maximize the yield of
minitubers. Decapitation at the beginning of ac-
tive growth helps to obtain the maximum num-
ber of tubers per plant—6.2.

5. The data obtained will contribute to im-

18
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Tuber weight Tubers in a pot

Decapitation

Tuber weight

B Volume 21

B Volume 11
Tubers in a pot
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Puc. 5. DneMeHTBI NPOAYKTUBHOCTH COPTa Bera B cBsi3u ¢ BapuaHTaMU ACKaAIlIUTAllun

Fig. 5. Productivity elements of the Vega variety in relation to decapitation options

3Gasparyan IN., Dyikanova M.E. How to increase the yield of early potatoes // Potatoes and vegetables, 2018, N 2, pp. 29-31.

*Evstratova L.P, Nikolaeva E.V. Decapitation of potato plants in Karelia // Proceedings of Petrozavodsk state university, 2016,
N 4 (157), pp. 38-41.
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proving the efficiency of using greenhouses for
minituber production. However, the different re-
sponses of the varieties to cultivation methods
will require further research using other potato
varieties.

CIHIUCOK JIMTEPATYPbI

L.

Eecmpamosa JI11., Ky3neyosa JI.A., Huxonae-
6a E.B. DPPeKTUBHOCTD yiTydlIalonero oroopa
pacTeHuil Mpy MOJYyYEHUH MHUHHU-KIyOHEeH Kap-
Todenst // BeCTHUK pOCCHUICKON CETbCKOXO3SH-
ctBeHHON Hayku. 2023. Ne 6. C. 61-64. DOI:
10.31857/2500-2082/2023/6/61-64.

3envonep A.I, XKesopa C.B. YBenuueHue mnpo-
nu3BoACTBa Kaprodens B Poccum: cocrosHue u
pobnemsbl // KoHKypeHTOCTIOCOOHOCTh B TIIO-
0aJbHOM MHUpE: SKOHOMHKA, HayKa, TEXHOJIOTHH.
2021. Ne 1. C. 54-57.

Yycosa H.C., Ilyeauesa I'M., Cyb66omuna H.C.,
Masaesa FO.B. BripammBanne MUHHU-KITyOHEH
KapTodes B TOpIIEYHON KynbType // BecTHHK
MUUypUHCKOTO T'OCYIapCTBEHHOIO arpapHOro
yauBepcuteta. 2021. Ne 3 (66). C. 48-53.
Anucumos b.B., Xymunaes O.C., Mapso-
es 3.A., Kapoanosa HU.C. Cenexuus u ce-
MEHOBOJICTBO Kaprodens: MoHorpadusi.
UYeOoxcapsl: Bcepoccuiickuii HayyHO-HCCIEN0-
BaTEJbCKUH HMHCTUTYT KapTO(EIbHOTO XO3si-
ctBa uM. A.T. Jloxpa, 2020. 189 c.

Xanuncxuii  A.H., Yypaxos A.A., Ilono-
6a H.M. Ypo:xxallHOCTb U OCHOBHBIE IOKa3aTe-
M KadecTBa 00pas3loB kaprodens B KOHKYpC-
HoM ucnbiTanuu // Bectauk KpaclAY. 2022.
Ne 11 (188). C. 70-76. DOI: 10.36718/1819-
4036-2022-11-70-76.

Oeoc E.B., Taumosa H.A. IHluwuxuna O.A.
CoxpaHEHHE COPTOBBIX PECYPCOB KapTOdess
B IIOJIEBOM W in Vitro xomlekuusx Dexnepaib-
HOTO HCCJIEIOBATENILCKOTO LIEHTpa KapTodes
nmenn A.l. Jlopxa // buotexHonorus u cenek-
uusa pactenuit. 2022. Ne 5 (1). C. 28—41. DOLI:
10.30901/2658-6266-2022-1-05.

Cemuyx H.H., Ossc E.B., bamynu O.B., [hao-
xux C.H. TexHONIOrus MOIyYeHUs U YCKOPEHHOTO
Pa3MHOKEHHS 3[0pPOBOTO T0CA0YHOT0 MaTepra-
na pacteHuid Kaptodens (Solanum tuberosum) //
ArpoDxoMmxenepus. 2023. Ne 1 (114). C. 92—
103. DOI: 10.24412/2713-2641-2023-1114-92-
103.

Cmupnosa 10.J]., Iloooran E.A. llpuemsr mo-
BBIIICHNS 3(PPEKTUBHOCTH MHMKPOKIOHAIBHOTO
pasMHOxeHus kaprodens // ArpapHas Hayka EB-
po-Cesepo-Bocroka. 2024. T. 25. Ne 3. C. 319—
329. DOI: 10.30766/2072-9081.2024.25.3.319-
320.

10.

I1.

12.

13.

14.

15.

16.

17.

Anucumog B.B. CeMEHOBOACTBO KapTodens B
Poccun: WHHOBAaIIMOHHBIE TEXHOJOTHH, perya-
MEHTHI KaueCTBa, HOBBIE TIEPCIIEKTHBHBIE COPTA:
MoHorpadus. Bragukaskas: Up, 2022. 119 c.
Anucumos b.B. MupoBoe pou3BOACTBO KapTo-
(ersi: TeHJICHIIMY PBIHKA, POTHO3BI U TIEPCIICK-
THBBI (aHaNUTHYEeCKUE 0030p) // Kaprodens u
opomu. 2021. Ne 10. C. 3-8. DOI: 10.25630/
PAV.2021.45.71.008.

Lema JII, Jlamvinosa A.JI. CoprtoBas peax-
LUsl pacTeHUd Kaprodens Tpu BbIpalIUBa-
HUU Ha a’pOIOHHBIX YCTaHOBKax // ArpapHas
Hayka EBpo-Cesepo-Bocrtoka. 2023. T. 24.
Ne 3. C. 359-366. DOI: 10.30766/2072-
9081.2023.24.3.359-366.

Taspunosa A.FO., Taecapuna H.H., [opwvro-
6a U.B. 3pPeKTUBHOCTL NPUMEHEHHUST OHOIIO-
FMYECKH AKTUBHBIX BELICCTB HA MEPUCTEMHBIX
pacTeHusx Kaptodess B YCIOBUSX 3alUINCH-
Horo rpyHTa // BectHuk arpapHoii Hayku. 2021.
Ne 6 (93). C. 68-72. DOI: 10.17238/issn2587-
666X.2021.6.68.

Comosa E.H., Mapxoea M.I', Bnacesckas E.A.
[lomyuenne MUKpOKIyOHEH Kaproderns Ha oc-
HOBE ONTHUMH3AINU YCIOBUH KYJIBTHBUPOBA-
Hus in vitro // Arpaphas nHayka EBpo-Cese-
po-Bocroka. 2021. Ne 22 (5). C. 682—-688. DOI:
10.30766/2072-9081.2021.22.5.682-688.
Qununnosea C.B., Enuceesa JI.B. Texuomorus
MOJTyYeHUs Pea0a3ucHOT0 CEMEHHOTO MaTepH-
ana xaprodensi MepcreKTUBHBIX COPTOB OTEYe-
ctBeHHO# cenmekmum // Bectauk Kpacl'AY. 2022.
Ne 7 (184). C. 116-122. DOI: 10.36718/1819-
4036-2022-7-116-122.

Ossc E.B., l'aumosa H.A., Kapoanosa U.C., Em-
03aesa K.T. CrieninanbHbIC 3aIIUATIICHHBIC TEPPH-
TOPHH JJIsl BEICHUSI CEMEHOBOJICTBA KapTodes
(00630p) // Noctmxenus: Hayku u TexHuku AITK.
2023. T. 37. Ne 7. C. 62-68. DOI: 10.53859/023
52451 2023 37 7 62.

Xymunaes O.C., Cmaposotimog O.C., Cmapogo-
umoea O.A. KpynnomacmtaOHOE TIPOHU3BOJICTBO
MUHHU-KITyOHEH B CHCTEME OPUTUHAIBHOTO CEMe-
HOBOACTBa Kaprodens // ArpoOxoUHxeHepwus.
2024.Ne2 (119). C.43-58.DOI: 10.24412/2713-
2641-2024-2119-43-58.

Emosaesa K.T., Ossc E.B. BvlpammBaHue Mu-
HU-KITyOHel kapTodens B IByX 000poTax 3amiu-
HIEHHOTO TpyHTa B ycioBusix PCO-Ananus //
Arpapnasa Hayka EBpo-Cesepo-Boctoka. 2022.
No 23 (4). C. 441-449. DOI: 10.30766/2072-
9081.2022.23.4.441-449.

REFERENCES

1.

Evstratova L.P., Kuznetsova L.A., Nikolae-

PactreHneBoncTBO M ceneKIus

Cubupckuii BECTHHK CENCKOXO3SHCTBEHHON HayKH * 2025 ¢ 55 ¢ 8

35



Technology of production of potato mini tubers
in protected soil conditions

Popova N.M., Churakov A.A.

va E.V. The effectiveness of improving plant
selection in obtaining potato minitubers. Vest-
nik rossiiskoi sel'skokhozyaistvennoi nauki =
Vestnik of the Russian agricultural sciences,
2023, no. 6, pp. 61-64. (In Russian). DOI:
10.31857/2500-2082/2023/6/61-64.

Zeldner A.G., Zhevora S.V. Increase in po-
tato production in Russia: state and prob-
lems. Konkurentosposobnost'v global'nom mire:
ekonomika, nauka, tekhnologii = Competitive-
ness in the global world: economics, science,
technology, 2021, no. 1, pp. 54-57. (In Russian).
Chusova N.S., Pugacheva G.M., Subbotina N.S.,
Mazaeva Yu.V. Gultivation of potato mini-tubers
in pot culture. Vestnik Michurinskogo gosu-
darstvennogo agrarnogo universiteta = Bulletin
of Michurinsk State Agrarian University, 2021,
no. 3 (66), pp. 48-53. (In Russian).

Anisimov B.V., Khutinaev O.S., Marzoev Z.A.,
Kardanova L.S. Potato selection and seed produc-
tion. Cheboksary, All-Russian Research Institute
of Potato Economy named after A.G. LohraPubl,
2020, 189 p. (In Russian).

Khalipsky A.N., Churakov A.A., Popova N.M.
Yield and main quality indicators of potato sam-
ples in competitive testing. Vestnik KrasGAU =
Bulletin of KrasSAU, 2022, no. 11 (188), pp. 70—
76. (In Russian). DOI: 10.36718/1819-4036-
2022-11-70-76.

Oves E.V., Gaitova N.A., Shishkina O.A. Main-
tenance of potato varieties in in vitro and field
collections of the Russian Potato Research Cen-
tre. Biotekhnologiya iselektsiya rastenii = Plant
Biotechnology and Breeding, 2022, no. 5 (1),
pp- 28—41. (In Russian). DOI: 10.30901/2658-
6266-2022-1-05.

Semchuk N.N., Oves E.V., Balun O.V., Glad-
kikh S.N. Technology of obtaining and accele-
rated reproduction of healthy planting material
of potato plants (Solanum tuberosum). Agro-
Ekolnzheneriya = AgroEcoEngineering, 2023,
no. 1 (114), pp. 92-103. (In Russian). DOI:
10.24412/2713-2641-2023-1114-92-103.
Smirnova Yu.D., Podolyan E.A. Techniques
for increasing the efficiency of microclonal
propagation of potatoes (review). Agrarnaya
nauka Evro-Severo-Vostoka = Agricultural Sci-
ence Euro-North-East, 2024, vol. 25, no. 3,
pp- 319-329. (In Russian). DOI: 10.30766/2072-
9081.2024.25.3.319-329.

Anisimov B.V. Potato seed production in Rus-
sia: innovative technologies, quality regulations,
new promising varieties. Vladikavkaz, Ir Publ.,

10.

11.

12.

13.

14.

15.

16.

17.

2022, 119 p. (In Russian).

Anisimov B.V. World potato production: market
trends, forecasts and prospects (analytical re-
view). Kartofel'i ovoshchi = Potatoes and Vege-
tables, 2021, no. 10, pp. 3—8. (In Russian). DOI:
10.25630/PAV.2021.45.71.008.

Tsema L.G., Latypova A.L. Varietal reaction
of potato plants grown on aeroponic installa-
tions. Agrarnaya nauka Evro-Severo-Vostoka =
Agricultural Science Euro-North-East, 2023,
vol. 24, no. 3, pp. 359-366. (In Russian). DOI:
10.30766/2072-9081.2023.24.3.359-366.
Gavrilova A.Yu., Gagarina I.N., Gorkova [.V.
The efficiency of the application of biologi-
cally active substances on meristematic potato
plants under protected ground conditions. Vest-
nik agrarnoi nauki = Bulletin of Agrarian Sci-
ence, 2021, no. 6 (93), pp. 68-72. (In Rus-
sian). DOI: 10.17238/issn2587-666X.2021.6.68.
Somova E.N., Markova M.G., Vlasevskaya E.A.
The obtaining potato microtubers on the basis
of optimization of in vitro cultivation condi-
tions. Agrarnaya nauka Evro-Severo-Vostoka =
Agricultural Science Euro-North-East, 2021,
no. 22 (5), pp. 682-688. (In Russian). DOI:
10.30766/2072-9081.2021.22.5.682-688.
Filippova S.V., Eliseeva L.V. Technology
for obtaining pre-base seed material of do-
mestic breeding potatoes of promising varie-
ties. Vestnik KrasGAU = Bulletin of KrasSAU,
2022, no. 7 (184), pp. 116-122. (In Russian).
DOI: 10.36718/1819-4036-2022-7-116-122.
Oves E.V., Gaitova N.A., Kardanova I.S., Et-
dzaeva K.T. Special protected areas for potato
seed production (review). Dostizheniya nau-
ki i tekhniki APK = Achievements of Science and
Technology of AIC, 2023, vol. 37, no. 7, pp. 62—
68. (In Russian). DOI: 10.53859/02352451 202
3 37 7 62.

Khutinaev O.S., Starovoytov O.S., Starovoyto-
va O.A. Large-scale production of mini-tubers
in the system of original potato seed breed-
ing. AgroEkolnzheneriya = AgroEcoEngineer-
ing, 2024, no. 2 (119). pp. 43-58. (In Russian).
DOI: 10.24412/2713-2641-2024-2119-43-58.
Etgzaeva K.T., Oves E.V. Production of mini po-
tato tubers in two rotations of protected ground
in the conditions of North Ossetia-Alania. Agrar-
naya nauka Evro-Severo-Vostoka = Agricultur-
al Science Euro-North-East, 2022, no. 23 (4),
pp. 441-449. (In Russian). DOI: 10.30766/2072-
9081.2022.23.4.441-449.

36

Siberian Herald of Agricultural Science * 2025 « 55 « 8

Plant growing and breeding



TexHonOrHs MPONU3BOICTBA MUHU-KITyOHEH KapToderst
B YCJIOBMSX 3aIlHIIEHHOIO IPyHTa

ITonmoBa H.M., Uypakos A.A.

HH®OPMALIUA Ob ABTOPAX

(<) ITonoBa Haranbsa MuxaiiyioBHa, Hay4IHbII
corpyauuk; SPIN-kon 1592-6823; anpec s nepe-
nuckn: Poccust, 660049, KpacHosipek, np. Mupa, 90;
e-mail: NMPopova@yandex.ru

YypakoB AHjapeil AHIpeeBHY, TUPEKTOpP, KaH-

IUAaT CenbCKoXo3siicTBeHHBbIX Hayk; SPIN-kon
5184-9372

AUTHOR INFORMATION

(<)Natalia M. Popova, Researcher; SPIN-
code 1592-6823; address: 90, prospect Mira, Kras-
noyarsk, 660049, Russia; e-mail: NMPopova@yan-
dex.ru

Andrei A. Churakov, Director, Candidate of Sci-
ence in Agriculture; SPIN-code 5184-9372

Jlama nocmynnenusi cmamou / Received by the editors 15.04.2025
Jlama npunamus k nyoaukayuu / Accepted for publication 03.06.2025
Jlama ny6auxayuu / Published 15.09.2025

PactreHneBoncTBO M ceneKIus

37

Cubupckuii BECTHHK CENCKOXO3SHCTBEHHON HayKH * 2025 ¢ 55 ¢ 8



https://doi.org/10.26898/0370-8799-2025-8-4 Tum craTey: OpUTHHATBHAS
VK 634.711.3 Type of article: original

HccaenoBanue ;KM3HECHOCOOHOCTH NBLIbIBI MATHHbI PEMOHTAHTHOM
B ycaoBusix lO:xkuoro Ipudaiikaabs

Kuceaena E.H., <) Pauenko M.A., Pauenko A.M.

Cubupckuu uncmumym guzuonouu u ouoxumuu pacmenui Cubupcrkozo omoenenus
Poccuiickoti akademuu Hayk

Upkyrck, Poccus

(<)e-mail: bigmks73@rambler.ru

W3BecTHO, 4TO KU3HECTIOCOOHOCTh MBUIBIIBI 32aBUCUT HE TOJIBKO OT MOTOHBIX YCIOBUMU, arpoTeX-
HUKH, HO U OT I'€HOTHIIa PACTCHUA. B X0A€ HCCIICAOBaHM N3YUCHA B3aUMOCBA3b MCKAY KU3HECIIO-
COOHOCTBIO MBLIBIIBI, OTOOPAHHON B pa3HbIC CPOKH, U COPTOM MaJIMHBI peMOHTaHTHOW. [TpruBeeHbI
pe3yabTaThl (PEHOIOTUYECKUX HAOMIONECHUH 32 copTaMu U (opMaMU MajMHBI OT Hadaja BEereTalllu
JIO LIBETCHUS, a TAK)KE PaCCMOTPEHA MPOIOJIKUTEILHOCTh JJAHHOTO Tiepuosia B yciaoBusax HOxxHoro
[Mpubaiikanes. [IpuHEMazack BO BHUMaHUE HEOOXOJUMOCTh HAKOIUICHHS CyMM aKTHBHBIX TeMIIe-
paryp nmsi MpoXoXKAeHHs (EeHOIOTHYECKUX (a3 B YCIOBHIX PErHOHA UCCIe0BaHus. B ntore Obutn
BBIJICJICHBI TPHU TPYIIIBI COPTOB — paHHE-, CPeJiHe- U No3aHenBerymue. Onpe/eeHa )Xu3Hecrnoco0-
HOCTh TBUIBIIBI Pa3HbIX COPTOB M (OPM, BBIICICHBI TCHOTHITBI, XapaKTEPH3YIOMIUECs CTaOWIBHO
XOpOIIeH KU3HECITOCOOHOCThIO MBLIBIEI (0oee 50%). OnpeneneH nmepuoa, B KOTOPOM JKH3HECIIO-
COOHOCTbD MBUIBIIBI MPAKTUYECKH BCEX T'EHOTUIIOB OllCHEHAa KaK Xopoinas. VckitoueHne cocTaBuiin
nBe (QOpMBI, y KOTOPBIX 3a MEPHOJ MCCIEA0BaHUS JKHU3HECTIOcOOHOCTh Obla menee 50%. Crartu-
CTUYECKUI aHaJIHM3 M0Ka3ajl, YTO HANMEHBIIIEE BIMSHUE HA )KU3HECTIOCOOHOCTD IMBUIBIIEI OKAa3bIBACT
BJIQXKHOCTh Bo3ayxa (57%), Haubosnbliiiee — TeMiieparypa Bosayxa (6onee 90%). OrmedeHo, 4To 1mo-
HWKEHHE HOYHBIX TEMIIEPaTyp JI0 OTPUIATEIBHBIX KPUTHUECKN CKa3bIBACTCS HA )KU3HECITOCOOHOCTH
MBUTBIEL. Tak Kak jKM3HECTIOCOOHOCTh MBLIBIBI Y Pa3HBIX TEHOTUIIOB HE ObLIAa OJJMHAKOBOM, OTOOD
POJIUTENBCKUX PACTEHUN IS ONBUICHMS BaKHO IIPOBOAUTH U 110 JAHHOMY NIpu3HaKy. IIpoBenennoe
HCCIIE/IOBAHUE MOXKET ITOMOYb B CEJICKIIMU MaJIMHBl PEMOHTAHTHOMN: YUUTHIBAsI YKa3aHHBINA MTPU3HAK
MpH 0TOOPE POTUTEIIbCKUX PACTCHUN, MOYKHO MOBBICHTH 3(h(DEKTHBHOCTh OTBLJICHHS M YBEIHUYUThH
BBIXOJ] THOPUJIHBIX CEMSIH.

KaroueBble ci10Ba: MaJIiHa pEMOHTAHTHASI, TBUTBIA, ONIBUICHHE, TCHOTUII, PAHHEI[BETYIIUE COPTA,
(deHonorus

Study of remontant raspberry pollen viability in the conditions
of the Southern Baikal region

Kiseleva E.N., ©<)Rachenko M.A., Rachenko A.M.

Siberian Institute of Plant Physiology and Biochemistry of the Siberian Branch
of the Russian Academy of Sciences

Irkutsk, Russia

(X)e-mail: bigmks73@rambler.ru

It is known that the viability of pollen depends not only on weather conditions and agricultural
technology, but also on the genotype of the plant. The study examined the relationship between the
viability of pollen collected at different times and the variety of remontant raspberry. The results
of phenological observations of raspberry varieties and forms during the period from the beginning
of vegetation to flowering are presented, and the duration of this period in the conditions of the Sou-
thern Baikal region is also considered. The need to accumulate sums of active temperatures for the
passage of phenological phases in the conditions of the region under study was taken into account. As
a result, three groups of varieties were identified: early, mid-season and late flowering. The viability
of pollen of different varieties and forms was determined, and genotypes characterized by consistently
good pollen viability (more than 50%) were identified. The period in which the viability of pollen of
almost all genotypes was assessed as good was determined. The exceptions were two forms, for which
viability was less than 50% during the study period. Statistical analysis showed that air humidity
(57%) has the least influence on pollen viability, while air temperature has the greatest influence (more
than 90%). It is noted that a decrease in night temperatures to negative critically affects the viability
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of pollen. Since the viability of pollen in different genotypes was not the same, it is important to select
parent plants for pollination based on this feature. Research can help in breeding remontant raspber-
ries. It is possible to increase the efficiency of pollination and increase the yield of hybrid seeds taking
this feature into account when selecting parent plants.
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INTRODUCTION plants, it is important to consider the character-
istics of the reproductive organs, which are of
great importance in the evolutionary process of
plants' [6, 7]. The reproductive organs of plants
are influenced by their own genetic factors and
the external natural environment.

Weather conditions have a significant im-
pact not only on plant growth and development
during the growing season, but also on the mor-
phological characteristics of its vegetative and
generative organs [8—10]. Thus, the petal size,
color, aroma, and nectar quantity can vary de-

Everbearing raspberry varieties can bear fruit
on both annual and biennial canes. These variet-
ies can be grown in an annual cycle (harvesting
from primocanes) or a combined cycle (harvest-
ing from primocanes and floricanes). It is also
important to note the duration of flowering and
fruiting for these varieties. In the Southern Bai-
kal region, everbearing raspberries begin bear-
ing fruit in the second half of summer and con-
tinue until late autumn [1, 2].

The primary goal of breeding new raspber-
ry varieties is to obtain the genotypes with high,
high-quality productivity, adapted to specific
environmental conditions [2—4]. One of the key
productivity indicators is the fruit size. The de-
velopment of large-fruited genotypes is a prior-
ity area of breeding [5]. When selecting parent

pending on the environmental conditions and
ecology [7, 11, 12]. The influence of high or
critically low air temperatures on the process of
pollen grain formation can also be noted? [7, 11,
13]. In field conditions, temperature fluctuations
of even 5°C have a significant impact on the rate
of pollen tube growth [7].

'Mochalova O.V. History and promising directions of using polyploidy in breeding Siberian varieties of raspberries and
blackberries // Siberian gardening of the XXI century — a vector of development: collection of materials of the All-Russian scientific
and practical conference, dedicated to the 300th anniversary of the Russian Academy of Sciences and the 90th anniversary of the
establishment of the M. A. Lisavenko Siberian Research Institute of Horticulture. Barnaul, 2023, pp. 66-71.

Vasekha V.V, Kozlovskaya Z.A., Vasilyeva M.N., Taranov A.A., Yakimovich O.A., Rudnitskaya N.L., Lugovtsova N.V.
Recommendations for the selection of pollinator varieties for the modern assortment of fruit crops and hazelnuts / Plodovodstvo,

2016, vol. 28, N 1, pp. 246-255.
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The literature contains information on the
influence of the environment on pollen matu-
ration and viability. Extreme temperature and
water conditions can cause pollen degeneration,
leading to its sterilization or reduced viability?.
Studying the quality of reproductive organs, in-
cluding pollen viability, under different weather
conditions will help identify the most adaptive
varieties for pollination. Plant reproductive or-
gans can be considered a link between plant ad-
aptation and the mechanism of speciation, which
is important for genetic diversity in breeding se-
lection [6, 7, 14].

Pollen viability can become an additional cri-
terion when selecting valuable genotypes in the
breeding process. In berry crops, this indicator
correlates with plant productivity®.

The purpose of the study is to identify paren-
tal genotypes of remontant raspberries with a
good level of pollen viability for effective pol-
lination.

The research objectives are:

1) conducting phenological observations of
the timing of the budding and flowering phases;

2) pollen collection and determination of its
viability;

3) analysis of the data on pollen viability and
the relationship of this indicator with the geno-
type and weather conditions of the year;

4) selection of the promising parental forms
from the genotypes with high pollen viability for
further use in the breeding process.

MATERIAL AND METHODS

The research was conducted in 2021-2023
at the collection site of the Bioresource Center
of the Siberian Institute of Plant Physiology and
Biochemistry, Siberian Branch of the Russian
Academy of Sciences (SIPPB SB RAS). The
objects of the study were raspberry varieties and
forms with a remontant fruiting type.

The site is located on a southern slope at an
angle of 8-10°. The soil is gray forest soil, with
a medium loamy texture.

The 2021 growing season was characterized
by low average air temperatures (13.6 °C) and
sufficient precipitation (478.7 mm, HTC = 2.39).
In 2022, the average air temperature during the
growing season was 14.8 °C, with 263 mm of
precipitation, and HTC = 1.08. In 2023, the
highest average air temperature (15.1 °C) was
recorded during the growing season, with 417
mm of precipitation, and HTC = 1.76 (see Ta-
ble 1).

The first frosts were recorded in September.
In 2021, the temperature dropped to —0.5°C
on September 2, and to —2.4°C on the night of
September 22-23. In 2022, the first temperature
drop below zero was observed on September 3
(—=1.9°C), and on the night of September 23,
a drop to —1.2°C was noted. In 2023, the first
temperature drop was recorded on September
10 (—1.8°C), and on the night of September 23,
the temperature reached —1.9°C. The sum of ac-
tive temperatures (SAT) above 0°C was 2395°C
in 2023, 1843°C in 2022, and 2076°C in 2021.
When cultivating everbearing raspberries, to
achieve 80% of their potential productivity, the
SAT should be 1700°C or higher. Growing sea-
son conditions during the study years met the
crop's requirements. In terms of moisture, the
2021 and 2023 growing seasons and the first half
of the 2022 growing season were characterized
by high HTC.

Pollen was collected from buds close to
blooming and as loose as possible (at least five
flowers) at midday (12:00). On sunny days, an-
thers open in half-open buds; on cloudy days, an-
thers open when the petals are fully reflexed [15].

Pollen grains were sown on a drop of nutri-
ent medium on the day of collection, in tripli-
cate, and placed in a thermostat. The thermostat
was maintained at 24°C. Pollen germination
was achieved using a nutrient medium based
on a 0.5% agar-agar solution containing 10%
sucrose [13, 16]. Pollen tube growth was moni-
tored daily. Pollen grains began to germinate on

3Marakaeva T.V., Kazydub N.G. Determination of the viability of pollen of common beans (Phaseolus vulgaris) at different times
of the day in the conditions of the southern forest-steppe of Western Siberia // Advances in current natural sciences, 2016, N 6, pp.

96-99.

*Gavrilova O.A., Tikhonova O.A. Pollen quality of species and distant hybrids in the family Grossulariaceae DC // Advances in

current natural sciences, 2016, N 12-1, pp. 68-73.
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Taoa. 1. HOFO,E[HBIC YCJ10BUA BEICTAllMOHHOTO IEPUOJa B IrOAbI MTPOBCACHUA UCCICAOBAHUA

Table 1. Weather conditions of the growing season in the years of the study

Year May June July August September
Amount of precipitation, mm
2021 87 100 131 100 60
2022 8 82 110 38 25
2023 46 85 84 114 88
The sum of active temperatures above zero, °C
2021 266,1 471,4 583.,6 4922 263.,5
2022 4124 521,4 548,7 473,7 299,5
2023 280,9 687.,4 615,0 567,7 3442
Hydrothermal coefficient
2021 3,27 2,12 2,24 2,03 2,28
2022 0,19 1,57 2,00 0,80 0,83
2023 1,64 1,24 1,37 2,01 2,56
Average monthly air temperature, °C
2021 8,60 15,40 18,80 16,60 8,80
2022 12,60 17,40 18,70 15,30 10,00
2023 9,10 16,80 19,80 18,30 11,50

the second day. Pollen viability was assessed on
the third day by counting all germinating pollen
grains. Grains were considered germinated if the
pollen tube length was equal to or greater than
the pollen diameter. The number of germinated
pollen grains was counted under a microscope
at 60x magnification in triplicate. The pollen vi-
ability percentage was determined based on the
number of germinated pollen grains. The pollen
viability level of at least 50% is considered good
(see footnote 2).

Statistical processing of the results was car-
ried out according to the standard method’ using
Microsoft Office Excel.

RESULTS AND DISCUSSION

In raspberry plants with remontant fruiting
type, cultivated according to the annual cycle,
the following phenological phases of develop-
ment are distinguished: relative dormancy, be-
ginning of vegetation, active growth, beginning
of budding, flowering, fruiting (ovary), fruit

ripening, leaf fall, relative dormancy [17]. The
beginning of vegetation for remontant raspberry
plants in annual culture is considered to be the
beginning of growth of replacement shoots.

Phenological observations are the first and
most important step in selecting parental forms
for breeding. During selection, it is important to
consider the flowering phases and their duration
in order to establish a pollination schedule for
the plants.

Due to climate conditions, the onset of veg-
etation for all varieties varies by year and oc-
curs between the third ten-day period of April
and the beginning of the second ten-day period
of May. For everbearing raspberry shoots to be-
gin growing in this region, the SAT above 0°C
must reach approximately 190°C. Late-ripening
varieties begin vegetation earlier than early-rip-
ening ones. For budding to occur, different gen-
otypes require SAT above 5°C to range from 610
to 1005°C. They enter the flowering phase when
this indicator reaches 750—-1260°C°.

SRyazanova L.G., Provorchenko A.V., Gorbunov I.V. Fundamentals of statistical analysis of research results in horticulture:

teaching manual. Krasnodar, 2013, 62 p.

Kiseleva E.N., Rachenko M A., Kamyshova L.E., Rachenko A.M. Evaluation of the varieties and forms of remontant raspberries
for early maturity in the conditions of the Cis-Baikal region // Proceedings of the II International Scientific and Practical Conference
"Genomics and Modern Biotechnologies in Plant Reproduction, Breeding and Conservation" (Yalta, October 13-15, 2021).

Simferopol, 2021, pp. 187-188.
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The onset of flowering is considered to be
the day when more than 10% of flowers have
opened. Depending on the region, the flowering
phase begins in early July and continues until
frost. The duration of the phenological phases
correlates with both genotype and weather con-
ditions, ranging from 5 to 60 days. The longest
phenological phase is the growing season (up to
60 days). The budding phase, depending on the
plant genotype in the study region, can last up to
22 days.

The collection plot of the Bioresource Cen-
ter of the Siberian Institute of Plant Physiology
and Biochemistry of the Siberian Branch of the
Russian Academy of Sciences (SIPPB) grows
everbearing raspberry varieties with varying rip-
ening times. Based on their flowering time, the
studied varieties can be divided into early-, mid-
, and late-blooming varieties. This is important
to consider when selecting a pollinator plant,
ensuring that the hybridization process involves
not only plants with similar flowering times, but
also those as close to them as possible. Despite
the length of the flowering phase, earlier-bloom-
ing varieties may not have sufficiently devel-
oped buds to pollinate late-blooming varieties.

As a result of observations, varieties and
forms that begin flowering in June were classi-
fied as early flowering. These include the Bril-

liantovaya, Penguin and Eurasia varieties, as
well as the forms 37-15-4 and 1-220-1 (see Ta-
ble 2). Mid-flowering varieties include those
that begin flowering in the first half of July: the
Gerakl, Zhar-ptitsa, Rubinovoe Ozherelie, Oran-
zhevoe Chudo varieties, and the form 32-151-1.
The Bryanskoe Divo variety, whose earliest
flowering over the years of observation was not-
ed after July 20, was classified as late flowering.

In the July 12 selections, pollen viability of
over 50% was observed for the Oranzhevoe
Chudo variety over three years (65%, 66%, and
60%). For the Brilliantovaya variety, a high per-
centage of viable pollen was observed in 2021
and 2022 (July was warm and humid, with a
hydrothermal coefficient (HTC) > 2). The same
pattern was observed for form 1-220-1 (see Fig.
1, a). A one-way analysis of variance revealed
a significant effect of pollen collection date on
pollen viability. The calculated Fisher's exact
test value exceeded the tabulated value (F 0 =
7,34, F = 2,35, Fq» > F). The least significant
difference at the 5% significance level (LSD,,)
is 14.9.

In the August 1 selections, high pollen vi-
ability was observed in almost all varieties
(see Fig. 1, 6). The exception was 2023, when
viability exceeding 50% was recorded only for
the Bryanskoe Divo (80%) and Gerakl (54%)

Taba. 2. OueHka reHOTUIIOB MaJIMHBI PEMOHTAHTHON 10 cpokam 1BereHus (2019-2023 rr)

Table 2. Assessment of the remontant raspberry genotypes by flowering time (2019-2023)

The minimum value of the sum
Genotype (variety, form) of active temperatures Date of the flowering start Chzgsf;zgitgictsinﬁ the
above zero., °C

Bryanskoe Divo 900 July 20 Late flowering
32-151-1 600 July 6

Hercules 680 July 12

Zhar-ptitsa 810 July 14 Mid-flowering
Oranzhevoe Chudo 680 July 14

Rubinovoe Ozherelie 620 July 12

Brilliantovaya 680 June 12

37-15-4 610 June 25

1-220-1 660 June 12 Early flowering
Penguin 680 June 25

Eurasia 660 June 12
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1-220-1 1-220-1
Brilliantovaya Brilliantovaya
32-151-1 32-151-1
Gerakl Gerakl
Zhar-ptitsa Zhar-ptitsa
Bryanskoe Divo Bryanskoe Divo
Oranzhevoe Chudo Oranzhevoe Chudo
37-15-4 37-15-4
Rubinovoe Rubinovoe —
Ozherelie + 7 ; - ‘ Ozherelie T i
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Eurasia Eurasia |
Penguin Penguin
1-220-1 1-220-1
Brilliantovaya Brilliantovaya
32-151-1 32-151-1
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Bryanskoe Divo Zhar-ptitsa
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Puc. 1. KuzneciocoOHOCTbH MBIIbLBI COPTOB U ()OPM MaJIMHBI PEMOHTAHTHOH, 0TOOPaHHOH B pa3HbIe
cpokH, %:

a— 12 wtons; 6 — 1 aBrycTa; 6 — 16 aBrycra; 2 — 1 ceHTa0ps; 0 — 23 ceHTSIOps; e — CpeiHee 3a BeCh MEPHOL

Fig. 1. Viability of pollen of the varieties and forms of remontant raspberries selected at different times, %:
a—July 12; 6 — August 1; 6 — August 16; 2 — September 1; 0 — September 23; e — average for the entire period
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varieties, as well as for the 37-15-4 form (51%)
(the July HTC was 1.3). The results of one-way
analysis of variance revealed a significant influ-
ence of the pollen collection date on its viability
(F,=2,53,F =235 F >F,LSD =17,6).

In the August 16 samplings, pollen viability
of slightly less than 50% was observed for the
Zhar-ptitsa variety throughout the entire obser-
vation period (43—46%), and in 2023 for the Pen-
guin and Eurasia varieties (48%) (see Fig. 1, g).
By mid-August, the Penguin and Eurasia variet-
ies had virtually no buds. Possibly, the low vi-
ability is due to the end of the budding phase.
According to the results of a one-way analysis of
variance: Fcb =711, F =235, Fcb >F,LSD, =
3,93.

Pollen viability in the September 1 samplings
was over 50% for most genotypes (see Fig. 1, 2).
The exceptions were the Oranzhevoe Chudo,

70

60 -

X X R=0575
X X

¢ Maximum daily air temperature,°C

B Minimum daily air temperature, °C
Average daily air temperature, °C
(by years

XK Air humidity, %

X Average pollen viability, %
(in open ground)

Puc. 2. I'paduk KOppemsAIIH KUIHECTIOCOOHOCTH
MBUIBIBI C YCIOBUSMH OKpYXKarolen cpeasl, %

Fig. 2. Graph of the correlation between pollen
viability and environmental conditions, %

Bryanskoe Divo, Zhar-ptitsa, Gerakl, and the
form 37-15-4 varieties, for which pollen viabili-
ty in 2022 was 41-49% (the HTC of September
2022 was 0.8). The anthers of the Penguin and
Eurasia varieties were empty. A one-way anal-
ysis of variance revealed a significant effect of
pollen collection date on pollen viability (F, =
52,F=25F >F,LSD,=4.,0).

In the September 23rd sampling, pollen vi-
ability was extremely low for all genotypes,
which was influenced by subzero nighttime tem-
peratures (see Fig. 1, 0). A one-way analysis of
variance revealed a significant effect of pollen
collection date on pollen viability. The alterna-
tive hypothesis is accepted, since all mean val-
ues differ from each other (see Fig. 1, e). The
calculated value of Fisher's exact test exceeded
the table value (F(b = 18,03, F = 2,5, Fq) > F).
The least significant difference at the 5% signif-
icance level is 0.8.

The determination coefficient shows that air
humidity (57%) has the least influence on pollen
viability, while air temperature has the greatest
influence (see Fig. 2). Air humidity and tempera-
ture were averaged over the two days prior to
sampling and on the day of collection.

CONCLUSIONS

1. The following varieties are considered ear-
ly flowering: Brilliantovaya, Penguin, Eurasia,
the forms 37-15-4 u 1-220-1, to mid-flowering —
the Gerakl, Zhar-ptitsa, Rubinovoe Ozherelie,
Oranzhevoe Chudo varieties and the form 32-
151-1, to late- flowering — the Bryanskoe Divo
variety.

2. Over the entire observation period, it was
noted that from August 1 to September 1, almost
all varieties and forms demonstrated good pol-
len viability. The exceptions were the form 37-
15-4, which only showed good pollen viability
on August 1 (58%), and the Zhar-ptitsa variety,
which had a pollen viability of 62% during the
same period and less than 50% during the other
periods.

3. Early-flowering varieties (even Eurasia
and Penguin, which no longer had viable pollen
by September 1) can be used to pollinate mid-
and late-flowering varieties. Almost all of the
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studied genotypes can be used as paternal forms,
as they are characterized by consistently good
pollen viability.

4. The coefficient of determination shows

that air humidity (57%) has the minimal effect
on pollen viability, while air temperature (more
than 90%) has the maximal effect.
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Bpenonocnocts Euzophera bigella (Zell.) B caioBbIX arponeHo3ax

C<)Kuex A.HU., llonropnas M.E.

Cesepo-Kaskaszckuii pedepanbhbulii HayuHbllL YeHmMp cad0800Cmed, BUHOZPA0APCmMed, GUHOOeNUs.
Kpacuonap, Poccust

(X)e-mail: anastasyakovaleva97@mail.ru

Jlan ananm3 3apyOeKHBIX M OT€YECTBEHHBIX PadOT, MOCBAIICHHBIX M3YYEHHIO BPETOHOCHOCTH,
pacIpocTpaHeHus 1 OMO03KOJIOTHYECKIX 0COOCHHOCTEH pa3Butus Euzophera bigella (Zell.). Yeranos-
JICHO, YTO JIAHHBINA BHJI BCTPEUACTCS I0J] HECKOJIbLKUMU JIATUHCKUMU Ha3BauusMu (Ephestia bigella,
Ephestia stenoptycha, Ephestia egeriella, Euzophera punicaella), mpencTaBIeHHBIMA B BHAE CHHO-
HUMOB, HO OCHOBHBIM ocTtaetcsi Euzophera bigella. ®utodar mmpoko pacrpocTpaHeH B 23 cTpaHax,
BKIItouast Poccuiickyro denepannio. YCTaHOBIICHO, YTO BPEAUTEINb SIBISCTCS MOJMU(pAroM, ero ryce-
HUIIBI TUTAIOTCS TUIOJAME M IPEBECHHOM TaKMX KyJIbTYp, KaK aiBa, siONIOHS, TpyIIa, CIuBa, abpuKocC,
BUIITHSI, TIEPCUK, TpaHaT, BUHOTPaJI, IPEIIKUI OpeX U OJIMBKOBBIE JiepeBhsi. B moBpexaeHHsie hutoda-
TOM TUIOABI MOMAAAI0T CHOPHI TPUOOB, BUPYCHI M OAKTEPUH, YTO TIPUBOAUT K 3aTHUBAHMIO, BBICHIXa-
HUIO, PaCTPECKUBAHHUIO, MyMH(DHIINPOBAHUIO M OIMAJCHHIO TUIOAOB. [Ipy moBpexaeHnn ApeBECHHBI
MIPOUCXOANT HaOyXaHHe U pACTPECKUBAHNUE KOPBI BETBEH U TIEPUACPMBI CTBOJIOB, UTO COMPOBOXKIACT-
csl OOIIMPHBIM BHYTPEHHUM HEKPO30M, BBI3BIBAIOIINM yChIXaHHUE BETBEH U TMOCIb ICTBIX JIEPEBLEB.
B 3aBrucuMOCTH OT CTpaHBI, pETHOHA W YCIOBHMA BO3IEIBIBAHUS KYIBTYp y E. bigella nabmomaercs
OT JIByX JI0 MSTH MOKOJIEHUH B TOJ, MOBPEKICHUE TUIOAOB MOXKET HocTUrath 10 20-80%. 3umyror
T'YCEHHMIIBI B IIEJIKOBUCTHIX KOKOHAX MJIU B CTaIMH I'YCEHHII TPETHETO — IIATOTO BO3PACTOB U KYKOJIOK.
OKyKJIMBaHAE OTMEYEHO C KOHI[A arpelis WK C CEPeInHBI Mast, KOTJla CpeAHECYTOUHAs TeMIlepaTypa
ycranaBnuBaercst 1 cocraiseT oT 10 go 12 °C. JIér nabmrogaercst npu cymme 3QQEeKTUBHBIX TEMIIEe-
patyp (Boitie 10 °C) u coctasmsiet ot 185,9 no 210 °C (B cpennem 187,5 °C).

KuaroueBbie cnoBa: Euzophera bigella (Zell.), pactipocTpanenne, BpeIOHOCHOCTh, OMOIKOIOTH-
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Analysis of foreign and domestic works devoted to the study of harmfulness, distribution and
bioecological features of the development of Euzophera bigella (Zell.) is given. It has been found
that this species occurs under several Latin names (Ephestia bigella, Ephestia stenoptycha, Ephestia
egeriella, Euzophera punicaella), presented as synonyms, but the main remains Euzophera bigella.
Phytophages are widespread in 23 countries, including the Russian Federation. It has been established
that the pest is polyphagous; its caterpillars feed on the fruits and wood of crops such as quince, apple,
pear, plum, apricot, cherry, peach, pomegranate, grape, walnut and olive trees. Fruits damaged by
phytophages become contaminated with fungal spores, viruses and bacteria, which leads to rotting,
drying out, cracking, mummification and falling off of the fruit. When wood is damaged, the bark of
the branches and the periderm of trunks swell and crack, which is accompanied by extensive internal
necrosis, causing the branches to dry out and the death of entire trees. Depending on the country, re-
gion and crop cultivation conditions, E. bigella has two to five generations per year, and fruit damage
can reach 20-80%. Caterpillars overwinter in silky cocoons or as third to fifth instar caterpillars and
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pupae. Pupation is observed from the end of April or from the middle of May, when the average daily
temperature is established and is from 10 to 12 °C. Flight is observed when the sum of effective tem-
peratures (above 10 °C) is from 185.9 to 210 °C (on average 187.5 °C).
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The composition of harmful entomofauna in
fruit orchards varies and depends on the physio-
logical state of the plant, its age, and the cultiva-
tion zone [1]. In the southern fruit-growing zone,
one of the most dangerous pests remains a mem-
ber of the Tortricidae family—the codling moth
(Cydia pomonella L.). Its population dynamics
and fruit damage are regularly monitored, and a
basic defense system is being developed. How-
ever, in the last decade, significant crop damage
has been noted from the double-banded pyralid
codling moth (Euzophera bigella (Zell.)) [1].

The aim of the study is to analyze existing
data on the biological characteristics, distribu-
tion, and harmfulness of E. bigella to identify
and structure new knowledge about the phy-
tophage, which will allow the development of
an effective pest control system in fruit orchards
in southern Russia.

The species was first described by the Ger-
man entomologist Philipp Christoph Zeller and
given the name Ephestia bigella (Zeller, 1848),
described from the specimens collected in Sici-
ly and Tuscany (Italy). Later, Herrich-Schiffer
(1852—1855) described it under the name E.
stenoptycha, Milliere (Milliere, 1873) — under
the name Ephestia egeriella. Ragonot (Ragonot,
1901) reduced the last two names to synonyms
E. stenoptycha Herrish-Schaffer = Ephestia ege-

riella Milliere = Euzophera bigella Zeller. In
scientific works one can often find the mention
of Euzophera punicaella = bigella' 2, 3].

Distribution and harmfulness
of Euzophera bigella (Zell.)

The species, common in Western Europe and
the Russian Federation, has not been studied in
detail and is not noted as a pest. The harmful-
ness of E. bigella (Zell.) was first noted by A.M.
Gerasimov in 1930, who described the codling
moth as an insect that severely damages apple
fruit in Central Asia (70-80%). However, he did
not touch on the biological characteristics of this
species. A.M. Gerasimov argued that the simi-
larity of the damage caused by the phytophage
to that caused by the pyralid codling moth led to
the fact that when counting damaged fruit, the
indicators were mixed up?®. This suggests that the
pyralid codling moth has been damaging fruit
for a long time, simultaneously with the codling
moth. In 1937, V.P. Nevsky identified E. bigella
as the second most harmful pest to apple crops,
second only to C. pomonella (see footnote 1).
A.S. Kadamov (2017) noted that the pyralid
codling moth population in Uzbekistan exceed-
ed that of the codling moth by tens of times [4].

In Italy, E. bigella has been considered a pest
of fruit crops for over three decades; in 2013,
the species was observed on olive trees. In 2011,
partial branch dieback and complete death of ol-

'Kuznetsov V.I. Biology and species affiliation of codling moths of the genus Euzophera that harm pomegranate, apple and

quince // Entomological Review, 1957, vol. 36, N 1, pp. 59-71.

*Gerasimov A.M. The codling moth Euzophera bigella Zell. (Lepidoptera, Pyralidae), a new pest of apples in Central Asia //

Russian Entomological Review, 1930, vol. 14 (1-4), pp. 179-181.
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ive trees due to damage by the pyralid codling
moth were reported in Greece®.

In Hungary, the pest has caused damage to
gooseberries and blackcurrants, but this infor-
mation has not been confirmed by other sourc-
es [5]. In Iraq, the double-banded pyralid cod-
ling moth is one of the most dangerous pests of
quince [6]. In Georgia, E. bigella damages wal-
nuts and members of the Rosaceae family, in-
cluding apples and apricots [7]. K. Kimsanboev
et al. (2021) noted that the pest poses a serious
threat to pomegranate plantations in Uzbeki-
stan*. Later, N.G. Zagirov (2023) identified E.
bigella as one of the main pests of pomegranate
in the dry subtropics of Southern Dagestan [8].

According to information provided by the
foreign website GBIF, the range of E. bigel-
la is quite wide and includes Portugal, France,
Austria, Denmark, Poland, Finland, Switzer-
land, Greece, Ukraine and Russia.

According to domestic and foreign literary
sources, this pest is also found in Iran, North Af-
rica, Belgium, Bulgaria, Great Britain, Hungary,
Germany, Spain, Italy, Romania, the Czech Re-
public, Turkey and Albania [1, 8]. In the Russian
Federation, E. bigella lives in the European Cen-
tral Black Earth, Volga-Don, West Caucasian,
East Caucasian, Crimean, Transbaikal regions,
there is data on the South Ural and Krasnoyarsk
regions, but the information is not confirmed [9].

In 1941, Yakhontov, based on the discovery
of E. bigella caterpillars on grapevines, hypoth-
esized that the species could cause damage to
grapes. Later, in 1980, K.V. Deseo established
that the pyralid codling moth causes moderate
damage to ripe grapes and noted that E. bigel-
la feeds on grapes in the same way as Lobesia
botrana caterpillars (Denis & Schiff.), except

that its caterpillars do not spin webs®. In a sci-
entific paper published in 2018, A. Lucchi was
among the authors who indicate that one of the
main representatives of the Phycitinae family
that damage grapevines in the Mediterranean
was E. bigella (Zell.) [10].

In the Krasnodar Territory, the species was
first discovered by I.A. Yarysheva in 2002 in
peach orchards. In 2005, in the northern horticul-
tural zone of the region, the pest caused serious
damage in an apple orchard, and in 2012 it was
noted on quince [1]. In her research, T.G. Pop-
ova (2017) indicates an increase in the harmful-
ness of the pest in the Krasnodar Territory: from
2012 to 2015, from 20 to 35% of fruits in fallen
fruit were damaged by the phytophage [5].

It has been established that the pest's caterpil-
lars can damage the wood of quince, apple, pear,
plum, apricot, cherry, olive trees, and grape-
vines, as well as the fruits of quince, apple, pear,
peach, walnut, pomegranate, and grapes. This
is confirmed by research by domestic and inter-
national scientists, who classify E. bigella into
two categories. The first category includes those
that damage fruit and overwinter as late-instar
caterpillars in cocoons in bark crevices on tree
trunks and branches. The second category in-
cludes those that damage shoots and overwinter
as caterpillars of various instars in habitats in-
cluding the cambium and bark of trees (see foot-
note 3) [1, 5, 11]. Both of these groups develop
on shoots in spring and early summer. During
an early spring tree survey in fruit farms in the
Krasnodar Territory, caterpillars were found
under the bark of only living trees with bark
damage no more than 1 m high, but not at the
root collar. T.G. Popova (2017) noted that the
caterpillars gnawed large cavities in the wood,

3Simoglou K.B., Karataraki A., Roditakis N.E., Roditakis E. Euzophera bigella (Zeller) (Lepidoptera: Pyralidae) and Dasineura
oleae (F. Low) (Diptera: Cecidomyiidae): emerging olive crop pests in the Mediterranean // Journal of Pest Science, 2012, vol. 85,

N 2, pp. 169-177. DOI: 10.1007/s10340-012-0418-1.

*Kimsanboev K., Rustamov A., Jumaev R., Usmonov M. Euzophera punicaella Mooze (Lepidoptera) bioecology and develop-
ment of host entomophagic equilibrium in biocenosis // E3S Web of Conferences. EDP Sciences. 2021, vol. 244, p. 01003. DOI:

10.1051/e3sconf/202124401003.

SEuzophera bigella Zeller (1848) in GBIF Secretariat. GBIF Backbone Taxonomy. DOI: 10.15468/390omei (date of reference:

21.01.2025).

SKulieva H., Gasanova L. Developmental biology and physiology of the Apsheron population of the pomegranate moth Eu-

zophera punicaella Moore (Lepidoptera, Pyralididae) // Modern features of development of biological science as factors of solution
of pressing problems of human survival and the natural environment: Research and Practice Conference (London, 19-25 November
2015). London, 2015, pp. 29-31.
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filling them with excrement. They were present
on trunks throughout the season, their numbers
increasing toward the end of the growing sea-
son. The first pupae were found under the bark
in the first ten days of March, but their greatest
numbers (approximately 40% of the total) were
recorded in early June and late July [5].

Silvestri (1943) reported that caterpillars bore
tunnels in the bark of olive trees, reaching the
cambium and wood [12]. De Andre's Cantero
(1981) reported possible damage to the bark of
olive trees, but did not provide information on
the symptoms and status of the pest. In 2012,
K.B. Simoglou reported symptoms on the
branches and trunks of olive trees in commer-
cial orchards in the municipality of Amphipo-
lis (Northern Greece). The author noted severe
damage caused by the lepidopteran pest, which
was subsequently identified as Euzophera bigel-
la (Zell.) by Dr. Ole Karsholt (see footnote 3).

Due to favorable climatic conditions and the
abundance of olive trees, K.B. Simoglou (2012)
considers E. bigella to be a potential major pest
of olive trees in Greece. Furthermore, he refutes
the findings of Zangheri et al. (1992) that bark
damage by E. bigella does not pose a particular
threat (see footnote 3).

K.B. Simoglou reports on the caterpillars'
feeding behavior, which causes swelling and
cracking of the bark of branches and the peri-
derm of trunks, followed by extensive internal
necrosis, leading to branch desiccation and tree
death. In a tunnel formed under damaged bark,
the author discovered caterpillars surrounded
by large quantities of excrement and silk fibers
(see footnote 3). According to M.E. Tzanaka-
kes (2021), in Sicily, Tunisia, and Algeria, cat-
erpillars were found exclusively on olive trees,
in galls caused by the bacterium Pseudomonas
savastanoi pv. Savastanoi.

On apple, pear, peach, pomegranate, wal-
nut, and other fruit trees, E. bigella caterpillars
damage ripening fruit. According to research by
K.B. Simoglou et al. (2012), caterpillars damage
fruit during its ripening period. Damage begins
to appear no earlier than July, and becomes more
intense in August and September (see footnote
6) [1]. M.E. Tzanakakes (2021) noted that young

caterpillars can feed superficially on the peel, but
do not penetrate or develop inside unripe fruit
[12]. Maximum fruit damage was observed in
July, August, and September, as well as in stor-
age (see footnote 6).

As M.E. Tzanakakes notes in a 2021 paper,
the symptoms resemble damage caused by the
caterpillars Grapholitha molesta and Cydia po-
monella. A distinctive difference between the
pyralid codling moth and the codling moth is
that the latter damages not only the seed cham-
ber but also eats the fruit pulp. A single fruit can
harbor five or more caterpillars, as noted by E.B.
Balykina et al. in their 2020 paper [11].

In the Krasnodar region, a general trend was
identified in the ratio of fruit damage by C. po-
monella and E. bigella caterpillars. T.G. Popova
in her 2017 work [5] indicates that from July, the
codling moth was significantly predominant, in
August the number of caterpillars almost equal-
ized, and in September the proportion of the
pyralid codling moth increased significantly.

According to international data, the E. bigel-
la species is characterized by a change in food
supply during the growing season. First-gener-
ation caterpillars can develop on the phloem of
pomegranate, fig, and apple trees, and partial-
ly on peach blossoms and the ovaries of apple
and pear trees in the absence of ripe fruit in the
first half of summer. In pomegranates, caterpil-
lars damage fruits at all stages of ripening (the
first generation also feeds on flowers). In fruits
of sufficient ripeness, they penetrate the calyxes
and eat them from the inside, making the damage
barely noticeable. V.I. Kuznetsov (1957) noted
that the process of damage to the pomegranate
fruit can be divided into three phases.

In the first phase, the caterpillars penetrate
the fruit through the calyx, causing an incon-
spicuous wormhole. As the caterpillars grow,
the affected area expands, feeding on seeds and
membranes, primarily in the peel. In the second
phase, a brown spot forms on the fruit surface
at the base of the calyx, where a fungal disease
develops, reducing the commercial value. In the
third phase, the fruit splits into 2-4 pieces, al-
lowing access for the next generation of pests.
Analysis of the damaged fruit showed that split
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fruits contained more caterpillars than undam-
aged ones (see footnote 1).

Research in Azerbaijan has shown that the
first-generation caterpillar damages 5—6 flowers
or developing fruits of pomegranates, the second
generation — 1-2 fruits, and the third generation
— 3—4 fruits (see footnote 6). For apple trees, cat-
erpillars of the third and fourth generations are
most dangerous. They damage the seed chamber
and the pulp of apple fruits, introducing fungal
spores, viruses, and bacteria, which leads to rot-
ting, drying, cracking, mummification, and fruit
drop. E. bigella caterpillars reach the seed cham-
ber starting in the third instar, selecting fruits al-
ready damaged by the codling moth. Seed feed-
ing leads to stunted growth and fruit drop, or to
partial development of deformed fruits.

The analysis of the work revealed a trend to-
wards a gradual increase in the harmful effects
of E. bigella in different countries and on differ-
ent crops.

Bioecological features of development
of Euzophera bigella (Zell.)

Depending on the region and the growing con-
ditions, the number and developmental charac-
teristics of each generation of E. bigella can vary
significantly. Thus, under natural conditions, the
phytophage can produce from two to three gen-
erations in northern regions, and up to four or
five in southern regions. According to the study
by Zangheri et al. (1992), three generations per
year are possible in Italy, while M.E. Tzanaka-
kes (2021) reports two. T.G. Popova notes that
under favorable climatic conditions, E. bigella
is capable of producing up to four generations
within the Krasnodar Territory [5].

During the winter, hibernating caterpillars are
able to withstand extremely low temperatures,
reaching minus 15°C. Part of the population
constantly develops on the phloem, creating a
natural reserve that allows for the maintenance
of high numbers of the species during periods
unfavorable for the development of subtropical
and fruit crops [1]. V.I. Kuznetsov discovered
that in the spring, in the cracks of the bark of the
skeletal branches of the pomegranate bush, the
pyralid codling moth, in the phase of overwin-

tered adult caterpillars, begins to pupate without
resuming feeding (see footnote 1).

Pupation of the pest begins from early April
to mid-May, when average daily temperatures
reach 10-12°C. Individuals that successfully
survive the winter remain in the pupal state for
17-20 days.

S.R. Cherkezova (2017) notes that from
mid-May to early June, butterfly flight is ob-
served at a sum of effective temperatures (SET)
from 185.9 to 210 °C (average 187.5 °C). M.E.
Tzanakakes (2021) showed that adults emerge
from late April to late May. The lifespan of but-
terflies ranges from 8 to 20 days [1]. The flight
of butterflies lasts from 2 to 10 days, after which
individuals begin to lay eggs. The female selects
fruits damaged mechanically, by scab, codling
moth, or by birds. The fecundity of the female
ranges from 14 to 300 eggs, laying from 1 to 21
eggs per fruit.

The authors of scientific studies have found
that butterfly fertility depends on the tempera-
ture and photoperiod conditions of the habitat.
At an 8-hour photoperiod and temperatures
below 18°C or above 40°C, egg-laying is sus-
pended. Eggs are laid at night, from 10:00 PM to
4:00 AM, at temperatures of 20-24°C. As shown
by the studies of T.G. Popova (2017) and A.K.
Asoev (2013), oviposition depends on the sum
of effective temperatures. In 2013, oviposition
was noted at a SET of 227.7 °C from the second
ten-day period of May, in 2014 — from the third
ten-day period of April at a SET of 216.6 °C, in
2015 — in the second ten-day period of May at a
SET of 237.4 °C. The oviposition process con-
tinues for 70-90 days, regardless of the genera-
tion. Although Kh.F. Kulieva previously noted
that butterflies live a short period, it is possible
that the author was referring to the total duration
of oviposition of all generations (see footnote 6).

The process of egg development takes on av-
erage from 5 to 6 days, but can range from 3 to
4 and from 8 to 9 days. The caterpillar period,
which includes five instars, lasts from 20 to 22
days, the pupal period — 12—14 days [1]. Accord-
ing to the research of E.K. Kayumova (see foot-
note 1), the duration of caterpillar development
varies depending on seasonal fluctuations, de-
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creasing from spring to summer and increasing
towards autumn. This is confirmed by the data of
H.F. Kuliyeva from Azerbaijan: in an individual
living in the first half of summer, the egg peri-
od lasts 6-8 days, the caterpillar — 20-25 days,
the pupa — 10-12. In an individual living in the
second half of summer, the egg stage takes 5—7
days, the caterpillar — 10—12 days, the pupa —
about half a month (see footnote 6).

According to research [12], with two genera-
tions per year, eggs of the first generation appear
from mid-May to mid-June, and those of the
second from early July to late September. Thus,
caterpillars of both generations appear simulta-
neously and are present throughout the season,
when stone and pome fruits, which can poten-
tially serve as the pest's food source, begin to
ripen or mature [12].

In the course of the study [5], the dynamics
of the age composition of caterpillars found in
damaged apple fruits was studied. At the begin-
ning of September 2008, 33.3% of the caterpil-
lars were in the first and second instars, 15.2%
were in the third, 18.2% were in the fourth and
fifth instars, and caterpillars were absent from
33.3% of damaged apples. During development
(from the third instar), the caterpillars reached
the seed chamber and created a fine web filled
with excrement. The maximum number of cat-
erpillars in one apple reached 7 individuals; the
fruits rotted from the inside, but the life of the
caterpillars continued. Pupae of the pest were
found in the fruits near the exit hole [5].

Mass pupation of first-generation caterpillars
(first and second ten-day periods of June) occurs
at a set temperature of 416.7-555.8 °C. Accord-
ing to Kh. F. Kulieva, pupation of caterpillars
continues for 15-20 days. Summer generation
moths emerge from cocoons at the beginning of
the third ten-day period of June, when the sum
of effective temperatures reaches 550.6-570.5
°C. In the autumn, fully developed and fully
formed caterpillars enter hibernation, where
they overwinter in silky cocoons (see footnote
5). E. K. Kayumova and other researchers not-
ed that in the conditions of the Fergana Valley,
depending on meteorological factors, the pome-
granate moth spends the winter as fourth gener-

ation caterpillars of the third to fifth instars and
pupae [2].

In the process of analyzing information ob-
tained from foreign and domestic scientific
works, it became clear that it was necessary to
conduct a detailed study of the biological char-
acteristics of the species in question in order to
obtain more accurate information about its de-
velopment in the southern region of Russia.

CONCLUSION

This literature review summarizes data on the
distribution and harmfulness of E. bigella (Zell.)
in various countries worldwide. It has been es-
tablished that the pest is polyphagous; its cater-
pillars feed on the wood of quince, apple, pear,
plum, apricot, cherry, and olive trees, as well as
the fruits of quince, apple, pear, peach, walnut,
grape, and pomegranate. Fruit damage can vary
from 20 to 80%. In different geographic zones
and under various growing conditions, E. bigella
is capable of producing two to five generations
per year. Flight is observed when the sum of ef-
fective temperatures exceeds 10 °C and varies
between 185 and 210 °C, averaging 187.5 °C.
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CpaBHUTE/IbHAA OIIEHKA T€HETUYECKOI CTPYKTYPbI KaJIMbIIKOM
u repedopackoii nopoxa ckora mo SNP u STR mapkepam
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Geoepanvroco HayuHo2o yenmpa azpobuomexnonozuti Poccutickou akademuu Hayk
Pecny6nuka TeiBa, . Ke13but, Poccust

(X)e-mail: gal.goncharenko@mail.ru

O¢ddexkTrBHOE MPOU3BOJICTBO TOBSIMHBI OT CICIUAIM3UPOBAHHBIX MOPOJI BO3MOXKHO KakK IPHU
MIPOMBIIINIEHHOW TEXHOJIOTHH, TaK U MpH OoJiee JIENICBOM JUTHUTEIHHBIM MAacTOUIIIHOM COJIEPIKAHHH.
Hcmonp3yeMblie Tpu 3TOM TTOPOMIBI OTIHMYAIOTCS TCHETUUSCKH 00YCIIOBICHHBIM (DEHOTHUTIOM, TIPUCIIO-
COOJICHHOCTBIO K pa3HbIM YCJIOBHSM cojiepxkanus. Llenb ucciaenoBanus cocTosyia B CpaBHUTEIbHOU
OIIEHKE TeHOTHUITUYECKOU CTPYKTYPhl HHTEHCUBHOTO THITA TePeOPICKON TTOPOIBI KPYITHOTO POraToro
CKOTa W 9KCTCHCHBHOTO — KaJMBIIKOH. M3yueHnne mpoBoawmin ¢ ucnoinb3oBanueMm SNP u STR map-
kepoB. 1o wactore renorunoB renoB LEP, 7G5, SCDI, OLRI pa3nuuuii HE yCTaHOBICHO, 3a HC-
KitoueHueM reHa 7G5, rae B repedopackoit nmopoae renotun 7G5C Berpeuaercs Bbie Ha 24,8%,
reHotun TG5¢" umke Ha 27,5% 1o cpaBHEHHUIO ¢ KauMbIikoi. B monmumopdHbix nokycax TGLAI22
u TGLAS53 annenu 151 (mokyc TGLAI122) v amnenu 162 u 172 (nokyc TGLAS53) B repedopiackoi
nopoae Berpevanuck yamie Ha 13,1; 19,0 u 15,2% cooTBeTCTBEHHO MO CPaBHEHUIO ¢ KaaMBbILKOH. 1o
OCHOBHBIM CEJIEKIIMOHHO-TeHeTHIecKnM mapamerpam (Ca, Na/_, V; PIC), paccanTaHHBIX HA OCHOBAaHUH
4acTOT ajuieneil u reHoTunoB reHoB LEP, TGS, SCDI, OLR1, 3Ha4UMBIX pa3Iu4uil HE YCTAHOBJICHO:
reTepo3uroTHoCTh coctabisieT 0,618-0,648, uncno rpdexTuBHBIX amteneit — 1,54—1,62, nameH4n-
BOCTh — 35,9-39%, xoapdurment mommmopduoctu — 0,352—0,381. 'eHHOE paBHOBECHE B MOPOJAX
HE HapYIIeHO M HaxomuTcs B mpeaenax x> = 0,008—4,198. Taxke He yCTAHOBICHO PA3IHYMNA MEXKTY
MOPOJIAMH TI0 TIOTYJISIIUOHHO-TeHETHIECKIM TTapaMeTpaM ¢ uctoib3oBanueM STR-mapkepoB. Cpen-
Hee KOJIMYECTBO ajuielieii Ha JOKyC B repedopackoil mopone coctarisieT 10,25, kamMmbikoi — 8,94,
konn4ecTBO 3 dexTuBHbIX amieneit — 4,13—4,73. T'omo3urotHocTs HaxoauTcs Ha yposHe 0,80-0,82.
WNuOpuanHra B cTaiax He BBISIBICHO, MHCKC Fis UMEET OTpHUIIaTeIbHOE 3HaYeHre. YNCII0 MPUBATHBIX
ajuteneit coctaBiser B repedopackoit mopoje 32, B kanMmblrkon — 11. [lomydeHHbIe pe3yabTaThl MOXK-
HO CUMTAaTh MPOMEKYTOUYHBIMH, JJIsi O0JIee YOS TUTEIbHBIX JaHHBIX HEOOXOAMMO YBEIHYUTh UCCIICTY-
€MO€ ITOTOJI0BbE KaJIMBIIIKOH TIOPOJIBI.

KiioueBble cj1oBa: mopoja, MUKPOCATEIUIATHI, TTOIUMOP(HU3M, aJljIeiib, TCHOTHI, T€TEPO3UTOT-
HOCTb, UHJICKC (DUKCAIH, TCHHOC PaBHOBECHE

56  Siberian Herald of Agricultural Science » 2025 « 55 « 8 Zootechnics and veterinary medicine



CpaBHUTEIbHAS OILICHKA TEHETHYECKON CTPYKTYPhI KaJIMBIIIKOM Asananu JI.A., Tonuapenko ['M., Xanuna O.J1., Xopommnosa T.C.,
u repedopickoii nopoj ckora 1o SNP u STR mapkepam I'pummuaa H.B., 3a6opckux E.10., JIyny b.M., Kan-oon b.K.

Comparative assessment of the genetic structure of the Kalmyk
and Hereford cattle breeds by SNP and STR markers

Avadani D.A."2, XX) Goncharenko G.M.!, Khalina O.L.!, Khoroshilova T.S.!,

Grishina N.B.!, Zaborskikh E.Yu.}, Ludu B.M.*, Kan-ool B.K.*

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

*Novosibirsk State Agrarian University

Novosibirsk, Russia

3Gorno-Altay Research Institute of Agriculture — Branch of the National Research Tomsk State
University

Altay Republic, Russia

*Tuvan Research Institute of Agriculture — Branch of the Siberian Federal Scientific Centre

of Agro-BioTechnologies of the Russian Academy of Sciences

Tyva Republic, Kyzyl, Russia

(<)e-mail: gal.goncharenko@mail.ru

Efficient production of beef from specialized breeds is possible both with industrial technology
and with cheaper long-term pasture maintenance. The breeds used in this case differ in genetically de-
termined phenotype, adaptability to different conditions of maintenance. The purpose of the research
was to comparatively evaluate the genotypic structure of the intensive type of the Hereford breed and
the extensive type of the Kalmyk breed. The study was carried out using SNP and STR markers. The
differences were not found in the frequency of genotypes of the LEP, TG5, SCD1, OLRI genes, with
the exception of the 7G5 gene, where in the Hereford breed the TG5°¢ genotype is found by 24.8%
higher, the 7G5¢" genotype by 27.5% lower, compared to the Kalmyk breed. In the polymorphic loci
TGLAI22 and TGLAS53, alleles 151 (locus TGLA122) and alleles 162 and 172 (locus TGLA53) in the
Hereford breed were found more often by 13.1%, 19.0% and 15.2%, respectively, compared to the
Kalmyk breed. The significant differences were not found in the main selection and genetic param-
eters (Ca, Naj, V, PIC), calculated on the basis of the allele and genotype frequencies of the LEP,
7G5, SCDI, OLR1 genes: heterozygosity is 0.618—0.648; the number of effective alleles is 1.54-1.62;
variability is 35.9-39 %; the polymorphism coefficient is 0.352—0.381. Gene equilibrium in the breeds
is not disturbed and is within the range of ¥>=0.008—4.198. Also, no differences were found between
the breeds in population genetic parameters using STR markers. The average number of alleles per
locus in the Hereford breed is 10.25, in the Kalmyk breed 8.94, and the number of effective alleles is
4.13-4.73. Homozygosity is at the level of 0.80—0.82. Inbreeding in the herds was not detected, the
Fis index has a negative value. The number of private alleles is 32 in the Hereford breed and 11 in the
Kalmyk breed. The results obtained can be considered intermediate; for more convincing data, it is
necessary to increase the studied population of the Kalmyk breed.

Keywords: breed, microsatellites, polymorphism, allele, genotype, heterozygosity, fixation index,
gene equilibrium
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INTRODUCTION

One of the resources for increasing competi-
tive meat production from specialized beef cattle
breeds is the breeding of animals well adapted
to local climatic conditions. The Kalmyk breed
can be considered the most suitable for exten-
sive beef production technology with extended
grazing periods. Long-term natural selection and
subsequent breeding have allowed the creation
of animals that are genetically resistant to ad-
verse factors and diseases. Thanks to the rapid
accumulation of subcutaneous fat and downy
undercoat, they are able to withstand harsh win-
ters and periods of food shortage' [1].

Animals from the best lines of the Kalmyk
breed have a fairly high slaughter yield, while
the profitability is 6,52—-8,29% [2, 3].

The Hereford breed is one of the best meat
breeds for industrial beef production. Under in-
tensive production conditions, animals of this
breed can achieve an average daily weight gain
of 900-1200 g by the age of 18 months, which
is significantly higher than that of Kalmyk and
Kazakh white-headed cattle, second only to the
Belgian Blue [4]. According to research [5], the
profitability of Hereford bulls for meat can reach
17%. Preference in breeding is given to tall ani-
mals born with a larger weight [6, 7].

Breed improvement is being directed toward
increasing growth energy, reproductive perfor-
mance, meat productivity, and meat quality,
which can be achieved more successfully us-
ing marker-assisted selection. For comparative

assessment of genetic similarities and differ-
ences between breeds and populations, and for
monitoring population genetic parameters, two
types of genetic markers—SNPs and STRs—can
be used, which are informative and suitable for
mass analysis. These markers complement each
other when used simultaneously.

Given the functional role of SNPs in pheno-
type expression, their association with produc-
tive traits, as well as changes in genotype fre-
quencies under rigorous selection or crossbreed-
ing, are of interest. Among the marker genes
tested in beef cattle breeding, genes associated
with meat quality characteristics and animal re-
sistance are of particular interest — LEP, TGS,
SCDI, OLRI.

The LEP gene (leptin) influences the fat con-
tent in milk and the reproductive capacity of
dairy cows [8, 9]. In breeds of meat productivity,
the influence of the LEP C528T and LEP C73T
genes on the formation of meat marbling and the
yield of meat cuts has been established. [10].

The thyroglobulin gene (7G5) is a regulator of
lipid metabolism, where the replacement of one
of the nitrogenous bases leads to the synthesis of
another amino acid, which changes the qualita-
tive and quantitative composition of the animal's
adipose tissue’. The OLRI (oxidized low-den-
sity lipoprotein receptor 1) gene is associated
with lipid metabolism and influences fat deposi-
tion in the carcass and marbling of beef®. Taxxe
YCTAHOBJICHO €r0 BIIMSHUE Ha PEIPOLYKTUBHBIC
MIOKAa3aTeNn KUBOTHBIX!, 0COOCHHOCTH poCTa U
CTPOCHWUSI TYIIN Y MsiCHOTO ckota’ [11].

'Dorotyuk E.N. Kalmyk cattle and ways of its improvement. Moscow: Rosselkhozizdat, /981, 143 p.

Tyulkin S.V., Akhmatov T.M., Valliulina E.F, Vafin R.R. Polymorphism of genes for somatotropin, prolactin, leptin and
thyroglobulin in stud bulls / Vavilov Journal of Genetics and Breeding, 2012, vol. 16, N 4/2, pp. 1008—1011.

SKaneda M., Lin B.Z., Sasazaki S., Oyama K. Mannen H. Allele frequencies of gene polymorphisms related to economic traits in
Bos taurus and Bos indicus cattle breeds / Animal Science Journal, 2011, vol. 82, pp. 717-721.

‘Kowalewska-Luczak 1., Czerniawska-Piatkowska E., Kowalewska-Luczak I. Polymorphism in the OLR1 gene and functional
traits of dairy cattle // Veterinarski Arhiv, 2018, vol. 88 (2), pp. 171-177. DOI: 10.24099/vet.arhiv.170228.

SFonseca S.D.P.,, Souza PR.F.,, Camargo FM. et al. Association of ADIPOQ, OLR1 and PPARGCI1A gene polymorphisms with
growth and carcass traits in Nelore cattle // Meta Gene, 2015, vol. 4, pp. 1-7.
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To solve other selection problems related to
determining the degree of kinship, heterozy-
gosity, controlling the transmission of genom-
ic information from generation to generation,
monitoring changes in the genetic structure of a
particular breed/herd, microsatellite analysis can
be used as the most informative and suitable for
mass analysis in animal husbandry [12, 13].

Using STR markers, it is possible to deter-
mine with a high degree of certainty the variabil-
ity of a breed's gene pool under the influence of
improvement by another breed. As studies have
shown [12], in the Black-and-White breed, when
crossed with Holsteins over a period of 30—40
years, some alleles were lost, and new ones, not
characteristic of the Black-and-White breed,
appeared. The modern population of the Black-
and-White breed turned out to be not identical to
the Holstein. Furthermore, studies have appeared
that refute the theory of the lack of a connection
between microsatellites and selection processes.
Long-term monitoring of allele frequencies in
Holstein herds in Germany revealed a decrease
in genetic diversity®.

The purpose of the study is to present a com-
parative assessment of the genetic profiles of
meat breeds that differ in production technolo-
gies: extensive (Kalmyk) and intensive (Here-
ford).

MATERIAL AND METHODS

Molecular genetic studies were conducted in
the biotechnology laboratory of the Siberian Re-
search and Design and Technological Institute of
Animal Husbandry of the Siberian Federal Sci-
entific Center of Agro-BioTechnologies of the
Russian Academy of Sciences on Hereford (n =
200) and Kalmyk (n = 44) breeds. Genomic DNA
was isolated from blood using the “Ampli Prime

DNA-Sorb-V” clinical specimen extraction Kkit,
as recommended by the OOO “NextBio” (Mos-
cow). The quality and concentration of the iso-
lated DNA were assessed in a 1% agarose gel
by horizontal electrophoresis using the E-Box-
CX5.TS-20.M gel documentation system.

LEP gene polymorphism was determined
using the PCR-RFLP method described’, 7G58,
SCDI°, OLRI™.

Amplification was performed in a C1000
“BioRad” thermocycler. The resulting gene am-
plification products were treated with restriction
endonucleases HindIll, EcolCRI, Haelll, and
Rsal (SibENZIM, Novosibirsk) according to
the manufacturer's instructions. Genotypes were
visualized and identified by electrophoresis in a
3% agarose gel under UV light.

Microsatellite analysis was performed using
the “GeneProfile Cattle” reagent kit, designed
for genetic identification and relationship deter-
mination in cattle (Bos taurus). Genotyping was
performed using multiplex amplification of 16
STR loci, followed by PCR product length anal-
ysis using capillary electrophoresis (7TGLA227,
BM2113, TGLA53, ETHI10, CSRM60, SPS115,
TGLA122, BMI1818, HAUT27, CSSMG66,
BM1824, ETH3, TGLAI126, ETH225, INRA(23,
ILSTS006). Twelve of these are recommended
by the International Society of Animal Genet-
ics (ISAQG). Three loci are recommended by the
Food and Agriculture Organization of the Unit-
ed Nations (FAO) for genetic studies of domes-
tic animals: CSSM66, CSRM60, and ILSTS006.
The highly polymorphic HA4UT27 locus is also
included.

PCR primers were selected to allow ampli-
fication of all 16 STR loci in a single tube. The
size of the amplified PCR products ranged from
64 to 236 base pairs (including all known al-

°Brenig B., Schutz E. Recent development of allele frequencies and exclusion probabilities of microsatellites used for parentage
control in the German Holstein Friesian cattle population / BMC Genet., 2016, vol. 17, N 18. DOI: 10.1186/512863-016-0327-z.

"Kalashnikova L.A., Khabibrakhmanova A.Ya., Paviova I. Yu., Ganchenkova T.B., Dunin N.M., Pridanovich I E. Recommendations

for genomic evaluation of cattle. Lesnye Polyany, 2015, 33 p.

$Surundaeva L.G. Comparative analysis of the genetic structure of beef cattle populations based on polymorphic variants of the
somatotropin and thyroglobulin hormone genes // Herald of Beef Cattle Breeding, 2016, vol. 96, N 4, pp. 21-29.

*Yulmetyeva Yu.R., Safina N.Yu., Sharafutdinov G.S., Shakirov Sh.K. Polymorphism of the stearylcoa desaturase gene (SCD1) for
loci of quantitative traits of milk productivity // Agrarian Scientific Journal, 2018, N 11, pp. 43— 45. DOI: 10.28983/as].v0i11.416.

YKomisarek J., Dorynek Z. Effect of ABCG2, PPARGCI1A, OLR1 and SCD1 gene polymorphism on estimated breeding values
for functional and production traits in Polish Holstein-Friesian bulls // J. Appl. Genet., 2009, vol. 2 (50), pp. 125-132. DOI: 10.1007/

BF03195663.
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leles). PCR results were analyzed by capillary
electrophoresis using a Nanofor 05 automated
genetic analyzer.

The frequency characteristics of the geno-
types of the studied genes were estimated us-
ing the Hardy-Weinberg formula for two-allelic
systems using the y* criterion. The population
homozygosity coefficient (Ca), polymorphism
level (Na), degree of genetic variability (V), and
polymorphism information content (P/C) were
determined in accordance with recommenda-
tions'!. Population genetic parameters were cal-
culated using the GenAlEx and Past programs.

RESULTS AND DISCUSSION

Selection of specialized meat breeds is pri-
marily focused on the vigor of young animals
and the quantitative and qualitative character-
istics of meat, which ensure the profitability of
this industry. At the same time, specific feeding
and housing conditions, as well as previous se-
lection, may influence the genotypic structure of
SNP and STR markers.

A comparative analysis of the genotypic
structure was carried out on two breeds of beef
cattle (see Table 1).

In terms of genotype frequencies of the genes
studied, no significant differences were found,
with the exception of the 7G5 gene. The Here-
ford breed is characterized by a higher (24.8%)
frequency of the homozygous TG5°¢ genotype
and a lower (27.5%) frequency of the heterozy-
gous TG5¢T genotype compared to the Kalmyk
breed (p < 0,01, p < 0,001). A slight increase
in the LEPC ratio (by 13.2%) was noted in the
Hereford breed. It should be noted that the stud-
ied breeds have a fairly similar structure for the
SCD1 and OLR1 genes, which is possibly due to
traits not under selection pressure. Genetic bal-
ance in the breeds is not disturbed and is within
y*>=0,008-4,198.

When analyzing the allelic profile of the com-
pared breeds, no differences were found in the
LEP, SCDI, and OLRI genes, with the excep-
tion of the 7G5 gene (see Table 2). The Kalmyk

breed is characterized by a lower frequency of
the 7G5€ allele (by 0.11) and, accordingly, a
higher frequency of the 7G5 allele compared to
the Hereford breed (p < 0,05).

Similar to our studies, a similar frequency of
genotypes and alleles of the LEP gene at differ-
ent loci in the Hereford and Kalmyk breeds was
established in [14]. A different ratio of TGS gene
genotypes in the Kalmyk breed was identified
by the authors (see footnote 8), where the ho-
mozygous 7G5 genotype accounts for 62.5%,
respectively, the frequency of the genotype
TG5°T—25,0%, TG5™ —12,5%.

Based on the frequencies of genotypes and
alleles, population genetic parameters were cal-
culated, the analysis of which shows that homo-
zygosity (Ca), the number of active alleles (Na]_),

Taoa. 1. I'eHoTunuueckas CTPyKTypa KaJIMBILIKON
u repedopckoii nopox 1o revam LEP, TGS, SCD1,
OLRI

Table 1. Genotypic structure of the Kalmyk and
Hereford breeds for the genes LEP, TGS, SCD1,
OLRI

Kalmyk Hereford
Genotype breed e breed v
(n = 44) (n = 200)
LEPC 20,5+ 6,1 33,5+33
LEP‘T 56,8+7,5 [0,882| 46,0+3,5 | 0,668
LEP™ 22,7+6,3 20,5+2,9
T7G°C 432+75 68,0 £3,3
TG“T 545+75 (4,198 | 27,0+3,1 | 2,190
TG'T 23+£22 50£1,5
SCD] ¢ 56,8 £7,5 48,0+£7,1
SCDI T 364+7,3 [0,008| 44,0+7,0 | 0,452
SCDI1™ 6,8+3.8 80+3.8
OLFAA 2,3+23 2,0+£2,0
OLRI4€ 22,7+6,3 10,045| 18,054 | 1,300
OLR'“C 75,0 £6,5 80,0 +5,7

"Chesnokov Yu.V., Artemyeva A.M. Evaluation of the measure of information polymorphism of genetic diversity // Agricultural
biology, 2015, vol. 5, N 5, pp. 571-578. DOI: 10.15389/agrobiology.2015.5.57 L rus.
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the degree of genetic variability (V) and the level
of polymorphism (PIC) in herds of meat breeds
are in the same range (see Table 3).

The homozygosity of individual genes in
meat breeds is also close in its values (see Ta-
ble 4). It should be noted that homozygosity for
the LEP gene is 50.0%, while for the OLR1 gene
it is significantly higher - 76.5-80.4%. Homozy-
gosity of the 7G5 and SCD1 genes occupies an

Ta6a. 2. Yacrora ameneii renoB LEP, TGS,
SCD1, OLRI B mopogax MOJIOYHOTO B MSICHOTO
HAIPAaBJICHUS TPOTYKTUBHOCTH

Table 2. Allele frequency of genes LEP,
TGS, SCDI, OLRI in breeds of dairy and meat
productivity

Breed
Genotype Kalmyk Hereford
(n=44) (n=200)
LEP¢ 0,489 + 0,053 0,565 = 0,024
LEPT 0,511 + 0,053 0,435 + 0,024
TG°C 0,705 + 0,049 0,815 = 0,019
TG5" 0,295 = 0,049 0,185 = 0,019
SCDIC | 0,750+ 0,046 0,700 = 0,046
SCDIT | 0,250+ 0,046 0,300 = 0,046
OLRI 0,136 = 0,037 0,110 £ 0,031
OLRI¢ 0,864 = 0,037 0,890 + 0,031

intermediate position.

The population genetic characteristics of the
compared breeds using microsatellites show no
significant differences (see Table 5). The aver-
age number of alleles per locus in the Hereford
breed is 10.25, while in the Kalmyk breed it is
8.94. The number of effective alleles is 4.13 and
4.73, respectively, demonstrating their good ge-
netic diversity and distinctness. No inbreeding
was detected in the herds; the observed hetero-
zygosity was higher than expected, and the Fis
index was negative. Note that the Fis index val-
ue in the Kalmyk breed is close to zero, which
may prompt the development of measures to in-
crease genetic diversity by exchanging genetic
material from unrelated populations.

Thus, analysis of the Hereford and Kalmyk
breeds revealed a high degree of similarity in
their gene pools, likely influenced by unidirec-
tional selection. Moreover, higher genetic diver-
sity was found in the Hereford breed.

The authors of [15] obtained population ge-
netic characteristics of the Kalmyk breed that are
closer to our values. These characteristics show
that the average number of alleles is 8.13, the
number of effective alleles is 4.79, the observed
heterozygosity is 0.778, and the fixation index is
(=0.007). Different information was obtained for
the Hereford breed'?. In this breed in the Tyumen
region, the number of alleles per locus is signifi-

Taoa. 3. IlonyassuuOHHO-TEHETUYECKUE NapaMeTPhl MICHBIX OPOJ CKOTa

Table 3. Population-genetic parameters of beef cattle breeds

Breed n Ca y 14 PIC
Kalmyk 44 0,618 +£ 0,073 1,62+ 1,90 39,0 +7,35 0,381
Hereford 50 0,648 + 0,072 1,54+ 1,74 35,9+ 6,79 0,352

Taoxa. 4. TomozurorHocts reHoB LEP, TGS, SCD1, OLR1 xanMbIKol 1 repedopACcKoil mopoxax
Table 4. Homozygosity of LEP, TG5, SCD1, OLRI genes in the Kalmyk and Hereford breeds

C.,%
Breed n ¢
LEP 7G5 SCDI1 OLRI
Kalmyk 44 50,0 61,4 62,5 76,5
Hereford 50 50,0 65,7 58,0 80,4

2Sheveleva O.M., Chasovshchikova M.A. Characteristics of the genetic structure of the Hereford herd by STR loci // Animal

husbandry and fodder production, 2018, vol. 101, N 4, pp. 71-78.
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Tabua. 5. ['eHeTHKO-TTOMYIAMOHHAS XapaKTEePH-
CTHKa MSICHBIX ITOPOJ] CKOTa

Table 5. Genetic and population characteristics of

beef cattle breeds
Breed
Indicator Hereford Kalmyk

Na 10,25 £ 0,66 8,94 £ 0,65
Ne 4,13 +£0,38 4,73 £0,37
1 1,58 £0,08 1,74 £ 0,07
No. Private Alleles 1,13 +0,22 0,50 £ 0,22
Ho 0,82 + 0,03 0,80 + 0,02
He 0,73 £ 0,02 0,77 £ 0,01
Fis -0,12 + 0,024 —0,04 + 0,02

Note. Na — average number of alleles per locus, Ne — num-
ber of effective alleles, / — Shannon index, No Private Alleles —
number of private alleles, Ho — observed heterozygosity, He —

expected heterozygosity, Fis — fixation index.

cantly lower — 6.93, effective alleles — 4.96, ob-
served heterozygosity — 0.783, the fixation index
for individual loci is in the range of —0.288 ...
—0.032.

A comparative assessment of the population
genetic parameters of the Hereford and Kalmyk
breeds with the aboriginal Yakut breed shows
that the average number per locus in the Yakut
breed is 6.0, accordingly, the level of hetero-
zygosity in the herds is also lower and is at the
level 0f 0.596-0.631, the fixation index occupies
an average position between the Hereford and
Kalmyk breeds (—0,104) [16].

When analyzing the frequencies of individ-
ual loci characterized by the highest polymor-
phism, such as TGLAI22 and TGLA53, both
rare and frequently occurring alleles were iden-
tified, which in most cases were the same in the
breeds (see Table 6). Alleles 143, 151, and 161
can be considered frequently encountered in the

Ta6a. 6. Yacrora amneneit mokycoB TGLA122 n TGLAS53 repedopACKOil 1 KaIMBIIIKOH TTOPOIax
Table 6. Allele frequency of loci TGLA122 and TGLAS3 in the Hereford and Kalmyk breeds

Locus Breed Locus Breed
TGLA122 Hereford (n = 350) Kalmyk (n = 43) TGLAS53 Hereford (n = 350) Kalmyk (n = 43)
137 1,4+ 0,6 0,0+0,0 154 4,7+1,1 4,7+32
139 0,3+0,3 3,5+2,8 158 0,1+0,2 2,3+23
141 6,7+1,3 47+32 160 33,0+2,5 24,4+ 6,5
143 58,6 £2.,6 46,5+ 7,6 162 26,4+2.4 7,0+£3,9
145 0,3+0,3 12+1,6 164 23+0,8 4,7+3.2
147 3,9+ 1,0 12+ 1,6 166 1,0+0,2 3,5+2,9
149 1,0+ 1,0 0,0 + 0,0 168 2,1+0,8 7,0+£3,9
151 11,3+1,7 244+6,5 170 6,3+ 1,29 17,4+5,6
153 2,0+2,0 58+3,6 172 199 +2,1 4,7+32
155 0,9+0,5 0,0 + 0,0 174 1,1+0,6 0,0+0,0
157 0,0 + 0,0 3,5+2,8 176 0,6 + 0,0 3,5+2,9
161 123+1,8 58+3,6 178 0,0+ 0,0 11,6 4,9
163 0,3+0,3 12+ 1,6 180 0,1+0.2 5,8+3,6
165 0,0 + 0,0 12+ 1,6 182 0,1+0,2 2,3+23
169 0,0+0,0 12+ 1,6 184 0,0+ 0,0 0,0+0,0
175 0,4+ 0,6 0,0 + 0,0 186 2,0+0,7 0,0 + 0,0
177 0,1+0,1 0,0+0,0 188 0,0 + 0,0 12+1,7
181 0,0 + 0,0 0,0 +0,0 190 0,1+0,2 0,0 + 0,0
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Taoxa. 7. [IpusatHble anenu B repeopAcKoil M KaJIMBIIKOW MOpoiax
Table 7. Private alleles in the Hereford and Kalmyk breeds

Breed Locus Allele Frequency Breed Locus Allele Frequency
Hereford BM2113 121 0,001 Hereford CSSM66 205 0,001
Hereford BM2113 123 0,007 Hereford BM1824 184 0,004
Hereford TGLAS53 174 0,011 Hereford BM1824 190 0,016
Hereford TGLAS53 186 0,020 Hereford BM1824 192 0,006
Hereford TGLAS53 190 0,001 Hereford ETH3 103 0,004
Hereford ETHI0 209 0,010 Hereford ETH3 129 0,010
Hereford ETHI0 227 0,001 Hereford TGLA126 113 0,044
Hereford CSRM60 94 0,094 Hereford ETH225 142 0,043
Hereford CSRM60 112 0,003 Hereford ETH225 152 0,003
Hereford SPS115 258 0,009 Hereford INRAO23 204 0,031
Hereford SPS115 262 0,003 Hereford INRAO23 220 0,014
Hereford TGLA122 137 0,014 Kalmyk TGLAS3 178 0,116
Hereford TGLAI122 149 0,010 Kalmyk TGLAS3 188 0,012
Hereford TGLA122 155 0,009 Kalmyk ETHI0 211 0,012
Hereford TGLA122 175 0,004 Kalmyk CSRM60 106 0,035
Hereford TGLA122 177 0,001 Kalmyk CSRM60 110 0,012
Hereford TGLA122 183 0,006 Kalmyk TGLA122 157 0,035
Hereford BM1818 256 0,001 Kalmyk TGLA122 165 0,012
Hereford BM1818 260 0,087 Kalmyk TGLA122 169 0,012
Hereford CSSM66 201 0,001 Kalmyk BM1818 274 0,012
Hereford CSSM66 203 0,001 Kalmyk ETH3 115 0,070

Kalmyk INRAO23 216 0,023
TGLA122 locus. The remaining alleles are found CONCLUSIONS

in less than 10% of animals, among which are
extremely rare ones — 155, 157, 163, 165, 169,
175, 177, 181. It should be noted that allele 151
in the Hereford breed was detected 13.1% lower
compared to the Kalmyk breed (p < 0,05).

A similar pattern was found at the TGLAS53
locus. The highest allele frequency for this lo-
cus in both breeds was observed for allele 160
(33.0-24.4%). Significant breed differences
were observed in the two alleles of this locus. In
the Hereford breed, the frequency of allele 162
(by 19.0%) and allele 172 (by 15.2%) was high-
er than in the Kalmyk breed (p < 0,05, p <0,01).

The list of private alleles is presented in Table
7. In the Hereford breed, 32 of them were identi-
fied, while in the Kalmyk breed — 11.

1. The Hereford and Kalmyk breeds have
different genesis and differ in phenotype, quan-
titative, and qualitative traits. However, as our
studies have shown, they have minor differences
in the genotype and allele frequencies of struc-
tural genes and alleles of microsatellite loci. No
differences were found between the breeds in
the genotype and allele frequencies of the LEP,
7G5, SCD1, and OLRI genes, with the excep-
tion of the 7G5 gene. In the Hereford breed, the
TG5°¢ genotype and TGS5¢ allele are more fre-
quent — by 24.8% and 0.11%, respectively, com-
pared to the Kalmyk breed. The population ge-
netic characteristics of the compared breeds for
SNP and STR markers are comparable in their
significance.
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2. In the polymorphic loci TGLA122 and

TGLAS3, both rare and frequently occurring al-
leles were identified, the values of which in the
Hereford and Kalmyk breeds do not have sig-
nificant differences, with the exception of allele
151 of the TGLA122 locus and alleles 162 and
172 of the TGLAS53 locus, which may be a con-
sequence of unidirectional selection or the spe-
cies-specific structure of the loci.
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INTRODUCTION

Glanders is a highly contagious zoonotic and
potentially fatal disease of animals (primarily
equids) and humans, subject to mandatory no-
tification to the World Organization for Animal
Health (WOAH) [1, 2]. Glanders is caused by
the bacterium Burkholderia (B.) mallei, which
belongs to pathogenicity group II. The disease
manifests as both acute septicemia and chronic
or subclinical forms, characterized by the forma-
tion of multiple pustules and granulomas on the
mucous membranes and skin, which, when bro-
ken down, form ulcers with oily pus. The bac-
terium causes septic lesions of lungs and other
internal organs, muscles, and joints, and often
spreads through the lymphatic system to region-
al lymph nodes [3, 4].

Animals in latent (subclinical) form and as-
ymptomatic carriers play a significant role in the
spread of the pathogen, since due to the constant
or periodic release of bacteria into the environ-
ment, they are a potential source of infection [1].

The disease has been known since the time
of Hippocrates and was extremely widespread
throughout the world until the end of the 19th
century. In the 20th century, thanks to strict
application of testing and national control pro-
grams, the prevalence of glanders worldwide
has significantly decreased [5], and in developed
countries of Europe, North America, Japan, Aus-
tralia and the USSR glanders was eliminated [2,
4]. Currently, the disease persists in the regions
of Africa, Asia, the Near and Middle East, Cen-
tral and South America, mainly in endemic ar-
eas [6]. It is worth noting that in recent years, a
number of Asian countries have adopted a poli-

cy of increasing their horse population, includ-
ing through imports [7]. When horses are moved
through international trade, the risk of spread-
ing B. mallei from endemic to non-endemic ar-
eas with subclinically infected animals also in-
creases [3]. It is alarming that over the past two
decades, sporadic outbreaks of glanders have
begun to be recorded in the areas where it was
previously unknown or eradicated, as a result of
which it has come to be classified as a re-emerg-
ing disease [2, 8]. Thus, after the eradication of
glanders in the late 1950s, this disease has been
repeatedly reported in Russia; in early 2023, an
outbreak of equine glanders was recorded by the
WOAH in the Trans-Baikal Territory' [4, 9].

Glanders causes significant economic dam-
age to countries with developed horse breed-
ing industries. When detected, restrictions on
international trade are imposed. Many coun-
tries implement policies to test and destroy all
infected horses, and quarantine them. Glanders
impedes the development of the livestock sec-
tor and equestrian sports, hindering the trade of
purebred horses and the holding of international
competitions.

Research aimed at understanding the patho-
genesis and host response to B. mallei infection
remains limited. However, it has been estab-
lished that a key feature of virulent B. mallei is
its ability to persist in both extracellular and in-
tracellular spaces, thereby evading the host im-
mune response [3, 10].

Timely diagnosis of glanders is the key to
managing the spread of the disease and is chal-
lenging due to latent carriage and the absence of
specific clinical signs in the early stages of the

'Order of the State Veterinary Service of the Trans-Baikal Territory dated February 18, 2023, No. 24: URL: http://publication.
pravo. gov.ru/document/7501202302200003 (date of reference: 15.10.2023).
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disease [11].

Treatment of sick animals is complicated by
the inherent multidrug resistance of Burkholde-
ria to common antimicrobials. Specific prophy-
laxis for glanders in both horses and humans is
not yet available [2], but active research into
various types of vaccine candidates is underway
worldwide [12].

The purpose of this study is to examine the
current epizootic situation of glanders world-
wide, taking into account the increasing horse
population in countries with developed horse
breeding and the risk of infection introduction
into Russia. Data synthesis may contribute to
increased awareness and professional vigilance
among veterinary services to strengthen disease
control measures.

MATERIAL AND METHODS

This study included a review of internation-
al and domestic scientific publications over the
past 10 years, obtained using the following da-
tabases: PubMed, Scopus, Springer, Wiley On-
line Library, Google Scholar, and the Russian
Science Citation Index (RSCI). The search was
conducted using the following keywords: glan-
ders, Burkholderia mallei, horse population, out-
break, and endemicity.

The horse population analysis in Russia was
conducted using the data from the Federal State
Statistics Service (Rosstat)? and the Information
and Analytical Center of the Federal Service
for Veterinary and Phytosanitary Surveillance®.
To assess the prevalence of equine glanders, a
literature review was conducted, and the data
from the World Organization for Animal Health
(WOAH) and the Russian Federation veterinary
reporting were examined.

RESULTS AND DISCUSSION

Etiology and epizootology of glanders

Since ancient times, humanity has used bi-
ological weapons, which involve the mass de-

struction of living organisms or the contamina-
tion of inanimate objects using bacteria, viruses,
or the toxins they produce. A potential biological
threat is posed by pathogens that are highly vir-
ulent, have a low infectious dose, the ability to
form aerosols, and are survivable in a variety of
environmental conditions. The Biological Weap-
ons Convention included the bacterium Burk-
holderia mallei, the causative agent of glanders,
in its list of pathogens due to its high infectious
doses from aerosols at low doses and is currently
classified as a Category B potential bioterrorism
agent [6, 13].

The causative agent of glanders is the bac-
terium Burkholderia mallei from the family
Burkholderiaceae, which is closely related ge-
netically to the causative agent of melioidosis,
Burkholderia pseudomallei [6]. As an obligate
intracellular pathogen of mammals, B. mallei
does not survive long outside the host organism
and, even under favorable conditions of heat
and humidity, cannot survive for more than 100
days. Under most conditions, the probability of
its survival in environmental objects does not
exceed 2 weeks [2, 3].

In addition to members of the Equidae fam-
ily, other animal species and humans are sus-
ceptible to B. mallei. Horses are considered the
natural reservoir of infection, while humans are
an accidental, but highly susceptible, host. Ti-
gers, lions, and leopards (in zoo conditions) are
sometimes susceptible. Susceptibility to glan-
ders has been demonstrated in camels, bears,
wolves, domestic cats, and dogs. Carnivores can
become infected by consuming contaminated
meat. Goats can become infected through close
contact with infected horses. Cattle and pigs
are resistant to this disease, but experimentally,
glanders infection can be induced in them when
infected with large doses of the pathogen. Birds,
cold-blooded animals, and insects are immune
to glanders; the pathogen persists in their bod-
ies for 2—-65 days, which indicates an additional
or accidental habitat for B. mallei and does not

’Federal State Statistics Service Rosstat: URL: https://rosstat.gov.ru/storage/mediabank/Munst.htm (date of reference:

09.02.2024).

‘Information and Analytical Center of the Federal Service for Veterinary and Phytosanitary Surveillance: URL: https://fsvps.gov.
ru/sites/default/files/files/iac/atlas_ pogolove 2021.pdf (date of reference: 15.01.2024).
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exclude the potential for infection transmission
[3, 6, 14, 15]. In humans, glanders is rare among
individuals in direct contact with sick animals or
infected material (veterinarians, livestock spe-
cialists, grooms, slaughterhouse workers), and
occupational infection is potentially considered
a key risk factor. Less commonly, infection can
occur through inhalation (laboratory cases), as
well as through alimentary contact (as a result
of consuming contaminated horse meat); hu-
man-to-human transmission of B. mallei is pos-
sible [3, 6, 16, 17].

The most common sources of infection are
feed or water contaminated with respiratory
secretions or ulcerated skin lesions from sick
animals. In chronic and subclinical forms, the
pathogen is periodically or continuously ex-
creted in feces, saliva, and milk, contaminating
the environment [18]. Transmission between
the animals occurs through close contact, inha-
lation, and ingestion of contaminated material.
Outbreaks most often occur where horses are
housed together and share feeding and watering
areas. Unsanitary conditions and overcrowded
housing facilitate spread. The pathogen is easily
spread through contaminated horse care items
(harness and grooming tools). There are reports
of B. mallei being transmitted sexually and in
utero [6]. It is noted that in most cases the infec-
tion does not spread beyond the farm or group
of animals raised together; spread to other areas
occurs only through the movement of infected
animals or fomites [2].

Course, clinical signs
and laboratory diagnostics

The incubation period in horses is usually
2—-6 weeks, but varies from 6 days to 6 months,
which significantly complicates determining the
source of infection during outbreak investiga-
tion [5, 19]. The course of the disease largely
depends on the animal species, the pathogen
dose, the route of infection, the state of the im-
mune system (activation of innate and adaptive
immunity), etc. [10]. One population of horses
may have different levels of susceptibility to B.
mallei [3]. In horses with chronic infection, im-
mune studies have revealed strong humoral and

proinflammatory cytokine responses [20].

Glanders can be classified into acute, chron-
ic, and latent (asymptomatic carrier) forms.
In horses, chronic (up to 12 weeks) and latent
(up to several years) forms are more common.
Stressful factors (changes in housing conditions,
transporting animals to different environmental
conditions, starvation, poor feeding, increased
exploitation, etc.) can trigger the transition from
latent glanders to an acute form. Depending on
the primary sites of infection, the following clin-
ical forms of glanders are distinguished: nasal,
pulmonary, focal cutaneous, and septicemic. A
combination of these forms is often observed
simultaneously in a single animal; the pulmo-
nary form can be a continuation of the nasal
form and is observed in almost all clinical cas-
es. Importantly, in chronic cases, symptoms are
usually minimal and go unnoticed, most often
manifesting as mild intermittent fever, nasal dis-
charge, and intermittent shortness of breath [21].
As the disease (septicemia) progresses, animals
experience deterioration, exhaustion, and gen-
eral weakness. Under stress, lung lesions with
signs of acute bronchopneumonia may devel-
op. Swelling of the hind limbs, joint swelling,
subsequent lameness, orchitis, hematuria, and
diarrhea are possible. Exacerbation of nasal and
cutaneous forms of glanders may occur [3].

It is important to note that characteristic
symptoms of glanders in sick animals appear in
the late stages of the disease, making early diag-
nosis difficult. Laboratory diagnostics of glan-
ders in humans and animals utilizes a variety of
methods, depending on the research objectives.
For confirming clinical cases, the WOAH con-
siders the isolation of B. mallei from clinical
specimens (microbiological culture) and PCR
(conventional or real-time PCR) to be the "gold
standards" [5]. In monitoring studies and erad-
ication programs, the serological complement
fixation test (CFT) is the preferred method. This
method can also be used to determine the in-
fection status of animals, including before and
after transport of horses in international trade,
but is less suitable for confirming clinical cas-
es of glanders [21]. However, the CFT can give
false negative results, and since the method is
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regulated in monitoring programs, when import-
ing and exporting animals, this creates certain
risks for the international movement of horses
and can lead to the introduction of B. mallei into
safe areas [3, 22]. Methods such as B. mallei — 1i-
popolysaccharide (LPS) — Western blot, indirect
I-enzyme-linked immunosorbent assay (ELI-
SA) or C-ELISA (competitive ELISA) (based
on monoclonal antibodies specific for B. mallei)
have higher sensitivity and specificity, so they
are recommended for confirmation of positive
CFT results [6, 22]. The combined use of sero-
logical and molecular methods increases the de-
tection rate of glanders and expands the possibil-
ities for epizootological investigations [1, 23].

Distribution and risk assessment
of equine glanders

An objective determination of the population
size of susceptible animals in the infection risk
zone is necessary for assessing the risk and pre-
dicting the potential spread of glanders in the
equine population. The likelihood of new out-
breaks is greatest in the regions with a high den-
sity of susceptible animals. As horse exports and
imports increase, so does the risk of glanders
outbreaks. In recent years, the world leaders in
the number of horses have been countries such
as the United States, Mexico, Brazil, Mongolia
and China, with serologically positive animals
being detected relatively frequently in Brazil
and Mongolia, and outbreaks of glanders be-
ing periodically recorded in China [7, 23, 24].
The dynamics of the horse population in Rus-
sia demonstrate that horse breeding remains an
important sector of the economy. In the Russian
Federation, horse populations varied across farm
categories from 2020 to 2022: agricultural orga-
nizations saw a decrease of 21,000 horses, while
households and peasant farms saw increases of
16,000 and 13,000, respectively [25]. The horse
population analysis in Russia based on data
from the Federal State Statistics Service (Ross-
tat) for 2022, presented for farms of different
categories at the level of administrative regions,
showed that over the past seven years (from
2015 to 2022), there has been a trend towards
an increase in the horse population in the Jewish

Autonomous Region, Transbaikal Territory, and
the Republics of Altai, Bashkortostan, Dagestan,
and Tyva. At the beginning of 2022, according
to Rosselkhoznadzor, the maximum number of
horses (up to 183,000 heads) was registered in
the Transbaikal Territory, the Republics of Al-
tai, Bashkortostan, Sakha, and Tyva, and up
to 55,500 heads in the Republics of Dagestan,
Tatarstan, Khakassia, and Buryatia, Altai Krai,
and Astrakhan, Irkutsk, Orenburg, and Omsk re-
gions. Most of the named regions border neigh-
boring countries in Asia and the Middle East,
where outbreaks of glanders have been report-
ed. Specifically, these are first- and second-tier
neighboring countries such as Armenia, India,
Iran, China, Turkey, Mongolia, and Nepal (see
table). Iran and Brazil are officially recognized
by the WOAH as endemic for glanders [21].
There are reports of endemicity in Mongolia, In-
dia, Iraq, and Pakistan [2, 24, 26].

Glanders was a global problem for sever-
al centuries, but by the early 20th century the
disease had been eradicated in most European
countries, Japan, North America, and Austra-
lia through mandatory testing and subsequent
destruction of all positive animals, as well as
through import control measures within national
government programs [18]. In the USSR, glan-
ders was eradicated in the 1940s—1950s [4].
Since the mid-20th century, the greatest prev-
alence of glanders has been observed in Asian
countries; only isolated cases, usually associated
with the import of imported horses, have been re-
corded in Europe, South America and Africa [4,
7, 18]. However, in the last 10-20 years, reports
have begun to appear of sporadic outbreaks of
glanders in disease-free countries. Since 2006,
equine glanders have been registered in India,
and since 2009 — in Brazil [26]. On the European
continent, a single case of glanders was report-
ed in Germany in 2014 and 2015 [27]. In Asia
and the Middle East, outbreaks were registered
in Bahrain in 2010-2012, Afghanistan in 2011,
Turkey in 2017, and Kuwait in 2019. In China,
the first outbreaks of glanders were recorded in
2018, Nepal in 2020, and Armenia in 2023 (see
the figure) [18].

In Russia, six decades after its eradication,
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Pacnpoctpanenue cana nomazaeii B mupe (3a 10 siet)

Distribution of glanders in horses in the world (over 10 years)

Name of the Year
country 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Armenia +
Brazil + + + + + + + + +
Ghana + +
Germany + +
India + + + + + + + + +
Iraq +
Iran ++ + + + + + + + + +
China + +
Kuwait +
Mongolia +
Nepal + + + +
Pakistan + ++
Russia +
Turkey + + +
Eritrea + + +

Note. Sources: World Organization for Animal Health Interface of the World Organization for Animal Health Database http://

www.oie.int/wahis/public.php?page=home.

glanders has been reported repeatedly, accord-
ing to various sources, but official data is vir-
tually nonexistent. For example, there are re-
ports of the disease in the Chita Region (now
the Trans-Baikal Territory) in 2007, in the Amur
Region and the Krasnodar Territory in 2013,
and according to archival data, six horses with
glanders were registered in the 2014 Trans-Bai-
kal Territory statistical reporting form I-vet.
However, malleinization and serological test-
ing yielded negative results (outbreaks have not
been officially registered in the Russian Feder-
ation)* [4]. In 2020, due to the registration of
equine glanders in the Republic of Buryatia, the
region's status was changed to unfavorable for
this disease °.

In early 2023, the WOAH registered an out-
break of glanders at the Chita State Stud Farm
(Trans-Baikal Territory). Two of the six horses
infected died. To contain the outbreak, the state
veterinary service seized and destroyed all af-
fected and exposed livestock (up to 40 horses)
and any animal products derived from them.
Restrictive measures were introduced in accor-
dance with current Veterinary Regulations®. In
early June 2024, Rosselkhoznadzor (Federal
Service for Veterinary and Phytosanitary Sur-
veillance) reported a suspected case of equine
glanders in the same Trans-Baikal Territory’.

In general, when assessing the risk of intro-
ducing the glanders pathogen into Russia, tak-
ing into account endemicity, regularly occurring

“Information and Analytical Center of the Federal Service for Veterinary and Phytosanitary Surveillance: URL: https:/fsvps.gov.
ru/importexport/turciya/spisok-rossiyskih-predpriyatiy-104/ (date of reference 03.03.2024).

Information and Analytical Center of the Federal Service for Veterinary and Phytosanitary Surveillance: URL: https:/fsvps.gov.
ru/sites/default/files/npa-files/2020/08/05/ regionalization_dif 2020-08-05.pdf (date of reference 03.03.2024).

®Veterinary rules for the implementation of preventive, diagnostic, restrictive and other measures, the establishment and
cancellation of quarantine and other restrictions aimed at preventing the spread and eliminating glanders outbreaks (Approved by
Order of the Ministry of Agriculture of Russia dated June 28, 2017 No. 311): URL: https://docs.cntd.ru/document/456078970 (date

of reference: 10.02.2024).

"Information and Analytical Center of the Federal Service for Veterinary and Phytosanitary Surveillance: URL: https://fsvps.gov.
ru/wp-content/uploads/2024/06/05.06.2024 r. pdf (date of reference: 07.06.2024).
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outbreaks and in connection with international
trade, the following countries, which have close
economic ties with Russia, currently pose the
greatest danger as potential sources: Brazil,
Mongolia, China, India, Iran, Turkey.

Basic control measures. Treatment

Prevention and control of glanders epizoot-
ics depend on the program of early detection
and humane destruction of test-positive animals,
combined with strict animal movement controls,
effective quarantine at the facilities, and thor-
ough disinfection of the infected area where the
outbreak has occurred [2, 6]. It is important that
meat from the animals suspected of or infected
with glanders is not fed to other animals. In free
countries, measures to combat the introduction
of glanders include screening the imported hors-
es, which must be quarantined until all testing is
completed and for at least 14 days, during which
time any latent infection may become clinically
apparent due to the stress of transport [3]. Other
measures include clinical surveillance and labo-
ratory testing of suspected cases [2].

Treatment of infected animals is used in en-
demic areas; without it, mortality can reach 95%
[2]. It has been established that B. mallei has
multiple genes for resistance to antibiotics (e.g.,
fluoroquinolones, macrolides, aminoglycosides)
[2, 3]. A number of B. mallei strains showed
different in vitro susceptibility to various antibi-
otics, including sulfadiazine, tetracyclines, neo-
mycin and erythromycin, cephalosporins, car-
bapenems, etc. [28]. Antibiotic therapy typically
results in a lengthy, aggressive, and not always
effective treatment [10]. Treatment is not recom-
mended during a glanders outbreak, as the use of
antimicrobials, although it may reduce mortali-
ty, contributes to the survival of carrier animals,
which does not allow for the eradication of the
disease. Regarding the specific prevention of
glanders in animals and humans, there are cur-
rently no commercial vaccines against B. mal-
lei, and no ideal vaccine candidate has yet been
identified [6]. Although significant progress has
been made in their development in recent years,
various vaccine candidates are being studied in
the preclinical stage, ranging from heat-killed

vaccines, live attenuated vaccines, subunits, and
nanoparticle conjugates. Vector-based technolo-
gies and DNA vaccines are also worthy of con-
sideration in the future [12].

CONCLUSION

Thus, given the increase in the horse popula-
tion in regions of the Russian Federation located
near first- and second-order neighboring coun-
tries, both endemic and with registered sporadic
outbreaks of glanders, as well as in connection
with the new emergence of cases of equine glan-
ders in Russia, it is necessary to focus the at-
tention of veterinary services to strengthen mea-
sures to control this disease.
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Bausinne GpuTOOMOTHKA HA HMMYHOJIOTHYECKYI0 PE3UCTEHTHOCTD
UBIIIAT-0OpPoiijIepoB

< JIbicko C.b., lopman A.A., 3anopo:xnas M.B., Cynnosa O.A., Baacenko B.C.
Omckuti acpapublil HAYYHbIL YeHmp
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ABTOpaMH U3y4eHO BIUSHUE (PUTOONOTHKA HA OCHOBE KOMIJIEKca 3(pUPHBIX MaCeN Ha KJIETOUHBIE
Y TYMOpaJIbHBIC 3BE€HbsI IMMYHHOH CHCTEMBbI LBIIISAT-OpoiiiepoB Ha (JOHE BaKIMHALMH MOTOJIOBbBS
npotuB Bupyca Helokacickoit 6one3nu. MccienoBanne npoBoIMIM Ha LBIIIISTax-0poiiyiepax oreue-
CcTBEHHOTo Kpocca «CMeHa 9» (ombITHAs M KOHTpPOJIbHAs Tpymiibl Mo 70 rojl.) Ha NTHIEBOAYECKOM
npeanpusaTuu OMckoi oomacTy. LIpITuisaTa onbITHOM TPYIITEI C BOIOH JOMOTHUTEIHHO MOIYyYaid POC-
cutickuii hutonpernapar « DUTOTEHUKCY, COCTOSAIINN W3 KOMIUIEKca dY(UPHBIX Macell KOPHITBI, TBO3IH-
KW, pO3MapuHa, TAMbSHA, KYH)KyTa WHAHICKOTO ¥ OPTaHUYECKUX KUCIIOT, B 03€ 0,2 Mi/1 Boxbl ¢ 1-ro
o 7-# nens u 0,3 M/ Bogw! ¢ 8-ro mo 38-if neHb. B Bo3pacte 9 nHEl npoBeeHa BaKIIMHAIMS TITUITBI
npotuB Bupyca Helokacickoii 6one3nu. Yepes 6 u 18 qHell nocie BaKIMHALMK OCYIIECTBICH O0TOOD
npo0 KpOBHU JJIsl M3yUEHHsI MMOKa3aTeliell KIETOYHOTO M IyMOPalbHOI0O HMMYHHUTETA. YCTaHOBJICHO,
4yTO0 OOJbINee BIUsSHUC (HUTOOMOTHK OKa3all Ha MOKa3aTeld KIETOYHOTO MMMYHHUTETA depes 6 JTHeH
[0CJI€ BAaKIIMHALMH, YTO BBIPAXKAJIOCh TOBBIIIEHHNEM aKTUBHOCTH KaTHOHHBIX O€NKoB B 1,3 pasa, ypoB-
Hs crioHTanHo HCT-aktuBHOCTH HeWTpodwmioB — Ha 17,7%, obmero xonmdecTBa TUMGOIUTOB —
B 2,1 pasa, T-mumdonutos — B 3,0 paza, B-mumdonurtos — B 1,8 pa3a. Ha rymopaibHOe 3B€HO UMMY-
HUTETa HanOobLIee BIUsHUE ObIIIO OKa3aHo uepes 18 qHel mocie BaKIWHALKH, YTO COMTPOBOXKIAIOCH
yBeJIUUYeHHEeM OaKTepUIIMIHON aKTUBHOCTH CHIBOPOTKH KpoBH Ha 23,4%, CpeaHEro TUTpa MOCTBaK-
UHAIBHBIX aHTUTEN (MMMyHOTOOYuHbl G) — Ha 1,1 log?. CTUMYINAIMS €CTECTBCHHON PE3UCTEHT-
HOCTH Y aJallTUBHOI'O UMMYHHTETA IIPY BaKLIMHALMYU Ha (DOHE MPUMEHEHUS KOMILIeKca 3()UPHBIX Ma-
CeJI MOJIOKUTENIbHO OTPAa3UiIach Ha )KU3HECIIOCOOHOCTH M IIPOLYKTUBHOCTH NTHUIIBI, CIIOCOOCTBOBAJIA
MOBBIILICHUIO COXPAaHHOCTH LBILIAT-OpoisiepoB Ha 4,3%, yBeIWYEeHUIO MX XKUBOM Macchl Ha 3,4%.
C y4eToM MOJIyYeHHBIX PE3yJbTaTOB MCIOJIb30BAaHHbIN (puUTONMpenapar MOXeT ObITh PEKOMEHIOBaH
JUTSL TIOBBIILICHHUS] UMMYHOJIOTHYECKOM PE3UCTEHTHOCTH, )KU3HECTIOCOOHOCTH M MPOAYKTHBHOCTH IIbI-
TUIAT-OpOiiiepoB.

KuroueBbie cioBa: GUTOOMOTHK, d(UPHBIC MACTIa, IIBIIIIATA-OpOIIephI, BAKITWHAINS, IMMYHHUTET,
T-nmum§onnuTh

The effect of phytobiotics on the immunological resistance
of broiler chickens

<) Lysko S.B., Hoffman A.A., Zadorozhnaya M.V., Suntsova O.A., Vlasenko V.S.
Omsk Agrarian Scientific Center

Omsk, Russia

(X)e-mail: zamdir@sibniip.ru

The authors studied the effect of a phytobiotic based on a complex of essential oils on the cellular
and humoral links of the immune system of broiler chickens against the background of vaccination
against the Newcastle disease virus. The study was conducted on broiler chickens of the domestic
cross "Smena 9" (experimental and control groups of 70 heads each) at a poultry enterprise in the
Omsk region. Chickens of the experimental group with water additionally received a domestic phy-
topreparation "Phytogenics" consisting of a complex of essential oils of cinnamon, cloves, rosemary,
thyme, Indian sesame and organic acids in a dose of 0.2 ml/l of water at the age of 1-7 days and
0.3 ml/l1 of water from day 8 to 38. At the age of 9 days, the poultry were vaccinated against the
Newcastle disease virus. Blood samples were taken 6 and 18 days after the vaccination to study the
indicators of cellular and humoral immunity. It was found that the phytobiotic had a greater effect on
cellular immunity 6 days after the vaccination, which was expressed by an increase in the activity of
cationic proteins 1.3 times, the level of spontaneous NBT activity of neutrophils by 17.7%, the total
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number of lymphocytes 2.1 times, T lymphocytes 3.0 times, B lymphocytes 1.8 times. The greatest
impact on the humoral link of immunity was exerted 18 days after vaccination, which was accompa-
nied by an increase in the bactericidal activity of blood serum by 23.4%, the average titer of post-vac-

cination antibodies (immunoglobulins G) — by

1.1 log?. Stimulation of natural resistance and adaptive

immunity during vaccination against the background of the use of a complex of essential oils had
a positive effect on the viability and productivity of poultry, contributed to an increase in the safety
of broiler chickens by 4.3%, live weight by 3.4%. Taking into account the obtained results, the used
herbal preparation can be recommended for increasing the immunological resistance, viability and

productivity of broiler chickens.

Keywords: phytobiotic, essential oils, broiler chickens, vaccination, immunity, T lymphocytes
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INTRODUCTION

Vaccination is one of the primary methods
for ensuring the epizootic safety of industrial
poultry farms. The effectiveness and intensity of
adaptive immunity depend not only on the qual-
ity of the vaccines and the correct selection of
the vaccination schedule, but also on the state of
the bird's immune system [1]. It should be noted
that the immune system of chickens is formed
in the first two weeks of life, with vaccinations
beginning from the first days of life, and by two
weeks of age, a chicken receives an average of
three to five live vaccines. Such an antigen load
inevitably affects the bird's immunological re-
sistance. Furthermore, the presence of numer-
ous stress factors, which are essential to modern
poultry farming, also has a negative impact on
the immune system of birds [2—4].

In order to increase natural resistance, adap-
tive immunity and resistance to infectious dis-
eases, researchers propose using various drugs
as immunocorrective agents: chemical (syn-

thetic immunostimulants, vitamins, amino ac-
ids, mineral complexes, etc.), microbiological
(probiotics, symbiotics, metabiotics, etc.), plant
(phytobiotics) [5-8].

The advantages of herbal preparations are
their naturalness and environmental friendli-
ness, as well as their complex effect on the body
(antimicrobial, antiviral, immunomodulatory,
anti-inflammatory, antifungal, etc.) due to the
content of a large number of various biological-
ly active substances [9]. Phytobiotics in poultry
farming are most often recommended for use as
feed additives to increase livestock productivity
and improve product quality [10-12]. In addi-
tion, scientific literature contains information
on the positive effects of herbal preparations,
including essential oils, on the immune system
of animals and poultry due to increased lympho-
cyte activity, cellular and humoral immunity, im-
munoglobulin production, and interferon release
[13—15]. In this regard, the creation of herbal
preparations and the scientific justification for
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their use in order to increase the immunologi-
cal resistance of poultry are pressing issues in
modern poultry farming, and essential oils and
preparations based on them can be an effective
solution.

The purpose of the study was to investigate
the effect of a phytobiotic based on a complex
of essential oils on the immunological resistance
of broiler chickens when vaccinated against the
Newcastle disease (ND) virus.

The research objectives consist in:

1) determining the effect of a preparation from
a complex of essential oils on the cellular and
humoral links of the immune system of broiler
chickens against the background of vaccination;

2) determining on which immunity indicators
the herbal preparation had the greatest impact
during the period of the beginning and end of
the immunological restructuring of the body af-
ter the introduction of an antigen (vaccine);

3) studying the effect of the herbal prepara-
tion on the viability and productivity of poultry.

MATERIAL AND METHODS

The study was conducted in 2023 at the Vet-
erinary Department of the Siberian Research In-
stitute of Poultry Farming and at a poultry farm
in the Omsk Region. Day-old broiler chickens
of the domestic "Smena 9" cross were select-
ed based on the live weight, and were divided
into control and experimental groups of 70 birds
each. The poultry rearing period was 38 days.
Feeding and housing conditions complied with
the guidelines for handling this crossbred bird.
The experimental group chickens were addition-
ally treated with the Russian herbal preparation
"Phytogenics," which consists of organic acids
and a complex of essential oils from the follow-
ing plants: Cinnamomum zeylanicum (cinna-
mon), Syzygium aromaticum (clove), Rosmari-
nus officinalis ( rosemary), Thymus vul-
garis (thyme), Sesamum indicum (Indian sesa-
me). The phytopreparation was used at a dose of
0.2 ml/l of water at the age of 1-7 days and 0.3
ml/l of water at the age of 8-38 days.

All birds were vaccinated against Newcas-
tle disease virus at 9 days of age using a live
vaccine from the La Sota strain produced by the
RPE “Avivak” (Russia). Six and 18 days after
vaccination, which corresponded to the onset
and end of the body's immunological restruc-
turing following antigen administration, blood
samples were collected from the axillary vein
to study cellular and humoral immunity. For im-
munological studies, blood was collected in hep-
arinized tubes, and serum was collected in tubes
moistened with saline.

Oxygen-independent leukocyte activity was
assessed by the amount of lysosomal cationic
proteins (CP) using the method of M.G. Shubich,
and neutrophil oxidase activity was assessed us-
ing the nitroblue tetrazolium test (NBT test) in
both spontaneous and stimulated variants. To-
tal lymphocyte counts were calculated in blood
smears stained according to Pappenheim. The
number of T lymphocytes, cytotoxic T lympho-
cytes (CTL), and B lymphocytes was determined
using the spontaneous, indirect globulin, and
complement rosette formation tests*. The blood
serum bactericidal activity (BSBA) was studied
according to the method of O.V. Smirnov and
T.A. Kuzmin using an ELx800 photometer. The
titer of post-vaccination antibodies (immuno-
globulins G) to the ND virus was determined in
the hemagglutination inhibition reaction using a
test system developed by the Federal Centre for
Animal Health (ARRIAH).

Statistical processing of the experimental
data was performed using IBM SPSS Statistics.
v23.1. Analysis of variance (ANOVA) was used
to assess the effect of the phytobiotic (1?) on cel-
lular and humoral immunity. A difference was
considered statistically significant at p < 0,05—
0,001.

RESULTS AND DISCUSSION

The increase in lysosomal phagocytic activi-
ty of blood leukocytes in broiler chickens of the
experimental group was indicated by a statisti-
cally significant increase in the number of CP

*QGuidelines for biochemical and immunological methods for studying cells, their components and other biological substrates /

prepared by: G.F. Koromyslov et al. Moscow: VIEV, 1980, 40 p.
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6 and 18 days after vaccination by 1.3 and 1.9
times, respectively, compared to the control (see
Table 1).

An increase in the oxidase activity of neutro-
phils was also noted 6 days after vaccination,
with an increase in the level of spontaneous
NBT activity by 17.7%, which can be associated
with the body's response to the introduction of
the antigen (vaccine) and the activation of anti-
microbial systems.

Immunological changes in broiler chickens in
the experimental group 6 days after antigen ad-
ministration were accompanied by an increase in
the total lymphocyte count by 2.1 times, T-lym-
phocytes by 3.0 times, CTLs by 1.2 times, and
B-lymphocytes by 1.8 times compared to the
control group. Eighteen days after vaccination,
no significant differences in the content of im-
munocompetent cells were found between the
experimental and control groups.

Thus, the use of a herbal preparation based on

Tao6xa. 1. Brusaue guronpenapara Ha moka3aresin

a complex of essential oils contributed to the ac-
tivation of cellular immunity in broiler chickens
in the initial period of formation of a post-vacci-
nation immune response.

The positive effect of the herbal preparation
on the humoral component of immunity was in-
dicated by an increase in the bactericidal activity
of the blood serum in chickens of the experimen-
tal group 6 and 18 days after vaccination by 5.3
and 23.4%, respectively, an increase in the aver-
age titer of post-vaccination immunoglobulins G
by 0.4 and 1.1 log? with a statistically significant
difference 18 days after vaccination.

It was found that during the initial immune
response to the vaccine (6 days after vaccina-
tion), the herbal preparation had a greater effect
on cellular immunity, primarily on the total lym-
phocyte count, T- and B-lymphocytes, and to a
lesser extent on the CP, as measured by the spon-
taneous and stimulated NBT test. Eighteen days
after vaccination, a greater effect was observed

KJIIETOYHOI'O U TYMOPAJIbHOI'O UMMYHUTCTA

LBIIIAT-OpOIIepOB MpH BaKIIMHAIIUH NPOTUB Bupyca Hplokacnckoit 6ose3nn
Table 1. The effect of phytopreparation on the cellular and humoral immunity of broiler chickens during

vaccination against Newcastle disease virus

Post- Group
Indicator vaccination
period, days control experimental
CP ¢ 6 0,96 + 0,07 1,23 £0,09%*
>t 18 1,33 £ 0,09 2,00 + 0,08%***
6 0,79 £ 0,03 0,93 +0,03*
Spontaneous NBT-test, c.u. rd. pl. 18 0.49 = 0,02 0.43 = 0,03
. 6 0,79 £ 0,05 1,04 £ 0,06*
Stimulated NBT-test, c.u. rd. pl. 18 0.56 < 0,02 0.47 + 0,02*
Lvmphoevtes. thous./ul 6 3,27+0,34 7,01 £ 0,49%**
yiiphocytes, tous. /| 18 6,03 + 0,33 6,18 + 0,29
6 0,56 +£0,13 1,70 £ 0,15%**
T-lymphocytes, thous./ul 18 1.08 0,12 112 + 0,08
6 1,27 +£0,17 1,48 £ 0,09
CTL, thous./ul 18 1,05+ 0,12 0.95 % 0,22
6 0,74 £ 0,07 1,30 £ 0,10%**
B- lymphocytes, thous./ul 18 1184015 1244021
6 27,10 = 5,30 32,40 +3.,30
0 s s s s
BSBA, % 18 34,20 + 5,30 57,60 & 3,00%*
6 3,31 +0,39 3,75+0,38
. . . . 2 9 b b bl
Average titer of immunoglobulins G to ND virus, log 18 4,50+ 0.28 5.56 + 0.40%

%p <0,05.
*#xp < 0,01.
##5p < 0,001,
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on humoral immunity parameters (BSBA, mean
immunoglobulin G titer), and a significant effect
on the CP was also maintained (see Table 2).

Our findings, demonstrating the stimulating
effect of phytobiotics on the immune system, are
consistent with the data from other researchers.
For example, feeding poultry the phytobiotic
"Farmatan" increased the natural resistance of
broiler chickens, as evidenced by an increase
in serum bactericidal and lysozyme activity by
14.0% and 6.9%, respectively, and in leukocyte
phagocytic activity by 4.73% [10]. The use of a
pine needle-based supplement increased the nat-
ural resistance of broiler chickens: bactericidal
activity of blood serum by 20.9-27.7%, lympho-
cytes by 1.4-1.5 times, T-lymphocytes by 2.1
times, B-lymphocytes by 2.2 times, as well as
the adaptive immunity to the ND virus [13]. The
use of the feed additive based on essential oils
"Intebio®" contributed to an increase in the ex-
pression of interleukin genes in broiler chickens
both in the intact (3.5-5.0 times) and in the Sal-
monella enteritidis-infected groups (4—6 times),
which indicates an increase in the immune status
of the bird [14].

Stimulation of natural resistance and adaptive
immunity during vaccination against the ND vi-
rus, combined with the use of a complex of es-
sential oils, had a positive effect on the viability

and productivity of poultry. The survival rate
of broiler chickens in the experimental group
during the growing period exceeded that of the
control group by 4.3%. Live weight of broiler
chickens in the experimental group exceeded
that of the control group by 0.4-3.7% through-
out the study (see Table 3).

A statistically significant increase in the live
weight of the experimental group represen-
tatives was recorded at 21 and 28 days of age
(+ 3.5 and 3.7%, respectively), which coincided
with the period of formation of adaptive immu-
nity, as well as at the end of the growing period
at the age of 38 days (+ 3.4%).

The average daily feed consumption and feed
costs per kilogram of product in the experimen-
tal group were lower than in the control group by
2.17 g/head and 0.08 kg and amounted to 107.61
g/head and 1.52 kg, respectively. The Europe-
an productivity index in the experimental group
was 57 units higher than in the control group and
amounted to 467 units.

CONCLUSION

The obtained data indicate a stimulating effect
of the herbal preparation " Phytogenics" based
on a complex of essential oils on the immuno-
logical resistance of broiler chickens against the
background of vaccination against the ND virus.

Tao6a. 2. Jlons BmussHus Guronpenapara Ha MokazaTelId KIETOYHOTO U TyMOPaJIIbHOTO HIMMYHUTETA
LBITUIST-OpOIepOB MpH BaKIMHAIMK IPOTHUB BHpyca Hbrokacickoii 6one3nu (%)

Table 2. The proportion of the effect of phytopreparation on the cellular and humoral immunity
of broiler chickens during vaccination against Newcastle disease virus (1)?)

Post-vaccination period, days
Indicator 6 18
0’ P 0’ P
CP, c.u. 0,405 0,048%* 0,792 0,001%*
Spontaneous NBT-test, c.u. rd. pl. 0,560 0,013* 0,251 0,140
Stimulated NBT-test, c.u. rd. pl. 0,506 0,020* 0,530 0,017*
Lymphocytes, thous./ul 0,830 0,001* 0,140 0,742
T-lymphocytes, thous./ul 0,811 0,001* 0,009 0,793
CTL, thous./ul 0,130 0,306 0,020 0,698
B- lymphocytes, thous./ul 0,723 0,002* 0,006 0,837
BSBA, % 0,510 0,532 0,699 0,003*
Average titer of immunoglobulins G to ND virus, log? 0,064 0,163 0,335 0,001*

*p <0,05-0,001.
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Taoa. 3. M3MeHeHue )KxuBOM Macchl IBITUIST-
OpoiinepoB Ha (oHe npUMeHeHHs pUToNpenapara, T
Table 3. Live weight of broiler chickens against
the background of the use of phytopreparation, g

Age of broiler Group
chickens, days control experimental
432+04 434+04

7 166,7 +2,1 168,1 £ 2,1
14 486,1 £ 14,1 4893 +£2,1
21 911,7 + 14,1 9432 £ 6,3*
28 1519,8 + 24,6 1575,0 £ 13,3*
35 2270,8 + 34,3 2289,0+274
38 2607,1 + 38,3 2695,5 +23,5%

%p <0,05.

The phytobiotic had a greater effect on the
indices of cellular immunity (n? = 0.405-0.830,
p <0.05-0.001) in the initial period of formation
of adaptive immunity (6 days after vaccination),
which was expressed by an increase in the ac-
tivity of cationic proteins by 1.3 times, the level
of spontaneous NBT activity by 17.7%, the total
number of lymphocytes by 2.1 times, T-lympho-
cytes by 3.0 times, B-lymphocytes by 1.8 times.
A significant effect on the humoral component
of immunity was also recorded 18 days after the
vaccination (g? = 0,335- 0,699, p < 0,05-0,001),
which was accompanied by an increase in the
bactericidal activity of blood serum by 23.4%
and the average titer of post-vaccination anti-
bodies (immunoglobulin G) by 1.1 log>.

The use of the herbal preparation contribut-
ed to an increase in the survival rate of broiler
chickens by 4.3%, live weight by 3.4%, and the
European productivity index by 57 units.

Thus, a herbal preparation based on essential
oils can be recommended for increasing the im-
munological resistance, viability and productiv-
ity of broiler chickens.
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[Torck HOBBIX BUAOB KOPMOB JJIsI MIOBBIIICHUS] KOHEYHOM >KUBOM MAacChl U CHIKEHHUS 3aTpaT KOM-
OMKOpMa B IpOLIECCE BBIPALIMBAHMS OCTACTCs IVIABHOW 3ajadeil Ha COBPEMEHHOM 3Tale Pa3BUTHS
OpoiiJIepHOTO MPOM3BOJACTBA. B cTrarbe mpelcTaBIeHbl pe3yabTaTbl UCCIEIOBAHUS XUMUYECKOTO CO-
CTaBa U MUTATEIbHOMN LIEHHOCTH PaIiCOBOIO KMbIXa, KOTOPOMY YAEIseTcss 0c000e BHUMAHHUE KaK OC-
HOBHOMY KOMIIOHEHTY KOMOUKOpMa B (PMHMILHBIHN Nepuoa oTkopMa nruibl. Llens nanHoi paboTs! 3a-
KJTI0YaJIach B M3y4YEHHH OTKOPMOYHBIX U MSICHBIX KaueCTB IBITUIAT-OpOIIEpOB MpU 3aMEHE B PaI[iOHE
MSICHOM MYKH, TIOJICOTTHEUHBIX IIPOTA U Maciia Ha COEBBIH LIPOT, PAllCOBBIE KMBIX U MAaciio B TEX XK€
konuyecTBax. KagecTBo kopma, moenaemMoro NnTHLEH, OKa3blBaeT OOJIBIIOE BIMSHHUE HA MOKA3aTEIH
pocra u 3arpaTbl KOpMOB. [1o pe3ynbraTaM XUMHYECKUX HUCCIIEOBAHUI YCTAaHOBJICHO, YTO MO dHEP-
TeTUYECKON U MPOTEHHOBOM MUTATENIbHOCTH PATICOBBIN KMBIX OJIM30K K coeBoMy. Hanmyuime noka-
3aTeJy NPU ITOM OBbUIM MOIYy4EHBI IPU BKIIOYCHUHU B COCTaB KOMOMKOPMA KMbIXa M Macja U3 parica.
IloBbIlIeHNE COXPaHHOCTHU LBIIIAT-0poitiepoB cocTaBmiio 5,0%, yBenudenune xuBoit Mmaccol — 290 T
VYnanoch AOCTHYb CHHU)KEHHS 3aTpaT KOpMoB Ha 1 kr mpupocrta Ha 0,34 en. ¥ MOBBILIEHUS MHIEKCA
MPOAYKTUBHOCTH Ha 2,1%. BakHbIM TIOKa3areneM kauecTBa MSICHOM MPOAYKTUBHOCTH IIBITUIAT-OpPOiA-
JIEpOB SIBIISIIOTCSI Macca M BBIXOJ ChEIOOHOW YacTh TYIIKU. B OMBITHOH TpyIlie Macca MoTpOIeHON
Tymku ObuTa Beilie Ha 8,58%, Macca ee cheJoOHOM YacTh — Ha 122 1. Mcronp30BaHe B COCTABE KOM-
OMKOpMa PaATICOBBIX )KMbIXa U Macila CIOCOOCTBOBAJIO CHIKEHHIO ce0eCTOMMOCTH 1 KT MpUpocCTa Ku-
BOI Macchl, MOBBIIICHUIO TPUOBLTH HA 16,02% ¥ yBEIMYEHUIO pEHTA0CIBLHOCTH MPOU3BOJICTBA Msica
UpIIAT-Opoitnepos Ha 4,49%.
KiroueBble ci10Ba: MbIX U MAcilo parca, COEBbIH IIPOT, )KUBasi Macca, IKOHOMUUecKas 3P dex-

TUBHOCTb

Rapeseed oil and cake in the rations of broiler chickens in the conditions
of the Tomsk region
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The search for new types of feed to increase the final live weight and reduce the cost of feed for
growing remains the main issue at the current stage of development of broiler production. The article
presents the results of a study of the chemical composition and nutritional value of rapeseed cake,
which receives special attention as the main component of compound feed in the finishing period of
poultry fattening. The purpose of this work was to study the fattening and meat qualities of poultry
when replacing sunflower meal, sunflower oil and meat meal in the diet with rapeseed cake, rapeseed
oil and soybean meal in the same quantities. The quality of the feed eaten by the poultry has a great
impact on the growth and feed costs indicators. According to the results of chemical studies it was
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found that the energy and protein nutritional value of rapeseed cake is close to soybean cake. The best
results were obtained with the inclusion of rapeseed cake and oil in the compound feed. Thus, the via-
bility of broiler chickens increased by 5.0%; live weight increased by 290 g. It was possible to achieve
a reduction in feed costs per 1 kg of gain by 0.34 units and an increase in the productivity index by
2.1%. An important indicator of the quality of meat productivity of broiler chickens is the weight and
yield of the edible part of the carcass. Thus, the mass of the gutted carcass was higher in the expe-
rimental group by 8.58% and the edible parts of the broiler carcass of the experimental group were
higher by 122 g. The use of rapeseed cake and oil in the compound feed contributed to a decrease in
the cost of 1 kg of live weight gain of broiler chickens and an increase in profit by 16.02% and an
increase in the profitability of broiler meat production by 4.49%.
Keywords: rapeseed cake and oil, soybean meal, live weight, economic efficiency
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INTRODUCTION ucts. Currently, there is a need to utilize alterna-
tive feed resources and evaluate them in terms of
maintaining overall poultry health and optimiz-
ing production.

In industrial production in Western Siberia,
broiler chickens are fed complete feed, which
meets the birds' energy, nutrient, and vitamin
requirements. This feed includes grain, mineral
supplements, meat and fish meal, and liquid veg-
etable oils (sunflower and soybean), significant-
ly increasing the cost of meat production.

Protein and fat are the most important com-

ponents in a poultry diet. During digestion, pro-
casts, annual global broiler production in 2025  {cin is broken down into amino acids, which

will be approximately 105.26 million tons [1-3].  jnfluence growth, productivity, and immunity'~.

Feeding regimens and feed composition are  Plant-based feed supplements derived from oil-
crucial, influencing growth and blood counts, seeds are most often used as the primary source
carcass yield, and meat quality in broiler chick- of protein. Fat, included in the feed, provides
ens, as well as the organoleptic, nutritional, and energy, which is important for rapidly growing
technological properties of the resulting prod- birds.

One of the factors hindering poultry produc-
tivity growth is the lack of protein components
in compound feed, which leads to excess feed
consumption and increased production costs.
Currently, legumes and oilseeds are the most
widely used sources of plant protein. Therefore,
the topic of our study is quite relevant and has
both theoretical and practical significance.

Poultry production volumes are increasing
annually due to rising demand for poultry meat
and poultry-based products. According to fore-

'Carre B., Meda B. Cross relationships between growth performance, growth composition and feed composition in broiler
chickens, calculated from published data // Poultry Science, 2015, N 94 (9), pp. 2191-2201.

2Usha B.V., Andrianova T.G. Use of soya protein for quality improvement of chicken meat // Modern high technologies, 2005,
N 11, pp. 91-93.

3Egorov I.A. Modern approaches to poultry feeding // Poultry farming, 2014, N 4, pp. 11-16.
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The problem of replenishing the deficiency
of crude protein and fat in the broiler diet can
be solved by introducing rapeseed cake and oil,
which have a positive effect on the digestibility
of nutrients, the composition of intestinal micro-
flora, and muscle tissue growth [4-6]. Soybean
meal is also used as a source of protein in the
broiler diet. Moreover, it is recommended to
use crushed meal with a particle size of 625 and
1406 pm to improve protein digestibility in the
ileum due to a larger contact surface and a de-
crease in the rate of passage [7-9].

In the countries with developed poultry farm-
ing, the problem of vegetable oil shortages is be-
ing addressed by increasing rapeseed oil produc-
tion. Global oilseed production in 2020-2022
amounted to 600.47 million tons, indicating
large volumes of cake and oil extraction residues
that can be incorporated into feed [10—12].

The purpose of this work was to study the
fattening and meat qualities of poultry when re-
placing meat meal, sunflower meal and oil in the
diet with soybean meal, rapeseed cake and oil in
the same quantities.

The research objectives are:

1) to study the chemical composition and nu-
tritional value of rapeseed cake;

2) to study the biochemical parameters of the
blood of broiler chickens;

3) to determine the meat characteristics of
poultry.

The article is the first to study the combined
effect of rapeseed and soybean plant feeds on the
productive performance of broiler chickens.

MATERIAL AND METHODS

The study involved 25- to 40-day-old broiler
chickens of the ROSS-308 cross. During the ex-
periment, the birds were divided into two groups
— control and experimental (see Table 1). The to-
tal number of chickens was 70,000. The experi-
ment was repeated three times.

Representatives of the control and experi-
mental groups were raised in cages at a stock-
ing density of 25 heads/m?, room temperature of

16-18 °C, and 24-hour lighting with an intensity
of 10-15 lux.

The control group was fed standard PK-6 fin-
ishing feed based on wheat grain (60%) with the
addition of sunflower meal (10%), meat meal
(8%), wheat bran (6%), and sunflower oil (2%).
The experimental group's feed was supplement-
ed with rapeseed cake (10%) and oil (2%) in-
stead of sunflower seed meal, and soybean meal
(8%) instead of meat meal.

During the experiment, the birds' survival
was monitored by recording dead and culled
young birds. For biochemical studies, fasting
blood samples were collected from the axillary
vein at 25 and 40 days of age (the blood was
stabilized with 1% heparin solution, 2 drops/100
ml). Red blood cell and white blood cell counts
were determined using a MEKOS-Ts2 automat-
ed microscope (Russia), and hemoglobin was
determined using the hemoglobin cyanide meth-
od using a spectrophotometer. Biochemical pa-
rameters of broiler chicken blood serum (total
protein concentration, glucose, phosphorus, and
calcium content) were determined using a Stat
Fax 1904 PLUS semiautomated biochemical an-
alyzer (USA).

Tao6a. 1. Cxema ucciaenoBanus
Table 1. Research scheme

Number

Group of heads

Conditions of the study

Control 35000 |Finishing compound feed brand PK-6:
wheat grain — 60%;
sunflower meal — 10%;
meat meal — 8%;
wheat bran — 6%,
sunflower oil — 2%

Dose: 250 g/head per day

Experi- |35 000

mental

Finishing compound feed brand PK-60:
wheat grain — 60%;
rapeseed cake — 10%;
soybean meal — 8%;
wheat bran — 6%,
rapeseed oil — 2%
Dose: 250 g/head per day
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The live weight of broiler chickens was de-
termined by individual weighing in the morn-
ing before feeding at 25 days of age and before
slaughter. Based on these weighing results, av-
erage daily, absolute, and relative weight gains
were determined. In the slaughterhouse, the
marked birds were stunned, bled, and eviscer-
ated. The following parameters were then deter-
mined: carcass yield, edible and inedible parts
yield, muscle yield, and the European Perfor-
mance Index.

RESULTS AND DISCUSSION

According to chemical studies, compared to
sunflower meal, the content of crude protein in
rapeseed cake is 1.45% higher (p < 0.05), crude
fat is 5.66% lower, and crude fiber is 28.58%
lower (p <0.05) (see Fig. 1).

According to the results obtained, the he-
matological and biochemical parameters of the
blood of all broiler chickens were within physi-
ological norms. Blood parameters of birds at the
beginning of the experiment (25 days) did not
differ significantly between the control and ex-
perimental groups (see Fig. 2).

According to Fig. 2, by the slaughter period
(40 days), a positive effect on metabolic process-
es in the body of broiler chickens was observed
due to the addition of soybean meal, rapeseed
cake, and oil to the feed. Thus, in the represen-
tatives of the experimental group, the red blood
cell count was 8.23% higher (p < 0.05), and the
hemoglobin concentration increased by 11.21%
(p <0.05) relative to the control.

It was found that the total protein content in
the blood of broiler chickens in the experimental
group was 18.64% higher (p < 0.05) than that of
the control birds. Increased carbohydrate metab-
olism in the body of the experimental group was
evidenced by a 26% increase in blood glucose
concentration compared to the control group.

The European Broiler Performance Index re-
flects live weight, survivability and feed costs
(conversion).

According to the study, the inclusion of rape-
seed cake and oil, as well as soybean meal, in the
compound feed contributed to an increase in live
weight by 161 g (p <0.05) relative to the control,
a decrease in feed costs per 1 kg of gain by 0.10
units (p < 0.05), and an increase in the produc-

40
35.11
35 34.60
30
25
20
15 11.30 12,01 12.23
10,40 11.33 10,53

10 752 8.23

5 I I

0 .

Metabolic energy, Crude protein, g Crude fat, g Crude fiber, g Sugar, g
Ml/kg

B Sunflower meal B Rapeseed cake

Puc. 1. Xumudeckuil COCTaB parncoBOro KMbIXa U MOJICOJIHEUHOTO IIPOTa

Fig. 1. Chemical composition of rapeseed cake and sunflower meal

300TeXHNUS ¥ BETEpUHAPHS

CuOHPCKHUIT BECTHHIK CENIbCKOXO3SIICTBCHHOI Hayku * 2025+ 558 89



Rapeseed oil and cake in the rations of broiler chickens Fakhrutdinova R.Sh., Symanovich O.V., Karakchieva N.I.,

in the conditions of the Tomsk region Afonina I.A., Kinsfator O.A., Soshnikova T.A.
140
120
100
80
60
40
) I I I
= = = = = = = = = = = =
= = » 3 3 3 S > > S S S
E 5 3 : : =z 5 3 z : z
2] p— o N h m‘\ wn p— o N i m‘\
g ¥ & ¢ E £ ¢ ¥ & g E £
Q =) = Q G 2 5 g = 3 35 S}
e S 2 = = = e S z = = =
= T = S S 2 = T = O O @
5 = & =
25 Days 40 Days
® Control group ® Experimental group
Puc. 2. I'ematonornyeckre 1 OMOXMMUYESCKUE TIOKA3aTENIN KPOBH IBILIAT-0poitiepos (p < 0,05)
Fig. 2. Hematological and biochemical parameters of blood of broiler chickens (p < 0,05)
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Fig. 3. Slaughter yield indicators (p < 0,05)
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Tao6a. 2. [IpoxyKTuBHBIE TOKa3aTeNIN UBILIAT-Opoitnepos (p < 0,05)
Table 2. Productive indicators of broiler chickens (p < 0,05)

Live weight, g
s European Feed conversion rate,
Group at the beginning at the end of the period | Productivity Index kg/kg
of the period (40 days)
(25 days) Y
Control 1254,3 + 0,03 2654,0 £ 0,04 231+0,03 2,50+0,03
Experimental 1254,5 + 0,03 2815,0 £ 0,04 265 £ 0,03 2,40 + 0,03
Experiment
1st category. %
Control
Experiment
2nd category. %
Control
0 10 20 30 40 50 60 70

Puc. 4. CoorHomenwne Tymek 1-it u 2-i kareropwmii kadectsa (p < 0,05)

Fig. 4. Ratio of carcasses of the 1st and 2nd quality categories (p < 0,05)

tivity index by 34 units (p < 0.05) (see Table 2).

An important indicator of broiler chicken
meat productivity is the yield of edible carcass
meat. In the experimental group, the eviscerated
carcass weight was 6.16% (p < 0.05) higher, and
the edible carcass weight was 6.82% (p < 0.05)
higher than in the control group (see Fig. 3). The
experimental group produced more high-quality
carcasses, as the proportion of Category 1 car-
casses was 20% higher than in the control group
(see Fig. 4).

According to available data, the reduction in
the cost of 1 kg of live weight gain of broiler
chickens in the experimental group was 3 rubles
(2.6%) compared to the control group, which

contributed to an increase in profits by 16.51%
and an increase in the profitability of meat pro-
duction by 4.72% (see Table 3).

CONCLUSIONS

1. 1. Rapeseed cake, compared to sunflow-
er cake, is characterized by a higher content of
crude protein (+ 1.45%, p < 0.05), exchange en-
ergy (+7.96%) and sugars (+ 32,71%).

2. 2. Sunflower cake contains more crude
fat (+ 5.66%) and crude fiber (+ 28.58%) than
rapeseed cake.

3. After introducing soybean meal, rape-
seed cake, and oil into the broiler chicken diet,
the total protein concentration in the blood of
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Taoa. 3. Iloxazarenu 3(h()eKTHBHOCTH BBIPALIMBAHUS LIBIIIIST-OPOIEpOB

Table 3. Performance indicators of broiler chicken growing

Group
Indicator
control experimental

Number of heads 35000 35000
Number of heads taking into account the viability 30590 31675
Live weight, g:

at the beginning of the period 1254,3 +£ 0,03 1254,5+ 0,03

at the end of the period 2654,0 + 0,04 2815,0 +£ 0,04
Duration of rearing, days 15 15
Average daily gain in live weight, g 93,31 £ 0,25 104,0 £ 0,25
Gross live weight during the fattening period, thous.kg 42,815 49,556
Cost price of 1 kg of live weight, rubles 114,26 111,26
Total cost, thous.rubles 4892,042 5513,600
Selling price, rubles 200,0 200,0
Total selling price of meat, thous.rubles 8563,00 9911,20
Profit, thous.rubles 3670,958 4397,600
Production profitability, % 75,04 79,76

the experimental group was 18.64% higher (p <
0.01) than that of the control group. Activation
of carbohydrate metabolism in the experimen-
tal group is evidenced by an increase in blood
glucose concentration (+26% compared to the
control).

4. The inclusion of rapeseed cake and oil,
as well as soybean meal, in the compound feed
contributed to an increase in the live weight of
broiler chickens in the experimental group by
161 g (p < 0.05), a decrease in feed costs per
1 kg of gain by 4% (p < 0.05) and an increase
in the productivity index by 34 units (p < 0.05)
compared to the control.

5. 5. The gutted carcass weight was 6.12%
higher in the experimental group (p <0.05) com-
pared to the control. The edible carcass weight
was also 6.81% higher in the experimental group
(p <0,05).

6. The experimental group produced more

high-quality carcasses: the proportion of catego-
ry 1 carcasses was 20% higher.

7.  The reduction in the cost of 1 kg of live
weight of broiler chickens in the experimental
group was 3 rubles (2.6%) compared to the con-
trol, which contributed to an increase in profits
by 16.52% and an increase in the profitability of
meat production by 4.72%.
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Dyko3a, SBISACH KIFOUYEBbIM KOMIIOHEHTOM KHILIEYHBIX [IIMKAHOB, UTPACT OYCHb BAXKHYIO POJIb B
pEryIsauuy MUKPOOHOTO COOOIIECTBA U CO3AAHMHM ONTUMAIbHOH MHUKPOCPEIbI AJIsl SMHUTENNATbHBIX
KJIETOK XO3s5IMHA. B JaHHOM HCcleI0BaHNM M3yUeHO BIMSHUE MUIIEBOH (yKO3bl HA BOCCTAHOBJICHHUE
KHUIIEYHOH MUKPOOHOTHI y 1a00paTOpHBIX MbIIIeH ¢ Aepuiurom mynuna-2 (Muc2”~) mocie npose-
JICHNs1 aHTHOMOTHKOTEpanvu. B kauecTBe KOHTPOIBHBIX 0COOCH MCIOIB30BaHBI MBIIIH JTUKOTO THTIA
(WT, C57BL/6). B xome skcriepuMeHTa KHBOTHBIE 000MX T€HOTHITOB OBLITH pa3iefieHbl Ha YETHIPE
IPYIIIBL: BXOJSIINE B COCTAB 1-# IpyNIIbl MBI AaHTUOMOTHKH HE ITOTy4asii (HeraTUBHbIM KOHTPOJIb),
MPEACTABUTENH 2-i IPyNIbl Modyvainn aHTHOMOTHKH (14 mHell) n ¢yko3y (MO3UTUBHBIA KOHTPOJIb
i QyKO3bI), IPEACTABUTENH 3-1 rpymIibl — aHTUOMOTUKH (14 1HEH) U cTaHAapTHBIA KOpM (MOAECTH
Jucouo3a), 4-it — Tosbko (hyko3y (OCHOBHAs SKCIIEPUMEHTANIbHAS rpymia). Pe3ynbsrarsl Hccie10BaHus
MoKa3aju, 4to y Muc2™~ Mbliieil ypoBeHb CBA3aHHOM (DYKO3bI B KHIIIEYHUKE OBLI JOCTOBEPHO HHUIKE,
geM y KOHTPOJIBHBIX JKUBOTHBIX (p = 0,0001), 9TO compoBOKIaIOCH THUCOATAHCOM MUKPOOHOTHI. AH-
TUOMOTHKOTEpANus yCyryOusiia 3T U3MEHEHHS, CHIDKas KoIudecTBo Bacteroides spp. (p = 0,0003)
u Lactobacillus murinus (p = 0,0268) 1 noBbIasi ypoBeHb YCIOBHO-NATOTeHHBIX Escherichia coli
(» = 0,0004). JJo6aBnenue (yko3bl B pamroH CIOCOOCTBOBAIO M30MPATEILHOMY BOCCTAHOBICHHUIO
Bacteroides spp. y Muc2~~ mpieii (p = 0,0015), HO He BIMAIO Ha YUCIEHHOCTD L. murinus. BaxxHbIM
OTKPBITHEM CTAJIO OTIOCPEIOBAHHOE MOJIABIICHHE Enterococcus spp. 3a cHeT CTUMYIISIK Bacteroides,
YTO CBU/IETEIILCTBYET O CIOKHBIX MEKMUKPOOHBIX B3aUMOAEHCTBUAX B paMKaX MUKPOOHOMA KHUILIEY-
HuKa. Takke ycTaHOBIIEHO, 4TO (PyKo3a CHUXKalA YpoBeHb E. coli (p = 0,0149), neMoHCTpUPYS CBOIO
3alUTHYIO poitb. Y Mblei C57BL/6 numesast Gpyko3a BoccTaHaBIMBaIa YPOBEHb CBI3aHHON (DYKO3bI
(p = 0,0249), Torna kak y Muc2~~ ocobeii 3T0ro He HAOMIOIATIOCh, YTO MOAYEPKUBACT KIFOUEBYIO POJIb
MYLUHA-2 B MOJJIEPKAHUU MHKPOOHOTrO romeoctasa. [lomydeHHble JaHHBIE PACKPBHIBAIOT CIIOKHBIC
B3aUMOCBSI3U MEXIy MYIIMHOBBIM 0apbepoM, COCTABOM MUKPOOMOTHI M €€ YCTOWYHBOCTBIO K aHTH-
OMOTHKAM, OTKPbIBAs IEPCIIEKTUBbI AJIS1 Pa3paO0TKU HOBBIX IIOIXOJ0B K KOPPEKLIMY MUKPOOHUOLIEHO3a
[IPU HapyLICHUSIX KUILIEYHOTO Oapbepa.

KuaroueBsbie ciioBa: MyuH-2, mucobuos, Mukpoouora, Lactobacillus, Enterococcus, ¢pyko3a, aHTH-
OMoTUKN

Effect of dietary fucose on post antibiotic microbiota recovery under
conditions of mucin-2 glycoprotein deficiency
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Fucose, a key component of intestinal glycans, plays an important role in regulating the microbial
community and creating an optimal microenvironment for host epithelial cells. In this study, the effect
of dietary fucose on the restoration of intestinal microbiota in mucin-2-deficient (Muc27") laboratory
mice after antibiotic therapy was investigated. Wild-type mice were used as controls (WT, C57BL/6).
During the experiment, animals of both genotypes were divided into four groups: mice in group 1 did
not receive antibiotics (negative control), representatives of group 2 received antibiotics (14 days)

300TEXHUS U BETEPUHAPHS Cubupckuii BECTHHK CENCKOXO3SHCTBEHHON HayKH * 2025 ¢ 55 ¢ 8 95



Effect of dietary fucose on post antibiotic microbiota
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and fucose (positive control for fucose), group 3 received antibiotics (14 days) and standard feed
(dysbiosis model), and group 4 received only fucose (main experimental group). The results of the
study showed that Muc2-~ mice had significantly lower levels of bound fucose in the intestine than the
control animals (p = 0.0001), which was accompanied by an imbalance in the microbiota. Antibiotic
therapy aggravated these changes, reducing the number of Bacteroides spp. (p = 0.0003) and Lactoba-
cillus murinus (p = 0.0268), while increasing the level of opportunistic Escherichia coli (p = 0.0004).
Addition of fucose to the diet resulted in selective restoration of Bacteroides spp. in Muc2”~ mice
(p = 0.0015), but had no effect on the number of L. murinus. An important finding was the indirect
suppression of Enterococcus spp. by stimulation of Bacteroides, indicating complex intermicrobial
interactions within the gut microbiome. It was also established that fucose reduced the level of E. coli
(p = 0.0149), demonstrating its protective role. In C57BL/6 mice, fucose restored the level of bound
fucose (p = 0.0249), whereas this was not observed in Muc2”~ mice, highlighting the key role of mu-
cin-2 in maintaining microbial homeostasis. The obtained data reveal complex relationships between
the mucin barrier, the composition of the microbiota and its resistance to antibiotics, opening up pros-
pects for the development of new approaches to correcting the microbiocenosis in cases of intestinal
barrier disorders.
Keywords: mucin-2, dysbiosis, microbiota, Lactobacillus, Enterococcus, fucose, antibiotics
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INTRODUCTION cans, and the fatty acids they secrete, in turn,
enhance mucin production by goblet cells [4, 5].

Mucin plays a crucial role in the development
of immune tolerance to commensal microbiota.
Acting as a platform for interaction with dendrit-
ic cells, it regulates the balance of proinflamma-
tory and regulatory immune responses by pre-

venting excessive reactions to autochthonous

Intestinal mucin, predominantly represented
by mucin-2 (Muc?2), plays a key role in main-
taining homeostasis in the animal digestive tract
[1]. This highly glycosylated protein, secreted by
goblet cells, forms a complex three-dimensional
network that creates physical and biochemical
barriers between intestinal epithelial cells and

its contents [2].

Mucin performs key biological functions
through its glycosylated domains. They simul-
taneously prevent pathogen adhesion to the ep-
ithelium and serve as a nutrient substrate for
beneficial saccharolytic bacteria, including A4-
kermansia muciniphila and some strains of Bac-
teroides [3].

Mucin and saccharolytic bacteria interact
symbiotically: bacteria break down mucin gly-

microorganisms [6].

The absence of mucin-2, a major structur-
al component of the intestinal mucosal barrier,
leads to profound alterations in the microbial
community, which has serious consequences for
the entire organism'.

In the case of mucin-2 deficiency, glycan-uti-
lizing bacteria, particularly Bacteroides spp.,
are forced to switch from mucin carbohydrates
to alternative sources, including epithelial gly-

YJohansson M.E.V., Larsson J.M.H., Hansson G.C. The two mucus layers of colon are organized by the MUC2 mucin, whereas
the outer layer is a legislator of host-microbial interactions // Proceedings of the National Academy of Sciences, 2011, vol. 108,

Suppl. 1, pp. 4659-4665.
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coproteins. This causes damage to the intestinal
barrier, facilitating pathogen adhesion, and also
reduces the population of Lactobacillus muri-
nus, which normally produces bacteriocins and
maintains an acidic environment in the epitheli-
um [7]. Mucin-2 deficiency alters the intestinal
environment, promoting the growth of resistant
Enterococcus spp. and enhancing the pathogenic
properties of Escherichia coli [8].

Disturbances in the microbial balance devel-
op in a cascade: a reduction in lactobacilli weak-
ens protection, and changes in pH and redox
potential promote the growth of proteobacteria
and the formation of a pathological community
adapted to the damaged barrier?.

Mucin-2 deficiency causes a fundamental
restructuring of the intestinal ecosystem, dis-
rupting its spatial organization and trophic con-
nections. These systemic changes increase sus-
ceptibility to infections, contribute to the devel-
opment of chronic inflammation and metabolic
disorders [9].

The intestinal microbiota of mice is a com-
plex ecosystem, where key representatives of
the microbiome include Enterococcus spp.,
Bacteroides spp., E. coli and L. murinus, each
of which plays a unique role in intestinal physi-
ology [10].

The interactions between these bacteria in
the intestine are competitive. For example, Bac-
teroides spp., using mucin glycans, can limit
substrate availability for L. murinus, leading to
a decrease in its protective functions. In turn, L.
murinus, through acidification of the environ-
ment, inhibits the growth of Enterococcus spp.
In dysbiosis caused by mucin deficiency, this
balance is disrupted: a decrease in L. murinus
and an increase in Bacteroides spp. create con-
ditions for the expansion of opportunistic E. coli
and Enterococcus spp., which contributes to the
development of inflammation [11].

Thus, the intestinal microbiota of mice is a
dynamic system in which E. coli, Enterococcus
spp., Bacteroides spp., and L. murinus occupy
strictly defined ecological niches, and their in-

teraction determines not only normal intestinal
physiology, but also pathological changes when
homeostasis is disrupted [12].

Fucose (6-deoxy-L-galactose) is a key com-
ponent of intestinal glycans, whose bacterial
metabolism supports microbial balance, barrier
function, and immune regulation. This complex
process involves catabolism, signaling path-
ways, and microbe-host interactions [13].

Fucose plays an important role in the forma-
tion and maintenance of the intestinal microbi-
al community. It serves as a selective substrate
for bacteria responsible for the breakdown of
mucins, such as Akkermansia muciniphila [14],
providing them with an ecological advantage.

The immunomodulatory properties of fucose
and its derivatives include the induction of reg-
ulatory T cell (Treg) differentiation through ef-
fects on dendritic cells, resulting in decreased
levels of proinflammatory cytokines (TNF-o u
IL-6) [15].

The therapeutic potential of fucose is asso-
ciated with its ability to restore the microbial
community after antibiotic therapy, promoting
the growth of beneficial bacteria, in particular
Bacteroides.

The molecular mechanisms of fucose uti-
lization by bacteria highlight its central role in
the interaction between the microbiota and the
host. Studying these processes may open new
perspectives for developing strategies to correct
dysbiosis and treat diseases associated with in-
testinal barrier dysfunction.

In this regard, the purpose of this work was to
determine the role of dietary fucose in the resto-
ration of the microbial consortium under condi-
tions of mucin-2 deficiency in the intestines of
model mice Muc2".

MATERIAL AND METHODS

The study involved laboratory mice with a
knockout for the Muc2 gene (Muc2), as well
as wild-type (WT, C57BL/6) individuals used
as a control. During the experiment, the animals
were divided into four groups. Representatives

*Di Cerbo A., Palmieri B., Aponte M., Iannitti T. Mechanisms and therapeutic effectiveness of lactobacilli // Journal of Clinical

Pathology, 2016, vol. 69, N 3, pp. 187-203.
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of the first group did not receive antibiotics
(negative control). Mice from the second group
received antibiotics (14 days) and fucose (pos-
itive control for fucose). Animals of the third
group received antibiotics (14 days) and stan-
dard feed (dysbiosis model). Representatives of
the fourth group received only fucose (the main
experimental group).

To prepare a combination antibiotic prepara-
tion, 0.5 g/L of gentamicin, ampicillin, and met-
ronidazole, as well as 1 g/l of vancomycin, were
added to drinking water. The antibiotic solution
was prepared 24 hours before use and then stored
at 4°C. During antibiotic therapy, the animals'
body weight and clinical condition were regu-
larly monitored at the intervals of 48—72 hours.

All manipulations with mice were performed
in full compliance with international bioethical
standards established by the European Conven-
tion for the Protection of Laboratory Animals.
Ethical review was conducted by the Ethics
Committee of the Research Institute of Neuro-
science and Medicine (Protocol No. 28 dated
June 19, 2015).

Samples were homogenized in liquid nitro-
gen. Tissue samples (5 mg) were extracted in
I ml of 96% ethanol (5 min, stirring) and then
centrifuged at 3000 rpm (10 min, 4°C). The su-
pernatant was used for free fucose analysis. The
pellet was treated with 0.1 N NaOH solution to
determine the bound form.

H,SO, (6:1) was added to the samples, heated
to 100°C, then cooled and mixed with 3% L-cys-
teine hydrochloride (90 min, 20°C). Optical
density was measured at 405/450 nm. Concen-
tration was calculated using a calibration curve,
normalizing to protein content (the Bradford
method).

In the intestines of both Muc2” and C57BL/6
mice, the levels of free and bound fucose were
determined using several therapeutic regimens:
without antibiotics (free fucose: n =10, n = 10;
bound: n = 10, n = 9), only antibiotics (free: n =
4, n=15; bound: n =4, n=15), antibiotics and fu-
cose (free: n=3,n=5; bound: n=3, n=15), only
fucose (free: n="7,n=>5;bound: n=7,n=>5).

Bacterial content in colon tissue and feces
was assessed using quantitative real-time PCR,
normalizing the amount of bacterial 16S rRNA
to the level of 28S rRNA of Mus musculus. DNA
was isolated using the DT-250 system (Biolab-
mix, Russia) according to the manufacturer's
protocol.

The following were used for detection:

1) universal primers to the conserved region
of 16S rRNA (total bacterial load);

2) specific primers;

3) primers to mouse 28S rRNA (normaliza-
tion control).

Primers were developed using Primer-BLAST
and Unipro UGENE software. PCR analysis
was performed on a CFX96 Touch thermocy-
cler (Bio-Rad Lab., USA) with the BioMaster
HS-qPCR SYBR Blue reaction mixture (Biolab-
mix, Russia) according to the standard protocol:
first 5 min at 95°C, then 40 cycles at different
temperatures (95°C/15 s, 62°C/25 s, 72°C/25 s).

The quantitative assessment was carried out
using the ACt method, using the following for-
mulas:

1) 27(Ct 28S - Ct 16S) — for the total bacterial
load;

2) 2(Ct 16S - Ct specificl6S) — for individ-
ual taxa.

The data were normalized relative to the
C57BL/6 control group, which was taken as 1
conventional unit. All primer sequences are giv-
en in the table.

PCR was performed with initial denaturation
(95°C, 5 min), followed by 40 cycles (95°C,
15 s), primer annealing (30 s), and elongation
(72°C, 30 s). The specificity of amplification
was confirmed by melting curve analysis.

Statistical data processing was performed
using IBM SPSS Statistics (version 23) soft-
ware. Nonparametric PERMANOVA statistical
methods were used to analyze samples that did
not follow a normal distribution. Comparisons
between two groups were performed using Stu-
dent's t-test for samples with a normal distribu-
tion, and the Mann—Whitney test for samples
without a normal distribution.
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RESULTS AND DISCUSSION

To assess the role of mucin-2 in the forma-
tion of the intestinal microbiome, C57BL/6
mice and animals homozygous for a null mu-
tation of the Muc2 gene, obtained from hetero-
zygous parents (C57BL Muc2-/wt), were used.
The use of siblings minimized the influence of
maternal microflora on the formation of micro-
bial communities in individuals with different
genotypes.

Since fucose mediates the adhesion of com-
mensal microorganisms and modulates the
mucosal immune response, the concentrations
of free and bound fucose in the intestine were
studied. Figure 1, a and 6 schematically show
the differences in intestinal epithelial struc-
ture between animals with mucin deficiency
(Muc2”) and without it (C57BL/6) (images
created using Figma software).

The study showed that Muc2”~ mice had
significantly lower levels of bound fucose
than wild-type mice (one-way PERMANOVA,
F = 23.37, p = 0.0001). However, no signif-
icant differences in free fucose content were
observed between the two genotypes (one-way

ITocnenoBarenbHOCTH IpaiMeEPOB
Primer sequences

PERMANOVA, F =2,189,p=0,1573) (see Fig.
1, B).

After the use of antibiotics, a significant de-
crease in the level of bound fucose was record-
ed in both genotypes (one-way PERMANOVA,
F = 4,746, p = 0,0498 for Muc2—/— and F =
6,984, p = 0,0161 for C57BL/6) (see Fig. 1, r).
While the level of free fucose remained approx-
imately the same and did not differ significant-
ly between the two genotypes (one-way PER-
MANOVA, F = 0,166, p = 0,6965 for Muc2"~
and F = 1,925, p=0,1859 for C57BL/6).

In C57BL/6 mice given antibiotics together
with dietary fucose, the level of bound fucose
was restored (one-way PERMANOVA, F =
9,29, p = 0,0249). In mice with a null mutation
of the Muc2 gene, no significant regeneration
occurred (one-way PERMANOVA, F = 1,508,
p =0,2479).

Fucose serves as a key energy substrate for
commensal intestinal bacteria. However, mu-
cin-2 deficiency, as well as mucin-2 deficien-
cy combined with antibiotic therapy, leads to a
sharp decrease in available fucose, which can
lead to significant changes in the composition
of the microbiota, with a predominance of op-

Primer sequence 5'-3'

Goal Primer name

16S F
Bacterial 16S

16S R

28S F
Mouse 28S

28S R

Bac.spp-F
Bacteroides spp. 16S

Bac.spp-R

Lac.mur-F
Lactobacillus murinus 16S

Lac.mur-R

E.coli-F
Escherichia coli 16S

E.coli-R

tuf-Ent-F
Enterococcus spp. 16S

tuf-Ent-R

Note. All primers are developed in the laboratory.

TCCTACGGGAGGCAGCAG
ATTACCGCGGCTGCTGG
CCTGGCGCTAAACCATTCGT
AAAGCCCGCAGAGACAAACC
GAGAGGAAGGTCCCCCAC
CGCTACTTGGCTGGTTCAG
AGCAGTAGGGAATCTTCCA
CACCGCTACACATGGAG
GGCAGGCCTAACACATGCAA
CCCCTCTTTGGTCTTGCGAC
GCAACGCTTGCAGCAATGG

CGCCAGCAAGCAATACAGAT
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Puc. 1. Ananus comepanusi CBOOOTHO# U CBs3aHHOU (hyKO3bI B KUIIeUHHKe MbIteit Muc2”’~ u CSTBL/6:
a, 6 — cXeMaTHYHOE M300paKeHUE CTPOCHUSI KUILIEYHOT'O SIUTEIHS Y MbIIIei 0e3 HapyIIeHUS U ¢ HapylLIeHHeM MyLHU-
HOBOTO CJIOSI; 8, 2 — YPOBEHb CBOOOHOM U CBsI3aHHOW (yKO3bI cOOTBETCTBEHHO. AB — anTn6omnornku; ® — dykosa.

*p < 0,05, ***p < 0,001, rect PERMANOVA. ND — He omnpeziencHo

Fig. 1. Analysis of free and bound fucose content in the intestines of Muc2”~ and C57BL/6 mice:

a, 6 — schematic representation of the structure of the intestinal epithelium in mice without and with a disruption of
the mucin layer; g, 2 — the level of free and bound fucose, respectively. Ab — antibiotics; ©@ — fucose.

*p <0.05, ¥***p <0.001, PERMANOVA test. ND — not defined
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portunistic species.

In this study, we examined how the abun-
dance of four main representatives of the in-
testinal microbiota in mice changes during
antibacterial therapy and its subsequent resto-
ration using dietary fucose. Using the method
of single-strand conformational polymorphism
(SSCP) of the variable (V4) region of the 16S
rRNA gene, it was shown how the level of Bac-
teroides spp., E. coli, L. murinus and Entero-
coccus spp. changes. The amount of DNA of the
indicated bacteria was determined according to
the therapeutic regimens presented above: with-
out antibiotics (n = 11, n = 9), antibiotics only
(n=6, n="7), antibiotics and fucose (n=5,n=
5), fucose only (n =5, n=4).

Bacteroides spp. in the mouse intestine are
known to play a key role in mucin fermenta-
tion, hydrolyzing fucosylated glycans, includ-
ing mucin-2, using bacterial fucosidases, which
ensures their growth and maintains the homeo-
stasis of the mucous layer, while simultaneously
stimulating the production of short-chain fatty
acids to nourish intestinal epithelial cells.

In Muc2” and C57BL/6 mice, a significant
decrease in the number of Bacteroides spp. in
the intestine was observed after antibacterial
therapy (one-way PERMANOVA, F =29,43, p
=0,0003 for Muc2” and F = 44,07, p=0,0001
for C57BL/6) (see Fig. 2, a). Addition of dietary
fucose to the drinking water of animals receiv-
ing antibiotics significantly increased the level
of Bacteroides spp. in Muc2” mice (one-way
PERMANOVA, F = 144,1, p = 0,0015), where-
as no such changes were observed in C57BL/6
(one-way PERMANOVA, F = 4361, p
0,1300).

One of Bacteroides spp.'s competitors for
mucin utilization niches is L. murinus. Both
species exhibit complex relationships that com-
bine elements of competition and metabolic
cooperation. Thus, Bacteroides spp. actively
utilize mucin fucose, reducing its availability to
L. murinus, while L. murinus depends on sim-
ple sugars because it is unable to break down
complex glycans, which limits its growth when
Bacteroides spp. dominates.

It was found that the content of L. murinus
did not differ significantly between the individ-
uals with different genotypes (one-way PER-
MANOVA, F = 1,65, p=0,2279), which can be
explained by the low requirement of lactobacilli
for mucin glycans. At the same time, antibiotic
therapy had a detrimental effect on representa-
tives of the genus Lactobacillus, reducing their
levels to the point of non-detection (one-way
PERMANOVA, F =4,84, p=0,0268 for Muc2—
/— and F = 4,253, p = 0,0328 for C57BL/6)
(see Fig. 2, 0).

Moreover, the addition of fucose to drinking
water did not significantly affect the restoration
of L. murinus numbers, which may be logical
in light of their low tropism to fucosylated gly-
cans.

Enterococcus spp. showed different dynam-
ics: their level significantly decreased under the
influence of antibiotics (one-way PERMANO-
VA, F =6,6, p=0,0061) (see Fig. 2, B). How-
ever, fucose did not exert a direct stimulating
effect. Its effect is likely mediated through stim-
ulation of Bacteroides spp., which are natural
antagonists of enterococci in the intestinal con-
sortium.

In addition to commensals and opportunistic
bacteria, changes in the levels of pathogenic E.
coli were monitored. Although it utilizes mucins
weakly, it can also consume these types of gly-
cans. When mucin is deficient, E. coli activates
alternative metabolic pathways (e.g., aerobic
respiration), which enhances its pathogenicity.

It was noted that in Muc2~~ mice the level of
E. coli was significantly lower than in the con-
trol C57BL/6 mice. (one-way PERMANOVA,
F=23,25,p=0,0003) (see Fig. 2, r). Antibacte-
rial therapy significantly increased the number
of E. coli in the intestines of mucin-deficient
mice (one-way PERMANOVA, F = 33,29, p =
0,0004). However, in C57BL/6 mice, the use
of antibiotics, on the contrary, significantly
reduced the number of E. coli (one-way PER-
MANOVA, F = 6,18, p = 0,0255).

In addition, in the group where the animals
received only dietary fucose, the number of E.
coli was significantly lower compared to the
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Fig. 2. Changes in DNA abundance of four major representatives of gut microbiota in feces of Muc2”

and C57BL/6 mice:

a — Bacteroides spp.; 6 — L. murinus; ¢ — Enterococcus spp.; e — E. coli. ¥*p < 0.05, **p < 0.01, ***p < 0.001,

PERMANOVA test. ND — not defined

group that received only antibiotics (one-way
PERMANOVA, F = 15,8, p=0,0149).

Thus, our data confirm the key role of mu-
cin-2 in regulating the intestinal microbiome
through control of fucose availability. For ex-
ample, in the work of C. Duan et al. [16], it was
shown that fucose plays a critical role in main-

taining intestinal homeostasis through modula-
tion of the metabolism of commensal bacteria.
In our study, a significant decrease in the level
of bound fucose was observed in Muc2~ mice,
which is consistent with the findings of these
authors.
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Interestingly, antibiotic treatment reduced
the level of bound fucose in both genotypes, but
regeneration after dietary fucose supplementa-
tion occurred only in wild-type mice. Studies
by Z. Wang et al. [17] confirmed that protein
fucosylation, including mucins, is necessary for
protecting the intestinal epithelium from dam-
age. Our data complement these observations,
showing that mucin-2 serves as a key mediator
in this process.

Microbiota analysis revealed important
patterns. For example, J.M. Garber et al. [18]
emphasized the importance of fucose for the
growth of Bacteroides spp., which are the main
degraders of mucin. We found that in Muc2”
animals, the addition of fucose more effectively
restored the Bacteroides population than in the
wild type, which may indicate compensatory
mechanisms activated by mucin deficiency.

The paradoxical response of E. coli (its in-
crease in Muc2”" mice in the presence of an-
tibiotics) also finds an explanation in the liter-
ature. A study by R. Wang et al. [19] showed
that fucose can modulate the toxic effects on the
microbiota, which is consistent with our obser-
vations indicating a decrease in the number of
E. coli with the addition of fucose.

Thus, our results, consistent with those of
other authors, confirm the central role of mu-
cin-2 in maintaining microbial balance and
demonstrate new aspects of the interaction be-
tween fucose metabolism and the intestinal mi-
crobiome under conditions of mucin deficiency.

CONCLUSION

The study confirmed the key role of mucin-2
in maintaining intestinal microbial homeostasis
and antibiotic resistance. Muc2 deficiency was
associated with a decrease in the numbers of
protective symbionts (Bacteroides spp., L. mu-
rinus) and an increase in E. coli, accompanied
by a decrease in the content of fucose, a key
mucin component.

We were able to determine the protective ef-
fect of exogenous fucose, which restores Bacte-
roides spp. due to the ability of these bacteria to
utilize this sugar. However, even after rederiva-

tion, complete restoration of the microbiota did
not occur, highlighting the fundamental role of
mucin-2 in the formation of the intestinal eco-
system.

The obtained data reveal the complex rela-
tionships between the mucin barrier, microbio-
ta, and antibiotic resistance, opening up pros-
pects for the development of new approaches to
correcting the microbiome in cases of intestinal
barrier disorders.
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AJITOPUTM MAIIMHHOTO 00y4YeHUA JISl PACIIO3HABAHMS IJIOI0B
3eMJUISHUKH CaI0BOM M KJIACCH(PUKALMU X CTEIIEHH 3PeI0CTH

CDKyTbipéB A.U., ®Puaunmnos P.A.

DedepanbHblil HAYYHbBILL aepouHICeHepHblll yenmp BUM
Mocksa, Poccus

(X)e-mail: alexeykutyrev@gmail.com

B crarbe npesicTaBiieHbl pe3ybTaThl HCCIICAOBAHMS 10 pa3paboTKe alropuTtMa Ha OCHOBE COBpe-
MEHHOM MOJIeTIM CBEPTOYHON HEHPOHHOW CeTH MTyOOKOro 0OYYEHUs, KOTOPBIH MO3BOJIWII TTOBBICHTD
TOYHOCTh PACIIO3HABaHUS ILJIOIOB 3EMIITHUKU CaJ0OBOM M KIIACCU(HUKAIIMH CTEIIEHU ChEeMHOU CIIeIIo-
CTH siroll. B wiccnenoBaHuy MPUMEHSIICS METO/ TPAaHC(HEPHOTO OOYUEHUs, TO3BOJSIONIHIA aJJalTHPO-
Barh ucnonszyemyto Moaenb YOLOvV10-M (You Only Look Once version 10 medium), nznagyanb-
HO oOydenHyto Ha garacere COCO, mis pemeHus 3a1aqn KiacCu(OUKAIMK CTEIEHN 3PEIOCTH SITOJ
3eMJITHUKH. J[J1s1 co3manust oOydaromero Habopa JaHHBIX ITPOBEIeHA aHHOTANMsI (pa3MeTKa) u3o0pa-
skeHuii. Micons3oBan cepBuc Supervisely, KOTOPBIN MO3BOJIHI ¢ TIOMOIIBIO TPSMOYTOJIBHBIX PAMOK
MIPUCBOUTH BBIJICIICHHBIM O0JIACTSAM COOTBETCTBYIOIIHE Kiacchl. [1o ntoram pasmMerku u300paxeHun
BBIJICJICHO TPH KJIacCa SATOJ ¢ YYETOM MX CTEIICHU 3pPEJIOCTH: Hespenas sroaa (unripe strawberry),
3penas sirofa (ripe_strawberry), Hecospesias sirona (half ripe strawberry). K kitaccy «Heco3pes-
nrast siroJja» OTHECEHBI TUIOJBI, Y KOTOPBIX TUIONIAh KPaCHOTO IIBETa Ha U300paKEHUH COCTaBIISIIa
menee 60%. AyrmenTanus HaO0opa TaHHBIX, BKIIOYAONIAs TAKHE OTEPaIiy, Kak 00pe3Ka, N3MEHEeHHe
pasmepa, IOBOPOT, BEPTUKATBHOE OTPAKCHUE, PA3MBITHE, H3MEHCHHE KOHTpAcTa, ToOaBIeHHE IITyMa,
Cily4YaifHasi KOppeKIus 1BeTa u Jo0aBieHne dPGEKTOB MOTOTHBIX YCIOBUMW, MO3BOIIIIA YBEIUIUTh
00beM BeIOOpKH 710 4500 u3o0paxkenwit. [Ipoeneno oOyuenune moxenn YOLOvV10-M Ha co3nanHOU
BBIOOpKE JTAaHHBIX, HCIIOB30BaHO 500 310X, pa3Mep MmakeTa JJaHHBIX YCTaHOBJICH Ha ypoBHE 8. B ka-
YECTBE QJTOPUTMA ONTHMHU3AIMK BBHIOPAH CTOXAaCTUYECKHM TpamueHTHBIH crmyck (SGD, Stochastic
Gradient Descent) ¢ HaganmbpHO# ckopocThio 00ydeHus 0.01. AHanm3 rpadukoB U METPUK OMHAPHOH U
MYJIBTHKIACCOBOM KITACCH(MKAIU JUTS OIICHKN KaueCTBa MOJICITH TTO3BOJIIIT ONPEICTUTh ONTUMAITh-
HBbIE HACTPOWKH U BBIOpaTh mopor yBepeHHOCTH (0,7), MPU KOTOPOM JIOCTUTASTCS] HAWITY YN OamaHc
MEX]ly TOYHOCTBIO (MeTpuKa precision 0,93) u monHoroit (Metpuka recall 0,89). Cpennsis abconroTHas
npouenTHas ommbka (MAPE) pacnioznaBanust n300paskeHHI TECTOBOM BBIOOPKH ISl BCEX KIIACCOB
cocrasuia 3,4%. Haubosbiine TPy IHOCTH IIPHU PacIiO3HABAHUHU BO3ZHHMKIIU C KJIACCOM «HECO3PEBILas
SATOAAY», TSI KOTOPOTO CPeHss a0COMOTHAS MPOIIEHTHAs OImnOKa coctaBuna 4,6%.

KaoueBbie cjioBa: 3eMIISTHUKA, ONIPE/ICIICHUE 3PETIOCTH, PACIIO3HABAHUE SITO/I, MAITMHHOE 00yye-
HUE, CBePTOYHAs HEWPOHHAs CeTh, NTyOOKoe 00y4YeHne, poOOTH3UPOBAHHEIN COOP

Machine learning algorithm for strawberry fruit recognition
and classification of their maturity level

(<) Kutyrev A.L., Filippov R.A.

Federal Scientific Agroengineering Center VIM
Moscow, Russia

(C)e-mail: alexeykutyrev@gmail.com

The paper presents the results of research on the development of an algorithm based on a modern
deep learning Convolutional Neural Networks model, which improved the accuracy of strawberry
fruit recognition and classification of the degree of removable ripeness. The research utilized transfer
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ANTOPUTM MAIIAHHOTO 00yYeHHs
JUIsl PacIIO3HABAHMS ILJI0/I0B 3eMJISIHUKH CaJI0BOM
1 KIacCU(PUKANU UX CTCHEHH 3PETIOCTH

Kyteipés A.U., ®unumnmos P.A.

learning method to adapt the used YOLOv10-M (You Only Look Once version 10 medium) model,
originally trained on COCO dataset, to solve the task of strawberry berry ripeness degree classifica-
tion. Image annotation (markup) was performed to create a training dataset. The Supervisely service
was used, which allowed assigning appropriate classes to the selected areas of interest using rectangu-
lar frames. As a result of image annotation, 3 classes of garden strawberries of different maturity levels
were identified: immature berry (class "unripe strawberry"), mature berry (class "ripe_strawberry")
and unripe berry (class "half ripe_strawberry"). The unripe berry class included fruits that had less
than 60% of the total red area in the image. Augmentation of the dataset, including operations such
as cropping, resizing, rotation, vertical reflection, blurring, contrast variation, noise addition, ran-
dom color correction, and addition of weather effects, increased the sample size to 4500 images. The
YOLOvV10-M model was trained on the created data sample, 500 epochs were used, the batch size was
set to 8 (batch size). Stochastic Gradient Descent (SGD) with an initial learning rate of 0.01 (learning
rate) was chosen as the optimization algorithm. Analysis of the graphs and metrics of binary and mul-
ticlass classification to evaluate the quality of the model allowed us to determine the optimal settings
and to select a confidence threshold (0.7) that achieves the best balance between accuracy (precision
metric 0.93) and completeness (recall metric 0.89). The mean absolute percentage error (MAPE) of
recognition of the test sample images for all classes was 3.4%. The greatest difficulty in recognition
occurred with the unripe berry class, for which the mean absolute percentage error (MAPE) was 4.6%.

Keywords: strawberries, maturity determination, berry recognition, machine learning, convolu-
tional neural network, deep learning, robotic harvesting
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INTRODUCTION foliage on the bushes, and fallen flower stalks.

Garden strawberries are one of the most prof-
itable and widespread berry crops in the world.
The most labor-intensive operation in their culti-
vation is harvesting, which accounts for 40—60%
of labor costs.

Currently, this operation is primarily per-
formed manually, as mechanizing or automating
the harvest of fragile strawberries is quite diffi-
cult. Machine harvesting of garden strawberries
is associated with a number of problems related
to the biological development characteristics of
this plant, such as overlapping berries, excessive

Machines for continuous berry harvesting did
not gain widespread popularity, as the harvested
fruit was mainly suitable for technical process-
ing due to significant damage to the berries [1].
The next step in the development of harvesting
machines was the emergence of robotic technol-
ogy for selective harvesting of ripe berries [2—5].

To ensure high-quality robotic harvesting of
garden strawberries in open ground, it's essen-
tial to maintain high row cultivation standards.
Using black polyethylene film for row mulch-
ing creates a uniform background, significantly
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facilitating berry recognition by machine vision
systems. The uniform texture minimizes the ef-
fects of shadows and color variations, allowing
algorithms to more accurately determine berry
ripeness.

With the development of optics and micro-
electronics, computer vision systems have be-
come more accessible, which has contributed
to the intensification of research in the field of
creating robotic systems with optical sensors for
determining the ripeness of strawberries during
automated harvesting [6-9]. The widespread
adoption of these technologies in crop produc-
tion is hampered by the lack of technical solu-
tions capable of automated recognition of ripe
strawberries in real time.

Scientists used computer vision systems
based on color thresholding methods [10, 11].
These methods use color differences to differen-
tiate ripe berries from unripe berries and leaves
[12]. Machine learning algorithms were used for
pixel-by-pixel recognition of strawberry stalks
[7, 13]. RGB-D stereo depth cameras were used
to recognize berries and determine their location
coordinates [14]. However, most commercially
grown strawberry varieties do not ripen uni-
formly enough for machine picking. Machine
vision systems face the challenge of accurately
classifying berry ripeness.

The development of an algorithm capable of
increasing the accuracy of strawberry recogni-
tion and classification of harvest maturity will
improve the quality of robotic harvesting.

The purpose of the study is transfer learning
of a convolutional neural network model for
recognizing garden strawberries and classifying
their degree of ripeness.

MATERIAL AND METHODS

The research analysis on the use of machine
learning algorithms for biological object recog-
nition revealed that among a variety of modern
deep neural network architectures (e.g., Res-
Net, DenseNet, EfficientNet, MobileNetV3,
InceptionV4, Xception), the YOLOv10(n-x)
(You Only Look Once version 10) model is the
most performant at real-time object detection.
YOLOvVI10 combines classification accuracy and

image processing speed, making it particularly
effective for tasks involving the detection and
classification of small objects, such as strawber-
ries. Unlike other neural network architectures
(such as SSD (Single Shot Detector) and Fast-
er R-CNN), the YOLOv10 model offers greater
robustness to challenging imaging conditions,
including uneven lighting, shadows, low resolu-
tion, and partial object occlusion. Models from
the EfficientDet family are widely used for rec-
ognizing berries and other generative parts of
strawberries, thanks to their optimized architec-
ture, which achieves a balance between accura-
cy and computational complexity. Well-known
models such as RetinaNet and Mask R-CNN
demonstrate high accuracy in segmentation and
object detection tasks, but their real-time per-
formance is significantly lower than YOLOv10
[15].

The YOLOvV10-M (Medium) model contains
15.4 million parameters. It achieves high object
recognition accuracy by using a machine learn-
ing algorithm, such as Big Data learning. Com-
pared to previous models (YOLOv5-YOLOVY),
the modern YOLOv10 model does not use the
NMS (Non-Maximum Suppression) module to
eliminate overlapping objects. In YOLOvV10, this
operation is replaced by a Multiple Assignment
system. This solution not only speeds up the
inference process but also simplifies the model
architecture without affecting its accuracy [16].

The model architecture includes a Dual-Head
block, consisting of two parts. The first part uses
multiple label assignments, which improves
training quality by allowing for more efficient
object distribution for accurate recognition. The
second part is based on a one-to-one approach,
which improves accuracy through optimized
matching of predictions to ground truth. The Ef-
ficient Classification Head in YOLOvV10 part re-
duces the computational load while maintaining
high object classification accuracy, making the
model lighter and faster [17, 18] (see Fig. 1).

The study utilized transfer learning, which
allows the YOLOv10-M model, initially trained
on the COCO (Common Objects in Context)
dataset, to be adapted to work with new data.
This not only accelerates the learning process
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when recognizing objects in new contexts but
also improves accuracy by leveraging the mod-
el's previously acquired knowledge. [19].

The study was conducted on third-year Selva
garden strawberry plants. A GoProHero 12 RGB
camera with a 27MP sensor and 3840 x 2160
Ultra HD video resolution was used to collect
data (images of strawberry rows). Illumination
during filming ranged from 50,000 to 120,000
lux.

To create a training dataset, images were an-
notated (labeled). The Supervisely service was
used to assign the corresponding class to select-
ed areas using rectangular frames (Rectangl)
(see Fig. 2).

The ripening process of the Selva variety's
berries can be divided into several stages, each
with a distinct surface color. At the "green"
stage, the entire surface is a uniform green col-
or. At the "blanching" stage, the berries acquire
the conical shape typical of the variety, and their
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surface takes on a whitish color. At the "begin-
ning of coloring" stage, the berry surface takes
on a pale pink color of varying intensity. At the
"ripening" stage, the entire berry except the "tip"
is light pink to light red. At this stage, the berry's
coloring ranges from 60-90% of the total surface
area. At the "full color" stage, the berries acquire
a uniform red color of varying intensity. The sur-
face color of ripe berries in different varieties of
garden strawberries can vary from pink to dark
red with various shades of burgundy, raspberry,
or orange (see Fig. 3).

Image tagging resulted in three classes of
berries based on ripeness: unripe berry (unripe
strawberry), ripe berry (ripe strawberry), and
half-ripe berry (half ripe strawberry). The "un-
ripe berry" class included fruits in which the red
area in the images accounted for less than 60%
of the total berry surface area. JSON (JavaScript
Object Notation) format was used to store the
tagging data.
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Fig. 1. Architecture of the YOLOvV10 deep learning convolutional neural network model
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To ensure class balance in the dataset, over-
sampling was used by creating new examples
based on the existing data. A chain of image
transformation functions (Pipeline) was con-
structed for this purpose (see Fig.).

Data augmentation included the following
operations: cropping (crop: 1 px), resizing (re-
size), rotating by 45° (rotate: 45°), flipping ver-
tically (flip: vertical), blurring (blur), changing
contrast (contrast), adding noise (noise), ran-

dom color correction (random color), and add-
ing weather effects (fog and rain). As a result,
the data size for model training was increased to
4,500 images.

To achieve an optimal balance of classes, the
dataset was divided into three parts: training,
validation, and test. The training set included
3,150 images (70% of the total) used to train the
model. The validation set consisted of 900 imag-
es (20%) and served to evaluate the model's per-
formance during training. The test set contained
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Fig. 2. Image annotation in the Supervisely service
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Fig. 3. Average RGB color codes of garden strawberries and main stages of ripening:

1 — green; 2 — whitening; 3 — beginning of coloring; 4 — ripening; 5 — full coloring

110 Siberian Herald of Agricultural Science » 2025 ¢ 55 « 8

Mechanisation, automation, modelling and dataware



ANTOPUTM MAIIAHHOTO 00yYeHHs
JUIsl PacIIO3HABAHMS ILJI0/I0B 3eMJISIHUKH CaJI0BOM
1 KIacCU(PUKANU UX CTCHEHH 3PETIOCTH

Kyteipés A.U., ®unumnmos P.A.

450 images (10%) and was intended for final
validation of the model on independent data.

To train the YOLOv10-M model on the gen-
erated dataset, 500 epochs were used. The batch
size was set to 8. Stochastic Gradient Descent
(SGD) was chosen as the optimization algorithm
with an initial learning rate of 0.01.

The YOLOvV10-M model's performance was
assessed using well-known metrics of preci-
sion (Precision) and recall (Recall). The mean
average precision (mAP) metric was also used,
providing a comprehensive assessment of model
performance that takes into account both preci-
sion and recall, as well as correct and incorrect
predictions at various classification thresholds.
The analysis was conducted for both individu-
al classes (binary classification) and all classes
combined (multiclass classification) [20].

To train the neural network, we used a comput-
ing system with a 10-core Intel Core 19-10900X
processor and two NVIDIA GeForce RTX 2080
Ti graphics cards for parallel data processing.
The system has 64 GB of RAM, using Kingston
DDR4 DIMM modules. A 1 TB Intel PCI-E SSD
memory unit was used for data loading.

© O G5 Input

% = [E] contrast/ rightness ©

RESULTS AND DISCUSSION

During the study, the YOLOv10-M model
was trained. The results of recognizing the given
classes of garden strawberries in images are pre-
sented in Fig. 5.

The obtained graphs mAP50(Box)-Iterations,
mAP95(Box)-Iterations, Precision (Box)-Iter-
ations, Recall (Box)-Iterations, Box_loss-Iter-
ations, Cls loss-Iterations, Dfl loss-Iterations
show how the accuracy of the model (see Fig.
6) and the loss function (see Fig. 7) change de-
pending on the iteration (epoch) of training. The
graphs allow us to analyze how the metric val-
ues vary at different stages of model training at
certain threshold values (confidence threshold
50 and 90-95%) in the recognition of bounding
boxes and classification of garden strawberries.

Curve analysis allowed us to determine the
number of training epochs (154) at which the
model achieves the optimal balance between
precision and recall. Training hyperparameters
were determined to achieve the best model per-
formance and maximum recognition accuracy
for the given classes. The total training time for

ovpu <> 0

x == [E] randomcolor [(o [rmm——

Puc. 4. Pipeline ayrmeHTanny NoIy4eHHOTO HA0Opa JaHHBIX

Fig. 4. Pipeline for augmenting the received dataset
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the YOLOvV10-M model using a GPU (Graphics
Processing Unit) was 13 hours 54 minutes.

The results of calculating metrics for recog-
nizing both individual classes and average val-
ues for all classes (multi-class classification) are
presented in Table 1.

Analysis of the obtained results showed that
the "half ripe strawberry" class was the most
difficult to recognize, with an average precision
(mAP50) of 0.712. The lowest recognition dif-
ficulty was observed for the "ripe strawberry"
class, with an average precision of 0.868 and a
recall of 0.964.

Analysis of the mean absolute percentage er-
ror (MAPE) in recognizing the given classes in
the images of the test data set was also carried
out (see Table 2).

Analysis of the obtained results showed that
the average absolute percentage error of image
recognition in the test sample for all classes was
3.4%. The greatest difficulties in recognition
arose with the class "half ripe strawberry", for
which the MAPE was 4.6%. The average frame
processing speed of the YOLOv10-M model
was 25.3 frames/s.

CONCLUSION

The research resulted in the development of
a machine learning algorithm for recognizing
garden strawberries and classifying their ripe-
ness. It was found that variations in berry color
at different stages of ripening make it difficult to
recognize unripe berries. Analysis of graphs and
metrics for binary and multiclass classifications
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Fig. 5. Results of recognition of garden strawberry berries in images
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to assess the quality of the YOLOvV10-M model
allowed us to determine the optimal settings and
select a confidence threshold (0.7) that achieves
the best balance between precision and recall.

Augmentation of the training set of berry im-
ages, including cropping, resizing, rotation, ver-
tical flipping, blurring, contrast changes, adding
noise, random color correction, and weather ef-
fects, increased the accuracy of the YOLOv10-M
model by 7.2% compared to training without
augmentation.

The developed algorithm will not only allow
for the recognition and classification of garden
strawberry fruits for the effective use of growth
regulators (mineral nutrition, water regime,
etc.), but also for calculating optimal trajecto-
ries for robotic devices during automated har-
vesting.
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CpeacTrBa MexaHM3alUM Il IOBEPXHOCTHOIO YJIy4YllleHU s
TOPHBIX KOPMOBBIX Yroauii

| Jxnougos C.MJ, X)TI'ynyesa JI.P.

Cesepo-Kasxazckutl HAyYHO-UCCIE008AMENbCKULL UHCMUMYI 20PHO20

U NPed2OpHO20 CeNbCKO20 X03atcmea — gunuan PedepanbHo20 HAYYHO20 YeHmpa
«Braouxaskasckuil nayunviii yenmp Poccutickoti akademuu Hayx»

Pecnyonuka CeBepnas Ocetust — Ananus, c. Muxaiinosckoe, Poccust

(C<De-mail: luda gulueva@mail.ru

B crarbe mpezacrasieH ManoradapuTHBI KOMOMHUPOBAHHBIN arperar, OCHAICHHBIA OpYAUsIMH
NPUCTIOCOOICHUSIMU JIJIsl BOCCTAHOBJICHUS IPUPOAHBIX KOPMOBBIX yrofuid. PazpaboTaHbl TEXHOIOTHS
U KOHCTPYKTOpPCKasi JIOKyMEHTalysl, U3rOTOBJIECH J1ab0paTopHbIi oOpasen arperara. TeXHHYECKyIO
SKCIIEPTU3Y U UCHBITAHMS NPOBOIWIN B ropHoi 30He PecnyOnuku CeepHast Ocetnst — Ananus Ha
BeicoTe 1540 M H. y. M. OnipeiesIeHbl TOKa3aTeN! YCIOBUI HCIIBITAaHUH U (PyHKIIMOHAIBHBIE TOKa3are-
71 paboTHI arperara;: 00beM ITUCTEPHBI, KOIPDHUITUESHT ONOPOKHEHUS €MKOCTH ITUCTEPHEI, (haKTHde-
CKasl 1032 BHECCHMs yIOOpeHHH, HeoOXoanMasi HOpMa BbICEBa, KOAP(PUIUEHT MPUKATHIBAHUS CEMSIH
B nouBy. [IpeameTom uccienoBaHUN SBISICH TEXHOJIOTHS M HOPMBI BBICEBA CEMSIH, KOHCTPYKIHS
arperara 1 ()yHKLMOHAJIbHBIE [10KA3aTeNIN Pab0UnX OpPraHoB (MasTHUKOBBIX BHICEBAIOIINX aIllIapaToB,
EMKOCTEH JJIS1 )KUAKHUX YA0OpeHHii). [TaBHBIM OTIIMUMEM KOHCTPYKIMU pa3paboTaHHOTO OJIOK-MOAY-
TS SIBJIAIOTCS €ro Majble TabapuThl (MpuHa 2,4 M) 1 MaHEBPEHHOCTh B YCJIOBHUSAX TOPHBIX MEJKO-
KOHTYPHBIX y4acTKOB. JlJaDoparopHblil 0Opasel arperara COOTBETCTBYET arpOTEXHUIECKUM TpeOoBa-
HUSIM M TEXHHYeCcKoMy 3a1aHuio. CommacHo pacueram oIpeaeieHbl He0OX0AUMBINH 00beM LUCTEPHBI
(E, =240 n), koo uument onopoxkuenns emxoctu uucteptsl (K = 0,995), BbIsiBICHO, 4TO NPUKATHI-
BaHME CEMSIH HEOOXOJMMO NPOU3BOIUTH ABYXPAIHBIMY KaTKaMU, Macca BbICEBAEMbIX CEMSH 3a OJIUH
000pOT KaTywIKu cocTaBiseT 2 I. B pe3ynbraTe M3roToBieH KOMOWHUPOBAaHHBIN MajorabapuTHBIHN
arperar, KOTOPBIi CIIOCOOCTBYET 00pa30BaHUIO OOJIee TYCTOTO TPABOCTOSI, MPETISTCTBYET BOJHOM U Be-
TPOBOH 3pO3UH HOYB, CIIOCOOCTBYET CHIKEHUIO JAEIPaJalliOHHBIX IIPOLECCOB CKJIOHOBBIX YHaCTKOB
MyTEM YJITy4LICHHUS Ka4eCTBa U KOJMYECTBA MHOTOJIETHUX TPaB B BU/IE BHICOKOKAUECTBEHHBIX KOPMOB,
o0ecrieunBaeT MOBBIIICHHE MPOJYKTUBHOCTH arpojaHmapToOB U PEHTAOEIbHOCTH CEbCKOXO3SH-
CTBEHHOTO pon3BozcTBa Ha 15-20%.

KiroueBbie cjioBa: TOpbI, CKIIOHBL, JIyTa, MAacTOMIIA, CEMEHA TPaB, )KUIKHE YIOOPEHNUS, MEXaHU3aLUsI

Mechanization tools for surface improvement of mountain forage lands

IDzhibilov S.M., (<) Gulueva L.R.

North Caucasian Institute of Scientific Research of Mountain and Foothill Horticulture —
Branch of the Federal Scientific Center "Vladikavkaz Scientific Center of the Russian Academy
of Sciences"

Mikhailovskoe village, Republic of North Ossetia — Alania, Russia

(xpe-mail: luda_gulueva@mail.ru

The article presents a small-sized combined unit equipped with tools and devices for restoring
natural forage lands. Technology and design documentation have been developed, and a laboratory
sample of the unit has been manufactured. Technical expertise and tests were carried out in the moun-
tainous area of the Republic of North Ossetia — Alania at an altitude of 1,540 meters above sea level.
The parameters of the test conditions and the functional parameters of the unit are determined: the tank
volume, the tank capacity emptying coefficient, the actual dose of fertilizers, the required seeding rate,
and the coefficient of seed compaction into the soil. The subject of the research was the technology
and norms of seeding, design of the unit and the working bodies: pendulum seeding mechanisms, con-
tainers for liquid fertilizers. The main difference between the design of the block module is its small
dimensions (a width of 2.4 m) and maneuverability in mountainous shallow-contoured areas. The la-
boratory sample of the unit complies with agrotechnical requirements and technical specifications. Ac-
cording to the calculations, the following were determined: the required tank volume E_= 240 liters,
tank emptying coefficient (K = 0.995), and it was found that it is necessary to do rolling of the seeds
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CpeHCTBa MEXaHU3AMWUHU UIA TOBEPXHOCTHOTO YIIYYIICHUASA
TOPHBIX KOPMOBBIX yT‘OZ[I/Iﬁ

Jxuounos C.M., I'ynyesa JI.P.

with double-row rollers, the weight of the sown seeds per one revolution of the roller is 2 g As a result,
a combined small-sized unit has been manufactured that promotes the formation of a thicker herbage,
prevents water and wind erosion of soils, reduces the degradation processes of sloping areas by im-
proving the quality and quantity of perennial grasses in the form of high-quality feed and increases the
productivity of agricultural landscapes and profitability of agricultural production by 15-20%.
Keywords: mountains, slopes, meadows, pastures, grass seeds, liquid fertilizers, mechanization
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INTRODUCTION

In the Russian Federation, mountainous
landscapes occupy approximately 57% of the
country's total area, including 48% of North Os-
setia's territory. In conditions of North Ossetia,
natural hayfields and pastures are generally the
only feasible and reliable sources of high-qual-
ity, environmentally friendly, and affordable
feed. However, the republic's mountainous for-
age lands are currently depleted, necessitating
urgent measures to restore and improve their
productivity.

Average crop yields in mountainous areas
are 1.7-2.0 times lower than on the plains [1].
Furthermore, mountainous areas are character-
ized by a high degree of risk and dependence on
natural and climatic conditions, as well as low
social, industrial, and technical infrastructure.
The lack of sufficient mechanization in the in-
dustry and, as a result, the outflow of population
and producers from the mountainous zone to the
plains entails a reduction in the area of hayfields
and pastures.

The lack of basic pasture and hayfield main-
tenance has led to progressive soil erosion and
a significant reduction in soil fertility. As a re-

sult, the topsoil has been partially or completely
destroyed, and the humus and mineral content
has decreased by 25-80%. This could lead to the
complete degradation of mountain meadows and
pastures [2].

Specific conditions of mountainous areas
(small contours, complex configurations, slopes
of varying steepness, and fragmented terrain)
do not allow the use of standard equipment de-
signed for flat terrain [3]. Equipment used in
mountainous areas must be stable on slopes, ma-
neuverable, compact, and designed to take into
account all the characteristics of mountainous
slopes.

The purpose of the research is to develop a
laboratory prototype of a small-sized multifunc-
tional unit block module capable of performing
three operations in succession on meadows and
pastures in the mountainous zone of the Central
Caucasus: sowing grass seeds, applying liquid
fertilizers and then compacting them with the soil.

The objectives of the research included:

1) study, justification and development of
technology for overseeding grasses and apply-
ing liquid mineral fertilizers to mountain mead-
ows and pastures, taking into account the char-
acteristics of sloping lands;
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2) development of a circuit diagram and pro-
duction of a laboratory prototype of a multifunc-
tional unit;

3) determination of the functional indicators
of the working parts of the unit.

MATERIAL AND METHODS

Employees of the North Caucasian Institute
of Scientific Research of Mountain and Foothill
Horticulture have proposed a method for sur-
face improvement of mountain meadow-pasture
lands, including the scattering of grass seeds
with the simultaneous application of liquid fer-
tilizers to the surface of the seeded area and sub-
sequent rolling of the seeds with special pressure
rollers, as well as a basic diagram of a laboratory
prototype of a multifunctional unit for carrying
out the above operations.

This method is effective even during dry peri-
ods, since the application of liquid fertilizers and
the use of pressure rollers prevent the seeds from
being carried away by the wind.

Such small-sized and maneuverable units for
sowing grass seeds with the simultaneous ap-
plication of liquid mineral fertilizers and subse-
quent rolling are necessary for the restoration of
forage lands in mountain meadows and pastures
[4].

The North Caucasus Mountains are consid-
ered relatively "young," as evidenced by the
large number of rocks in the soil and on its sur-
face. Therefore, the design of the laboratory
prototype incorporates special spring-loaded de-
vices that prevent damage to the working parts
upon impact with rocks and restore their work-
ing position after passing the obstacle.

The proposed method and unit create favor-
able conditions for the germination of grass
seeds: they provide moisture and nutrition in the
form of liquid mineral fertilizers and subsequent
rolling, creating close contact between the seeds
and the soil [5].

Tests of all three modules of the prototype
unit were carried out in the mountainous zone
of the Republic of North Ossetia-Alania (Dar-
gavskaya basin, the NCISRMFH support point)
at an altitude of 1540 m above sea level on sites
with a steepness of up to 15° in accordance with
OST (all-union standard) 10 6.1-20001 (liquid
fertilizer application by spraying) and OST 10
5.1-20002 (seed sowing). When studying the
seed rolling operation, a method for determining
the seeding depth and compaction coefficient
developed jointly with the NCISRMFH moun-
tain meadow farming department for a sheep
hoof “simulator” was used.

According to agrotechnical requirements
(ATR):

1) the volume of work is 300-400 hectares
per season, depending on the plan for improving
slope lands;

2) the laboratory sample should ensure oper-
ation on the slopes on soils with a moisture con-
tent of 60—80% and a hardness of up to 3.5 MPa;

3) when working on slopes, the surface slopes
should be no more than 16°;

4) before work, pastures must be cleared of
livestock;

5) the stubble height before sowing grass and
applying liquid fertilizers should be no more
than 5—7 cm [6].

The calendar dates for overseeding grasses
with the simultaneous application of liquid fer-
tilizers are as follows: September 1st to 30th,
August 15th to 30th, March 1st to April 30th,
and any other time convenient for the farm,
provided there is no risk of seed and fertilizer
being washed away by meltwater and rainfall.
Overseeding should be carried out when the soil
moisture level is sufficient (60—80%), in accor-
dance with the technological map for cultivating
meadows and pastures [7].

'OST 10 6.1-2000. Industry Standard. Agricultural Machinery Testing. Sprayers and Machines for Preparing Working Fluids.

Methods for Assessing Functional Indicators. Moscow, 2000.

20ST 10 5.1-2000. Industry standard. Agricultural machinery testing. Seeding machines. Methods for evaluating functional

indicators. Moscow, 2000.
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RESULTS AND DISCUSSION

Based on the technical specifications and in
accordance with the ATR, NCISRMFH staff de-
veloped a basic diagram of a laboratory proto-
type of a multifunctional unit for sowing grass
with pre-sowing application of liquid fertilizers
on sloping areas of mountain meadows and pas-
tures (see Fig. 1).

The KCHG-2.4 compact mountain cultiva-
tor with a working width of 2.4 m, designed
by NCISRMFH, is used as the basis. A tank is
mounted on the cultivator frame, and compressed
air is supplied to the top of the tank from the
tractor's compressor via an air duct and a receiv-
er. The working solution is then pumped under
pressure from the tank into the manifold, where
it is sprayed onto the soil surface using nozzles.
A solution flow control valve is installed in the
tractor cab, allowing the driver to shut off the
flow of the working solution when turning at the
end of a field or when moving from one field to
another in transport mode.
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View A (Rotated)

The air pressure in the tank is regulated by a
pressure-reducing valve mounted on the receiver
and monitored by a pressure gauge. When refu-
eling and parking the unit, the spray system must
be vented of the compressed air. A drain valve is
installed on the receiver for this purpose.

The tank is filled with the working solution
through the tank filler cap. The working solu-
tion level in the tank is monitored using a level
gauge. To ensure complete emptying on a slope,
the tank is equipped with a suction manifold,
which ensures fluid intake when the unit tilts to
the right or left [8].

Next, the seeds are sown onto the moistened
soil using a grass seeding unit. The grass seeding
unit is driven by a chain drive connected to a
support and drive wheel. The seeding rate is ad-
justed using replaceable sprockets and the work-
ing length of the seeding unit roller.

To prevent seeds from spilling into the right
or left side of the box when working on trans-

from the tractor
compressor

Puc. 1. [TpuHnpnuanbHas cxema KOHCTPYKIIMU OMBITHOTO 00pasiia OI0K-MOLyisi MHOTO(QYHKIIHOHATBHOTO

arperara:

1 — aBrocnenka CA-2; 2 — onopHO-NPUBOAHOE KOJIECO; 3 — IUCTEPHA; 4 — TPaBsSIHOM BBICEBAIOLIUI ammapar;

5 — mpy>kuHHUCTas CTOlKa; 6 — MPIKUMHBIE KaTKU; 7 — pama KyastuBaropa KUI'-2,4; 8§ — komnpeccop TpakTopa;

9 — Bo3nyxonpoBoz; /(0 — xomnekrop; 1/ — uennoit npuBof; /2 —nousa; /3 — pecusep; /4 — penyKUMOHHBIN KJlanaH;
15 — crryckHO# Kitanas; /6 — MaHOMETp; /7 — KpOHIITEIH KpereHust; /8 — pa3dpocHast KOHyCHas TpyOKa;

19 — xoMyTHI KperuieHus; 20 — KpBIIIKa IUCTEePHBI; 2/ — TpakTop; 22 — ypoBHEMEp; 23 — KpaH yIpaBICHHUs TOTOKOM
pabouero pacTBopa; 24 — MIJIaHT I MOJa9H pabodero pacTeopa

Fig. 1. Schematic diagram of the design of a prototype block module of a multifunctional unit:

1 — automatic hitch SA-2; 2 — supportive driving wheel; 3 — tank car; 4 — grass-seed feed; 5 — flexible tine; 6 — pres-
sing rolls; 7 — KChG-2,4 cultivator frame pama; § — tractor compressor; 9 — air pipe; /0 — collector; // — chain drive;
12 —soil; 13 —receiver; 14 — pressure-regulating valve; /5 — drain valve; /6 — manometer; /7 — mounting bracket;
18 — broadcast cone pipe; /9 — attachment clips; 20 — tank lid; 2/ — tractor; 22 — level gauge; 23 — working solution
flow control valve; 24 — hose for supplying working solution
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verse slopes, the seed hopper is equipped with
partitions between the reel-type seeding units [9,
10].

From the roller seeding unit, a spontaneous
flow of seeds enters a cylindrical receiving tube,
from which they reach the top of a ribbed spread-
ing cone. From the top of the cone, the seeds are
evenly distributed around the perimeter, then di-
rected by gravity through the inter-rib channels
to the base of the cone. Near the center of the
cone, the seeds encounter an air flow, which dis-
perses them into a uniform spray onto the soil. A
pendulum suspension allows the spreading unit
to remain vertical on both flat and sloped sur-
faces.

While previously sown grass seeds were tra-
ditionally trampled by the hooves of sheep, driv-
en repeatedly by the flock, the newly developed
unit is equipped with double-row ring rollers
of the NCISRMFH design for this purpose. To
prevent damage when encountering stones or
rocky outcrops [11], the rollers are suspended on
spring-loaded stands from Viaderstad company
(Sweden).

Puc. 2. O6mwuii Buz n1adopaTtopHoro odpasua arperara

Two-cascade rollers cover a larger surface
and increase the seed compaction coefficient
over the treated area by 2 times compared to sin-
gle-cascade rollers.

In the experimental workshop conditions,
the NCISRMFH mechanization group manufac-
tured a laboratory prototype of the machine in
accordance with the design and technical docu-
mentation (see Fig. 2).

According to the proposed basic diagram,
three functional units and components are in-
stalled on the frame of the KCHG-2.4 cultivator:
a unit that ensures the process of applying liquid
mineral fertilizers by spraying; a unit for sowing
grass seeds by broadcasting; a unit for rolling
seeds into pre-fertilized and moistened soil.

The process is as follows. The working solu-
tion is poured into the tank through a filler neck
equipped with a filter mesh. The solution level
is monitored using a level gauge. The solution
should occupy 4/5 of the tank's volume, as the
compressed air will occupy the remaining 1/5 of
the solution above. Compressed air is then in-
jected into the top of the tank, creating excess
pressure inside (P = 0,25-1,50 kg/cm?).

Fig. 2. General view of the laboratory sample of an aggregate
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Under pressure, the solution from the tank
flows into the spray manifold through a filter,
preventing debris from clogging the sprayers.
The application rate of liquid fertilizer is regu-
lated by the pressure in the tank and replaceable
sprayers with different outlet diameters [12, 13].

Seeds are poured into the hopper of the grass
seeding unit. A chain drive transmits rotation to
the seeding unit's rollers, which eject a sponta-
neous stream of seeds into the receiving tube.
The receiving tube directs the flow of seeds
to the apex of the spreading cone, from which
they are evenly distributed across the soil sur-
face. The seeding rate is adjusted by adjusting
the chain drive ratio using replaceable sprockets
and by varying the length of the working section
of the seeding unit's roller [14]. To disengage
the seeding unit, move the support-drive wheel
away from the soil (transfer the unit to the trans-
port position).

Next, the grass seeds scattered over the soil
surface must be compacted to a depth of 3—4 mm.
This operation is accomplished using NCISRM-
FH ring-type compactor rollers, which imitate
sheep hooves. The seed compaction depth is ad-
justed by adjusting the position of the support
wheels and the choice of spacers between the
tine and the cultivator frame.

The rollers are suspended from a spring-load-
ed shank to prevent damage when encounter-
ing rocky outcrops or stones. Furthermore, the
spring-loaded roller suspension and their stag-
gered arrangement across the machine's direc-
tion of travel ensure full contact with the soil
and conform to its macro- and micro-uneven-
ness [15].

Evaluation of the functional indicators
of the liquid fertilizer application unit
Functionally, the tank must hold the amount
of solution required for 1 hour of continuous op-
eration of the unit without refueling. If the speed
on the slopes is 5 km/h and the unit's working
width is 2.4 m, then the volume of solution re-
quired for continuous operation of the block
module for 1 hour can be determined using the
formula

E =S N, (1)

where E_— the tank capacity, providing 1 hour of
unit operation without refueling, 1; S, —field area
treated by the unit in 1 hour, ha; N — application
rate of the working solution, I/ha. In our case it
is N =200 l/ha.

The area of the field treated in 1 hour can be
calculated using the formula

S, = -V k-0, )

where I - working width of the unit, m (Hlp =
2,4 m); V, - operating speed of the unit, km/h
(Vp = 5 km/h); k — coefficient of utilization of the
working time taking into account the time lost
on turns, idle runs, etc. (k= 0,8).

Transforming formulas (1) and (2), we re-
ceive

E =10V k-0l -N=
=24-5-0,8-0,1-200=192~200 m.

Therefore, we assume the working solution
volume in the tank for continuous operation of
the unit for 1 hour is 200 liters. However, it is
important to keep in mind that there must be
some space left in the upper part of the tank for
compressed air. According to our calculations,
this space should be 1/5 of the tank's volume.
Consequently, the total capacity of the tank
will be:

E, = E,+ 1/5E, =200 +200/5 = 240 1.

Based on the calculation results, a 240-liter
tank was installed on the prototype.
The tank emptying coefficient was deter-
mined by the formula
M3

K = J

M 3)

where M, — mass of liquid fertilizers initially
loaded into the tank, kg (M, = 240 kg);

M, —mass of liquid fertilizers consumed after
maximum unloading of the tank, kg.

At the same time

M,=M,-M,,

where M, — mass of liquid fertilizers remaining
in the container after its maximum unloading, kg
M, = 1,2 kg).
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The moment of completion of emptying the
container is considered to be the cessation of a
steady flow of fertilizer.

By transforming formula (3) and substituting
the digital values into it, we obtain

M -M,  240-12
K=—"\ = 240 =0,995.

1

K, = 0,995 — this is a fairly high coefficient of
emptying the tank of the liquid.

The actual fertilizer application rate
(O, kg/m?) was determined by weighing the
fertilizer container before and after application
to a given area. The weighing error was no more
than +2%. The experiment was repeated three
times.

The number of teeth on the chain drive
sprocket of the spread seeding unit was cal-
culated based on the maximum sainfoin seed-
ing rate of 40 kg/ha. The laboratory unit was
equipped with one seed hopper, with 12 reel-
type seeding units at the bottom. This means
that 12 seeding units operate within a 2.4 m
working width. The unit must sow seeds after
travelling 1 linear meter:

N
NnM__S ) 4)

where N —required seeding rate, kg/ linear me-
ter; N — seeding rate, kg/ha; S — length of the
path when processing 1 ha, m.

The length of the vehicle's path is calculated
using the formula

~ 10000
S= Tp ) ®))
where I — working seeding width, m; 1 ha =
10 000 m?.
Substituting formula (5) into (4), we receive
N -1
N =710000
The standardized quantity of the granules

ejected by one reel apparatus is determined by
the formula

N - LHp
N, = 710000 °
After calculations we get
q = VOO 'Y’

where g and Vo —mass and volume of granules/
fertilizers passing through the coil in one revolu-
tion, respectively g and cm®; y — bulk density of
fertilizers, g/cm’.

The volume of fertilizer passing through the
rollers per revolution is always different from
their working volume. The special feature of
the rollers is that, as they rotate, they shift and
displace the so-called active layer of granules
(outside the grooves), and not just the granules
directly in the grooves.

Taking this circumstance into account, the
following condition must be met:

V=V +V_,
where V. and V, — volume of fertilizers in the
grooves and outside the grooves (active layer),
cm’ (on average V, = 0,3V ).

The volume of the grooves can be calculated
using the formula

Ve=—= - n-1

xK

where 7 —radius of the grooves, cm (= 0,06 cm);
n — number of the grooves on the reel (n = 12);
[ — coil length, cm (/ =4 cm).

After the transformations, we receive the for-
mula for determining the weight of fertilizers
passing through the coil in one revolution:

r’
q=1,3T'n'l'Y.

Substituting the available values into the for-
mula, we receive

3,14 - 0,036
3 F —

q=1, 7] *12-4-12=21l4r.

We take the weight of sown grass seeds per
one revolution of the coil to be equal to 2 g.

The number of revolutions of the seeding
roller when the unit passes 1 linear meter can be
determined from the expression

N MK

n_=————— 00/IorL. M,
Kar q

where N — seeding rate per linear meter with

one roller.
Substituting the numerical values into the
formula, we receive
0,8

nKa’r B 2

= 0,4 o0/mor. M.
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The number of revolutions made by the sup-
port-drive wheel during the passage of 1 linear
meter can be determined by the expression

1 mor. m
-~ Db
where D — diameter of the support and drive
wheel, m.

Let's calculate the number of revolutions:

n

OIIK

1 mor. m

Mo = 3,14 -0,45

Then the gear ratio of the drive from the sup-

port wheel to the seeding unit can be expressed as

0,7

0,4

We take the number of teeth of the sprocket

on the support wheel Z1 = 30, then the number
of teeth on the shaft of the seeding unit

30

1,75

To determine the seed compaction coefficient
into the soil after the test sample has passed
through the plot, we select a site measuring 1 x 1
m and record the area compacted by the pressure
rollers on it.

The rolling coefficient is determined by the
formula

= (0,7 ob6/mor. M.

i = = =1,75.

17.

where S — the area rolled by rollers, m*; S — to-
tal area of the treated plot, m?.

Taking into account the dimensions of the
ring rollers (length of two rollers L = 400 mm),
the diameter of the roller (D_= 100 mm), the
diameter of the sheep hoof “simulators” (D,
25 mm), the height of the roller with “simula-
tors” (H = 140 mm), the number of sheep hoof
“simulators” on two ring rollers (n = 200), we
will make the necessary calculations.

Let's calculate the area of one sheep hoof
“simulator”:

S=mr’=3,14 - 1,25?=490,6 mm?.
The area rolled by 200 sheep hoof “simula-
tors” is equal to
S =490,6 - 200 = 98 125 mm>.

The distance traveled by one "simulator" in
one revolution:

[=nH=3,14 - 140 =439,6 mm.

The area of the site covered by the "simula-
tors" in one revolution:

S.=L-1=400-440 =176 000 mm’.
It follows that the rolling coefficient is equal to
98 12§

K.=T76 000 = 0538

The obtained results show that the developed
design of the compacting rollers ensures com-
paction of just over half of the seeds. Therefore,
to increase the compaction coefficient, repeated
compaction can be performed or a second cas-
cade of rollers can be installed.

The proposed method and unit promote the
formation of denser grass, create favorable con-
ditions for accelerated seed germination even
during dry periods, and prevent water and wind
soil erosion. Furthermore, the weight load of the
unit on the meadow agrocenosis during move-
ment is minimized to a safe level — from 5 to
10 kg/m?.

CONCLUSION

During the research, NCISRMFH specialists
developed, manufactured, and tested a labora-
tory prototype of a multifunctional unit based
on the KCHG-2.4 for underseeding grass with
simultaneous application of liquid fertilizers
and subsequent seed rolling in the mountainous
conditions of the Central Caucasus. The labo-
ratory prototype complies with agronomic re-
quirements and the technical specifications. The
required tank volume was determined based on
the calculations (E, = 240 1) and the coefficient
of emptying the tank capacity (K = 0,995). It
was found that seed rolling must be done using
double-row rollers.

The developed laboratory prototype of the
multifunctional unit has increased the produc-
tivity of agricultural landscapes and the profit-
ability of agricultural production by 15-20%,
promotes the formation of denser grass stands,
creates favorable conditions for accelerated seed
germination even during dry periods, and pre-
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vents water and wind soil erosion. Furthermore,
the weight load of the unit on the meadow agro-
cenosis during movement is minimized to a safe
level (5-10 kg/m?).
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AUTHOR GUIDELINES

The guidelines are drawn up in accordance with the ethical principles, common for all the members of the scientific
community, and the rules for publications in international and local scientific periodic magazines as well as in com-
pliance with the requirements stipulated by the State Commission for Academic Degrees and Titles for the periodicals
included in the List of Russian peer-reviewed scientific journals in which the major scientific outcomes of theses for the
degrees of Doctor or Candidate of Sciences must be published.

The journal publishes original articles on fundamental and applied issues by the following directions:

general agriculture and crop production;

plant breeding, seed production and biotechnology;

agrochemistry, soil science, plant protection and quarantine;

fodder production;

infectious diseases and animal immunology;

private zootechnics, feeding, technology of feed preparation and production of livestock products;

breeding, selection, genetics, and animal biotechnology;

technologies, machinery and equipment for the agro-industrial complex;

food systems.

The article sent to the editorial board must correspond to the thematic sections of the journal “Siberian Herald
of Agricultural Science”:

Code and name of the scientific specialty in accordance with the Nomenclature

Section name . e . .
of Scientific Specialties, for which academic degrees are awarded

4.1.1. General agriculture and crop production

Agriculture and chemicalization f o . .
gricuitur tealz 4.1.3. Agrochemistry, soil science, plant protection and quarantine

4.1.1. General agriculture and crop production

Plant growing and breeding 4.1.2. Plant breeding, seed production and biotechnology

Plant protection 4.1.3. Agrochemistry, soil science, plant protection and quarantine

4.1.1. General agriculture and crop production
Fodder production 4.1.2. Plant breeding, seed production and biotechnology
4.1.3. Agrochemistry, soil science, plant protection and quarantine

4.2.3. Infectious diseases and animal immunology

Zootechnics and veterinary 4.2.4. Private zootechnics, feeding, technology of feed preparation and production of livestock
medicine products

4.2.5. Breeding, selection, genetics, and animal biotechnology

Mechanization, automation,

modelling and dataware 4.3.1. Technologies, machinery and equipment for the agro-industrial complex

Agriproducts processing 4.3.3. Food systems

4.1.1. General agriculture and crop production

4.1.2. Plant breeding, seed production and biotechnology

4.1.3. Agrochemistry, soil science, plant protection and quarantine

4.2.3. Infectious diseases and animal immunology

4.2.4. Private zootechnics, feeding, technology of feed preparation and production of livestock
products

4.2.5. Breeding, selection, genetics, and animal biotechnology

4.3.1. Technologies, machinery and equipment for the agro-industrial complex

4.3.3. Food systems

Problems. Opinions

Scientific relations

From the history of agricultural
science

Brief reports

From dissertations

RECOMMENDATIONS TO THE AUTHOR BEFORE SUBMITTING AN ARTICLE

Submission of an article to the journal “Siberian Herald of Agricultural Science” implies that:

an article has not been published before in any other journal,

an article is not subject to review in any other journal;

all co-authors agree with the publication of the current version of the article.

Before submitting an article, it is necessary to make sure that the file (files) contains all the information required
in Russian and English, tables and figures provide the source of the information presented, all references are written
correctly.
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PROCEDURE FOR SENDING MANUSCRIPTS OF ARTICLES

1 Submission of the article is carried out through the electronic editorial board on the journal’s website https://
sibvest.elpub.ru/jour/index. After preliminary registration of the author, choose the option “Send a manuscript” in the
upper right corner of the page. Then download the manuscript (in *.doc or *.docx format) and the accompanying docu-
ments. When you have finished uploading, be sure to select the option “Send a Letter”, in which case the editorial board
will be automatically notified of the receipt of the new manuscript.

Accompanying documents to the manuscript of an article:

a scanned copy of a letter from the organization confirming authorship and permission to publish (sample cover letter);

a scanned copy of the author’s note in the form provided (sample author’s note), in which consent must be expressed
for the open publication of the article in the printed version of the journal and its electronic copy in the Internet;

a scanned copy of the manuscript with the authors’ signatures. The author, by signing the manuscript and sending it
to the editorial office, thereby transfers the copyright for the publication of this article to SFSCA RAS;

author questionnaires in Russian and English (sample author questionnaire);

a scanned copy of your post-graduate school transcript (for full-time postgraduate students).

2. All manuscripts received by the editorial board are registered via the electronic editorial system. The author’s
personal account shows the current status of the manuscript.

3. Non-reviewed materials (scientific chronicles, reviews, book reviews, materials on the history of agricultural
science and activities of institutions and scientists) are sent to the e-mail: sibvestnik@sfsca.ru and are registered by the
executive secretary.

ARTICLE DESIGN PROCEDURE

The text of the manuscript is printed in Times New Roman font, type size 14 with 1.5 spacing, all margins 2.0 cm,
page numbering at the bottom. The size of a manuscript should not exceed 15 pages (including tables, illustrations and
bibliography); the articles placed in the sections “From dissertations” and * Brief reports” should not exceed 7 pages.

Article design structure:

uDC

2. Title of an article in Russian and English (no more than 70 characters).

3. Surnames and initials of the authors, full official name of the scientific institution where the research was con-
ducted in Russian and English.

If authors from different institutions took part in the preparation of the article, it is necessary to indicate the affilia-
tion of each author to a particular institution using the superscript index.

4.  Abstract in Russian and English. The size of the abstract should not be less than 200-250 words. The abstract is
a brief and consistent presentation of the material of the article on the main sections and should reflect the main content,
follow the logic of the presentation of the material and description of the results in the article with the provision of specific
data. The abstract should not include the newly introduced terms, abbreviations (with the exception of common knowl-
edge), references to the literature. The abstract should not emphasize the novelty, relevance and personal contribution of
the author; the place of research should be indicated to the district (region), specific organizations should not be mentioned.

5. Keywords in Russian and English. There should be up to 5—7 words by the topic of the article. It is desirable
that the keywords support the abstract and the title of the article.

6.  Information on the conflict of interests or its absence. The author should notify the editor on the real or po-
tential conflict of interests by including the information in the appropriate section of the article. If there is no conflict of
interests, the author should also inform the editor about it.

Example wording: “The author declares no conflict of interest”.

7. Acknowledgements in Russian and English. This section lists all sources of funding for the study, as well as
acknowledgements to people who contributed to the article but are not the authors.

8. The main body of the article. When presenting original experimental data, it is recommended to use subheadings:

INTRODUCTION (problem statement, goal and tasks of the study)

MATERIAL AND METHODS (conditions, methods (methodology) of research, object description, place and
time of research)

RESULTS AND DISCUSSION

CONCLUSION

REFERENCES. The number of sources must be at least 12. The list of references includes only peer-reviewed
sources: articles from scientific journals and monographs. Self-citation of no more than 10% of the total number. The
bibliography list should be designed as a general list in the order of mention in the text, it is desirable to refer to sources
2-3 years old. The rules for the list of references are in accordance with GOST R 7.05-2008 (requirements and rules for
compiling a bibliographical reference). In the text the reference to the source is marked by a serial number in square
brackets, for example [1]. Literature in the list is given in the languages in which it was published. In the bibliographic
description of the publication, it is necessary to include all authors, without abbreviating them by one, three, etc. It is
unacceptable to abbreviate the names of articles, journals, publishing houses.
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1. Ifitis necessary to refer to abstracts, dissertations, collections of articles, textbooks, recommendations, manu-
als, GOSTs, information from websites, statistical reports, articles in socio-political newspapers, etc., such information
should be placed in a footnote at the end of the page. Footnotes are numbered in Arabic numerals and placed page by
page through continuous page numbering.

Attention! Theoretical, review and problem articles can have any structure, but must contain an abstract, keywords,
list of references.

EXAMPLE OF REFERENCES IN RUSSIAN AND ENGLISH AND FOOTNOTES

REFERENCES (in Russian):

Monograph

Klimova E.V. Field crops of Zabaikalya: monograph. Chita: Poisk, 2001. 392 p.

Part of a book

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture in
southern forest-steppe of Western Siberia// Resource-saving tillage systems. Moscow: Agropromizdat, 1990. pp. 230-235.

Periodical publication

Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat
depending on the system of soil tillage // Siberian Herald of Agricultural Science. 2018. vol. 48. Ne 4. pp. 27-35. DOL:
10.26898/0370-8799-2018-4-4.

REFERENCES (in English):

References are compiled in the same order as the Russian version, according to the following rules:

Names and surnames of the authors are given in the established way of transliteration, English title of the article,
transliteration of the name of the Russian-language source (for example through the site: https://antropophob.ru/trans-
lit-bsi) = English title of the source. The order of presentation for a monograph is the following: city, English name of
the publisher, year, number of pages; for a journal: year, volume, number, pages. (In Russian).

Example: Author A.A., Author B.B., Author C.C. Title of article.

Transliteration of the authors. English title of the article.

Zaglavie jurnala = Title of Journal, 2012, vol. 10, no. 2, pp. 49-54.

Transliteration of the source = English name of the source

Monograph

Klimova E.V. Field crops of Zabaikalya. Chita, Poisk Publ., 2001, 392 p. (In Russian).

Part of a book

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture

in southern forest-steppe of Western Siberia. Resource-saving tillage systems, Moscow, Agropromizdat Publ., 1990,
pp- 230-235. (In Russian).

Periodical publication

Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat
depending on the system of soil tillage. Sibirskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricultural
Science, 2018, vol. 48, no. 4, pp. 27-35. (In Russian). DOI: 10.26898/0370-8799-2018-4-4.

FOOTNOTES:

Quated text,.

1Klimova E.V., Andreeva O.T., Temnikova G.P. Ways to stabilize food production in Transbaikalia / Problems and
prospects of perfecting zonal farming systems in modern conditions: materials of the scientific and practical conf.
(Chita, October 16-17 2008). Chita, 2009, pp.36-39.

Digital Object Identifier — DOI (when the cited material has it) should be indicated at the end of the bibliographic
reference.

Example:

Chu T., Starek M.J., Brewer M.J., Murray S.C., Pruter L.S. Assessing lodging severity over an experimental maize

(Zea mays L.) field using UAS images // Remote Sensing. 2017. Vol. 9. P. 923. DOI: 10.3390/rs9090923.

The DOI of the article should be checked on the website http://search.crossref.org/ or https://www.citethisforme.
com. To do this, enter the title of the article in English in the search bar.

FIGURES, GRAPHS, TABLES, SCREENSHOTS, PHOTOGRAPHS AND FORMULAS

The figures must be of good quality, suitable for printing. All figures must have captions. The caption must be trans-
lated into English. Figures should be numbered in Arabic numerals according to the order in the text. If there is only
one figure in the text, it is not numbered. References to figures should be formatted as follows: “Fig. 3 indicates that
.7 or “It is indicated that ... (see Fig. 3)”. The caption under the figure includes a figure number and its title. “Figure 2.
Description of vital processes.” The translation of the figure caption should be placed after the figure caption in Russian.

Tables should be of good quality, suitable for printing. Tables suitable for editing are preferred, not scanned or
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as figures. All tables should have headings. The title of the table should be translated into English. Tables should be
numbered in Arabic numerals according to the order in the text. If there is only one table in the text, it is not numbered.
References to tables should be formatted as follows: “Table 3 states that ...” or “It is stated that ... (see Table 3)”. The
title of the table includes a table number and its title: “Table 2. Description of Vital Processes.” The translation of the
table title should be placed after the table title in Russian.

Photos, screenshots must be uploaded separately as files of the following format* jpeg files (*.doc and *.docx if the
image has additional marks). The resolution of the image should be >300 dpi. The image files should be given a name
corresponding to the figure number in the text. In the description of the file a caption should be given separately, which
should correspond to the name of the picture placed in the text.

Graphs, charts, histograms, etc. should be attached as a separate file in Microsoft Excel program.

Attention should be paid to the spelling of formulas in the article. All formulas must be editable, i.e. it must be
possible to make changes to them. To avoid confusion, it is necessary to write Greek (a, B, 7, etc.), Russian (A, a, B, b,
etc.) letters and numbers in straight font, Latin letters in italics (W, Z, m, n, etc.). Mathematical signs and symbols should
also be written in straight font. It is necessary to clearly indicate upper and lower superscript characters (W, I, etc.).

INTERACTION BETWEEN THE JOURNAL AND THE AUTHOR

The Editorial Board asks the authors to be guided by the above stated rules when preparing the article.

All the articles submitted to “Siberian Herald of Agricultural Science” go through preliminary check for compliance
with formal requirements. At this stage the Editorial Board reserves the right to:

* accept the article for review;

* return the article to the author (authors) for revision with a request to correct the mistakes or add the missing data;

* return the article which is designed not according to the journal’s requirements to the author (authors) without
consideration;

* reject the article due to its inconsistency to the journal’s goals, lack of originality and little scientific significance.

Correspondence with the authors of the manuscript is maintained through a key contact mentioned in the manuscript.

All scientific articles submitted to the editorial board of the journal “Siberian Herald of Agricultural Science” un-
dergo obligatory double-blind reviewing (author and reviewer do not know about each other). Manuscripts are sent in
accordance with their research profile for reviewing to the members of the Editorial Board.

In controversial cases, the editor may involve several specialists in the review process, as well as the Editor-in-Chief.
If the reviewer’s opinion is positive, the article is submitted to the editor for preparation for publication.

In case a decision is made to have the manuscript revised, reviewer’s comments and remarks are passed to the au-
thor. The latter is given two months to make amendments. If, within this period, the author has not notified the editors
about the actions planned, the article is removed from the publication waiting list.

In case there is a decision to reject the article, the notification with the editorial decision is sent to the author.

The designated author (contact author) is sent the final version of the manuscript accepted for publication, which
he/she must check.

REVERSAL OF EDITOR/ REVIEWER’S DECISION

In case the author does not agree with the conclusions of the reviewer and/or editor, they can dispute the decision
made. In order to do this, the author should:

 amend the manuscript in compliance with the comments substantiated by reviewers and editors;

* clearly outline their stance on the issue under question.

The editors facilitate the second submission of manuscripts that could potentially be accepted but were rejected due
to the need of significant amendments or collection of the additional data, and are ready to clearly explain what must be
rectified in the manuscript for it to be accepted for publication.

ACTIONS OF THE EDITORIAL BOARD IN CASE OF PLAGIARISM AND DATA
FALSIFICATION DETECTION

The Editorial Board of the “Siberian Herald of Agricultural Science” follows the conventional ethical principles for
scientific periodicals and guidelines of the “Publication Ethics Code” developed and approved of by the Committee on
Publication Ethics (COPE) and demands that all those involved in the publishing process should obey these principles.

ERRORS RECTIFICATION AND ARTICLE WITHDRAWAL

In case of error detection that affect understanding of an article but do not distort the results of research, they can
be rectified by replacing the pdf-file of an article. In case of error detection that distort the results of research or in case
of plagiarism or misconduct of the author (authors) connected with data falsification, the article can be withdrawn. The
withdrawal can be initiated by the editors, the author, organization or private individual. Such article is marked with the
note “Article withdrawn”, the page of the article gives the reason for withdrawal. Information about the article with-
drawal is sent to data bases where the journal is indexed.
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