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3EMJIEJ[EJINE U XUMH3AI[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2025-6-1 Twrr cTaThu: OpUTHHATIBHAS
VIK 504.064.37:004.85:633.111 Type of article: original

Mopesin MAIIMHHOTO 00Y4YEeHUS VISl IPOrHO3MPOBAHUS YPOKAMHOCTH
SIPOBOM NMIIEHUIBI ¢ HCIIOJIH30BAHUEM BereTallMOHHbIX HH/AEKCOB

Kamnukun B.K.!, (X)T'apadyraunosa JI.B.', ®exopos J1.C.', Kosaoun C.A."?

'Cubupcruii ghedepanvhvlil HayyHwlil yenmp azpodouomexnonocull Poccutickotl akademuu Hayk
Hosocubupckast oo6macts, p.im. Kpacnoobck, Poccus

2Uncmumym nougogedenus: u azpoxumuu Cubupcrkoeo omoenenusi Poccutickoti akademuu Hayk
Hosocubupck, Poccus

(C<X)e-mail: lv.garafutdinova@mail.ru

HccnenoBano npuMeHeHNE BETeTaMOHHBIX HHCKCOB, MOTYYEHHBIX C ITOMOIIBIO TUCTAHIIMOHHO-
IO 30HAWPOBaHMUs, U IPOTHO3UPOBAHUS YPOKANHOCTH SIPOBOM MIIEHUIIBI ¢ HCIOIb30BAHUEM METO-
JIOB MalIMHHOTO 00y4eHus1. TeCTOBOM MIIOIIA KON CITY>KHIT TTOJICBOM OTIBIT ITO BO3/IENTBIBAHUIO SIPOBOMA
MIICHUIIBI IO UHTEHCUBHOM arpoTexHosoruu B TeueHue 2019-2023 rr. Ha yyacTke, PacrooKEHHOM
B HoBocubupckoii obnactu. [lousa — uepHo3eM BhILIeI04EHHbIH. Mcronbp30Baiu exxerofnHble CHUMKH
3a MepHoJ] UIOHb — MIONb CITyTHHUKA Sentinel-2 ¢ mpocTpaHcTBEHHBIM pasperieHreM 10 M B IHKcerne.
[IpenBapuTenbHBINA aHAIN3 CBSI3M BETETAIMOHHBIX MHJEKCOB C YPOXKAHHOCTBIO MIIEHHIIBI YETHIPbMS
METOJaMH BBISIBHIJI, YTO HanOoJee 3HAYMMBIMU, II0KA3aBILMMH HAUBBICIINEG WHTEIPAJIbHbIC 3HAYCHUS
BakaoctH, 0put NDVI (0,63), GCI (0,47), RECI, NGRDI u NDRE (0,40). /st co3manust Mofenei
IIPOTHO3UPOBAHUS YPOXKAHHOCTH MIICHHULIBI TPUMEHSUTH city4aiinbii tec (RF), skcTpemanbHblii rpaau-
entHbIi Oyctuar (XGBoost) 1 MeTos onopHbIX BeKTOpOB Juist perpeccuu (SVR). B mogensax ucrnoib3o-
BaJIM TpU Habopa JaHHBIX: MTOJTHBIH HAOop (21 BereTalMOHHbIN HHACKC), BHIOOPOUHBIN HAOOp (TISATH Be-
TeTalMOHHBIX NHAEKCOB) 1 ¢ oqHuM NDVI. Hamryumme pesynsrarel 40CTUTHYTH Moaesbio XGBoost,
KOTOpast MmoKa3ana BhICOKYI0 3(hdekTuBHOCTS (R* = 0,75) kak Ha HaOOpe W3 IMATH MPU3HAKOB, TaK H
[IPU UCIOJIB30BaHUM TOJAbKO NDVI, npuuemM B mocneaHeM ciaydyae JOCTUTHYTa HAUMEHbLIAs! CPeIHss
abcomoTHasg ommbka (MAE = 0,24 1/ra). Mogens RF Takxke mokasana XopoIue pe3ysbTaThl Ha CO-
KpalieHHbIX Habopax aaHHBIX (R? = 0,75 Ha NSATH BereTalMOHHBIX HHACKcax U R* = 0,70 Ha NDVI).
st mopenu SVR oTMeyeHo cyliecTBeHHOE CHUKEHHE d(PGEKTUBHOCTH IPH YMEHBIIEHUH KOINYECTBa
npru3HakoB (o1 R* = 0,74 o R* = 0,64). Pe3ynbTars! Mccae10BaHUSI UMEIOT IPAKTHYECKOE 3HAYEHUE IS
ONITUMU3AINH JUCTAHIIHOHHOTO MOHUTOPHHTA TIOCEBOB, IEMOHCTPUPYSI BOZMOXKHOCTH 3(h(heKTUBHOTO
IIPOTHO3UPOBAHUS YPOKaHHOCTH HA OCHOBE MMHUMAJIBHOTO HA00pa CIICKTPaIbHbIX TaHHBIX.

KuroueBble cjI0Ba: TUCTaHIIMOHHOE 30HIUPOBAHME, BETETAIL[MIOHHBIE MHJEKCHI, IPOTHO3UPOBA-
HHUE, MalIMHHOE 00y4YeHHUE, yPOKaHHOCTh IPOBOM MILIEHHILIBI

Machine learning models for predicting spring wheat yield
using vegetation indices

Kalichkin V.K.!, ) Garafutdinova L.V.!, Fedorov D.S.!, Kolbin S.A.'?

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

Institute of Soil Science and Agrochemistry of the Siberian Branch of the Russian Academy

of Sciences

Novosibirsk, Russia

C<)e-mail: lv.garafutdinova@mail.ru

The study explores the application of vegetation indices derived from remote sensing for fore-
casting spring wheat yield using machine learning methods. The test site was a field experiment on
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Machine learning models for predicting spring Kalichkin V.K., Garafutdinova L.V., Fedorov D.S, Kolbin S.A.

wheat yield using vegetation indices

intensive spring wheat cultivation conducted from 2019 to 2023 at the plot located in the Novosibirsk
region. The soil type is leached chernozem. Annual Sentinel-2 satellite images with a spatial resolution
of 10 meters per pixel for the June-July period were used. A preliminary analysis of the relationship
between vegetation indices and wheat yield using four methods revealed that the most significant in-
dices, with the highest integral importance values, were NDVI (0.63), GCI (0.47), RECI, NGRDI, and
NDRE (0.40). To develop yield forecasting models, Random Forest (RF), Extreme Gradient Boosting
(XGBoost), and Support Vector Regression (SVR) were used. The models used three datasets: the
full set (21 vegetation indices), a selected subset (5 vegetation indices), and a single-index set (NDVI
only). The best results were achieved with the XGBoost model, which demonstrated high efficiency
(R?* = 0.75) for both the five-index subset and the NDVI-only dataset, with the latter achieving the
lowest mean absolute error (MAE = 0.24 t/ha). The RF model also performed well on reduced datasets
(R?*=0.75 with five indices and R* = 0.70 with NDVI. The SVR model showed a significant decline in
performance as the number of features decreased (from R* = 0.74 to R* = 0.64). The study results have
practical significance for optimizing remote crop monitoring, demonstrating the feasibility of effective
yield forecasting using a minimal set of spectral data.

Keywords: remote sensing, vegetation indices, forecasting, machine learning, spring wheat yield
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INTRODUCTION

The advantages of spectral remote sensing
are speed, non-destructiveness and scalability.
Over the past decades, the use of spectral reflec-
tance data for forecasting various parameters of
agricultural crops and lands obtained using re-
mote sensing technologies has been constantly
expanding [1, 2]. These data are currently used
to obtain objective information on the condition
of crops, identify various deviations in their de-
velopment, as well as forecast crop yields and
their possible losses due to unfavorable condi-
tions and factors [3, 4].

One common approach to analyzing vegeta-
tion reflectance data is to calculate vegetation
indices (VI). Vegetation indices are mathemat-
ical combinations of wavelengths that correlate
with specific biophysical parameters of the
plants [5, 6].

The choice of an appropriate VI plays a key
role in the studies related to crop yield forecast-
ing. The VI most frequently used for this pur-

pose is NDVI [7-9]. For example, a review [10]
shows that NDVI for 24 years (2000-2023) has
been used in 2200 studies. This index is easy
to calculate, has the widest dynamic range of
the common Vs, and is the most sensitive to
changes in vegetation cover. It is also moderate-
ly sensitive to changes in soil and atmospheric
background, except in cases with poor vegeta-
tion (e.g., NDVI should not be used if the vege-
tation cover is less than 30%) [11].

Other VIs are also used to forecast crop yields.
For example, EVI, SAVI, GNDVI, GCI [12],
RECI, NGRDI, RNDVI [13], GRVI, GBVI,
GCI, NDREI [14], etc. According to some esti-
mates, there are more than 150 of them. These
VIs help determine the condition of plants and
allow obtaining more accurate data on poten-
tial yields. Each VI has its own characteristics
and can be effective in different conditions, for
example, when assessing the general condition
of the vegetation cover or determining physi-
ological stresses and the development of plant
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Mozenu MalIMHHOTO 00yYeHHUs I IPOTHO3UPOBAHUS YPOKaHHOCTH
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diseases. The use of VIs in a comprehensive
analysis makes it possible to predict the future
yield of agricultural crops and promptly respond
to emerging problems [15].

It is known that the relationships between
VI and crop yield depend on the spectral reflec-
tance of crops, which varies depending on plant
species, pigment concentration, soil moisture,
biomass structure, light absorption, the pre-
sence of pests and diseases at different growth
stages, as well as management effects on crops
[16, 17]. In addition, the possibility of using VI
to predict crop yields is severely limited by the
fact that most of their calibrations are valid only
for certain crops and growth periods [18].

Due to the difficulties that arise when using
VIs in forecasting crop yields, artificial intelli-
gence methods, in particular machine learning
(ML), have recently begun to be actively used
in global practice [19-21]. The use of ML al-
gorithms allows not only to accurately predict
crop yields, but also to identify hidden patterns
that are inaccessible to traditional analysis
methods [22]. ML models are capable of taking
into account various dependencies and multiple
features simultaneously, which increases the
accuracy of forecasts. These models identify
patterns without making preliminary assump-
tions about the distribution of data, effectively
analyzing nonlinear relationships between vari-
ables [23]. The following algorithms are used
to forecast crop yields using VI: decision tree
(DT), support vector machine (SVM), Gaussian
process regression (GPR), random forest (RF),
k-nearest neighbors (k-NN), naive Bayes (NB),
least absolute shrinkage and selection opera-
tor (Lasso), gradient boosting regression tree
(GBRT), extreme gradient boosting (XGBoost),
etc. [24-26].

Remote sensing technology is one of the key
success factors in smart farming and offers po-
tentially effective ways to obtain information on
crop conditions for monitoring growth and pre-
dicting crop yields. A key advantage of spectral
imaging is that it can also be used to non-de-

structively obtain phenotypic information over
a large spatial range and a given time period.
Using the information for complex data-driven
analysis allows these results to be used to make
technological decisions to improve agricultural
productivity.

The purpose of the study is to create models
for forecasting the yield of spring wheat based
on the analysis of vegetation indices using ma-
chine learning algorithms.

MATERIAL AND METHODS

The studies were conducted in the for-
est-steppe zone of the Novosibirsk Priobye,
which is characterized by a moderately cold
climate with uneven precipitation and varying
degrees of aridity during the growing season.
The territory belongs to the risky farming zone
with sharp and frequent changes in weather
conditions, leading to significant variability in
the yield of grain crops. The test site was a field
experiment located in the ES “Elitnaya” of the
Siberian Federal Scientific Centre of Agro-Bio-
Technologies of the Russian Academy of Sci-
ences (SFSCA RAS), Novosibirsk Region (54 °
55'27.45 "N, 82 ° 57'14.05" E), where spring
wheat was cultivated during 2019 —2023 on me-
dium-deep leached medium-loamy chernozem.
The humus content in the arable layer is 5.8%,
total nitrogen is 0.35%, the reaction of the envi-
ronment is close to neutral. The soil is well sup-
plied with phosphorus and potassium, the con-
tent of P,O, and K,O (according to Chirikov) is
23 and 18 mg / 100 g of soil, respectively. The
experiment was a permanent sowing of spring
wheat of the Novosibirskaya 31 variety, which
was cultivated against the background of the
use of nitrogen fertilizers, seed dressing, herbi-
cides, retardant and fungicide. For the calcula-
tions of the vegetation indices, Sentinel-2 satel-
lite images with a spatial resolution of 10 m per
pixel obtained using the sentinel-hub were used
(https://www.sentinel-hub.com), which are
publicly available. Annual images for June and
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July were used for the analysis. The obtained
materials (46 cloudless images) were processed
using Quantum GIS (QGIS) with open-source
code (https://qgis.org/ru/site/). Data containing
weighted average values of vegetation indi-
ces were calculated using the "zonal statistics"
function in QGIS.

The following VIs were used in the studies:
CVI (chlorophyll vegetation index), DVI (dif-
ference in vegetation index), ENDVI (enhanced
normalized difference vegetation index), GCI
(green chlorophyll index), GLI (green leaf in-
dex), GNDVI (green normalized difference veg-
etation index), LAI (leaf area index), MCARI
(modified chlorophyll absorption in reflectance
index), MTVI (modified triangular vegetation
index), NDMI (normalized difference moisture
index), NDRE (normalized red boundary differe-
nce index), NDVI (normalized difference vege-
tation index), NDWI (normalized difference wa-
ter index), NEXG (normalized excess green in-
dex), NGRDI (normalized green-red difference
index), NPCI (normalized pigment chlorophyll
index), RECI (Red edge chlorophyll index),
RERI (Red edge relative index), RGVI (red-
green ratio vegetation index), RVI (ratio vege-
tation index), SIPI (structure-independent pig-
ment index). The formulas for calculating the
VI are taken from the work [27]. The calculated
values of the vegetation indices were linked to
a single coordinate system 2505 Pulkovo 1942/
Gauss-Kruger CM 87E to construct a data set.

To assess the relationship between the Vls,
which act as features in the ML models, and
wheat yield and to select the most important
ones, a preliminary analysis was carried out
using four methods.

The Pearson correlation coefficient was used
to determine the linear relationship between the
features and the target variable. It is calculated
using the formula

2 (6-D0,-7) "

_ Jzz (<x,-—x)2(y,.—y)2)’

where x and y — feature values and target vari-
able; x and y — their average values [28].

The mutual information (MI) method was
used to identify both linear and nonlinear re-
lationships between the features and the target
variable. It is calculated as follows:

MICX; Y) =Xyey XxexPy, y) (X 1) x

Py Y)(xa y))
g
SAVNENS @)
where Pucn~ joint probability X and Y; p(x) and
p(y) — marginal probabilities [29].
Random forest (RF) is an ensemble machine
learning method based on the construction of

multiple decision trees. The importance of fea-
ture j is estimated by the formula

1

VI () = (3)
0O0F; ’
ntree Z?Z ¢ (err, / —errtOOB )
where ntree — the number of trees, err®?? —
out-of-bag error for the tree #; err®® — out-of-

bag error after mixing the feature j values [30].

Gaussian process (GP) is a probabilistic
model that defines a probability distribution
over functions. The importance of features is
estimated through the change in the marginal
likelihood of the model:

1 _
logp(X) = —5y (K +0?D) "y~

—§10g|1<+ o*l|-Zlog2m). ()

where y — target values vector; X — fea-
ture matrix; K — covariance matrix;
o’— noise dispersion; n — number of observa-
tions [31].

Machine learning algorithms were used to
develop predictive models.

Random Forest, RF — is an ensemble ap-
proach based on the creation of multiple deci-
sion trees:
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~ 1
§= 13N tree, (X).

where y — predicted value; N — number of trees
tree, —i-¢ tree [32].

eXtreme Gradient Boosting, XGBoost — is
an advanced boosting technique that optimizes
the following loss function:

L=YN_ () +250(f). ©

where L — the objective function that the algo-
rithm seeks to minimize; N — number of obser-
vations in the training set; K — number of trees
in the ensemble; y, — predicted value for the i-th
observation; y, — actual value for the i-th ob-
servation; / — loss function (e.g. mean squared
error for regression or logistic loss for classifi-
cation); Q — a regularization term that controls
the complexity of the model; f, — k-th tree in the
ensemble [33].

Support Vector Regression, SVR — is an al-
gorithm based on the principle of structural risk
minimization:

) =2 (0, —0;) - K(x; x) +b,(7)

where f{x) — the regression function; a,and a."—
Lagrange multipliers; K (x, x) — kernel function;
b — bias [34].

Statistical calculations and graphical plots
were performed using the Python programming
language in an interactive Jupyter notebook.
A single partitioning strategy was used for all
algorithms and data sets. Each data set was
pre-divided into two subsets: 80% of the data
was used to train predictive models, the remain-
ing 20% - to evaluate their effectiveness on a
test sample.

()

RESULTS AND DISCUSSION

The vegetation periods of 2019-2023 dif-
fered in moisture conditions, which affected the
crop yield. In the moderately moistened years
of 2019-2022 with Selyaninov's HTC being
0.91-1.09, the yield of spring wheat in the vari-

ant without fertilizer application (N,) averaged
1.87 t/ha over these years; with an increase in
the nitrogen dose from N, to N, the yield in-
creased by 1.4 and 2.4 times, respectively. In
2023 (HTC 0.69), the crop yield decreased
significantly. Under conditions of insufficient
moisture, the yield was on average 1.5 times
lower in the experiment than in years with mod-
erate moisture.

To build yield forecast models, its actual
values obtained during a stationary field exper-
iment were used, as well as the data from ob-
jective monitoring of spring wheat crops. The
VI values, characterizing the state of the veg-
etation cover, demonstrated significant vari-
ability during the vegetation period and across
years of research. In moderately wet years, the
NDVI value in June fluctuated within the range
of 0.2—0.7 units, increasing to 0.3—0.8 units in
July. GCI varied from 0.3 to 2.6 units in June
and from 1.3 to 3.0 units in July. RECI ranged
from 0.3 to 1.7 units in June and from 1.2 to
2.7 units in July. NGRDI modified from 0.1 to
0.3 units in June and from 0.1 to 0.3 units in
July. NDRE changed from 0.2 to 0.6 units in
June and from 0.4 to 0.6 units in July. In a dry
year, NDVI values in June ranged from 0.1 to
0.3 units and in July — from 0.3 to 0.7 units. GCI
fluctuated from 0.2 to 0.8 units in June and from
0.6 to 1.7 units in July. RECI differed from 0.2
to 0.6 units in June and from 0.8 to 1.6 units in
July. NGRDI ranged from -0.01 to 0.2 units in
June and from 0.1 to 0.2 units in July. NDRE
ranged from 0.1 to 0.2 units in June and from
0.3 to 0.6 units in July. Comparative analysis
of the VI values helps to better understand how
different environmental conditions affect vege-
tation development and allows for the creation
of more accurate and reliable crop yield forecast
models.

The results of a preliminary comprehensive
analysis of the relationship between the VI and
spring wheat yield based on the use of four as-
sessment methods showed their varying impor-
tance (see Fig. 1).
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wheat yield using vegetation indices
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Fig. 1. Assessment of the significance of vegetation indices
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Correlation analysis at a significance
level of p < 0.05 revealed the presence of
strong statistically significant relationships. The
highest negative correlation was found for NPCI
(r=-0.79), and positive for NGRDI and RGVI
(r = 0.77). High positive correlations were
also found for GCI, RECI, NDRE, and NDMI
(r=0.76).

The mutual information method, which takes
into account both linear and nonlinear depen-
dencies, showed maximum values for NDVI
(0.76), as well as for DVI and SIPI (0.71).
These results complement the findings of the
correlation analysis, indicating the presence of
significant nonlinear relationships.

Random forest analysis identified a GCI with
an importance score of 0.32, which significantly
exceeds the values of the remaining VIs, which
did not exceed the threshold of 0.1.

Probabilistic assessment using the Gauss-
ian process method determined the maximum
values for NDVI (1.00) and MCARI (0.22).
This method, taking into account the uncertain-
ty in the data, confirmed the high significance of
the previously identified Vls.

When considering the integral importance
calculated as the average value of the indicators
of all methods, the significance of the data set
of five VIs was higher than 0.4. The highest im-
portance was shown by NDVI (0.63), followed
by GCI (0.47). Then came RECI, NGRDI and
NDRE (0.40). The lowest integral importance
was shown by GLI (0.18), which indicates its
limited applicability for yield forecasting in the
studied conditions. The obtained results demon-
strate that these VIs have the greatest potential
for yield forecasting, which is confirmed by the
consistency of their importance assessments by
different analysis methods. These results can
serve as a basis for developing effective predic-
tive models of spring wheat yield.

For a more objective assessment of the ML
predictive models and taking into account the
significant importance of NDVI (0.63), it was
decided to conduct a comparative analysis of

the effectiveness of the models on three data
sets:

— on a full set of 21 Vis (CVI, DVI, END-
VI, GCI, GLI, GNDVI, LAI, MCARI, MTVI,
NDMI, NDRE, NDVI, NDWI, NEXG, NGRDI,
NPCI, RECI, RERI, RGVI, RVI and SIPI).

— on a sample set of five VIs (GCI, NGRDI,
NDRE, NDVI and RECI).

— on a sample set of one VI (NDVI).

This approach allows estimating how effec-
tive crop yield forecasting can be when a mini-
mal set of data as features for ML is used.

Comparison of actual and predicted crop
yield values showed that ML models using a
full set of features provide fairly high forecast-
ing accuracy, but the discrepancies in predicted
and actual values are slightly higher than those
of models using selected features (see Fig. 2).
Models using five vegetation indices demon-
strate a denser arrangement of points relative to
the ideal forecast line. The NDVI-based model
also shows high consistency with actual values,
confirming the significant role of NDVI in yield
forecasting.

For a comprehensive comparison of the ef-
fectiveness of the models, data on actual yields
and their forecasts are presented for all ML
models (see Fig. 3).

Analysis of the graphs in Fig. 3 shows the
dynamics of the ML models’ results when using
different sets of features. The XGBoost model
demonstrates the most stable dynamics on all
three datasets, with models trained on selected
sets of features showing a more accurate fol-
lowing of the actual values compared to models
trained on the full set of features. The RF mod-
el also demonstrates good performance on all
datasets, with particularly accurate predictions
when using the five selected features. When
using only ND VI, this model preserves the over-
all dynamics of yield changes, although with
slightly larger deviations at individual points.
In contrast, the SVR model shows a signifi-
cant change in the quality of forecasts when the
number of features is reduced. While the fore-
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Fig. 2. Comparison of the actual and forecasted yield values

casts follow the actual values quite accurately
on the full data set, larger deviations were ob-
served when switching to selected features and
especially NDVI. The graph in Fig. 3 shows that
SVR forecasts on limited data sets have more
pronounced deviations from the actual values,
especially in the areas of minimum and maxi-
mum yield values.

The results of visual analysis of the plots
suggest that using a sample set of features or
even NDVI alone is an effective approach when
using XGBoost and RF models, while using the
full set of features is preferable for SVR.

Quantitative indicators of the ML model ac-
curacy for forecasting the yield of spring wheat
are presented in the table.

The analysis of the accuracy indicators of the
ML models for forecasting the yield of spring
wheat crops demonstrates the different behav-
ior of the algorithms when using different data
sets. The XGBoost model showed an equally
high determination coefficient (R*> = 0.75) both
on a set of five VIs and when using only NDVI.
Using only NDVI allowed us to achieve the
lowest MAE value of 0.24 t/ha, which is better
than the results on both the full set (0.28 t/ha)
and five features (0.26 t/ha).

The RF model performed best on the five-fea-
ture set (R* = 0.75, RMSE = 0.40 t/ha), but a

slight decrease in accuracy was observed when
using only NDVI (R*=0.70, RMSE = 0.43 t/ha).
However, even these figures remain quite close
to the results on the full data set (R* = 0.72).

The SVR model, on the contrary, showed a
significant decrease in forecast efficiency with a
decrease in the number of features. If on the full
data set it had high accuracy (R* = 0.74, RMSE
= (.38 t/ha), then when using five features, the
accuracy decreased to R* = 0.66, and when using
only NDVI, it was R?> = 0.64. This indicates that
SVR is more sensitive to the number of input
features and can lose important relationships
when reducing the dimensionality of the data.

The mean absolute percentage error (MAPE)
also confirms these patterns: the XGBoost
model showed stable results of about 24% on
all datasets, RF was the best on five features
(23.63%), SVR showed a significant increase in
error with feature reduction (up to 27.12% on
NDVI).

The results of the analysis of the accuracy of
spring wheat yield forecasting models demon-
strated that using only NDVI can be an effec-
tive approach when using the XGBoost model,
which showed consistently high accuracy. This
is of great practical importance, as it allows to
significantly simplify the process of data collec-
tion and processing without losing the accuracy
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Fig. 3. Forecasted yield values of spring wheat and corresponding values from the test dataset
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Accuracy metrics of machine learning models for spring wheat yield forecasting

Model Data set R? RMSE MAE MAPE
21 VI 0,73 0,42 0,29 24,74
XGBoost 5VI 0,75 0,40 0,26 24,06
1 VI 0,75 0,41 0,24 24,11
21 VI 0,72 0,42 0,29 24,33
RF 5VI 0,75 0,40 0,27 23,63
1 VI 0,70 0,43 0,27 24,48
21 VI 0,74 0,39 0,27 23,27
SVR 5VI 0,66 0,46 0,31 26,40
1 VI 0,64 0,47 0,32 27,12

of yield forecasting. The RF model also showed
acceptable results on reduced data sets, while
the SVR model is recommended to be used only
when a full set of features is available.

CONCLUSIONS

1. The application of four different meth-
ods of feature importance analysis for ML mod-
els (correlation analysis, mutual information
estimation, random forest method and Gauss-
ian processes) allowed us to identify the most
important vegetation indices for use in predic-
tive models of wheat yield. In this case, NDVI
showed the highest integral importance — 0.63,
followed by GCI — 0,47 and RECI, NGRDI,
NDRE - 0,40.

2. Comparative analysis of ML models
revealed different efficiency of the algorithms
when using different datasets. The XGBoost
model demonstrated the most stable results with
the determination coefficient R* = 0.75 both on
the set of five VIs and when using only NDVI,
and in the latter case the smallest mean absolute
error (MAE) was 0.24 t/ha. The RF model also
showed good results on reduced datasets (R* =
0.75 on five VIs and R* = 0.70 on NDVI), while
the SVR model showed a significant decrease
in efficiency with a decrease in the number of
features (from R?>=0.74 to R* = 0.64).

3. The obtained results indicate the possibil-
ity of effective forecasting of spring wheat crop
yield based on a minimum set of spectral remote
sensing data using appropriate ML algorithms.
Further research can be aimed at adapting the
developed approach to other agricultural crops.
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CoBpeMeHHOE COCTOSTHME IJIO0POAUSA 1erPAAUPOBAHHBIX NI0YB
PecnyOoiuku TriBa

AataeB A.A.', ) buaryes A.C.2

batikansckutl uncmuniym npupodononvsosanus Cubupcrkozo omoenenusi Poccuiickoii akademuu nayx
Vnan-Yn», Poccns

2BypsamcKull Hay4HO-UCCIe008aMeNbCKULL UHCIMUMYM CelbCKO20 XO3AUCMEd — punuan

Cubupckoco pedepanvHozo HayyHozo yenmpa azpoouomexnonoeuil Poccuiickoul akademuu Hayk
Vnan-VYno, Poccus

() e-mail: burniish@inbox.ru

HepannonansHoe ucnosnp3oBanne nactoum Pecny6nuky TeiBa mpHUBENO K JeTpeccHy arpapHbIX
yroauii Ha oHE Jerpafanuy MOYBEHHOTO MokpoBa. B 2023 r. mpoBeeHbI MOYBEHHO-Te000TaHnYe-
CKHE MCCIe/IOBaHNsA B IIECTH paiioHax (koxyyHax) PecrmyOnmuku ThiBa, 11ebI0 KOTOPBIX ABISIIOCH
YCTaHOBJICHHE TEKYILEro cTaryca IUIONOPOAMS JEeTrPagUpOBAHHBIX MOYB PECIYOIMKH B YCIOBHSX
apuIu3aluy KIIMMara. B CBSI3M ¢ MOCTaBICHHOW ENbI0 PEIIaNNCh CIEAYIONINe 3aa4r: BbIIeICHIe
TUMTUYHBIX JIETPAJUPOBAHHBIX YYaCTKOB (TIOJIMIOHOB) AJISi M3YYEHHS SPO3UOHHBIX MPOLIECCOB B Pa3-
JIMYHBIX TOYBEHHO-KJIMMATHYECKUX 30HAX — B TOPHOM CTeNU XeMUYHKCKOW KOTJIOBHUHBI (TIOJUTOH (11.)
Axcol-bapneik, . Anman-Maansip, . Cyk-Akcsl, 1. Tee-Xas) u B npearopbsax Canrunena (. Ca-
MarajTail); Ha paBHUHHBIX y4acTKax cTenu Yiyr-Xemckoil komioBuHHI (1. Cykmak, m. Toc-bymak),
CYXOIi CTEIH U OIYCTBHIHEHHBIX cTerell YOcyHypckoi KOTIOBHHEI (11. MopeH, 1. Dp3uH); MOpQoIIoru-
YECKOe OINMMCaHWe TTOYBEHHBIX Pa3pe30B MOJUTOHOB HUCCIIEOBAHMUS; IPOBEIEHNE Te000TaHUIECKOTO
O6CJ'I€I[OB3HI/I$I TEPPUTOPUHN BBIACIICHHBIX IMOJIUTOHOB; OLCHKA arpOXUMHUYCCKUX CBOMCTB HapyuicH-
HBIX II0YB; OIpE/IeJIEHNE MyTell BOCCTaHOBIICHUS TUIOJOPOAUS JIerpaJupOBaHHbIX 3eMenb. Mecneno-
BaHUSMM YCTAHOBJICHO, YTO HapyLICHHbIE KAIUTAHOBBIC U AJUIFOBUAJIBbHBIE MOYBBI MAJIOMOLIHBI, Xa-
PaKTepU3yIOTCs O4eHb HU3KHUM COJIepyKaHHEeM OPTaHUYEeCKOTo BellecTBa. TakKe 3TH MOUBbI 00J1aJat0T
c1a0OoIIEIOYHON peakuel cpeapl, 00yCIOBICHHON OIM3KUM 3ajeraHueM KapOOHAaTHOTO TOPH30HTA
Bk ¥ npeuMylIecTBEHHO BBIIOTHBIM BOJHBIM pekUMOM. CoaepaHue aMMOHUHHOIO a30Ta OYEHb
HU3KOE, OIBIXKHBIE (OpMBI hocdopa 1 Kasus 3HAUUTEITBHO BAPUPYIOT 110 UCCIIEYEMbIM yUacTKaM.
Jjis BocCTaHOBIICHHUS MOTEHIIMAIBHOTO IJIOOPOAMS 3THX [TOYB HEOOXOAMMO BHEAPEHHUE MacTOuUIIe-
00opoTa, IpoBeIeHNE MEPOTIPUATHIA TOBEPXHOCTHOTO YITyUIIEHUS W BOJHON MEITHOPAITHH.

KarwueBsbie cinoBa: TriBa, gerpagupoBaHHbIC TTOYBBI, MOP(OIIOTHSI ITOYB, arpOXHUMHUSI, re00o-
TaHUKA
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The irrational use of pastures in the Republic of Tyva has led to the degradation of pasture lands
against the background of soil degradation. In 2023, soil and geobotanical studies were conducted in six
districts (kozhuuns) of the Republic of Tyva, which aimed at determining the current fertility status of
degraded soils in the republic under conditions of climate aridization. In connection with this goal, the
following tasks were solved: identification of typical degraded sites (polygons) to study the erosion pro-
cesses in various soil and climatic zones — in the mountainous steppe of the Khemchik basin (polygons
Aksy-Barlyk, Aldan-Maadyr, Suk-Aksy, Tev-Khaya) and in the foothills of Sangilen (Samagaltai); on
the flat areas of the steppe of the Ulug -Khem basin (Sukpak, Tos - Bulak), the dry steppe and desolate
steppes of the Ubsunur basin (Moren, Erzin); morphological description of soil sections of the study
sites; conducting a geobotanical survey of the territory of the identified polygons; assessing the agro-
chemical properties of disturbed soils; determining ways to restore the fertility of the degraded lands.
The investigations have established that the disturbed chestnut and alluvial soils are low-yielding, cha-
racterized by a very low content of organic matter. These soils also have a slightly alkaline reaction
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of the environment due to the close occurrence of the BCa carbonate horizon and the predominantly
exudational water regime. The content of ammonium nitrogen is very low, and the mobile forms of
phosphorus and potassium vary significantly across the studied sites. To restore the potential fertility
of these soils, it is necessary to introduce pasture rotation, surface improvement measures and water
reclamation.

Keywords: Tyva, degraded soils, soil morphology, agricultural chemistry, geobotany
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INTRODUCTION tural land productivity in all regions of Russia
is necessary'.

The Republic of Tuva is part of the Siberian
Federal District and the East Siberian Economic
Region of the Russian Federation. As of Janu-
ary 1, 2021, the Republic of Tuva's land fund
amounted to 16,860,357 hectares, with the total
area of agricultural land being 3,361,400 hect-
ares, or 19.9% of the republic's total area. This
agricultural land consists of 135,500 hectares
of arable land, 61,400 hectares of fallow land,
54,800 hectares of hayfields, and 2,401,900
hectares of pastures?.

It was established that agricultural land de-
creased by 1.3 times between 1970 and 2020,

Global climate change towards aridization is
noted in the studies of many world scientists [1,
2]. The climate in the 21st century, according
to forecasts of the General Circulation Models
(GCMs), will be warm and dry, which will lead
to a reduction in forests, the disappearance of
tundra and a significant increase in the area of
grassland (forest-steppes, steppes and semi-des-
erts) [3]. Warming in Siberia will occur faster
than in the Northern Hemisphere as a whole
[4], therefore, the study of unstable ecosys-
tems of arid landscapes in such territories as
the Republic of Tuva has been very relevant in

recent years. Relatively few works have been
published on the current state of fertility of de-
graded soils of the Republic of Tuva. In general,
further development of monitoring of agricul-

including arable land by 3.6 times, hayfields by
2.0 times, and pastures by 1.7 times®. Agricul-
tural lands in the Republic of Tyva are mainly
located in intermountain basins and river val-

'Lipski S. The increase the fertility of agricultural land and monitoring // RJOAS, 2014, N 25, p. 17.
2Report on the status and use of land in the Republic of Tuva in 2020, 2021. / URL: https://rosreestr.gov.ru (date of reference:

09.01.2024).

3Semicentenial dynamics of arable lands and fertility arable soils of the Republic of Tyva / A. Sambuu, O. Ajunova, L. Golu-
byatnhikov [et al.] / IOP Conference Series: Earth and Environmental Science: 8, Syktyvkar, July 19-24, 2021. Syktyvkar, 2021. P.

012108. DOI 10.1088/1755-1315/862/1/012108.
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leys, where light chestnut, chestnut, and dark
chestnut soils, southern chernozems, and ordi-
nary chernozems, formed under various steppe
floristic communities, are common. Thus, large
areas of the Ulug-Khem basin are occupied by
petrophytous vegetation developing on steep
rocky southern slopes on poorly formed rank
soils*. The following large sod-forming floris-
tic communities grow in this basin: desert-oat
grass, feather grass, pediform-sedge and sec-
ondary forbs, as well as small sod-forming com-
munities: fescue, thin-legged, wheat grass, cere-
al-small-herb and cereal-sedge’. In the northern
part of the Ubsunur basin, desertified steppes
are formed on light chestnut soils, mainly with
nanophyton and pebble-feather grass communi-
ties® (see footnote 4). An analysis of the eco-
logical spectrum of the flora of these steppes
showed the predominant importance of the xe-
rophyte group, as well as mesoxerophytes and
xeropetrophytes, which in total constitutes 81%
of all species’ [5].

.M. Gadzhiev, A.Yu. Korolyuk, A.A. Tit-
lyanova, and other scientists have previously
studied in detail the vegetation of the Tuva ba-
sins, the impact of grazing on productivity, and
the dynamics of plant matter reserves in pasture
ecosystems (see footnote 4). Neighboring Mon-
golia is also systematically studying the deg-
radation of agricultural lands, changes in the
growth of phytocenoses, plant classification,
plant identification, plant distribution, the de-

velopment of ecological history, and plant mor-
phological characteristics [6, 7].

The soil cover of the republic's forest-steppe
zone is represented mainly by southern and or-
dinary chernozems, while the steppe zone is rep-
resented by chestnut soils. Arable land is locat-
ed mainly on chestnut soils (65%) and cherno-
zems (27%) (see footnote 3). Chestnut soils of
Tuva have provincial characteristics: stoniness,
a light texture, shallowness, often powdery car-
bonate deposits, the absence of permafrost, and
the absence of salinity and solonetzic conditions
on watersheds and slopes®. Research by M.V.
Evdokimova [8] showed that Tuva's soils tend
to degrade only as a result of water erosion and
deflation, as the region is not densely populated
or industrially polluted. Agroecological moni-
toring of the soils of Tuva's agricultural territo-
ries confirmed that erosion and desertification
have led to soil degradation and a sharp decline
in fertility®. Thus, a comparative assessment of
Siberian chernozems using the Soil-Ecological
Index (SEI) revealed that the chernozems of the
Republic of Tyva are more susceptible to ero-
sion processes due to the light granulometric
composition of the soils [9]. Land degradation
is a global problem that leads to consequences
such as a decrease in the gross domestic prod-
uct of countries, a deterioration in the economic
situation of the local population, a decrease in
food security, climate change and loss of biodi-
versity'? [10].

4Steppes of Central Asia / .M. Gadzhiev, A.Yu. Korolyuk, A.A. Titlyanova et al. — Novosibirsk: Publishing House SB RAS,

2002, 299 p.

SKuminova A.V. Vegetation cover of the Ulug-Khem region of the Tuva ASSR // Plant communities of Tuva, Novosibirsk: Nauka,

1982, pp. 5-28.

*Hilbig W., Corolyuk A. Ju. Sanddunenvegetation im Uvs-nuur-Becken (Mongolei und Tuwa/Russland // Feddes Repertorium,

vol. 11, N 1-2, 2000, pp. 29-37.

"Dubrovsky N.G. Steppe and fallow phytosystems of Tuva: structural and functional organization and optimization of nature
management: Extended abstract of Doctor’s thesis in Biology: 03.00.05, 03.00.16 / Dubrovsky Nikolay Grigorievich, Ulan-Ude,

2009, 48 p.

8Zhulanova V.N. Agroecological assessment of the soils of Tuva: Extended abstract of Doctor’s thesis in Biology: 03.02.13 /

Zhulanova Valentina Nikolaevna, Moscow, 2013, 47 p.

°Belek A.N. Agroecological monitoring of soils of the agricultural territory of the Republic of Tuva / A.N. Belek, V.M. Solovyo-

va, E.A. Poryadina // Agrochemical Bulletin, 2017, N 2, pp. 55-58.

YLee H., Honda Y., Lim Y.-H., Guo Y.L., Hashizume M., Kim H. Effect of Asian Dust Storms on Mortality in Three Asian Cities //

Atmospheric Environment, 2014, N 89, p. 309317.
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The ecological and economic assessment of
degraded agricultural lands in Tuva based on
their cadastral valuation was conducted by A.D.
Sambuu et al. [11]. The degree of land degrada-
tion by the area of eroded and saline soils was
25.6% in the Bai-Taiginsky kozhuun, 40.2% in
the Dzun-Khemchiksky, 70.2% in the Kyzylsky,
55.9% in the Sut-Kholsky, 71.5% in the Tandin-
sky, 61.1% in the Chaa-Kholsky, and 60.5% in
the Chedi-Kholsky kozhuun, respectively. The
authors also found that the dormant period of
degraded lands for the complete restoration of
natural steppe vegetation is 11-25 years, when
stage IV of self-restoration of abandoned lands
occurs [12]. Similar conclusions were previous-
ly reached by other researchers of the flora of
Tuva (see footnote 6) [5].

It is known that the characteristics of soil and
plant complexes in degraded areas are reliable
edaphic and floristic indicators of land degrada-
tion. The scientific novelty of our study lay in
documenting the current state of soil systems in
close connection with the phytocenoses grow-
ing on them, supplementing data on the edaph-
ic component of natural ecosystems and agro-
cenoses against the backdrop of negative cli-
matic trends. Proposals for restoring the fertility
of degraded lands were also developed. In 2023,
soil and geobotanical studies were conducted in
various districts of Tuva, the purpose of which
was to establish the current fertility status of
degraded soils in the republic under conditions
of climate aridization. In connection with this
goal, the following tasks were addressed:

1. Identification of typical degraded areas
(polygons) for studying soil degradation pro-
cesses in various regions of Tuva.

2. Morphological description of soil sections
of research sites and assessment of agrochemi-
cal properties of disturbed soils.

3. Conducting a geobotanical survey of the
territory of the designated testing sites.

4. Identifying ways to restore the fertility of
degraded lands.

MATERIAL AND METHODS

The Buryat Research Institute of Agricul-
ture, a branch of the Siberian Federal Sci-
entific Centre of the Russian Academy of
Sciences, as part of the work on the topic
“National action programs to combat desert-
ification,” established nine reference sites on
the territory of the republic at the areas se-
lected using the remote sensing method and
subsequent route soil-geobotanical survey
(see Fig. 1). The survey sites were located
in key erosion-prone landscapes in seven dis-
tricts of the republic (see Tables 1 and 2). The
area is characterized by a complex topogra-
phy, alternating mountains and intermontane
depressions, a sharply continental climate,
intense wind activity, and insufficient precip-
itation. The combination of these natural and
climatic conditions creates a high risk of wa-
ter and wind erosion on light soils with low
organic matter content.

Anticyclonic, dry, and clear weather pre-
vails throughout the year in the republic, with
cold winters and hot summers. The greatest
amount of precipitation falls in the northeast-
ern regions, while less precipitation falls in
the west and south of Tuva. Average tempera-
tures increase from north to south. The distri-
bution of heat and moisture resources across
natural and climatic zones is presented in Ta-
ble 2.

Mixed soil samples were collected from the
0-20 cm soil layer. The soil description is giv-
en according to classification 1977, Chemical
analyses of the soils were performed in the ac-
credited testing laboratory of the Federal State
Budgetary Institution State Station of Agro-
chemical Service “Tuvinskaya” according to

"Classification and diagnostics of soils of the USSR. / V.V. Egorov, E.N. Ivanova, V.M. Friedland. Edition: Colossus, 1977, 225 p.
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3anadueii Tanry-0na

Puc. 1. PazmelieHue penepHbIX y4acTKOB:

L Xp. Ax.Obpyvesa

Yryz-Xemcras kommosura T

Bocmoudsiu Tarry-Ona

1 — Axcoi-bapneik; 2 — Annaa-Maansip; 3 — Cyr-Akcsr; 4 — Tere-Xas; 5 — Cyknak; 6 — Toc-bynak; 7 — Dp3un;
8 — Camaranraii; 9 — Mopen

Fig. 1. Location of the reference sites:
1 — Aksy-Barlyk; 2 — Aldan-Maadyr; 3 — Sug-Aksy; 4 — Teve-Khaya; 5 — Sukpak; 6 — Tos-Bulak; 7 — Erzin;
8 — Samagaltai; 9 — Moren

Taoa. 1. O6wereorpaduueckas u jaHamadTHas XapaKTEPUCTUKH TEPPUTOPUU Pa3MEILECHHS PEIIEPHBIX

Y4aCTKOB

Table 1. General geographical and landscape characteristics of the reference sites area

Testing site

Kozhuun

Landscape

Soil

Degradation type

1. Aksy-Barlyk

Barun-Khemchiksky

Steppe mountain,

Chestnut, alluvial

Water erosion + deflation

floodplain

2. Aldan-Maadyr Sut-Kholsky The same Chestnut The same
3. Suk-Aksy » » » Deflation + water erosion
4. Teve-Khaya Dzun-Khemchiksky » » Water erosion + deflation
5. Sukpak Kyzylsky Steppe Dark chestnut Salinatiin d+gv ater erosion

eflation
6. Tos-Bulak » » » Water erosion
7. Erzin Erzinsky Semi-arid Light chestnut Deflation
8. Samagaltai Tes-Khemsky Steppe mountain Chestnut Water erosion + deflation
9. Moren Erzinsky Dry steppe, floodplain » Water erosion
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Ta6a. 2. Kiimmarnyeckue ycioBUs OCHOBHBIX 3eMIIICNIBICCKUX paiioHoB PecryOnuku TeiBa
(cpenmHEMHOTOJIETHUE JIaHHBIC)

Table 2. Climatic conditions of the main agricultural regions of the Republic of Tyva (average annual data)

. Sum of active
Soil and climate zone Snow cover depth, Duratlop of frost-free temperatures during the . Apnpal HTC
cm period, days . ° precipitation, mm
growing season, °C
Forest-steppe 3040 90-100 1400-1900 250-350 0,9-1,6
Steppe 1020 100-110 1500-2000 250-350 0,8-1,4
Dry steppe 7-15 100-120 2000 180-290 0,6-1,0
Semi-arid 5-10 100-120 2100 177 0,5-0,8

Bt e

=7 site 2. Aldan-Maadyr ===~ -

i -

— ] S

site 6. Tos-Bulak

[———

" site 8. Samagaltai ~ ==

S T—

site 9. Moren

site 7. Erzin

Puc. 2. KOCMOCHUMKH TTOJIUTOHOB (11.)
Fig. 2. Satellite images of the polygons (sites)
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standard methods adopted by the agrochemical
service'> .

RESULTS AND DISCUSSION

The fertility of degraded soils was studied at
sites in various soil and climatic zones of the re-
public. In the mountain steppe of the Khemchik
Basin (Aksy-Barlyk, Aldan-Maadyr, Suk-Aksy,
Teve-Khaya villages) and in the foothills of
Sangilen (Samagaltai village); in the flat steppe
areas of the Ulug-Khem Depression (Sukpak,
Tos-Bulak villages), and the dry steppe and des-
ert steppe of the Ubsunur Depression (Moren,
Erzin villages).

Morphological description of typical soils of
the research sites

The Aksy-Barlyk testing site is located on
the floodplain and supra-floodplain terraces of
the Barlyk and Khemchik rivers. To characterize
the soil morphology, a transect was established
2.5 km east of the village of Aksy-Barlyk and
southwest of an elevation of 921 m above sea
level. The land is pasture. Vegetation includes
bitter and one-year fringed sagebrush, bunch
grass, tough-leaved hair grass, couch grass and
spring cinquefoil. The projective cover is 30%.
The transect consists of the following horizons:

A 0-18 cm — fresh, light brown, sandy loam,
structureless, penetrated by thin roots, the tran-
sition is noticeable.

B 18-26 cm — dry, light brown, sandy loam,
structureless, single roots, inclusion of pebbles,
clear transition.

BCxk 26-29 cm — dry, whitish, sandy loam,
structureless, inclusion of pebbles, clear tran-
sition.

Ck 29-79 cm —dry, yellow, structureless sand.

The soil is alluvial, steppe-forming, thin,
sandy loam on alluvial deposits, slightly erod-
ed, moderately deflated.

The Altan-Maadyr testing site is located on
the floodplain terraces of the Khemchik River
and on gently sloping foothills. To describe the
morphological features, a transect was laid on
the gently undulating surface of the foothills,
1.5 km southeast of an absolute altitude of 766
m above sea level. Vegetation is represented by
pygmy pea shrub, spring cinquefoil, and cold
and bitter wormwood. The soil transect is repre-
sented by the following horizons:

A 0-12 cm — fresh, chestnut, structureless,
sandy, compacted, up to 60% of debris and
crushed stone, weakly penetrated by roots, bub-
bles up, the transition is noticeable by color.

B 12-20 cm — fresh, grayish-brown, struc-
tureless, sandy, compacted, inclusions of
crushed stone and grit up to 30%, single roots.

Bk 20-60 cm — fresh, whitish-burnt, com-
pacted, mealy due to abundant release of CaCO,,
bubble up violently, crushed stone and grit up to
50%, gradual transition in color.

Ck 60-150 cm — sandy-gravelly deluvium,
fine earth up to 20%, fine earth saturated with
CaCo,.

Chestnut soil, thin, sandy, slightly eroded on
deluvial-proluvial deposits.

The Suk-Aksy testing site is located in inter-
mountain valleys, on foothill slopes and in the
Khemchik River valley.

To characterize the chestnut soils morpho-
logically, a description is provided of a section
located 750 m north of an elevation of 702 m
above sea level. The microrelief is character-
ized by furrows, smoothed in places by blown
sand resulting from wind erosion. The site is a
fallow land. Vegetation is represented by grey-
blue sagebrush, pygmy pea shrub and fringed
sagebrush.

A 0-17 cm — dry, brown, sandy loam, struc-
tureless, loose, many roots, no bubbling, clear
transition.

2GOST 26423-85 Soils. Methods for Determining Specific Electrical Conductivity, pH, and Solid Residue of Aqueous Extracts.
BGOST 26205-91 Determination of mobile compounds of phosphorus and potassium by the Machigin method as modified by

CSRIASA.

“GOST 26213-2021 Soils. Methods for Determining Organic Matter.
SGOST 26487-85 Soils. Determination of exchangeable calcium and exchangeable (mobile) magnesium by CSRIASA methods.
TOCT 2648985 Soils. Determination of exchangeable ammonium using the CSRIASA method.
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B 17-30 cm — dry, brown, sandy loam, struc-
tureless, slightly compacted, rare thin roots, no
bubbling, clear transition in color and in bub-
bling.

BCk 30-60 cm — dry, whitish-brown, sandy
loam, structureless, weakly compacted, single
thin roots, boils strongly from 30 cm, clear tran-
sition.

Ck 60-130 cm — dry, whitish, sandy loam,
structureless, compacted, inclusions of single
cartilage.

Chestnut soil, shallow, sandy loam, moder-
ately deflated on deluvial-proluvial deposits.

The Teve-Khaya testing site is located on the
right-bank floodplain terrace of the Khemchik
River. The excavation is located 3 km southeast
of the town of Chadan, 250 km south of the road.
The area is a rolling plain. The microrelief is ex-
pressed by furrows. Vegetation includes Siberi-
an cheegrass, bitter sagebrush, lamb's-quarters,
crested wheatgrass, agrestal hemp, Alpine aster
and pygmy pea shrub. The soil is composed of
horizons:

A 0-19 cm — sandy loam, fresh, brown-
ish-gray, structureless, slightly compacted, no
bubbling, many roots, gradual transition.

B 19-32 cm — sandy loam, fresh, light brown,
structureless, compacted, few roots, clear color
transition.

BCk 3244 cm — sand, fresh, brownish-fawn,
structureless, not compacted, with inclusions of
crushed stone, many white powdery spots, bub-
bles vigorously from HCI, the transition is no-
ticeable.

Ck 44-60 cm — sand, fresh, whitish-fawn,
structureless, not compacted, lots of crushed
stone, bubbles.

The soil is light chestnut, medium-deep, san-
dy loam, moderately eroded, slightly deflated
on deluvial-proluvial deposits.

The Samagaltai testing site is located on the
gentle foothills of the Sangilen Range. A soil
profile was created 100 meters north of the road
junction and 1,500 meters northeast of the vil-
lage of Saigan. The land is a pasture. The herb-
age consists of wild leek, feather grass, pygmy

pea shrub, crested wheatgrass and sage-leaf
mullein.

A, 0-1 cm — the turf is loose and not contin-
uous.

A, 1-9 cm — fresh, chestnut brown, light
loamy, finely lumpy-dusty, densely penetrated
by plant roots, gradual transition in color.

B, 9-2lcm — fresh, brownish- chestnut
brown, light loamy, loosely lumpy, compacted,
well penetrated by roots, the transition is clear
in color and bubbling.

BCk 21-58 cm — fresh, whitish-pale, san-
dy loam, structureless, highly compacted, rare
plant roots, inclusions of crushed stone and rock
20-30%, bubbles violently from HCI, transition
is clear in color.

Ck 58-63 cm — fresh, whitish with a fawn
tint, sandy loam, structureless, dense, bubbles
violently from HCI.

Chestnut soil, thin, light loamy, slightly
gravelly, slightly deflated on proluvial deposits.

The Sukpak testing site is located on a pied-
mont apron in the northern part of the Ulug-
Khem Basin. To characterize typical soils, a pit
was dug 750 m south of elevation 795.2 on a
gentle slope (3—4°). The land is pasture. Vege-
tation includes pygmy pea shrub, fringed sage-
brush, feather grass, acaulescent cinquefoil,
couch grass and nanophyton. The projective
cover is 35-40%.

A 0-10 cm — fresh, chestnut, sandy loam,
structureless, slightly compacted, penetrated by
thin roots, the transition is noticeable.

B 15-24 cm — fresh, light chestnut, sandy
loam, compacted, single roots, clear transition
in color and bubbling.

BCxk 24-39 cm — fresh, whitish, sandy loam,
structureless, dense, cartilaginous, noticeable
transition.

Ck 39-78 cm — dry, whitish, sandy loam,
structureless, dense.

Chestnut soil, shallow, sandy loam, moder-
ately deflated, slightly stony, slightly gravelly
on deluvial-proluvial sandy loam deposits.

The Tos-Bulak testing site is a gently roll-
ing plain located in an intermontane depression.
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To characterize typical soils, a transect was dug
300 meters northwest of the winter road and 200
meters southwest of the paddock. The microre-
lief is characterized by depressions. The land
is a pasture. Vegetation includes fringed sage-
brush, wormwood, sheep's fescue, couch grass
and Alpine aster. The transect is composed of
horizons:

A 0-13 cm — dry, light brown, few small
roots, rare larger taproots, structureless, sandy
loam, compacted, clear transition in color and
bubbling.

B 13-30 cm — fresh, light brown, darker in
places, compacted, few taproots, structureless,
sandy loam, cartilaginous, clear transition.

BCk 30-70 cm — fresh, whitish, sandy loam,
structureless, dense, gritty- crushed stony.

Ck 70—-100 cm — fresh, light fawn sand, struc-
tureless, dense, gritty- crushed stony.

The soil is light chestnut, shallow, sandy
loam, slightly stony, slightly gravelly, moder-
ately deflated on sandy deluvium-proluvium.

The Moren testing site is located on the
floodplain of the Moren River. The quarry is lo-
cated 300 meters south of the village of Moren.
The site is a shrubby pasture. Vegetation in-
cludes pygmy pea shrub, fringed sagebrush,
feather grass, spring cinquefoil and wild leek.

A, 0-6 cm — dry, gray, loose, sandy, struc-
tureless, many roots, bubbles violently from the
surface, clear color transition.

A, 6-19 cm — fresh, grayish-yellow, sand,
structureless, compacted, fewer roots than in
horizon A, bubbles violently from HCI, grad-
ual transition.

B 19-26 cm — moist, lighter than horizon
A1, sandy loam, structureless, dense, few roots,
bubbles violently, transition is clear in color.

BCxk 26—40 cm — damp, grayish, sandy, struc-
tureless, few roots, bubbles violently, gradual
transition.

Ck 40-75 cm — damp, darker than the BCk
horizon, sandy loam, structureless, bubbles vio-
lently, very few roots.

The soil is alluvial, thin, layered, carbonate,
sandy, slightly deflated on alluvium.

The Erzin testing site is located in an in-
termontane undulating valley. The quarry was
located southeast of the village of Bulun-Ba-
zhi, 200 meters southeast of the gullies. The
intermontane undulating valley slopes west-
ward. The land is a pasture. Vegetation includes
wormwood, feather grass, fescue and pygmy
pea shrub.

A 0-12 cm — fresh, brown, compacted, sand,
finely lumpy, dusty, many roots, no bubbling,
sand blown on the surface up to 5 cm, clear tran-
sition in density.

B 12-24 cm — fresh, lighter than horizon A,
denser, finely lumpy, sandy loam, few roots, no
effervescence from HCI, clear transition in color.

BCk 24-58 cm — dry, gray, dense, gravelly,
lumpy, sandy loam, few roots, bubbles violently
with HCI.

The soil is chestnut, shallow, sandy, strongly
deflated on sandy loam deluvial deposits.

The landscape of the study region is predom-
inantly mountainous, with rivers and streams.
Typical testing sites are located on the slopes of
varying aspect and gradient, on floodplain and
above-floodplain terraces. Therefore, the soils
are prone to erosion, subject to varying degrees
of deflation and water erosion. Lands located
near the populated areas are more susceptible to
pasture degradation, becoming overgrazed and
mounded.

Geobotanical survey of the testing site areas

The testing grounds are located in areas
where year-round nomadic livestock farming
is common, with the livestock structure being
represented by small animals (sheep, goats),
cattle, and horses. Steppe productivity depends
on grazing pressure, meteorological conditions,
and soil fertility!'” '® (see footnote 4). Pasture
pressure is traditionally regulated by migra-

YGorshkova A.A., Mongush L.T. Steppe pastures of Tuva. Kyzyl: Publishing House of the Tuva Institute of Integrated Develop-

ment of Natural Resources SB RAS, 1992, 112 p.

BTitlyanova A.A., Kyrgyz Ch.S., Sambuu A.D. The influence of pasture load and weather conditions on the productivity of dry
steppes of Tuva / Soils and Environment, 2020, vol. 3, N 2, pp. 1-14.
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tions; irrational use leads to overgrazing of
these lands. As a result, not only the botanical
composition of the steppe vegetation changes
but also the productivity of the lands is signifi-
cantly reduced. Long-term grazing has resulted
in the formation of a specific vegetation cover
in the testing grounds (see Table 3).

Plants of the steppe and dry-steppe forma-
tions belong to the meso-xerophytic and xero-
phytic types. The composition of the associ-
ations depended mainly on grazing intensity.

Grass associations predominate in the areas
with low grazing pressure; as the grazing pres-
sure increases they are replaced by more graz-
ing-tolerant species — fringed sagebrush, pygmy
pea shrub, nanophyton, etc.!” [13] (see footnotes
5, 17).

The main cause of the degradation processes
is overgrazing by sheep and goats. Small rumi-
nants are more likely to consume lower-story
plants (small-turf grasses, sedges, etc.) than
cows and horses, thereby exposing the soil.

Tada. 3. PactutenpHblie acconuaiiy MOJUTOHOB UCCIIETOBAHMS (CIIPAaBOYHUK Te000TaHNKa — (POPMBI

oopMIICHIS HAMMEHOBAHHSI COOOIIECTB)

Table 3. Plant associations of research polygons (Geobotanics Handbook — the forms of community

name registration)

L . . .. . Projective
Testing site name Community Dominant species in the plant community coverage, %
Mountain steppe
Aksy-Barlyk Cold wormwood-feather grass- |Fringed sagebrush, bunch grass, couch grass, 40
nanophyton steppes nanophyton, pygmy pea shrub
Aldan-Maadyr | Wormwood-forb-cereal steppe | Cereals: fringed sagebrush, pygmy pea shrub, 25
blue-gray wormwood
Suk-Aksy Shrub-wormwood rocky sparse | Pygmy pea shrub, blue-gray wormwood, fringed 30
steppe sagebrush
Teve-Khaya Shrub-wormwood-cereal-forb | Pygmy pea shrub, Siberian chee grass, common 45
steppe wormwood, lamb's-quarters, crested wheatgrass,
weed hemp
Samagaltai Shrub-forb-cereal stony- Pygmy pea shrub, koBbu1b, fringed sagebrush, 30
gravelly steppes ramp, crested wheatgrass
Steppe
Sukpak Cold wormwood-feather grass- | Pygmy pea shrub, fringed sagebrush, bunch grass, 40
nanophyton steppes acaulescent cinquefoil, couch grass,
nanophyton
Tos-Bulak Fescue-wormwood-feather Sheep fescue, fringed sagebrush, bunch grass 60
grass steppes
Dry steppe
Moren Grass-wormwood - nanophytic | Pygmy pea shrub, TpaBsuoii spyc, fringed 30
stony-gravelly dry steppes sagebrush, bunch grass, spring cinquefoil,
nanophyton
Semi-arid steppe
Erzin Wormwood-forb-rhizome- Nanophyton erinaceum, Cleistogenes squarrosa, 30
cereal-nanophytic semi-desert | willow shrub, wormwood, pebble feather grass,
steppe Gypsophila desertorum

YErshova E.A. On the characteristics of the steppe vegetation of the mountains of Western Tuva / Plant communities of Tuva.

Novosibirsk: Science, 1982, pp. 109-121.
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At the same time, they also produce a large
specific load on its surface, compacting the soil
and destroying its structure?®.

The impact of high wind loads and heavy
rainfall lead to the blowing out and/or surface
washout of the lightest fractions and, ultimately,
to sandification of the surface layer.

Agrochemical indicators of degraded soils

The fertility of the degraded soils is very low,
due to both soil formation factors and natural
and anthropogenic degressive processes (see
Table 4).

Acid basic properties are among the key
physicochemical parameters of soils, determin-
ing their productivity. Environmental conditions
largely determine the microbiological and enzy-
matic activity of soils and plant root nutrition.
The close proximity of carbonates to the soil
surface (20-35 cm) with low precipitation and
a predominantly exudative water regime has led
to alkalization of the upper (0—20 cm) soil layer.
In this regard, all soil types were characterized
by a slightly alkaline pH (7.4-8.0). Calcium pre-

dominated among the absorbed bases, with its
content three times or more higher than that of
magnesium. The exception was the alluvial san-
dy loam soil of the Aksu-Barlyk village, where,
despite a low total base content, the magnesium
content was twice that of calcium.

The degraded soils of the study sites are light
in texture and have low water-holding capaci-
ty and moisture capacity. Under conditions of
moisture deficit and prolonged seasonal frost,
they have low productivity and are incapable
of accumulating significant amounts of organic
matter?'.

The most fertile soils contain up to 2.5% or-
ganic matter. With increasing deflation due to
high grazing pressure, organic matter content
decreases to critical levels (0,2—0,9%).

The content of mobile phosphorus and po-
tassium in the soils depended on the mineral
composition of the parent rocks and the degree
of their weathering. Medium and high content
of mobile P,O, was found at the Aldan-Maadyr
and Aksy-Barlyk testing sites on alluvial and
chestnut soils located on the floodplain terrac-

Taba. 4. ArpoxuMHIeCKHE TTOKA3aTEIH ITOYB ITOJIMTOHOB HCCIICTOBAHNUS
Table 4. Agrochemical indicators of the soils at research sites

Testing site, soil o | OB |NNHL mabie exchfﬁgeable Ca™t | Mg™
waer | (C, )%
mg/kg mg-eq/100 g
Aksy-Barlyk, alluvial shallow sandy loam 8,0 0,20 4.0 45 4.4 2,4 5,5
Aldan-Maadyr, chestnut minor sandy 7,8 2,43 7,2 27,0 138 37,0 | 5,0
Suk-Aksy, chestnut minor sandy loam 8,0 2,41 6,6 9,0 97,0 7,8 2,2
Teve-Khaya, light chestnut medium-thick 7.0 0,94 6.7 8.0 121,0 33.0 | 9.0
sandy loam
Samagaltai, chestnut minor light loamy 7.8 2,31 8,9 7,0 113,0 36,0 | 6,0
Sukpak, chestnut minor sandy loam 7,8 0,57 5,2 8,0 163,0 32,0 | 8,0
Tos-Bulak, light chestnut minor sandy loam 7,8 1,31 42 12,0 384,0 26,0 | 8,0
Moren, alluvial minor sandy 7,4 2,59 11,0 8,0 223,0 35,0 | 7,0
Erzin, chestnut minor sandy 7,6 0,74 7,9 3,0 142,0 6,6 2,6
LSD,, 0,19 1,21 0,64 10,68 36,28 12,06 | 4,11

“Taishin V.A. Assessment of the state and technology for

increasing the productivity of dry pastures (recommendations) /

V.A. Taishin, A.L. Dorzhiev, A.S. Biltuev, A.K. Ulanov - Ulan-Ude: Publishing house of the BSC SB RAS, 2017, 28 p.

2 Biltuev A.S. Climate, soil fertility and productivity of grain crops in arid conditions of Transbaikalia: state and forecast / A.S.
Biltuev, T.P. Lapukhin, L.V. Budazhapov. - Ulan-Ude: Publishing house of the Bashkir State Agricultural Academy named after V.R.

Filippov, 2015, 141 p.
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es of the Khemchik and Barlyk rivers; low - on
light chestnut soils in the village of Tos-Bulak,
very low - on chestnut and alluvial soils in the
villages of Suk-Aksy, Teve-Khaya, Samagaltai,
Sukpak, and Moren. The lowest amount (3 mg/
kg) was found in the semi-desert steppe of the
village of Erzin.

The exchangeable potassium content also
varied significantly, ranging from very low (4.4
mg/kg in Aksy-Barlyk) to high (223.0 mg/kg in
Moren) and very high (384.0 mg/kg in Tos-Bu-
lak). The soils of other sites were within the
range of moderate to high levels of this element.
A moderate correlation was found between ex-
changeable K O and the content of calcium and
magnesium oxides (» = 0,40).

Low potential fertility is characteristic of all
degraded soils in the study areas. Improving
their agrochemical properties and increasing
productivity requires the use of agronomic, cul-
tural, and organizational measures.

The conservation and restoration of dry ag-
ricultural lands, as well as increasing their pro-
ductivity, should proceed in the following direc-
tions®%:

1. Rationalization of their use based on the
pasture rotation system.

2. Application of the techniques for superfi-
cial improvement of unproductive and degraded
lands.

The introduction of pasture rotation funda-
mentally changes the technology of free-range
grazing, opening up the possibility of planned
pasture management, differentiating the stan-
dardized load on agricultural lands based on
their productivity, i.e., ultimately, managing
grazing technology (see footnote 20) [14]. A
thin humus horizon precludes the use of radi-
cal improvement technologies that involve dis-
turbing the upper (0-20 cm) layer. On these
lands, superficial improvement within a pasture
rotation system is most appropriate, while the
choice of measures must be approached selec-
tively, taking into account local specifics based

on a geobotanical and agrochemical survey of
the area. Mandatory application of mineral ni-
trogen fertilizers is essential, applied during
grass establishment and during spring grass
growth. Potassium and phosphorus fertilizer
rates should be calculated based on the content
of mobile nutrients. The use of organic fertiliz-
ers is limited due to free-range livestock. Moun-
tainous areas are well-covered by a network of
water sources. Water reclamation in these areas
will significantly increase land productivity and
improve the fertility of degraded areas.

CONCLUSION

Studying the causes of natural land degra-
dation and its consequences forms the basis for
developing a restoration plan. For this purpose,
nine testing sites with the most severe degrada-
tion of natural lands have been identified in six
districts of the republic. The disturbed soils are
located in the steppe, dry steppe, and semi-des-
ert zones on chestnut and alluvial soils with a
light texture. The soils are shallow with very
low organic matter content. Available nitrogen
levels are very low, and available phosphorus
and potassium levels vary significantly across
the study sites.

The degradation of much of Tuva's agricul-
tural land is occurring under the influence of
a combination of negative anthropogenic and
secondary natural factors. The primary cause of
soil degradation is the violation of permissible
soil load standards for forage lands, which leads
to the destruction and compaction of the organ-
ogenic horizon, resulting in negative vegetation
succession. Low-value and weedy vegetation
predominates in the vegetation cover. To restore
the potential fertility of these soils, it is neces-
sary to implement pasture rotation, surface im-
provement measures, and water reclamation.
Since the conducted studies only determine the
current status of soils and vegetation, moni-
toring surveys of the territories using spectral
landscape analysis and Earth remote sensing are

2 Boykov T.G. Rational use of steppe pastures in Transbaikalia (recommendations) / T.G. Boykov, K.I. Osipov, Yu.D. Kharitonov,
M.N. Bashinov, A.I. Dorzhiev. - Ulan-Ude: Publishing house of the BSC SB RAS, 1989, 40 p.
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necessary to determine the direction of degrada-
tion processes.
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OneHkKa YKOJOrM4eCcKol MJIACTUHYHOCTH U CTA0MILHOCTH
JIbHA MACJUYHOTO0 B jJecoctenu Cpeanero I1oBo/KbsA

(<) Ka3zapuna A.B., ArakoBa E.A.

Camapcruii pedepanvhblii ucciedosamenvckutl yenmp Poccutickotl akademuu HayK
Cawmapa, Poccus

(X)e-mail: Kazarinaav@bk.ru

B crarbe mpezicraBieHbl pe3ynbTaThl CPABHUTEIHHON OIEHKH KOJOTHYECKOHW TUIACTUYHOCTH U
CTaOMIILHOCTH COPTOB U CEJIEKIIMOHHBIX JIMHUH JIbHA MACIIMYHOTO TI0 TIPU3HAKY «YPOXKAMHOCTH». M-
CJIeIOBaHMs IPOBOAMIIN B YCIIOBUsX tora necoctenu Cpennero [ToBomkbs B 2019-2023 rr. O0bekTa-
MU U3yUYCHUS SIBISUTUCH BOCEMb MEPCIEKTUBHBIX CENCKIIMOHHBIX JIMHUN JIbHA MAcIUYHOTO. 3a CTaH-
JapT ObLI NPUHAT paiioHupoBaHHbIi copt Kunenbckuit 2000. B uccienoBanue Takxke ObUT BKIIIOYCH
coptr BHUMMK 620 kak Hanbosee pactipoCTpaHEHHBIH HA MPOM3BOICTBEHHBIX TUIOIIASMX PETHOHA.
Haubonee O6maronpusTHEIME 151 (POPMHUPOBAHNS BBHICOKOW YPOXKAHHOCTH CEMSH TP TOJIOKUATENb-
HOM 3Hau€HWH WHIAEKca cpeibl Obutn Ba rofa u3 msata — 2020 u 2021. B cpenreM 3a Bech mepuon
M3y4YeHHUsl ypPOXKaWHOCTh CEMSIH BapbupoBaia B npenenax 1,39—1,77 1/ra. MakcuMaibHbIe oKas3are-
JM ypoxaitHocTu obecnieumnu muHun Kun x Wal/2011 /c, JI-4764, J1-4910, JI-7309/14-9 co craru-
CTHUYECKH 3HAUMMBIM TPEBBIIICHUEM OTHOCUTEIBHO cTaHaapta Ha 11,9-23,8%. Haubonee crabuib-
HOH ypOXKaHOCTRIO 1O ToaaM oTindanuch muann Kua x Jlun/2011 x/c, Kun x Wal/2011 x/c, Kun x
JIur/2010 sx/c m JI-619223, ko3 puimueHT Bapranuy KOTOPHIX ObUT HANMEHBIIINM CPEIN N3ydaeMbIX
coptoB u JuHui (24,46-30,92%). I1pu ananu3e nokasaTesst 3KOJIOIMYECKON MIaCTUYHOCTH BhIJEIe-
HBI JIMHUHY, HanOoJiee OT3bIBUMBLIC Ha YITydlleHHe yCinoBui BeipamuBanus: JI-4910 u JI-7309/14-9,
k03(p(pULIMEHT perpeccuu KOTOPBIX MPEBbIIIAT eIUHUIYY. BhICOKOH cpeliHeil ypoKaitHOCThIO, 3KOJIO0-
THYECKON TUIACTUYHOCTRIO, @ TaKXKE CTAOMIBLHOCTBIO MO TOJaM XapaKTepu3oBaIuch TuHuu J1-4764,
JI-619223, JI-7309/14-9. Bricoxomnactuunbie gunnn JI-4910, Kua x Wal/2011 k/c, otnmuyaBmmecs
3HAYUTENBHON OT3HIBYMBOCTHIO HA M3MEHEHHUS YCIOBHMA CPE/Ibl, IEPCIICKTHBHBI JIJISl BKIIOUEHUS B CE-
JIEKITUOHHBIE TPOTPaMMBI 110 CO3JJaHHIO BRICOKOMPOIYKTHBHBIX COPTOB JIbHA MACITUYHOTO HHTEHCHB-
HOTO THIA.

KuioueBble ci10Ba: 1eH MaCIMYHBIHN, CENEKIINs, ITACTUYHOCTD, IEPCIICKTUBHBIC TUHUH, YPOXKAK-
HOCTB, CTAOMIIBHOCTE

Assessment of ecological plasticity and stability of oil flax
in the forest-steppe of the Middle Volga region

() Kazarina A.V., Atakova E.A.

Samara Federal Research Center of the Russian Academy of Sciences
Samara, Russia

(X)e-mail: Kazarinaav@bk.ru

The article presents the results of a comparative assessment of the ecological plasticity and stability
of oilseed flax varieties and breeding lines based on the criterion of "yield". The study was carried
out in the conditions of the south of the forest-steppe of the Middle Volga region in 2019-2023. The
objects of the research were 8 promising breeding lines of oil flax. The released variety Kinelsky 2000
was adopted as the standard. The study also included the VNIIMK 620 variety as the most common in
the region’s production areas. Two out of five years — 2020 and 2021 — were the most favorable for the
formation of high yields of oil flax seeds with a positive value of the environment index. On average,
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over the years of the study, the flax seed yield varied within the range of 1.39-1.77 t/ha. The highest
yield indicators were provided by the lines Kin x Wal/2011 k/s, L-4764, L-4910, L-7309/14-9 with
a statistically significant excess over the standard variety of 11.9-23.8%. The most stable yield over
the years were demonstrated by the lines Kin x Lin/2011 k/s, Kin x Wal/2011 k/s, Kin % Lin/2010 w/s
and L-619223, the variation coefficient of which was the lowest among the studied varieties and
lines (24.46-30.92%). When analyzing the ecological plasticity index, the lines most responsive to
improved growing conditions were identified: L-4910 and L-7309/14-9, the regression coefficient of
which exceeded one. Highly plastic lines L-4910, Kin x Wal/2011 k/s, characterized by strong respon-
siveness to changes in environmental conditions, are promising for inclusion in breeding programs for
the creation of highly productive varieties of intensive oil flax.
Keywords: oil flax, selection, plasticity, promising lines, yield, stability
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INTRODUCTION

Oil flax (Linum usitatissimum L.), being one
of the high-tech and most popular agricultural
crops, is a unique plant in terms of its range of
uses, the potential of which can be realized in
many industries. The seeds of modern varieties
of oil flax contain 45-50% drying oil and more
than 30% protein. Varnishes and paints based on
linseed oil varnish are considered the standard
of durability and reliability [1-3]. Currently, in-
terest in the use of linseed oil in various areas
of the national economy is growing. Due to its
exceptional properties, linseed oil is used in the
printing, textile, electrical, paint and varnish,
food, medical, perfume and many other indus-
tries [4, 5].

This agricultural crop continues to be in de-
mand on the market, demand for oilseeds is
growing, and export volumes are maintained. The
constant increase in vegetable oil production in
Russia and increased demand in industry world
markets stimulate the development of domestic
selection and seed production of oil flax [6-8].

The issue of ensuring highly profitable pro-
duction of oil flax, increasing the yield and
quality of oil seeds requires the creation of new
highly productive varieties adapted to specific
soil and climatic conditions' [9, 10]. In the con-
trasting climatic conditions of the forest-steppe
of the Middle Volga region, the priority direction
of selection is the creation of highly productive
ecologically flexible varieties with good resis-
tance to unfavorable environmental factors.

The purpose of the research is to study prom-
ising breeding lines of oil flax in the conditions
of the southern forest-steppe of the Middle Vol-
ga region according to the parameters of ecolog-
ical plasticity and stability.

MATERIAL AND METHODS

The studies were conducted in 2019-2023 at
the Volga Scientific Research Institute of Selec-
tion and Seed-Growing named after P. N. Kon-
stantinov, a branch of the Samara Federal Re-
search Scientific Center of Russian Academy of
Sciences. The experimental crops were located

'Rozhmina T A., Zhuchenko A.A., Kishlyan N.V,, Kiseleva T.S. Search for new sources of selection-significant traits of oil flax in

the VNIIL collection // Oil Crops, 2014, N 2 (159-160), pp. 75-81.
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in the south of the forest-steppe zone of the Mid-
dle Volga region. The soils of the experimental
plot are represented by typical medium-humus
chernozem with a heavy loamy mechanical com-
position. The humus content in the arable hori-
zon 1s 5.2%, mobile potassium and phosphorus
(according to Kirsanov) are 292 and 156 mg per
1 kg of soil, respectively, easily hydrolyzed ni-
trogen (according to Kornfield) is from 11.6 to
13.2 mg per 100 g of soil [11].

Eight promising oil flax lines were evaluat-
ed in the competitive variety testing. The local-
ly bred variety Kinelsky 2000, included in the
State Register of Breeding Achievements, was
adopted as the standard. The VNIIMK 620 va-
riety was also included in the study as the most
common in the region's production areas.

Field experiments were laid out according
to the field experiment methodology of B.A.
Dospekhov? and the state variety testing of ag-
ricultural crops’®. Agricultural technology in the
experiments is generally accepted for the Mid-
dle Volga region. Sowing was carried out at the
optimal time (first ten days of May) with the se-
lection seeder "Klen". The plot area is 25 m?, the
repetition is fourfold, the location of the plots
within the repetition is randomized.

The assessment of the studied varieties
and lines for ecological plasticity and stabili-
ty was carried out according to the method of
S.A. Eberhart and W.A. Russel as presented by
V.A. Zykin®*. The yield dispersion analysis was

carried out according to B.A. Dospekhov using
the Statistica program.

Hydrothermal conditions during the years of
the research were characterized by a wide range
of variation and covered a significant spectrum
of environmental stress factors typical for the
forest-steppe of the Middle Volga region. The
prevailing meteorological conditions made it
possible to fully assess the reaction of the stud-
ied breeding lines to various conditions of heat
and moisture supply at all stages of plant devel-
opment.

In general, over the years of study, the hy-
drothermal coefficient (HTC) characterized the
conditions of the vegetation period of oil flax as
very and moderately dry. From May to August,
the HTC value reached 0.40-0.56. The excep-
tion was 2022, when the HTC of the vegetation
period exceeded the average long-term norm
and was at the level of 0.91 (see Table 1).

In May (the period of sowing and initial plant
development), the HTC varied from 0.14 in 2023
to 2.16 in 2022 in the years of research.

The most optimal conditions were in 2019,
when the hydrothermal coefficient was close to
the average long-term norm (0.78) and amount-
ed to 0.76. In June, when active growth and
development of oil flax plants occurs, quite fa-
vorable moisture conditions developed, and the
hydrothermal coefficient was close to or exceed-
ed long-term values. The exceptions were 2019
and 2023, when the hydrothermal coefficient
was 0.17 and 0.58, respectively.

Taoa. 1. FHI[pOTepMI/I'{CCKI/IC YCJI0BHA BCTCTALITMOHHOTO NIEpHUoJa

Table 1. Hydrothermal conditions of the growing season

Year May June July August Average for May — August
2019 0,76 0,17 0,52 0,51 0,49
2020 0,38 0,84 0,29 0,73 0,56
2021 0,32 1,05 0,24 0,01 0,41
2022 2,16 0,95 0,17 0,34 0,91
2023 0,14 0,58 0,64 0,25 0,40
Average annual value 0,78 0,98 0,78 0,74 0,82

2Dospekhov B.A. Methods of field experiment (with the basics of statistical processing of research results): textbook. Moscow:

Kolos, 1985, 352 p.

3Methodology of state variety testing of agricultural crops. Moscow, 2019, vol. 1: General part, 384 p.
Zykin V.A., Belan I.A., Yusov V.S., Korneva S.P. Methodology for calculating the parameters of ecological plasticity of agricultural

plants in the discipline "Ecological genetics". Omsk, 2008, 36 p.
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In July (the period of formation of generative
organs of plants), rather harsh conditions de-
veloped, the HTC was at the level of 0.17-0.64
and did not reach the average long-term value.
In August (during the ripening period of flax
plants), the HTC value varied from 0.01 in 2021
to 0.73 in 2020. The most stressful conditions
developed in 2021-2023.

RESULTS AND DISCUSSION

As practice shows, the most popular in pro-
duction are varieties that form a high average
seed yield and have significant resistance to
limiting environmental factors, i.e. ecologically
plastic. The assessment of varieties by plasticity
and stability during their zoning® is of great im-
portance for breeders [12, 13].

On average, over five years of study in the
conditions of the southern forest-steppe of the
Middle Volga region, the average varietal yield
of oil flax seeds varied from insignificant (2019,
V = 4.93%) to average (2021, V = 14.36%)
and amounted to 1.09-2.20 t/ha (see Table 2).
The highest productivity of the oil flax line was

noted in 2020 (1.91-2.70 t/ha), the lowest — in
2023 (1,02-1,35 t/ha).

On average, for 2019-2023, the highest seed
yield was formed by the lines Kin x Wal/2011 k/s,
L-4764, L-4910, L-7309/14-9, the average yield
of which was in the range of 1.60—1.77 t/ha, ex-
ceeding the standard indicators by 11,9-23,8%.

The lowest variability in yield over the years
was recorded in the lines Kin x Lin/2011 k/s, Kin
x Wal/2011 k/s, Kin x Lin/2010 w/s, L-619223,
for which the coefficient of yield variation was
the lowest among the set of studied varieties
(24,46—30,92%).

Traditionally, the method of S.A. Eberhart
and W.A. Russel as presented by V.A. Zykin is
used to assess ecological plasticity, which makes
it possible to assess not only the plasticity of the
genotype of the studied crops, but also their abil-
ity to form a high yield in various conditions, 1.e.
stability.

This method is based on the calculation of the
linear regression coefficient (bi), which provides
an estimate of the genetic response of the variety
to changes in growing conditions, and the stan-

Tada. 2. YpoxxallHOCTh NEPCIEKTUBHBIX JIUHUM JIbHA MACIMYHOTO B KOHKYPCHOM COPTOUCIIBITAHUU
Table 2. Productivity of promising oil flax lines in a competitive variety trial

Seed yield, t/ha
Variety/line V, %
2019 2020 2021 2022 2023 average

Kinelsky 2000 (standard) 1,20 2,00 1,80 1,10 1,03 1,43 32,75
VNIIMK 620 1,33 2,12 2,00 0,91 1,02 1,48 37,84
Kin x Lin/2011 k/s 1,31 1,91 1,55 1,12 1,08 1,39 24,46
Kin x Lin/2010 w/s 1,38 2,16 1,79 1,16 1,04 1,51 30,46
Kin x Wal/2011 k/s 1,36 2,42 1,62 1,23 1,35 1,60 30,00
L-4989 1,29 2,18 2,02 1,10 1,11 1,54 33,77
L-4764 1,35 2,38 1,93 1,30 1,08 1,61 32,92
L-4910 1,40 2,11 2,44 1,13 1,04 1,62 38,27
L-7309/14-9 1,50 2,70 2,36 1,18 1,09 1,77 40,68
L-619223 1,39 2,06 1,95 1,16 1,03 1,52 30,92
Average 1,35 2,20 1,95 1,14 1,09 1,55 -
LSD,, 0,04 0,07 0,07 0,02 0,02 - -
Coefficient of variation (V), % 493 10,41 14,36 8,77 8,92 - -
Environmental conditions index (Ij)| —0,19 0,66 0,42 -0,41 -0,46 - -

SGalitsky D.N., Shamanin V.P. Ecological plasticity of flax varieties in the conditions of the southern forest-steppe of Western
Siberia // Scientific and Methodical Electronic Journal of Omsk SAU, 2015, No. 1 (1), p. 1.
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dard deviation from the regression line of dis-
persion (csi1 ), which characterizes the stability
of the genotype under changing environmental
conditions [14, 15].

To calculate the values of the linear regression
coefficient of oil flax varieties, it is necessary to
establish the index of environmental conditions
(Ij) in the years of research. The most optimal
conditions for plant growth and development are
formed in years with positive values of the index
of environmental conditions, the worst - with
negative ones.

As a result of the calculation, it was de-
termined that out of five years of study, only
two years were favorable for the formation of
high yields of flax seeds (in 2020 [j = 0.66,
in 2021 Ij = 0.42), and three were unfavor-
able (in 2023 Ij = -0.46, in 2022 Ij = -0.41, in
2019 Ij =-0.19).

Analysis of the values of the regression coeffi-
cients showed that, on average, over the years of
research, two lines showed a weak dependence
on changes in environmental conditions — these

1,6+
141
121
1,01
0,81

0,6+

Regression coefficient, bi

0,4+

0,07

are Kin x Lin/2011 k/s (bi = 0.66) and Kin X
Wal/2011 k/s (bi = 0.84) (see Fig. 1).

Lines L-4910 and L-7309/14-9 with bi > 1
had significant responsiveness to changes in en-
vironmental conditions, which allows classify-
ing them as intensive varieties that are demand-
ing in terms of agricultural technology. The re-
maining varieties and lines were characterized
by high plasticity: their regression coefficient
value was close to or equal to 1.

The variance of stability Gﬁ shows the devi-
ation of the actual yield from the theoretical one,
the calculation of which is based on the average
yield and the index of environmental conditions.
A decrease in the variance of yield stability in-
dicates greater variety stability, which is a factor
in the better adaptability of the genotype to dete-
riorating growing conditions. Often, an increase
in the plasticity of a variety can contribute to a
decrease in its stability [16—18].

The standard variety Kinelsky 2000 (3 =
0.001) and the lines L-7309/14-9 (¢ =10.001),
L-619223 (c; = 0.004), Kin x Lin/2010 w/s
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Puc. 1. HapaMeTpLI SKOJIOTHYCCKOM MIACTUYHOCTU U CTAOUIIBEHOCTH COpPTOB " JIMHUH JIbHA MACIMYHOTO

B KOHKYpCHOM copToucnbiTanuu (2019-2023 rT.)

Fig. 1. Parameters of ecological plasticity and stability of oil flax varieties in a competitive variety trial

(2019-2023)
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(3 =0.006), Kin x Lin/2011 k/s (¢ = 0.008)
were characterized by low values of the stability
variance, and, consequently, high yield stability.
The highest values of 6% (0.064-0.070) were
recorded in the lines L-4910 and Kin x Wal/2011
k/s, which indicates their strong responsiveness
to changes in environmental conditions.

A comprehensive assessment of the ecologi-
cal plasticity and stability of the studied varieties
and lines of oil flax made it possible to differen-
tiate genotypes by the intensity of response to
changes in environmental factors.

The most economically valuable are gen-
otypes that respond well to improved growing
conditions and form a consistently high seed
yield. Line L-7309/14-9 with a high regression
coefficient (bi = 1.43) and stability (°<21 =0.001)
refers to an intensive, high-yielding type that
consistently realizes its yield potential in the
conditions of the region.

Half of the studied lines belonged to highly
plastic, yield-stable genotypes (bi=0.91-1.09, ¢
(21 =0.001-0.013), characterized by an adequate
response to changes in environmental condi-
tions. The standard variety Kinelsky 2000 (bi =
0.95, 0(21 =0.001) also belongs to this group.

Line L-4910, which has bi > 1, was highly re-
sponsive to improved environmental conditions,
but had low yield stability over the years (0?1 =
0,064).

Extensive varieties with a neutral reaction to
changes in cultivation conditions (bi < 1)) include
Kin x Lin/2010 w/s and Kin x Wal/2011 k/s, but
they differed significantly in stability. The Kin x
Lin/2010 w/s line was characterized by high sta-
bility and, under natural conditions, was capa-
ble of providing maximum yield with minimum
costs. The Kin x Wal/2011 k/s line responded
weakly to improved growing conditions, but un-
der unfavorable environmental conditions it had
greater resistance to stress factors and formed a
fairly high yield.

Based on the calculated regression coeffi-
cients, the theoretical yield of seeds of the stud-
ied breeding lines was established. The obtained
regression lines show the variation in the reac-
tion of the studied varieties and lines in different
climatic conditions (see Fig. 2).

The yield of the L-4910, L-4764, Kin X
Wal/2011 k/s, L-7309/14-9 lines was at the mean
above the average for 2019-2023; the regression
lines of their yield on the graph intersect the or-
dinate above the point reflecting the average in-
dicator for the experiment. The average yield of
the L-4989 and Kin x Lin/2010 w/s lines was at
the level of the average for the experiment. The
regression lines of the remaining varieties are lo-
cated below the average value. The slope of the
regression line provides more complete infor-
mation about the behavior of varieties relative to
each other and in comparison with the average
response to changes in environmental conditions
(see footnote 5) [14, 17].

The regression lines of the L-619223,
L-4989, Kin x Lin/2010 w/s varieties run paral-
lel to the average for the experiment, from which
it follows that the yield of these selection lines
changes with variations in growing conditions in
the same way as on average for all the studied
varieties.

It is worth noting the lines that have a high re-
sponsiveness to improvements in growing con-
ditions - L-4764 and L-7309/14-9. Their regres-
sion lines have the highest slope and are located
significantly higher compared to the average
long-term yield in favorable conditions, and un-
der stressful conditions, these lines reduce pro-
ductivity to the average level for the experiment.

The best characteristics in the studied set
of varieties were possessed by the line Kin x
Wal/2011 k/s, which demonstrated the highest
yield in unfavorable environmental conditions
and high responsiveness to improved growing
conditions.

CONCLUSION

As a result of the studies conducted in 2019—
2023, it was established that the highest seed
yields when grown in the conditions of the south-
ern forest-steppe of the Middle Volga region
were provided by the lines Kin x Wal/2011 k/s,
L-4764, L-4910, L-7309/14-9, characterized by
a statistically significant excess over the stan-
dard (11,9-23,8%).
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Fig. 2. Regression lines of seed yield of oil flax varieties and lines (2019-2023)

The intensive type (bi > 1) includes the selec-
tion lines L.-4910 and L-7309/14-9, which pro-
vide maximum yield increases with improved
growing conditions. The lines L-7309/14-
9, L-619223, Kin x Lin/2010 w/s and Kin X
Lin/2011 k/s were characterized by the greatest
stability in yield over the years (cs(zi = 0,001-
0,008).

A comprehensive assessment identified the
lines that are best suited to the conditions of the
Middle Volga region, combining high produc-
tivity with ecological plasticity and stability:
L-4764, L-619223 and L 7309/14 9.

From the point of view of inclusion in breed-
ing programs, the lines L-4910 and Kin x
Wal/2011 k/s are of great interest, possessing
high productivity potential in favorable growing
conditions and sensitivity to changes in environ-
mental factors.
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PoJib copra B peanuzanuu 0HOJ0rHYECKOro MNOTEHNAIA
Npu nepepadoTKe JbHOTPECTHI

Bunorpanosa T.A., <) Kynpsimona T.A., Ko3ssikoBa H.H.
Deodepanvhblil HAYUHDBILL YeHmp JTYOSIHLIX KYIbMYD

Tseps, Poccust

(xpe-mail: info.trk@fnclk.ru

B crarpe npuBeneHsI cBeieHNs 0 OMOIOTHIECKOM ITOTEHITHAIE HOBBIX COPTOB JIbHA-JIONTYHIIA Ce-
nexiuu OHIL JIK B oTHOIIEHNY conep:kaHUs BOJIOKHA, BEIXOZA M HOMEpa JUIMHHOTO BOJIOKHA, pa3Max
BapbUPOBAHUSI 3HAYCHHUM KOTOPBIX COCTaBIsIEeT OT 26,6 10 37,5%, ot 19,1 no 32,5%, ot 11,00 no 14,20
HOMEPOB COOTBETCTBEHHO. [10 pe3ynbraraMm KOHTPOIBHBIX Pa3paboTOK JILHOTPECTHI Pa3InYHOTO Kaue-
cTBa, poBeneHHBIX B AO «BrimHeBoMOIKNM ThHO03aBOM» TBepcKoit oomactu ¢ 2019 mo 2023 t., ompe-
JleJIeHa MaKCUMaJIbHas CTENEHb MCIIOIB30BaHMsI OMOJIOTHYECKOTO MOTEHIHAlIa COPTOB TI0 TPU3HAKAM
BOJIOKHUCTOH MPOTYKTUBHOCTH. YCTAaHOBIICHO, YTO TIPH pa3Maxe BapbUPOBAHUS B OTHOIIIEHUH COPTOB
10 BBIXOAY JJIMHHOTO BOJIOKHA OT 7,6 10 16,6% cTeneHp UCIOoNb30BaHMs MOTEHIMAIA U3MEHSIETCS OT
31,0 no 56,8%. Jlnsg HOMepa IJIMHHOTO BOJIOKHA 3TOT KpuTepuil konebnercs ot 70,4 mo 90,9% npu
BapbupoBanuu Homepa oT 10,00 no 11,00. CteneHb HCNONb30BaHMsT OMOIOTHYECKOTO TIOTEHIMANA 10
KOMIUIEKCHOMY TTOKa3aTelTto — IIPOIIEHTOHOMEpaM JUIMHHOTO BOJIOKHA, U3MEHEHHE 3HAYEHUH KOTOPBIX
coctaBmiio ot 31,0 no 182,6, Haxomutes B penenax ot 9,7 no 48,1%. JlokazaHo, 4TO poiib copTa B
o0ecrieueHUH MOBBIMICHUS YPPEKTUBHOCTH MepepabOTKU JTLHOTPECTHI SBISETCS 3HAUNMOM. 3HaJe-
HUS TI0 BBIXOJY JUIMHHOTO BOJIOKHA M3 JILHOTPECTHI, Meroteit Homep 1,00, B 3aBUCUMOCTH OT copTa
paznuuatorcs Ha 6,9%, no ero xauectBy — Ha 2,00 Homepa. Pasmax BapbHpoOBaHUS 3HAUEHUI 3THUX
K€ MPU3HAKOB (IbHOTpecTa HoMmepa 1,75) coctaBuset 7,5% u 1,00 Homepa. Takue pazauaus MOTyT
MIPUBECTH K CHUKCHUIO CTOUMOCTH BOJIOKHUCTOM MpoAyKiuu Ha 25%. HecMoTpsi Ha HU3KYIO CTEIEeHb
peanu3zanuy OMOJIOTHYECKOTO MOTEHIIHAA TT0 TPOIIEHTOHOMEPAM UTHHHOTO BOJIOKHA, BBISIBICHBI COP-
Ta C ONTUMAIIBHOW JIOJIeH UIMHHOTO BOJIOKHA C y4eToM ero HoMepa. COOTHOIIIEHHE yAEeTHFHOTO Beca
MPOIIEHTOHOMEPOB UTHHHOTO ¥ KOPOTKOTO BOJIOKHA JIJIS IYUIIIUX COPTOB JIbHA-IONTYHIIA HAXOJIUTCS B
cnenyromux nponoprusx: 74 : 26% (Cypcekuit), 73 : 27% (Anexcanapur), 68 : 32% (Busur).

KuaroueBble cjioBa: copt, JIbBHOTPECTA, BBIXOJ M HOMEp JUIMHHOTO BOJIOKHA, MPOLEHTOHOMEPA,
OHMoornyecKuit MoTEeHIHAN, epepadoTka

The role of the variety in exploiting the biological potential during flax
straw processing

Vinogradova T.A., <) Kudryashova T.A., Kozyakova N.N.
Federal Research Center for Bast Fiber Crops

Tver, Russia

()e-mail: info.trk@fnclk.ru

The article provides information on the biological potential of new varieties of fiber flax of the
FRC BFC selection in terms of fiber content, yield and number of long fibers, the range of variation of
values of which is from 26.6 to 37.5%, from 19.1 to 32.5%, from 11.00 to 14.20 the numbers, respec-
tively. According to the results of the control developments of flax straw of various quality carried out
in the AO “Vyshnevolotsky Flax Plant” of the Tver region from 2019 to 2023, the maximum degree
of use of the biological potential of the varieties based on fiber productivity was determined. It was
found that with the range of variation in the section of varieties in terms of long fiber yield from 7.6
to 16.6%, the degree of potential utilization varies from 31.0 to 56.8%. For a long fiber number, this
criterion ranges from 70.4 to 90.9%, with the number varying from 10.00 to 11.00. The degree of
use of the biological potential according to a complex indicator - long fiber percentage numbers, the
change in values of which was from 31.0 to 182.6, ranges from 9.7 to 48.1%. It has been proved that
the role of the variety in ensuring an increase in the efficiency of processing flax is significant. The
values for the yield of long fiber from a flax fiber having the number 1.00, depending on the variety,
differ by 6.9%, in its quality by 2.00 numbers. The range of variation in the values of the same signs
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(flax straw number 1.75) is 7.5% and 1.00 number. Such differences can lead to a 25% reduction in
the cost of fiber products. Despite the low degree of realization of the biological potential according to
the percentage of long fiber, varieties with the optimal proportion of long fiber, taking into account its
number, have been identified. The ratio of the specific gravity of long and short fiber percentages for
the best varieties of fiber flax is in the following proportions: 74 : 26% (Sursky), 73 : 27% (Alexsan-

drit), 68 : 32% (Visit).

Keywords: variety, flax straw, yield and number of long fibers, percentage number, biological

potential, processing
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INTRODUCTION

Among the strategically important priorities
for the country's socio-economic development
in the Russian agro-industrial complex is the de-
velopment of flax cultivation, which is largely
determined by the creation of a domestic raw
material base capable of providing high-quali-
ty raw materials to flax processing enterprises.
The successful achievement of this objective is
significantly dependent on the development and
introduction of new domestic flax varieties into
agricultural production, ensuring the production
of the required quantity of fiber products of the
required quality [1, 2]. In recent years, special
attention has been paid to the development of
breeding and seed production in Russia. A Fed-
eral Scientific and Technical Program' has been
approved for 2017-2025, which provides for the
development of new competitive varieties, in-

cluding fiber flax, primarily aimed at reducing
dependence on foreign seeds and planting ma-
terial. Modern fiber flax varieties must combine
high fiber content with good fiber quality [3].
This task is considered difficult to accomplish
because, unlike most other agricultural com-
modities, the significant variability in the prop-
erties of fiber flax makes it impossible to com-
pensate for a decline in its quality by increasing
its quantity. The textile industry currently ex-
periences a shortage of high-quality long fiber
(numbers 11.00 and 12.00)?, which can be spun
into fine-fiber yarn suitable for producing com-
petitive household fabrics [4]. Despite the com-
plexity of the task set before breeders, during the
period from 2011 to 2023, 18 varieties of fiber
flax were bred at the Federal Scientific Center
for Flax Breeding [5, 6], the biological potential
of which makes it possible to expect obtaining

'Resolution of the Government of the Russian Federation of August 21, 2017 No. 996 "On approval of the Federal Scientific
Technical Program for the Development of Agriculture for 2017-2025" // Federal Scientific Technical Program for the Development

of Agriculture for 2017-2025. Moscow, 2017, 52 p.

Federal State Statistics Service. URL: https: // www. grs. ru (date of reference 15.01.2024).

PactreHneBoncTBO M ceneKIus

CuOMpPCKHUI BECTHHK CENBCKOXO3SHCTBEHHON Hayku * 2025 ¢ 556 45



The role of the variety in exploiting the biological potential
during flax straw processing

Vinogradova T. A., Kudryashova T.A., Kozyakova N.N.

a sufficient quantity of high-quality fiber prod-
ucts’.

Thus, the fiber content of the developed va-
rieties is 26.6-37.5%, the long fiber yield is
19.1-32.5%, and its number ranges from 11.00
to 14.20. However, the realization of the biolog-
ical potential of the varieties under production
conditions during flax straw processing depends
on many other factors, including the quality of
the original flax raw material of a given variety,
which is determined by a number from 0.50 to
4.00 in accordance with GOST 24383-89 "Flax
Straw. Requirements for Procurement" [7, 8].
Previous studies have noted that achieving sus-
tainable increases in fiber productivity requires
flax processing plants to receive flax straw rat-
ed not lower than 1.50 [9—-11]. This statement is
true for virtually all the varieties of fiber flax in
production. At the same time, the influence of
variety characteristics on the processing results
of flax straw of the same quality cannot be ig-
nored [12, 13].

In this regard, the study of the role of new
varieties in ensuring increased efficiency in pro-
cessing flax straw of various qualities on pro-
duction equipment, which is determined by the
yield of long fiber, its number, as well as a com-
plex indicator - the percentage of the obtained
product, is timely, important and relevant [14].

This information can be useful for both flax
growers involved in production and for special-
ists in primary flax straw processing in industrial
settings. They will be able to make balanced and
informed decisions on optimizing resource use,
managing technological processes, improving
planning, and, ultimately, contributing to im-
proved technical and economic performance of
flax growing and flax processing enterprises.

The objective of the research was to deter-
mine the role of flax varieties in increasing the
efficiency of processing flax straw of varying
quality by identifying the varieties with the
highest degree of biological potential in terms

of long fiber yield and quality. The objectives of
the research included:

— analysis of flax varieties bred by the Feder-
al Research Center for Bast Fiber Crops (FRC
BFC) for their biological potential in relation to
the production of fiber products based on the re-
sults of State Variety Testing;

— processing of flax straw of various qualities
in production conditions using traditional tech-
nology to obtain long and short fibers and deter-
mine their yield and quality;

— identification of the best varieties of fiber
flax in realizing the biological potential in rela-
tion to the yield and quality of long and short
fiber during the processing of flax straw of var-
ious qualities with the determination of the per-
centage of these products, which are a compre-
hensive indicator of the efficiency of flax straw
processing.

MATERIAL AND METHODS

Flax straw of various qualities of new varieties
of fiber flax bred by the Federal Research Cen-
ter for Bast Fiber Crops was used as the starting
material. It was processed using traditional tech-
nology to obtain long and short fiber on the pro-
duction equipment of the AO “Vyshnevolotsky
Flax Plant” in the Tver Region. Flax straw was
harvested in the field at flax-growing farms from
2019 to 2023. The sequence of operations during
control flax straw processing was implemented
in accordance with the scheme shown in Fig.
1. The main regulatory document was a special
methodological program*, which provides for
the processing of flax straw under optimal con-
ditions of technological equipment: flax straw
and hards dryers, scutching-and-breaking units
and flax tow preparation units.

Flax straw processing in batches weighing at
least 2 tons was carried out separately for each
flax straw number of a particular variety partici-
pating in the tests. The batch weight was calculat-
ed using standardized moisture content (19.0%)

3State Register of Breeding Achievements Approved for Use (Plant Varieties): // gossortrf.ru/wp-content/uploads/2022/06/Pe-
ectp%20Ha%2010myck%202022.pdf (date of reference 18.11.2022).

4Order of the Ministry of Agriculture of the Russian Federation No. 23-r of March 10, 2016 “Procedure for Determining Stan-
dards for the Conversion of Flax and Hemp Straw into Fiber” (As amended by Resolution of the Government of the Russian Feder-

ation of June 12, 2008 No. 450). 7 p.
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and impurity content (5.0%). The resulting long
and short fibers were also recorded and their
quality assessed using the standardized mois-
ture content adopted in the current standards for
these types of products. The degree of biological
potential realization was defined as the ratio of
the actual values of the technological quality at-
tributes of flax straw of the new varieties to the
potential values, expressed as a percentage. For
statistical processing of the experimental data,
indicators such as the range of variation and the
coefficient of variation were used””’.

RESULTS AND DISCUSSION

In recent years, FRC BFC breeders have de-
veloped a significant number of new flax vari-
eties that exhibit high biological productivity
potential, including in relation to such valuable

economic traits as fiber content and the quanti-
ty and quality of long fiber. The characteristics
of the biological potential of the varieties for
these traits are presented in Table 1. The fiber
content in the stem material of these varieties
ranges from 26.6 to 37.5%, the long fiber yield
from 19.1 to 32.6%, and its number from 11.00
to 14.20.

In order to determine the maximum degree of
biological potential realization during process-
ing of flax straw of different qualities of nine
varieties, control tests were conducted. For the
varieties Diplomat, Alexandrit, Caesar, Surskiy,
Universal, Nadezhda, Vizit, Fakel, Atlant, 190
batches of flax straw, assessed with the numbers
0.50-2.50, were processed in 2019—2023 under
optimal production equipment conditions. Based
on the results of the conducted tests, maximum
values for the yield of long fiber from flax straw

Preparation o Processing Processing of
of flax straw , g%z:;nsilrg%v > ? f flax ., DIYHE of scutching waste
. > straw on
batches with rolls and its drying e d scutching ata flax tow
formation into rolls a mitling anc waste preparation unit
scutching unit
v v v v v
Determination Determination Long fiber Ds;e;gil:t?lt;é)n Short fiber
of flax straw of flax straw content
moisture content moisture content v of scutchin v
before drying after drying Determination J Determination
L waste -
J J of humidity of humidity
: v v
Quality assessment Quality assessment Quality assessment .
: according to ; Quality assessment
according to clause 8.2. -
according to GOST 24383-89
- f GOST R 53484-2022 according
GOST 24383-89 " Y
"Elax fiber Flax fiber. "Scutched flax to GOST 9394 - 76
- : Requirements . S "Short flax fiber"
) Requ1rementst" for procurement” TeChnical conditions .
Or procurcment (when unwinding
(before roll formation) the rolls) Determination Determination Determination
of long fiber | _, | oftotalfiber | . | of short fiber
yield yield yield

Puc. 1. Cxema ipoBeieHUS] KOHTPOJIBHBIX pa3pabOTOK JIHHOTPECTHI MPH MepepadboTKe Mo TPaAuIIHOHHON
TEXHOJIOTHH C MTOTyYeHHEM UTMHHOTO M KOPOTKOTO BOJIOKHA

Fig. 1. The scheme of the control development of flax during processing using traditional technology to

obtain long and short fibers

SNivorozhkina L.N., Arzhapovsky S.V., Rudyaga A.A. Statistical methods of data analysis: textbook. M.: Rif, 2018, 320 p.
“"Fundamentals of Scientific Research in Agronomy" in the EXCEL program: Methodological guidelines / R. R. Ustanov. Mos-

cow: Publishing house of the RSAU MSAA, 2013, 47 p.

"Dospekhov B.A. Methodology of field experiment (with the basics of statistical processing of research results). Moscow: Alli-

ance, 2011. 150 p.
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of a specific number (see Table 2), long fiber
number (see Table 3), a comprehensive indicator
of processing efficiency — long fiber percentage
(see Table 4) were established for each of the
presented varieties.

The data presented in Table 2 on the yield of
long fiber indicate that the maximum result can
be obtained by processing flax straw of the num-
bers 1.75-2.50.

Moreover, the range of variation of potential
values of the trait in relation to the varieties was
from 19.1 to 32.6%, during processing — from
7.3 to 16.6%. Thus, the degree of utilization of
biological potential of the varieties under pro-
duction conditions in relation to the yield of long
fiber varied from 31.0% (variety Vizit) to 56.8%
(variety Surskiy). The best results for this trait
of technological quality of flax straw were noted
for the varieties Diplomat, Alexandrit and Sur-
skiy, for which the degree of utilization of bio-
logical potential was 45.6; 50.0; 56.8%, respec-

tively. When comparing the potential and actual
values of the quality of long fiber (see Table 3),
it turned out that the potential for obtaining long
fiber of high numbers 11.00-14.20 inherent in
the flax raw material was realized only by 70.4—
90.9%.

It should be noted that even high-quality flax
straw did not produce fiber grade 12.00, which
1s most needed by the textile industry. It is note-
worthy that fiber grade 11.00 was obtained from
flax straw of various grades, ranging from 1.00
to 2.50. In the practical work of flax processing
plants, the technological effect of flax straw fiber
processing is assessed using a complex indica-
tor—the percentage of long fiber produced. In
this regard, the maximum degree of utilization
of the biological potential of this criterion was
determined; according to the data in Table 4, it
ranged from 9.7 to 48.1% depending on the vari-
ety. While the maximum potential values of the
criterion ranged from 221.5 to 419.2 percentage

Tao6a. 1. XapakrepucTuka OMOJIOTHICCKOTO TMTOTCHIIMAJA TEXHOJIOTHUECKOTO KaueCTBa BOJIOKHUCTOM
MPOJIYKIIMU HOBBIX COPTOB JibHa-a0TyHIa cenexkunn OHIT JIK

Table 1. Characteristics of the biological potential of the technological quality of fibrillose products from
new varieties of fiber flax selected by the Federal Research Center for Bast Fiber Crops

Variety Dateooff];:;l;giiiélgt(j\tilﬁis‘tz;ﬁ;zgister Fiber content, % Long fiber output, % | Long fiber number, N
Diplomat 2012 29,5 24,8 12,30
Alexandrit 2013 29,6 26,0 13,60
Surskiy 2015 35,2 29,2 13,00
Universal 2017 30,3 26,8 13,00
Caesar 2017 34,5 32,5 12,90
Nadezhda 2018 29,0 24,6 11,00
Vizit 2018 32,0 29,0 11,70
Polet 2019 33,9 25,8 12,50
Fakel 2020 26,6 19,1 11,60
Atlant 2020 31,1 20,4 14,20
Krepysh 2022 31,6 28,5 13,20
Deviz 2023 33,6 21,3 12,60
Udalets 2018 32,0 29,0 12,30-12,70
Dobrynya 2011 37,4 30,8 No data
Peresvet 2015 34,8 26,9 » »
Kvartet 2017 37,5 32,6 » »
Fenix 2019 28,0 21,8 » »
Chance 2017 37,5 30,6 » »
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Taoa. 2. MakcuManbHas CTEIICHb pcannsannn OMOJIOTUYECKOTO MOTCHIHMAJIa IO BBIXOAY MJIMHHOIO
BOJIOKHA M3 JIbBHOTPECTHI PA3JIMIHBIX COPTOB IIPHU €€ nepepa60TI<e

Table 2. The maximum degree of realization of the biological potential for the yield of long fiber from

flax of various grades during its processing

Long fiber output, %

Variety Flax straw number, N sotontial s i ol implle)riglizlt(i)ofn, %
Diplomat 2,00 248 11,3 45,6
Alexandrit 1,75 26,0 13,0 50,0
Surskiy 2,00 29,2 16,6 56,8
Universal 2,50 26,8 10,8 40,3
Caesar 1,75 32,5 13,0 40,0
Nadezhda 1,75 24,6 7,8 31,7
Vizit 1,75 29,0 9,0 31,0
Fakel 1,75 19,1 7,6 38,2
Atlant 1,75 22,4 8,1 36,2

Tada. 3. MakcumainbHasi CTETIEHb peaau3alii OMOJI0rHYeCKOro OTEHIMAaa 10 HOMepY JUTMHHOTO
BOJIOKHA, ITOJIY4€HHOTO U3 JIbHOTPECThI PA3IMYHBIX COPTOB IIPU €€ IepepaboTke

Table 3. The maximum degree of realization of the biological potential by the number of long fibers
obtained from flax of various varieties during its processing

' Long fiber number, N Degree of
Variety Flax straw number, N botential wctual implementation, %
Diplomat 1,00; 1,25; 1,75; 2,00; 2,50 12,30 11,00 89,4
Alexandrit 1,00; 1,25; 1,75 13,60 10,00 76,5
Surskiy 1,50; 1,75; 2,00 13,00 11,00 84,6
Universal 1,50; 2,00; 2,50 13,00 11,00 84,6
Caesar 1,50; 1,75; 2,00 12,90 11,00 85,3
Nadezhda 1,25; 1,75 11,00 10,00 90,9
Vizit 1,75 11,70 10,50 89,7
Fakel 1,00; 1,75 11,60 10,00 86,2
Atlant 0,75; 1,00; 1,75 14,20 10,00 70,4

numbers, under production conditions its values
were significantly lower: the range of variation
was from 31.0 to 182.6 percentage numbers. The
importance of the variety factor for ensuring in-
creased efficiency of flax raw material process-
ing is significant, which is confirmed by empir-
ical data on the yield and quality of long fiber
obtained from the same flax straw number, but
from different varieties (see Table 5).

Analysis of the data in Table 5 showed that
the range of variation of the long fiber yield
values was from 3.4 to 10.3% and from 7.3 to
14.8% for flax straw of numbers 1.00 and 1.75,
respectively; the values of the long fiber number

for the same quality of flax straw were from 9.00
to 11.00 and from 10.00 to 11.00. Moreover, the
variation coefficient is quite high both for the
long fiber yield obtained from flax straw of num-
ber 1.00 (35.5%) and for the same feature related
to flax straw assessed as number 1.75 (27.3%). It
is known that with a 1% reduction in long fiber
yield and a corresponding increase in short fiber
yield, the cost of products made from one ton of
flax straw (while maintaining the same average
long and short fiber counts) decreases by 5-6%.
This means that if the long fiber yield from flax
straw of number 1.00 grades Fakel (4.9%) and
Alexandrit (9.3%) differs by 4.4%, then the cost

PactreHneBoncTBO M ceneKIus
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Taoxa. 4. MakcumanbHas CTCIICHD pcann3anumn OHOJIOrHYECKOTO NOTCHIHAJIa 10 MPOUCHTOHOMCPAM
JAJIMHHOTO BOJIOKHA, NOJIYYCHHOT'O U3 JIbBHOTPCCThI PA3JIMYHBIX COPTOB IIPpU €€ nepepa60TKe

Table. 4. The maximum degree of realization of the biological potential according to the percentage of
long fiber obtained from flax of various grades during its processing

Long fiber percentage number, %N
Variety Flax straw number, N actuil P £ sotential impl?rflgliz t?cl)cn, o
1,00 113,3 37,4
1,25 94,6 31,0
Diplomat 1,75 92,4 305,04 30,3
2,00 1243 40,7
2,50 123,2 40,4
1,00 93,0 26,3
Alexandrit 1,25 114,0 353,6 32,2
1,75 132,6 37,5
1,50 157,3 41,4
Surskiy 1,75 162,8 379,6 42,9
2,00 182,6 48,1
1,50 93,5 26,8
Universal 2,00 104,5 348,4 30,0
2,50 118,8 34,1
1,50 127,6 30,6
Caesar 1,75 143.,0 419,2 34,1
2,00 126,5 30,2
1,25 79,0 29,2
Nadezhda 175 78.0 270,6 28.8
Vizit 1,75 94,5 339,3 27,9
Fakel 1,00 9,0 221,5 22,1
1,75 73,0 32,3
0,75 31,0 9,7
Atlant 1,00 53,0 318,1 16,7
1,75 81,0 25,5

of the product decreases by 22.0-26.4%, which
will lead to a significant decrease in the profit-
ability of the enterprise. Thus, the research re-
vealed that the maximum biological potential
of the studied varieties under current conditions
when processing flax straw of varying quality, in
terms of yield and long fiber count, is low, and
for the best varieties, it does not reach 60%. At
the same time, the ratio of long to short fiber,
which until recently averaged approximately 2:3
or 40:60%, influences the efficiency of flax straw
processing. In recent years, the share of long fi-
ber in the total output has decreased to 25% for
various reasons. Despite the fact that the level of
realization of the biological potential of varieties

in production is clearly insufficient, at this level,
as shown in Fig. 2, the ratio of the maximum
percentage numbers of long and short fiber is in
proportions from 56:44% (variety Nadezhda) to
74:26% (variety Surskiy). Consequently, in in-
creasing the efficiency of flax straw processing,
associated primarily with obtaining the max-
imum possible values of long fiber percentage
numbers, the choice of variety plays a signifi-
cant role. Another important factor in increasing
the technical and economic indicators of flax
processing enterprises is the search for ways to
achieve the maximum degree of utilization of
the biological potential of varieties in terms of
fiber productivity in the technological process.
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Taoa. 5. M3MeHuUMBOCTh 3HAUEHUI BBIXOJIa M HOMEpaA JUTMHHOTO BOJIOKHA, ITOJTyYEHHOTO U3 JIBHOTPECTBI
HoMepos 1,00 u 1,75 pa3nudHbIX COPTOB

Table 5. Variability of the values of yield and number of long fibers obtained from flax fiber numbers

1.00 and 1.75 of various grades

Flax straw number 1,00 Flax straw number 1,75
Variety
Long fiber output, % | Long fiber number, N | Long fiber output, % | Long fiber number, N
Diplomat 10,3 11,00 8,4 11,00
Alexandrit 9,3 10,00 13,0 10,20
Surskiy 4,2 9,00 14,8 11,00
Universal 6,6 10,00 9,2 10,10
Caesar 3,4 11,00 13,0 11,00
Nadezhda 7,4 9,75 7,8 10,00
Vizit 7,3 9,50 9,0 10,00
Fakel 4,9 10,00 7,3 10,00
Atlant 53 10,00 8,1 11,00
Average 6,5 10,03 10,1 10,48
Range of variation 3,4-10,3 9,00-11,00 7,3-14,8 10,00-11,00
Dispersion, S 2,31 0,65 2,76 0,50
Coefficient of variation, V, % 35,5 6,5 27,3 4.8

CONCLUSIONS

1. The biological potential of new flax vari-
eties in terms of long fiber yield and fiber count
obtained from flax straw during processing un-
der traditional production conditions is insuffi-
ciently realized. The maximum yield, with long
fiber yield varying between 31.0 and 56.8%
across varieties, was achieved for the Surskiy
variety (56.8%).

2. The established differences in the values of
long fiber yield depending on the grade during
the processing of medium and high-quality flax
straw (number 1.00 and number 1.75) in 6.9;
7.5% confirm the significant role of the grade
in ensuring an increase in the efficiency of flax
straw processing, ensured by an increase in the
cost of the output product by 20.0-25.0%.

3. Despite the relatively low yield of maxi-
mum long fiber percentages obtained from flax
straw processing under industrial conditions,
which varies between 25.5 and 48.1% across
flax varieties, varieties with an optimal ratio of
long to short fiber percentages were identified.

The following varieties were considered the best
by this criterion: Surskiy, for which the long
fiber percentage, taking into account its fiber
count, is 74%; Alexandrit and Vizit, with long
fiber percentages of 73 and 68%.

4. Processing of high-quality flax straw of
the flax varieties Surskiy, Alexandrit, and Vizit,
rated at a number not lower than 1.75, under
production conditions can ensure the maximum
degree of realization of their biological potential
in relation to the yield and quality of flax fiber,
and, accordingly, the complex criterion for the
efficiency of flax production of long fiber per-
centages.
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Puc. 2. CooTHOIICHUE yACTBHOTO BECa MPOICHTOHOMEPOB UTMHHOTO U KOPOTKOTO BOJIOKHA MIPU MAKCH-
MaJIbHOW CTETMICHU pean3aliii OMOIIOTHUECKOTO MOTEHIIMANA COPTOB JibHA-ToAryHIa (JIB — mnHHOE
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XapaKkTepUCTUKA COPHBIX pacTeHU cemencTBa [ peuninbie
(Polygonaceae) rora Ilpumopckoro kpas

®equna JILA., <)Mapkosa T.0., Macios M.B.

Dedepanvhblil HaAYYHbIL YeHMpP OUOPA3ZHO0OPA3Us HazeMHoU buomvl Bocmounoi A3uu
Hanvnesocmounozo omoenenus Poccutickotl akademuu HayK

BnaaguBoctok, Poccus

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

B crartbe npeacTapiieHbl CBEJIEHHS O BUJJOBOM COCTaBE COPHBIX pacTeHUl cemeiicTBa ['peuniiinbie
(Polygonaceae), cTabniibHO MPOM3PACTAIONINX HA TEPPUTOPHUH tora [IpruMopcKoro Kpast 1 JOMHUHUPY-
IOIIUX B arporieHo3ax. Llens nccnenoBanus — MpoBeCTH aHAIM3 PacTeHUH ceMelicTBa | peunninbie Kak
KOMIIOHEHTa COPHOM pacTUTEIbHOCTH tora [IpuMOpCKOro Kpast B 3aBHCUMOCTH OT THITA MECTOOOHTA-
nus. [loneBbie vccneaoBanms MPOXOAMIH C UCTIONB30BaHUEM TPAIUIIHOHHOTO MapIIpyTHO-PEKOTHOC-
uupoBoyHoro Merona B 2018-2023 rr. B ropoJICKUX U CEIbCKUX MOCEICHUSIX U Ha TeppuTopuu [ocy-
JIAPCTBEHHOTO TIPUPOTHOTO 3armoBeaHNKa « Yccypuiickuii» uM. B.JI. Komaposa. B mporiecce paboTsr
MIpOaHaJM3UPOBAHBl JTUTEPATYPHBIC NAaHHbIC U MHPOPMAIMs M3 WHTEPHET-PECYPCOB, HCCICAOBAHbI
repOapHbie 00pa3isl. [IpoBenens! heHomorndeckue HadomOneHUS 1 (poTorpadupoBaHe 0OBEKTOB U3
MecT npouspactanus. O6uapyxeH 31 Bun pacTeHnii cemeiicTpa I peunabie, SBISIOMUXCS (POHOBHI-
MU ISl IPUPOAHON WM JIBEHTHBHOM (IIOPBI UCCIIEAyEeMOT0 peruoHa, 27 BUIOB BBISIBICHO Ha Tep-
pUTOpHH 3arlOBEIHUKA, 12 3aHECEHBI B CIUCOK COPHBIX Ha Tepputopuu [Ipumopckoro kpas. MHorue
13 OOHAPYKEHHBIX PACTCHUH MOTYT MPUMEHSTHCS B Ka4€CTBE KOPMOBOI 0a3bl B JKHBOTHOBOJICTBE U
ITYEJIOBOJICTBE, & TaK)Ke MOTYT OBITh 3a/IefiCTBOBaHBI B TEXHOJOTHYECKUX MPOLECCax U B OBITY s
pasnuuHBIX Iiesield. B HacTosimiee Bpems Takue BUABL, Kak Acetosa pratensis, Cephalophilon nepa-
lense, Chylocalyx perfoliatus, Fagopyrum tataricum, Fallopia convolvulus, Polygonum aviculare,
Persicaria hydropiper, P. bungeana, P. longiseta, P. viscosa, P. viscofera, Rumex crispus, OTMEYCHbI
B OOJIBITMHCTBE a/IMUHUCTPATUBHO-TEPPUTOPHUATBHBIX PAOHOB PETHOHA M aKTUBHO PAaCCEISIOTCS 110
AHTPOIIOTCHHO TPAaHC(POPMUPOBAHHBIM ydacTKaM. [Ipe/yiaraeM BHECTH B CIIMCOK COPHBIX pacTCHHH
[Ipumopckoro kpasi Acetosa pratensis, Cephalophilon nepalense, Persicaria longiseta, P. viscose.

KuaroueBsie ciioBa: [ peuniHbie, COpHBIE paCTeHHUS, MECTOOOUTAHUSI, arPOIIEHO3bI, YCCypUHCKUI
3anoBeHuK, [Ipumopckuii kpaii

Characteristics of weeds of the Buckwheat family (Polygonaceae)
in the south of the Primorsky Territory

Fedina L.A., &<X)Markova T.O., Maslov M.V.

Federal Scientific Center of the East Asia Terrestrial Biodiversity of the Far Eastern Branch of the
Russian Academy of Sciences

Vladivostok, Russia

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

Information is provided on the species composition of weeds of the Buckwheat family (Polygo-
naceae) stably growing in the south of the Primorsky Territory and dominating in agrocenoses. The
purpose of the study is to analyze plants of the Buckwheat family as a component of weed vegetation
in the south of the Primorsky Territory depending on the type of the habitat. Field research was carried
out using the traditional route reconnaissance method in 2018-2023 in urban and rural settlements and
on the territory of the V.L. Komarov Ussurisky Nature Reserve. During the course of the work, litera-
ture data and information from Internet resources were analyzed, and herbarium samples were studied.
Phenological observations and photographs of the objects from their habitats were taken. 31 species
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Characteristics of weeds of the Buckwheat family Fedina L.A., Markova T.O., Maslov M.V.
(Polygonaceae) in the south of the Primorsky Territory

of the Buckwheat family were discovered, which are the background for the natural or adventive flora
of the region under study; 27 species were found on the territory of the Ussurisky Nature Reserve, 12
were included in the list of the weeds in the Primorsky Territory. Many of the plants discovered can be
used as feed in animal husbandry and beekeeping, as well as in technological processes and in every-
day life for various purposes. Currently, the following species: Acetosa pratensis, Cephalophilon ne-
palense, Chylocalyx perfoliatus, Fagopyrum tataricum, Fallopia convolvulus, Polygonum aviculare,
Persicaria hydropiper, P. bungeana, P. longiseta, P. viscosa, P. viscofera, Rumex crispus are recorded
in most administrative-territorial regions of the region and are actively spreading across anthropo-
genically transformed areas. We propose to add the following species to the list of the weeds in the
Primorsky Territory: Acetosa pratensis, Cephalophilon nepalense, Persicaria longiseta, P. viscose.

Keywords: Buckwheat family, weeds, habitats, agrocenoses, Ussurisky Nature Reserve, Pri-
morsky Territory
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INTRODUCTION It is known that the taxonomic composition
and abundance of weeds vary in different areas

ally been the subject of phytosanitary monitor- and depend on both environmental factors and
ing. However, due to the trend toward greening Crop cultivation technologies, the volume of
agriculture, a comprehensive approach to this USe of chemical pesticides, the area of disturbed
problem is currently being applied. Within this territories, abandoned lands and uncultivated
approach, secondary habitats with disturbed nat- lands, which are sources of the spread of harm-
ural cover include agrocenoses, ruderal habitats, ful and alien species [6-9]. To date, results of
fallow lands, and pastures within a specific agri- the studies of the flora of weeds in the south of
cultural landscape [1, 2]. Plant communities are the Russian Far East have been published and
not isolated, but gradually transition from one to summarized, the most aggressive of which are
another. This necessitates monitoring weeds not quarantine objects '*. The penetration of a sig-
only in fields, but also in ruderal habitats within nificant number of such species into specially
agroecosystems, as well as in residential areas protected natural areas is the cause for great
and along transport routes [3—5]. concern [10, 11].

Weeds in agricultural crops have tradition-

'Buch T.G., Kachura N.N., Shvydkaya V.D., Andreeva E.R. Weeds of the Primorsky Territory and measures to combat them.
Vladivostok: Far Eastern Book Publishing House, 1981, 254 p.

2Kozhevnikov A.E., Kozhevnikova Z.V,, Kwak M., Lee B.Y. Illustrated flora of the Primorsky Territory (Russian Far East).
Incheon:Nat. Inst. Biol. Res., 2019, 1124 p.

Yinogradova Yu.K., Antonova L.A., Darman G.F.,, Devyatova E.A., Kotenko O.V., Kudryavtseva E.P, Lesik (Aistova) E.V.,
Marchuk E.A., Nikolin E.G., Prokopenko S.V., Rubtsova T.A., Khoreva M.G., Chernyagina O.A., Chubar E.A., Sheiko V.V., Krestov
P V. Black Book of the Flora of the Far East: Invasive Plant Species in the Ecosystems of the Far Eastern Federal District. Moscow,
2021, 510 p.

‘Fedina L.A. Additions to the flora of the Ussurisky Nature Reserve (Primorsky Territory) over ten years (2007-2016) // Koma-
rovsky Readings, 2017, N 65, pp. 55-60.
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XapaKTepuCTUKa COPHBIX pacTeHuil cemeiictBa I peuninHbie
(Polygonaceae) rora [Ipumopckoro kpast

®Denuna JILA., Mapkosa T.O., Macnos M.B.

The purpose of the study is to analyze plants
of the buckwheat family (Polygonaceae) as a
component of weed vegetation in the south of
the Primorsky Territory depending on the type
of the habitat.

MATERIAL AND METHODS

Field research was conducted from 2018 to
2023 in the Primorsky Territory, in urban and ru-
ral settlements, and in the V.L. Komarov Ussuri
State Nature Reserve. The study utilized a route
survey method, analyzed literature and online
information, and examined herbarium speci-
mens. Vascular plant identification was based on
survey reports’.

Various types of habitats were surveyed: 1 —
shrub thickets; 2 — forest clearings; 3 — forest
paths; 4 — mesophytic meadows; 5 — ditches,
boundaries, inter-row spaces, field imperfec-

tions; 6 — vegetable garden plots; 7 — roadsides
of field roads; 8 — damp habitats (river valleys,
wet ditches, swampy areas); 9 — lawns, flower
beds; 10 — house territories; 11 — garbage collec-
tion containers, landfills; 12 — roadsides of high-
ways; 13 — ditches; 14 — slopes, pebbles.

RESULTS AND DISCUSSION

Currently, 97 species of plants from the Po-
lygonaceae family are known to grow in the
Primorsky Territory (see footnote 2). We dis-
covered 31 species of Polygonaceae, which are
common to the natural or adventitious flora of
the study region (see the table).

According to our data, the favorite habitats of
plants from the Polygonaceae family are ditches,
boundaries, row spacings, field imperfections,
forest paths and roadsides (up to 15-19 species
were recorded), as well as vegetable plots and

XapakTepucTHKa BUJIOB pacTeHuii cemerictBa [ peunmneie (Polygonaceae), mpouspacrarommx Ha TEPPUTO-

PHH HCCIIeyeMbIX MECTOOOUTAaHUH

Characteristics of the plant species of the Polygonaceae family growing on the territory of the studied

habitats
Habitat type
Species Other
1{2(3 (45 7189 (10|11]12(13|14
1 2134 1(5]6 89 [10|11|12]13|14]|15 16
*Acetosa pratensis Mill. (Sour dock) (s, p) -+ - |+ +|-|+|-|-|-|-]-1-1-|] Ko,M,E
*Acetosella vulgaris (Koch) Fourr. (Common el ol ool o222l 22 METP
field sorrel) (s, p) > B, L
*Bistorta pacifica (V. Petrov ex Kom.) Kom. el el o e oo oo o] - |G E Ko, M,
Pasific snakeweed) (s, HET
( p
*Cephalophilon nepalense (Meissn.) Tzvel.
(Nepal smartweed) (s, a-b) i e e e e O.H
*‘Chylocalyx perfoliatus (L.) Hassk. ex Miq. A U N U A (O (U AU IS OV (NS I 0
(Hylocalyx perfoliate) (s, a-b)
F, agopyrum tataricum (L.) Gaertn. (Tatar PR N U N A U U A (U IO IV (VIR (DU I
buckwheat) (s, a-b) EMHE
*‘Fallopia convolvulus (L.) A. Love (Black S (U (VAR N VIR R AU I VU U (N IV A
bindweed) (s, a-b) EMET
*F. dentato-alata (Fr. Schmidt) Holub (Knot- el ool ool |-1+| o.FET
weed) (s, a-v) >
*F. dumetorum (L.) Holub (Shrubby knotweed) | | | | | _ | _ |4+ |_|_|_|_|_|_|-| o.FET
(S? a_V) s Ly Lo
*F. pauciflora (Maxim.) Kitag. (Pauciflorous ol ol oozl 2l2l+] OFET
knotweed) (s, a-v) >
**Persicaria bungeana (Turcz.) NakaiexMori | | | _ |4+| 4|+ |+ ||+ |+|+|+|-|-| OFET
(Bunge persicaria) (s, a-b) 7
op hydropiper (L.) Spach (Biting knotweed) ol ol o o+ o222+ MHET
(S> a'b) ’ s 4y
*Vascular plants of the Soviet Far East / ed. S.S. Kharkevich. L.: Nauka, 1989, vol. 4, 378 p.
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end of the table

1 21314 |56 |7 8|9 |10|11|12|13|14]|15 16
op lapathifolia (L.) S.F. Gray (Pale smartweed) | _ | | & | _| & |+ |+ | | _|_[_|_]_|_- M. H.E
(s, a-b) >
P. longiseta (De Bruyn) Kitag. (Long-bristle ol oo e el o+ s+ 222 MHE
knotweed) (s, a-b) >
*P. maculosa S F. Gray (Spotted knotweed) oo e e oo o el e o o2 |OM HE,
(s, a-b) TP
“*P. orientalis (L.) Spach (Eastern knotgrass) o+ ==+ === ]=] MHE
(s, a-b) , H,
*P. yokusaiana (Makino) Nakai (Persicaria ol e o+l 2l+1-| MHE
yokusaiana) (s, a-b) >
P viscofera (Makino) H. Gross ex Nakai S I N R VIR I N N VAR IO I (T O.F
(Persicaria viscofera) (s, a-b) ’
P. viscosa (Buch.-Ham. ex D. Don) H. Gross ex
Nakai (Persicaria viscosa) (s, a-b) T T T T T T O,F
*‘Polygonum aviculare L. (Knotgrass) o+ s o+ 2+ 2 2 2 | FRoOM. T
(Sa a'b) > ] >
*P. calcatum Lindm. (Trampled knotgrass) ol o el s 22+l 212212l EME
(s, a-b) *
*P. neglectum Bess. (Unsighted knotgrass) ol oo o o+ 2 2212l EME
(s, a-b) >
“*Rumex crispus L. (Curly sorrel) (s, p) |+ |+ - -|-|-|-|Ft|-]-|-| KooM,E
*R. longifolius DC. (Long-lived sorrel) (s, p) —| - + -] -]+ —|—-]-]-|-|-] Ko,M,E
*R. maritimus L. (Marine sorrel) ol e el o ol e o222l 212l EME
(s, a-b) , M,
“*R. patientia L. (Spinach sorrel) (s, p) |-l =]t ==t ]--]1-]-]1-|l-1-] EM,E
*Truellum dissitiflorum (Hemsley) Tzvel. N | ) B
(Sparsiflorous prickly stalk) (s, a-b) * * M 0,F,M
*T. hastatosagittatum (Makino) Sojak
(Spearhead - sagittate prickly stalk) =1 -1-1*+|-/-1*|-|-1-1-1+|-| OFEM
(s, a-b)
T sagittatum (L.) Sojak (Sagittifolious prickly ol e 2 2+l === =l+]l=| O EM
Stalk) (S, a-b) s Ly
*T. sieboldii (Meissn.) Sojak (Siebold prickly ol ool 2o+ o 22242 oFM
stalk) (s, a-b) >
*T. thunbergii (Siebold. et Zucc.) Sojak _ _ o
(Thunberg prickly stalk) (s, a-b) T * T O,k M
Total O17|15[9]|19|11|15|13|3[8[5|4]|9|3

Note. O — ornamental; F — forage; Ko — used in cosmetology or perfumery; M — medicinal; H — honey plant; E — edible;
T — technical; P — poisonous; s — reproduce by seeds. Life cycle: p — perennial grass; a-b — annual or biennial grass; a-v — annual

Cexkr

summer-green herbaceous vine (annual vine).

— plants listed as weeds in the Primorsky Terrritory; “e” — plants growing

in the Ussurisky State Nature Reserve on the territory of the Ussurisky urban district.

wetlands (up to 11-13 species). Habitats with the
lowest diversity of weed species (up to 3-4) are
highway shoulders, gravel beds, lawns and flow-
erbeds. Of the species we studied, 27 were found
on the territory of the Ussurisky Nature Reserve,
12 are listed as weeds in the Primorsky Territory.
Many of these plants can be used as forage in an-
imal husbandry and beekeeping, can be involved
in technological processes and in everyday life

for various purposes [12] (Figs. 1, 2, photo M.
Maslov).

Members of the Polygonaceae family are
characterized by the formation of numerous
seeds. Each plant of this family can produce over
1,000 seeds during the growing season, most of
which remain viable in the soil for up to four
years. For example, a single P. hydropiper plant
produces up to 2,000 viable seeds per season (see
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Puc. 1. Pactenus cemelictBa [ peunninbie B arporieHo3zax [Ipumopckoro kpas:
a — P, orientalis; 6 — P. bungeana; 6 — M&XIypsilibsi Ha KapTO(EIHHOM I10JIC, 3aCCIICHHBIC 3TUMH BUIAMH PACTCHHUN

(Yecypuiickuit ropoackoit okpyr, ¢. Kamenyika)

Fig. 1. Plants of the Buckwheat family in agrocenoses of the Primorsky Territory:
a — P orientalis; 6 — P. bungeana; 6 — row spacing in a potato field populated by these plant species (Ussuriysk urban

district, Kamenushka village)

3

Puc. 2. OropopHblii y4acTok, 3aceieHHsblil P. longi-
seta (Yccypuiickuii ropozickoit okpyr, c. KalimanoBka)

Fig. 2. A garden plot inhabited by P. longiseta
(Ussuriysk urban district, Kaymanovka village)

footnote 1). An example of its rapid expansion is
C. nepalense, which was first discovered in 2008
in the Ussurisky Nature Reserve, located in the
Ussuri Urban District (see footnote 4). In 2023,
C. nepalense was observed in large numbers in
vegetable gardens in the same urban district.

Of the species listed in the table, most belong
to the group of annual weeds (annual and bi-
ennial herbs, annual summer-green herbaceous
vines); sour dock, field sorrel and Pacific grass
plantage are perennial weeds.

A generalization of the phenological charac-
teristics of the species showed that flowering in
20 of them occurs from July to September (fruit-
ing — from August to September — October):
Cephalophilon nepalense, Fallopia convolvulus,
F. pauciflora, Persicaria bungeana, P. hydrop-
iper, P. lapathifolia, P. longiseta, P. maculosa,
P. orientalis, P. yokusaiana, P. viscofera, P. vis-
cosa, Polygonum aviculare, P. calcatum, P. ne-
glectum, Rumex crispus, R. patientia, Truellum
dissitiflorum, T. sieboldii, T. thunbergii. Flow-
ering of 11 species is recorded from June-July
to August (fruiting — from July to September):
Acetosa pratensis, Acetosella vulgaris, Bistorta
pacifica, Chylocalyx perfoliatus, Fagopyrum ta-
taricum, F. dentato-alata, F. dumetorum, Rumex
longifolius, R. maritimus, Truellum hastatos-
agittatum, T. sagittatum. In recent years, there
has been a significant increase in the duration
of flowering in most of the plant species of this
family that we studied.

CONCLUSION

According to the data obtained, the following
plant species from the Buckwheat family should
be noted in the southern PrimorskyTerritory: Ac-
etosa pratensis, Cephalophilon nepalense, Chy-

3amura pacTeHui
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localyx perfoliatus, Fagopyrum tataricum, Fal-
lopia convolvulus, Polygonum aviculare, Persi-
caria hydropiper, P. bungeana, P. longiseta, P.
viscosa, P. viscofera, Rumex crispus, which we
have noted in most of the administrative-territo-
rial districts of the region and are actively dis-
persing across anthropogenically transformed
areas (road shoulders, abandoned fields and
meadows, construction quarries, etc.), are found
in city parks, squares and in residential areas.
Most of them grow in agricultural crop plant-
ings. Such species as Fallopia pauciflora, Per-
sicaria lapathifolia, P. maculosa, P. orientalis.
P. yokusaiana, P. calcatum, Truellum dissitiflo-
rum, T. hastatosagittatum, T. sagittatum, T. sie-
boldii, T. thunbergii do not grow abundantly in
agrocenoses. Rumex longifolius is found as a
weed primarily along paths and trails. It should
be noted that none of the Polygonaceae fami-
ly species are currently included in the "Black
Book of the Flora of the Far East." We propose
adding the following species to the list of weeds
in the Primorsky Territory: Acetosa pratensis,
Cephalophilon nepalense, Persicaria longiseta,
P, viscose.

3AKJIIOYEHHUE

CornacHo MOMy4YeHHBIM JTAHHBIM, HA TEPPH-
Topuu tora IIpumopckoro kpas ciemyer obpa-
TUTh BHUMaHUE Ha CIICAYIONTUE BUIBI PACTCHUN
u3 cemeiictBa ['peuniunele: Acetosa pratensis,
Cephalophilon nepalense, Chylocalyx perfolia-
tus, Fagopyrum tataricum, Fallopia convolvulus,
Polygonum aviculare, Persicaria hydropiper,
P. bungeana, P. longiseta, P. viscosa, P. visco-
fera, Rumex crispus, KOTOpblE€ OTMEUEHbl HaMU
B OOJIBIIMHCTBE aJIMUHUCTPATUBHO-TEPPUTOPHU-
AIBHBIX PalOHOB PErMoHa W aKTUBHO PaCCels-
IOTCSI TI0 AaHTPOTIOT€HHO TPaHC(HOPMUPOBAHHBIM
ydacTkaM (00OYMHaM aBTOMOOWIIBHBIX JIOpOT,
3a0pOIIEHHBIM MOJSIM U JIyram, CTPOUTEIbHBIM
KapbepaM M T.J.), BCTPEUAIOTCSI B TOPOACKHX
napkax, CKBepax M Ha TPUJOMOBBIX TEPPUTO-
pusix. BONBIIMHCTBO M3 HUX MPOU3PACTAIOT B
MOCAJIKaX CEJIbCKOXO3AMCTBEHHBIX KyIbTyp. Ta-
Kue BUNbI, Kak Fallopia pauciflora, Persicaria
lapathifolia, P. maculosa, P. orientalis. P. yoku-
saiana, P. calcatum, Truellum dissitiflorum,

T hastatosagittatum, T. sagittatum, T. sieboldii,
T’ thunbergii, B arpolieHO3ax MPOU3PACTAIOT HE
obunbHO. Rumex longifolius BcTpedaeTcs Kak
COpHOE pacTeHHe B OCHOBHOM BIOJIb TPOI U
nopoxek. CrieayeT OTMETUTh, YTO HU OJMH W3
BHUJIOB pacTeHuil cemeilictBa Polygonaceae mo
HACTOSIIIETO BpEMEHHU He BKIIOYEeH B «UepHyro
kuury ¢uopsl Jlaneaero Boctokay. IIpemiara-
€M BHECTH B CIHCOK COpHBbIX pacteHuil [lpu-
MOPCKOTO Kpasi CIEAYIOIIue BHIbL: Acetosa
pratensis, Cephalophilon nepalense, Persicaria
longiseta, P. viscose.
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buosornyeckas 3pPeKTUBHOCTL OMOPANMOHAJIbHBIX HHCEKTHIIH/I0B
B MHTerpauuu ¢ 3aromodgarom Habrobracon hebetor (Say, 1836) nporus
BOCTOYHOI0 KYKYPY3HOT0o MOThbLIIbKA Ostrinia furnacalis (Guenee, 1854)

(<) Camaruna 10.B., Tearnuko O.H.

Hanvrnegocmounblil HAYYHO-UCCIE008aMENbCKULL UHCIUMY M 3aWUMbl PACMEHUl — Quauan
DedepanvrHozo HayuHo20 Yeumpa acpoouomextonoauu Janvneeo Bocmoxa um. A.K. Yatiku
ITpumopckwuii kpaii, c. Kamens-Pri6onoB, Poccust

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

B cratbe mpencraBieHbl pe3yJibTaThl IOJIEBOTO HW3y4YeHUs S(PQPEKTHBHOCTH HSHTOMOdara
Habrobracon hebetor (Say, 1836) u OuopanmoHaibHbIX HHCEKTUIMI0B: buoKumt, KO (10 r/n) u
IIpoxmaiim, BPI (50 1/kr). OmbrTe! ipoBeneHs! B [Ipumopckom kpae B 2022, 2023 . O0BekT Hucce-
JOBAaHHS — BOCTOUHBIA KYKYpY3HbIH MOTBUIEK. CXeMa OIbITa BKIJIIOYACT CEMb BApUAHTOB: KOHTPOJIb
(6e3 00paboTKH U BBITyCKa 3HTOMOGara), 00padoTKy HHCEKTUIIMIAMU C OTHO- M ABYKPATHBIM BBIITY-
cKoM napa3utonioB. [loBropHOCTh TpexkpaTHas. [1nomane nensaku 28 M2, D(hHEeKTUBHOCTB onpee-
JISUTH TI0 TTOBPEKACHHOCTH pacTeHui (B 0ayutax) no meroauke M. /1. Illanupo. Lenb paboThl — M3y4uTh
ouonoruueckyto apdexkruBHocts Habrobracon hebetor (Say, 1836) B nHTErpaliiy ¢ MHCEKTUITHIAMH
IIPOTHUB BOCTOYHOT'O KyKYPY3HOTO MOTbUIBKA. B Xoze ucciaenoBanuii BEISBICH BEICOKUM MPOLIEHT IO-
BPEXKICHHOCTH 110YaTKa M HOXKKHU II0YaTKa, CIIOM CTEOJISI M METEJIKU KyKYPy3HBIM MOTBUIBKOM B KOH-
TposibHOM Bapuante — 10,0 u 15,0%; 36,7 u 16,8% coorBercTBeHHO. OIpe/ieieH HAUMEHbBIINI 0asut
oBpexieHus B BapuanTtax [Ipoxmsiim, BPI' + nBykparHsiii Beimyck 3aToMOpara — 0,2 u buoKwn,
KD + omHokparHblii BeiTyck mapasutonsa — 0,3. Beicokyto Ouonornueckyto 3pQpeKTHBHOCTh MPOTHB
Bpenutens (93,0%) nabmromanu npy ucnonb3oBaHNK OnmonHcekTunuaa IIpoxmsiiv, BPI ¢ aBykpar-
HBIM BBIITyCKOM TabpoOpakona. Hanbombime#t nmpubaBkoif 3epHa ¢ movarka (21 T) o OTHOIIEHUIO K
KOHTPOJIIO XapaKkTepusyeTcs BapuaHT ¢ npuMmeneHuem llpoxmaiim, BPT' — 0,2 kr/ra + aBykparHbIii
BBIITYCK 3HTOMOara.

KuaroueBsle cioBa: Kykypy3sa, Ostrinia furnacalis Guenee, Habrobracon hebetor Say, buopanuo-
HAJIbHBIC HHCEKTHIIU/IbI, OMOMHCEKTHIIUIbI
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The paper presents the results of a field study on the effectiveness of the entomophagous insect
Habrobracon hebetor (Say, 1836) and bio-rational insecticides BioKill, EC (10 g/l) and Proclaim,
WSG (50 g/kg). The experiments were conducted in the Primorsky Territory in 2022-2023. The Asian
corn borer was the research object. The design of the experiment included seven variants: the control
(without any treatment and the use of the entomophagous insect) and treatments with insecticides and
single and double release of the parasitoids. The experiment was carried out with three repetitions.
The area of the experimental field plot was 28 m?. The effectiveness was determined depending on the
degree of the damage caused to plants (point score) according to the methodology of I.D. Shapiro. The
research goal was to study the biological efficacy of Habrobracon hebetor (Say, 1836) in combination
with the insecticides against the Asian corn borer. During the research, a high percentage of damage
to the cob and cob stalk, as well as breakage of the stem and tassel by the corn borer, was identified in
the control variant — 10 and 15%, 36.7 and 16.8%, respectively. The lowest degree of damage was cha-
racteristic of the variants with the use of Proclaim, WSG + the double release of the entomophagous
insect — 0.2 points and with the use of Biokill, EC + the single release of the parasitoid — 0.3 points.
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The use of bio-insecticide Proclaim, WSG, in combination with the double release of Habrobracon
hebetor (Say, 1836) showed high biological efficacy. The highest gain in grain yield per ear (21 g) in
comparison to the control was found in the variant with the use of Proclaim, WSG (0.2 kg/ha), and the

double release of the entomophagous insect.

Keywords: corn, Ostrinia furnacalis Guenee, Habrobracon hebetor Say, biorational insecticides,

bioinsecticides
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INTRODUCTION

Corn (Zea mays) occupies one of the leading
places among agricultural crops in the Far East-
ern region. Its uniqueness lies in its high yield
and versatile uses [1-4].

One of the limiting factors for obtaining a
high-quality corn crop is damage to crops by dis-
eases and pests [5—7]. The Asian corn borer Os-
trinia furnacalis (Guenee, 1854) (Lepidoptera:
Crambidae) causes significant damage to corn
in the Primorsky Territory. O. furnacalis is an
internal stem pest of corn that has serious eco-
nomic significance in many countries around the
world [8-10].

Meteorological conditions (high tempera-
tures and abundant precipitation) in Primor-
ye during the growth and development of corn
contribute to the rapid reproduction and spread
of O. furnacalis. Virtually the entire plant suf-
fers from damage caused by this pest [11, 12].
In addition to direct damage to productivity, the
corn borer also causes significant indirect harm,
as damage to the integrity of the plant's cover-
ing tissues contributes to the infection of corn by
pathogens [13].

Corn cultivation is impossible without the use
of pesticides. The products designed to destroy
insect pests provide invaluable assistance in the
comprehensive fight against them, reducing the

damage caused and preventing the development
of dangerous diseases in crops. However, tradi-
tional chemical insecticides have a number of
disadvantages: they increase pesticide exposure
and cause mass deaths of not only harmful but
also beneficial insect species. In addition, O.
furnacalis larvae (the harmful phase) penetrate
plants closer to the third instar and lead a hidden
lifestyle, thus becoming invulnerable to pesti-
cides. In this regard, the use of integrated plant
protection methods is relevant.

Habrobracon hebetor (Say, 1836) (Hyme-
noptera: Braconidae) is of considerable interest
as a bioagent and is already being used to control
various pests both in Russia and abroad [14, 15].

The purpose of the research is to evaluate the
biological effectiveness of H. hebetor in combi-
nation with biorational insecticides against O.
furnacalis in the southern Far East.

MATERIAL AND METHODS

Experimental work was carried out in the Pri-
morsky Territory in the area with one generation
of corn borers in the fields of the corn breeding
and primary seed production laboratory of the
Federal Scientific Center of Agricultural Bio-
technology of the Far East named after A.K.
Chaiki in 2022 and 2023.

The material for the study was the Slavyanka
corn variety.
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The study used biorational insecticides Bio-
Kill, EC (abamectin, 10 g/l), Proclaim, WSG
(emamectin benzoate, 50 g/kg) and laboratory
populations of H. hebetor parasitoids (see Fig. 1)
from the collection of the Department of Biolog-
ical Plant Protection Methods of the Far Eastern
Research Institute of Plant Protection as a moth-
er culture.

The plants were sprayed with bioinsecticides
during the panicle emergence period. The first
release of Gabrobracus was carried out 14 days
after treatment with the preparations, and the
second release was carried out 10 days after the
first release of the entomophagous insect. Test
tubes with H. hebetor imagoes were delivered
from the laboratory to the field in the morning
hours in sunny weather at three points in each
experimental variant and opened.

For timely treatment of corn with pesticides,
the crops were inspected for egg clusters and
pest egg counts. To this end, the plants were in-
spected once every 10 days from mid-June (late
June), noting the number of eggs and egg clus-
ters. Counts were taken on 25 plants in each plot.

The plot area in this variant is 28 m?. The
trial is repeated three times. The corn variety is

Puc. 1. Habrobracon hebetor Say, 1836 (opurunan)
Fig. 1. Habrobracon hebetor S. (original)

Slavyanka. The seeding rate is 75,000 seeds/ha.
The plots are systematically placed. Sowing is
on May 11. Harvesting is done manually at full
maturity, followed by threshing with a thresher.
Plants were treated with foliar spraying agents
using an OB-14 Turbo knapsack sprayer. The
working fluid consumption rate is 300 I/ha.
Biological efficiency was determined based
on plant damage (in points) using the formula

A-B
BZTX 100%,

where A — damage to plants in control; B — dam-
age to plants in the experimental variant.

The experiments with the preparations were
carried out in accordance with the field experi-
ment methodology of B.A. Dospekhov' and the
methodological guidelines of VIZR?*?. Damage
was assessed in points before harvesting accord-
ing to the method of I.D. Shapiro*. Statistical
processing was carried out using the Excel pro-
gram.

Experiment options:

1. Control (without treatment and release of
H. hebetor).

2. Single release of the entomophage H. heb-
etor (2000 individuals/ha; 34 individuals per
plot).

3. Double release of the entomophage H.
hebetor (1000 individuals/ha; 17 individuals per
plot for one release).

4. Treatment with Proclaim, WSG (50 g/l) —
0,2 kg/ha.

5. Treatment with Proclaim, WSG (50 g/l) —
0,2 kg/ha + a single release of the entomophage
H. hebetor (2000 individuals/ha; 34 individuals
per plot).

6. Treatment with Proclaim, WSG (50 g/1) —
0,2 kg/ha + a double release of the entomophage

'Dospekhov B.A. Methodology of field experiment (with the basics of statistical processing of research results) / Stereopit. ed.
reprint from the 5th edition, supplemented and revised. Moscow: Alliance, 2014, 351 p.

*Guidelines for registration testing of insecticides, acaricides, molluscicides, and rodenticides in agriculture. St. Petersburg,

2009, 321 p.

*Guidelines for testing biological products for plant protection against pests, diseases, and weeds. Moscow: Kolos, 1973, 41 p.
4Shapiro I.D. Harmfulness of the stem borer on corn crops in the Krasnodar Territory // Bulletin of the All-Russian Institute of

Plant Protection, 1979, N 46, pp. 45-49.
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H. hebetor (1000 individuals/ha; 17 individuals
per plot for each release).

7. Treatment with Biokill, EC (10 g/1)— 0,4 l/ha.

8. Treatment with Biokill, EC (10 g/l) —
0,4 1/ha + a single release of the entomophage
H. hebetor (2000 individuals/ha; 34 individuals
per plot).

9. Treatment with Biokill, EC (10 g/l) — 0,4
I/ha + a double release of the entomophage H.
hebetor (1000 individuals/ha; 17 individuals per
plot for each release).

RESULTS AND DISCUSSION

As a result of the conducted research, data on
the damage to corn plants was obtained, and the
biological and economic effectiveness of the use
of biorational insecticides and entomophages
against Asian corn borer was revealed.

A high percentage of damage to the cob and
peduncle, stem and panicle breakage by O. fur-
nacalis caterpillars (see Fig. 2) was detected
in the control variant — 10 and 15%, 36.7 and
16.8%, respectively (see Table 1). The minimum
number of caterpillars per plant (0.03 individ-
uals) compared to the control (2.0 individuals)
was noted in the Proclaim, WSG (0.2 kg/ha) +
a double release of the entomophage variant
(see Fig. 3). The lowest stem breakage was ob-
served in the variants using the Proclaim, WSG
bioinsecticide — 0.3%.

The shorter the stem tunnel length, the more
effective the product is against the pest cater-

pillars. All products in the experiment demon-
strated superiority in this regard (0.80-1.97 cm)
compared to the control.

The lowest damage score to corn was ob-
served in the Proclaim, WSG + a double release
of the entomophage variants — 0.2 and Biokill,
EC + a single release of the parasitoid — 0.3
(see Table 1). High biological effectiveness
against the pest (93.0%) was observed when
using the Proclaim, WSG bioinsecticide with a
double release of Habrobracon (see Table 2).

Grain weight, depending on the variant,
ranged from 70.5 to 91.5 g (see Table 3). The
Proclaim variant, WSG + a double entomophage
release, stands out in this respect, exceeding the
control by 21.0 g.

Based on the results of examining the plants
for the presence of egg-laying sites, it can be not-
ed that the corn borer begins to lay offspring on
corn plants from mid-June, but reaches its max-
imum (according to methodological recommen-
dations) in most cases closer to mid-July, where
the maximum number of eggs on one plant is 5,
which is 2.5 times higher than the initial number
(see Table 4).

The eggs are flat and round, and females lay
them in clusters of 2 to 200 eggs per clutch (av-
eraging 30—40) in a tiled pattern. They are most
often located on the underside of corn leaves
near the midrib. Egg development duration is
3-9 days (see Fig. 4).

It should be noted that the economic thresh-

Puc. 2. I'ycennna O. furnacalis G.: (a) u TOBPEKIEHHBIN cTeOCTb KYKYpY3HI (0) (OpuUTHHAIT)
Fig. 2. Caterpillar of O. furnacalis G.: (a) and a damaged corn stalk (6) (original)

66  Siberian Herald of Agricultural Science ¢ 2025 « 55 ¢ 6

Plant protection
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B MHTErpaimu ¢ satoModarom Habrobracon hebetor (Say, 1836) nmpotus

BOCTOYHOTO KyKypy3HOro MoTbuIbKa Ostrinia furnacalis (Guenee, 1854)

Ta6a. 1. [TokazaTenu MOBPEKICHHOCTH KYKYPY3bl BPEIUTEIEM IPU COBMECTHOM MTPUMEHEHUHN OMOHH-
cexTuruoB u H. hebetor (cpennee 3a 2022, 2023 tr.)

Table 1. Parameters of the damage caused by the pest to corn plants after the use of the bioinsecticides
and H. hebetor (average for 2022, 2023)

Damage, %
Option Panicle . ' Stem frac- Damage score
fracture Spike stalk Spike ture
1. Control (without treatment) 16,8 + 3,6 15+£2,8 10+ 1,6 36,7+2,5 2,3+0,19
2. Single release of the entomophage 6,7+0,6 10+1,3 0,00 3,4+0,7 0,8+0,13
3. Double release of the entomophage 0,00 6,7+0,6 0,00 13,3+0,6 0,8 + 0,03
4. Proclaim, WSG — 0,2 kg/ha 0,00 8,0 0,00 9,5+ 0,6 0,7+0,13
5. Proclaim, WSG — 0,2 kg/ha + single re- 0,00 0,00 0,00 0.3+0,07 0.5+ 0,06
lease of the entomophage
6. Proclaim, WSG — 0,2 kg/ha + double 0,00 0,00 0,00 0.3 +0,03 0.2 +0,03
release of the entomophage
7. Biokill, EC — 0,4 1/ha 0,00 7,3+0,6 7,2+0,9 2,4+0,6 0,71 £ 0,07
8. Biokill, EC — 0,4 I/ha + single release of 10,4 + 0.4 0.00 0,00 2.4+023 03+0.16
the entomophage
9. Biokill, EC — 0,4 1/ha + double release 11,7404 0.00 0,00 0.9+0.13 0.4 + 0,06
of the entomophage

Note. The value «+», indicated in the table is the difference error.

Canal length
on a plant, cm

Number of canals
on a plant, pcs.

Number of caterpillars per plant,
an individual

Variants: H1, W2, W3, W4, W5,

Puc. 3. Bnusinue OMOIOTHYECKUX CPEACTB 3alIUThI Ha 3acesieHHOCTh O. furnacalis M MOBPEXICHHOCTh
KyKypy3bl (cpennee 3a 2022, 2023 tT.)

Fig. 3. Influence of the biological plant protection products on the population size of O. furnacalis and the
damage caused to corn plants (average for 2022, 2023)

mo6, m7, m8§, 9
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Taoa. 2. DPPekTuBHOCTS IPUMEHEHHSI ONOJIOTMYECKUX CPEIICTB 3aLIUThHI KyKypy3bl IPOTUB
O. furnacalis (cpennee 3a 2022, 2023 rr.)

Table 2. Efficacy of the biological plant protection products against O. furnacalis (average for 2022, 2023)

Option Biological effectiveness, %

1. Control (without treatment) -

2. Single release of the entomophage 64,0
3. Double release of the entomophage 64,0
4. Proclaim, WSG - 0,2 kg/ha 70,0
5. Proclaim, WSG — 0,2 kg/ha + single release of the entomophage 80,0
6. Proclaim, WSG — 0,2 kg/ha + double release of the entomophage 93,0
7. Biokill, EC — 0,4 l/ha 67,0
8. Biokill, EC — 0,4 I/ha + single release of the entomophage 77,0
9. Biokill, EC — 0,4 1/ha + double release of the entomophage 71,0
LSD,, 7.4

Tao6a. 3. Bausnue 6uonpenapatoB u suToMopara H. hebetor Ha X03sIICTBEHHO LIECHHbBIC TPU3HAKU
KyKypy3bl (cpeanee 3a 2022, 2023 1r.)

Table 3. Influence of the bioproducts and the entomophagous insect H. hebetor on the economically
important traits of corn (average for 2022, 2023)

Option G}ii)lznwféiht Corncob length, Cqmcob
cob, g cm weight, g
1. Control (without treatment) 70,5 14,1 100,3
2. Single release of the entomophage 81,4 14,5 112,0
3. Double release of the entomophage 87,0 12,6 100,5
4. Proclaim, WSG - 0,2 kg/ha 81,0 13,1 99,5
5. Proclaim, WSG — 0,2 kg/ha + single release of the entomophage 85,7 14,0 89,7
6. Proclaim, WSG — 0,2 kg/ha + double release of the entomophage 91,5 13,7 110,5
7. Biokill, EC — 0,4 1/ha 82,0 14,1 110
8. Biokill, EC — 0,4 I/ha + single release of the entomophage 81,8 13,8 86,4
9. Biokill, EC — 0,4 1/ha + double release of the entomophage 73,8 13,05 123,1
LSD,, 6,4 0,7 7,2

Ta6a. 4. Pesynbrarsel 00cie/10BaHUs KyKYpY3bl Ha HAJTHMUYUE SIMIIEKIIA0K BOCTOYHOTO KyKypy3HOTO
MoOTbUIbKa, 2022, 2023 1T

Table 4. Results of the corn monitoring for egg masses of the Asian corn borer, 2022, 2023

Number of egg | Number of Number of
Option clutcheson 25 | eggsinthe |eggs per plant,
plants, pcs. clutch, pcs. pcs.
1 2 3 4
First monitoring (II-11I ten-day periods of June)
1. Control (without treatment) 0,00 0,00 0,00
2. Single release of the entomophage 0,00 0,00 0,00
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end of table 4
1 2 3 4
3. Double release of the entomophage 0,00 0,00 0,00
4. Proclaim, WSG - 0,2 kg/ha 1+0,00 40 + 1,36 1,6
5. Proclaim, WSG — 0,2 kg/ha + single release of the entomophage 0,00 0,00 0,00
6. Proclaim, WSG — 0,2 kg/ha + double release of the entomophage 0,00 0,00 0,00
7. Biokill, EC — 0,4 1/ha 0,00 0,00 0,00
8. Biokill, EC — 0,4 I/ha + single release of the entomophage 0,00 0,00 0,00
9. Biokill, EC — 0,4 1/ha + double release of the entomophage 0,00 0,00 0,00
Second monitoring (Ill ten-day period of June — I ten-day period of July)
1. Control (without treatment) 1+£0,70 0,00 0,00
2. Single release of the entomophage 0,00 0,00 0,00
3. Double release of the entomophage 0,00 0,00 0,00
4. Proclaim, WSG - 0,2 kg/ha 1+£0,70 38+54 1,52
5. Proclaim, WSG — 0,2 kg/ha + single release of the entomophage 0,00 0,00 0,00
6. Proclaim, WSG — 0,2 kg/ha + double release of the entomophage 1+£0,00 9+1,3 0,36
7. Biokill, EC — 0,4 1/ha 0,00 0,00 0,00
8. Biokill, EC — 0,4 I/ha + single release of the entomophage 1,00 + 0,00 60=+5,2 2,4
9. Biokill, EC — 0,4 1/ha + double release of the entomophage 0,00 0,00 0,00
Third monitoring (Il ten-day period of July)

1. Control (without treatment) 2+0,0 114+ 4,7 4,56
2. Single release of the entomophage 0,7+ 0,4 11+0,7 0,44
3. Double release of the entomophage 0,7+0,4 16,3 +2,4 0,66
4. Proclaim, WSG - 0,2 kg/ha 1+0,0 63+£2,0 2,52
5. Proclaim, WSG — 0,2 kg/ha + single release of the entomophage 3,3+0,7 61,3+4,7 2,46
6. Proclaim, WSG — 0,2 kg/ha + double release of the entomophage 3,0+0,7 83,0+ 1,0 0,32
7. Biokill, EC — 0,4 1/ha 3,3£0,34 | 126,0£ 17,0 5,0
8. Biokill, EC — 0,4 I/ha + single release of the entomophage 1+£0,7 79,0 £4,0 3,16
9. Biokill, EC — 0,4 1/ha + double release of the entomophage 1+£0,0 54,3+£4.2 2,16

Note. The value "+" given in the table is the difference error.

SGovorov D.N., Zhirov A.D., Shabelnikova A.A., Nikulin A.N. et al. Review of the phytosanitary condition of agricultural crops in
the Russian Federation in 2022 and forecast of the development of harmful objects in 2023 // Ministry of Agriculture, 2023.
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a

Puc. 4. Sliiuexnanku O. furnacalis Ha HIKHEW CTOPOHE JINCTA, SiIa CBETIbIE (g, 6) — SHIeKIIaKa HeJJaBHO
OTJIOKEHA; TEMHBIE (8) — AUIIEKIIa/IKa TIepe]] OTPOKICHHEM T'YCEeHHIT (OpUTHHAN)

Fig. 4. Egg masses of O. furnacalis at the lower side of a leaf: light eggs (a, 6) — the eggs were laid recent-
ly; dark eggs () — caterpillars are ready to hatch from the eggs (original)

old of harmfulness (ETH) of the corn borer
differs depending on the intended use of corn:
1.0-2.0 egg layings/100 plants — when grown
for grain and 2.0—4.0 egg layings/100 plants —
for green mass®.

CONCLUSION

The research revealed:

— the use of all the drugs used in integration
with entomophages leads to a reduction in dam-
age to corn plants by pests;

— the minimum damage score for Zea mays is
shown by the options Proclaim, WSG + a double
release of entomophage — 0.2 and Biokill, EC +
a single release of the parasitoid — 0.3;

— the greatest increase in grain per cob (21 g)
in relation to the control is observed in the vari-
ant with the use of Proclaim, WSG — 0.2 kg/ha +
a double release of the entomophage;

— the best biological effectiveness against Os-
trinia furnacalis G. 1s demonstrated by the bio-
logical product Proclaim, WSG — 0.2 kg/ha with
a double release of H. hebetor.
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CpaBHUTEIbHBIN NIOCEB M NPEUMYLIECTBO (pecTy10/IMyMA
nepea OCHOBHBIMH 3JIAKOBBIMM TPaBaMHM B JiecocTenu 3anagHoun Cudupu

<) bakmaes /I.1O., Topokos A.I., ®ununnos K.B.

Cubupckuii ghedepanvhwviii HayuHblll YyeHmp azpobuomexnonozuti Poccutickou akademuu Hayk
HoBocubupckast o6macts, p.im. KpacHooOck, Poccus

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

B necocrenHoii 30He 3anmagnoit Cubupn Toka3aHa BOZMOKHOCTH MCTIOIB30BAaHUS (PECTYIOIIMyMa
Ha KOPMOBBIE LIEJIM KaK B OJHOBUIOBBIX IIOCEBAX, TAK U B COCTaBE TPABOCMECEH C MHOTIOJIETHUMH
0000BBIMH TpaBamu. MccnenoBanus npoBoaniau B 2021-2023 rr. Ha HAyYHO-IKCIIEPUMEHTAIBHOM
cTanuoHape, pacnonoxxeHHoM B HoBocubupckoir obiactu. B moseBoM ombiTe mpeacTaBIeHBI KO-
crpen; 6e3octhiii Paccsert, paiirpac nactoumasiii BUK 66, oBcsinuna kpacHas Makcuma 1, decty-
nomuym BUK 90, scmapriet nmecuansiii CuoHUMK 30, kneBep Oenbrii PuBenaen. YcTaHOBIEHO, UTO
HanOOJbIICH 3MMOCTOMKOCTBIO CPEIH 3JIaKOBBIX MHOTOJICTHUX TPaB BBLACISUINCH (DECTYIOIHYM U
oBcsiHULA KpacHast (99%). Ilpn nacTOMITHOM HCIIOJIB30BAHMH OJHOBHOBBIX TOCEBOB MHOTOJICTHUX
371aKOBBIX TPaB HAHOObIIAs YPOKAHHOCTD CyX0i Macchl Ioy4eHa y Koctpena 6ezocroro — 31,9 /ra,
[pU BHECEHUH MUHEpaNbHbIX ynoopenuit N P, K =~ — 46,0 w/ra. Hesnauntensno (ma 8-12%) ycry-
naet emy (ecrynonuym, riue cOop cyxoil macchl coctaBui 28,2 1/ra 0e3 BHECCHHS MHHEPAIbHBIX
yaoopennit u 42,8 11/ra npu UX BHeceHHH. HanmeHblas ypoxxaHOCTh CYyXOH Macchl TOJIyueHa Ha
BapHaHTE ¢ TMOCEBOM pairpaca mactowmmuoro — 23,1 u 30,4 m/ra cCOOTBETCTBEHHO. B cMemaHHbIX
TPABOCTOSIX MHOTOJIETHHX 3JIaKOBBIX TPaB ¢ 000OBBIMU HaNOOIbIIAs YPOXKAWHOCTh CYyXOH Macchl IO-
Jy4eHa B CMeCH KocTpel 0e30CThIH + scnapiet necuansiii + pecrynonuym — 35,7 /ra, npu BHECEHUU
MuHepanbHbIX ynoopennii N P K, —47,2 n/ra. Buecenne MUHEpaIbHBIX YI00OpEHHUH B TPABOCMECSX
naio npubaeky ypoxaHoct 33—35%. Cpeau MHOTOJIETHUX 3JIaKOBBIX TpaB HauOOJIbIlIEee CoJepKa-
HHE TIepeBapuMoro mpoTenHa Ha 1 k. en. 6b110 ¥ pecTynonmmyma — 116 1, HammeHsbIee — y pairpaca
nactoumHoro — 107 .

KiroueBble c10Ba: hecTynoianyMm, MHOTOJIETHHE TPAaBbl, MUHEPAIbHOE YI00pEHHE, YPOKAHHOCTB,
MIPOLYKTUBHOCTB, TPABOCMECH, TACTOMUIIIE

Comparative sowing and the advantage of festulolium over the main
cereal grasses in the forest-steppe of Western Siberia

<) Bakshaev D.Yu., Tyuryukov A.G., Filippov K.V.

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

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

In the forest-steppe zone of Western Siberia, the possibility of using festulolium for fodder pur-
poses has been proven, both in single-species crops and in grass mixtures with perennial leguminous
grasses. The research was conducted in 2021-2023 at a scientific and experimental station located in
the Novosibirsk region. The field experiment includes the following species: awnless brome Rassvet,
perennial ryegrass VIK 66, red fescue Maksima 1, festulolium VIK 90, Hungarian sainfoin SibNIIK
30, and white clover Rivendel. It has been established that festulolium and red fescue (99%) stood out
as the most winter-hardy among perennial grasses. When using single-species perennial grass crops
for grazing, the highest dry matter yield was obtained from awnless brome grass — 31.9 c/ha, with the
application of N, P_K _ mineral fertilizers — 46.0 c/ha. Festulolium is slightly inferior (by 8-12%) to
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Comparative sowing and the advantage of festulolium over
the main cereal grasses in the forest-steppe of Western Siberia

Bakshaev D.Yu., Tyurikov A.G., Filippov K. V.

it, with a dry matter yield of 28.2 c¢/ha without mineral fertilizers and 42.8 c/ha with mineral fertilizers.
The lowest dry matter yield was obtained in the variant with perennial ryegrass sowing — 23.1 and
30.4 c/ha, respectively. In mixed stands of perennial grasses and legumes, the highest dry matter yield
was obtained in a mixture of awnless brome, Hungarian sainfoin and festulolium — 35.7 c/ha, with the
application of mineral fertilizers N ,P_K _—47.2 c/ha. The application of mineral fertilizers in grass

14~ 60" 60
mixtures resulted in a 33—-35% increase in yield. Among perennial grasses, festulolium had the highest

digestible protein content per 1 feed unit (116 g), while perennial ryegrass had the lowest (107 g).
Keywords: festulolium, perennial grasses, mineral fertilizer, yield, productivity, grass mixture,

pasture
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INTRODUCTION

New species and varieties of forage crops
are becoming increasingly important, boasting
higher and more stable yields, high energy and
protein content compared to traditional vari-
eties. Intergeneric and interspecific hybrid va-
rieties are of great importance for forage use,
including festulolium (Festulolium F. Aschers.
Et Graebn.), hybrids of Lolium sp. and Festuca
sp. It has high energy and protein content, com-
bining the high shoot formation capacity of rye-
grass with the high winter hardiness of fescue
grass’2[1].

The use of festulolium in forage production
in Western Siberia is of particular interest, as it
is a new and promising crop for the region, but
understudied. Its advantages over traditionally
cultivated brome, fescue, and ryegrass include
high winter hardiness, aftergrowth, and nutri-

tional value. Based on these combined charac-
teristics, festulolium can meet the high demands
of production while creating a high-quality for-
age base® (see footnote 2) [2].

Due to high tillering and the ability to pro-
duce numerous leafy shoots, hay made from
such grass stands has a pleasant aroma and a
green color, which improves animal consump-
tion and milk production. A uniform supply of
green material throughout the season allows for
the preparation of various types of forage, as
well as for grazing**[3-5].

When creating pastures, it's important to select
the right crops to create a balanced grass stand,
ensuring productive longevity, high yields, and
crop aftergrowth after animal grazing, as well
as resistance to trampling. Festulolium counter-
acts pasture soil compaction due to differences
in root system architecture compared to ryegrass
and fescue [6]. Positive results from its use in

Zolotarev V.N., Perepravo N.I. Distinctive features of fescue-ryegrass hybrid varieties when grown for seeds // New and non-
traditional plants and prospects for their use, 2016, N 12, pp. 314-317.

’Bezgodov A.V., Belyaev A.V., Ponomarev A.B. New species and varieties of perennial cereal grasses in the Middle Urals for
haymaking and pasture use // Innovative technologies in science and education, 2016, N 4 (8), pp. 199-207.

3Platace R. Ligning and ash content correlations in grass biomass pellets / R. Platace, A. Adamovics // 14th International Multi-
disciplinary Scientific Geoconference: Albena, Bulgaria: Bulgarian Acad Sci., 2014, pp. 331-338.

‘Mashyanov M.A., Ganicheva V.V. Dependence of herbage yield on the included species of meadow plants in the soil and climatic
conditions of the Vologda region // Dairy Bulletin, 2012, N 1 (5), pp. 21-27.

SOstrem L., Volden B., Steinshamn H. Festulolium fibre characteristics and digestibility as affected by maturity // Grass and for-

age science, 2015, vol. 70 (2), pp. 341-352.

8Sanderson M.A., Stout R., Brink G. Productivity, botanical composition, and nutritive value of commercial pasture mixtures //

Agronomy journal, 2016, vol. 108 (1), pp. 93—100.
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creating seeded pastures have been obtained in
the European part of Russia and the Ural region
[7-10].

The importance and relevance of such re-
search in Western Siberia are noted in the work
of N.I. Kashevarova [11]. The conducted re-
search has proven the effectiveness of joint
sowing of festulolium with perennial legumes
such as alfalfa, sainfoin and clover to obtain
high-quality forage in arable land [12, 13]. How-
ever, no one has addressed the issue of cultivat-
ing festulolium in a mixture with other grasses
in hayfields and pastures in Siberia. Festulolium
is a high-yielding, nutritious crop that is flexible
to growing conditions and can not only expand
the species composition of forage plants, but
also significantly improve the forage base in the
region in the long term. However, it is not wide-
spread in Western Siberia.

MATERIAL AND METHODS

The research was conducted from 2021 to
2023 at the experimental research station of the
Siberian Research Institute of Fodder Crops
of the Siberian Federal Scientific Center of
Agro-BioTechnologies (SFSCA) of the Russian
Academy of Sciences. The experimental field
is located in the forest-steppe of the Ob region,
which is part of the forest-steppe zone of the
West Siberian region’.

The climate of the zone is sharply continen-
tal with relatively short summers and long, cold
winters. The average annual precipitation is 392
mm, of which 254 mm (66%) falls in April-Sep-
tember, 181 mm in June—August, and 138 mm in
November—March (17-20%). The probability of
wet years (HTC > 1.4) is 10-25%, and dry years
(HTC < 0.6) is 40—65%".

The soil of the experimental plot is zonal —
leached chernozem, medium-deep, medium-hu-
mus, medium-loamy, the humus content in the
arable layer is 6.6%. According to Chirikov, the
soil in the 0-20 cm layer is characterized by a
high supply of mobile phosphorus (22 mg/100
g) and exchangeable potassium (21.4 mg/100 g).
The reaction of the soil solution is slightly al-

kaline — 7.4. The sum of absorbed bases is 32.6
mmol (eq.) / 100 g, the soil density in the 0-20
and 20-40 cm layers is 1.16 and 1.22 g / cm?,
respectively, the permanent wilting point is 10.2
and 8.0 mm. Groundwater was not detected to a
depth of 5 m (see footnote 7).

Moisture availability during the 2021 grow-
ing season was insufficient (HTC May—Septem-
ber = 1.0), particularly in May (HTC = 0.56) and
July (HTC = 0.36), with increased availability
in June (HTC = 1.49) and September (HTC =
1.44). Air temperatures in May and August were
3.5 and 1.7°C above normal, respectively.

During the 2022 growing season, precipita-
tion totaled 130 mm (HTC = 0.6), consistent with
arid conditions. Precipitation was distributed un-
evenly: 2.5 mm fell in May (7% of the norm), 59
mm in June (107%), 29 mm in July (47%), and
23 mm in August (34%). The total temperature
above 10°C from May to August was 2090°C.
During the summer months, air temperatures
were at the long-term average, with only May
being 4.3°C higher.

Growing season conditions in 2023 were
atypical due to uneven precipitation. From
May to September, 250.5 mm of precipitation
fell (HTC = 0.99), and the sum of temperatures
above 10°C was 2502°C. In May, 5.5 mm of
precipitation fell (14.8% of the long-term av-
erage), while the average daily air temperature
was 2.3°C above normal. Precipitation in June
was 47% of normal, or 26.1 mm, with tempera-
tures 1.9°C above normal. In July, 62.3 mm of
precipitation fell (102% of normal). Productive
moisture reserves in the one-meter soil layer on
July 7 were assessed as very poor.

Thus, the agroclimatic potential of the for-
est-steppe zone of Western Siberia is character-
ized by increased instability. It largely depends
on the amount of precipitation, the uniformity
of its distribution, and the temperature regime
during the growing season, which are among the
most important factors limiting the yield and its
quality.

Experiment 1. The influence of mineral fer-
tilizers on the yield of perennial cereal grasses

’Soil and Climatic Atlas of the Novosibirsk Region. Novosibirsk: Nauka, 1978, 121 p.
$Agroclimatic resources of the Novosibirsk region. Moscow: Gidrometeoizdat, 1971, 155 p.
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Factor A — cultures, kg/ha: awnless brome —
20; perennial ryegrass — 15; red fescue — 15; fes-
tulolium — 18.

Factor B — fertilizers: without fertilizers; ap-
plication of N ,P_K

147 60" 60"

Experiment 2. The influence of the composition
of the grass mixture and mineral fertilizers on
the yield of perennial grasses

Factor A — mixed grass crops, kg/ha: awnless
brome (7) + white clover (3) + perennial rye-
grass (5); awnless brome (7) + white clover (3) +
red fescue (5); awnless brome (7) + white clover
(3) + festulolium (6); awnless brome (7) + Hun-
garian sainfoin (30) + festulolium (6); awnless
brome (7) + Hungarian sainfoin (30) + perennial
ryegrass (5).

Factor B — fertilizers: without fertilizers; ap-
plication of N, P K .

Seeding was carried out using autumn plow-
ing. Prior to seeding, the soil was cultivated with
a KPS-4.2 soil cultivator, followed by rolling
with a ZKKSh-6 star-wheeled roller. Perennial
grasses were seeded in the second ten-day period
of July 2022 using a SN-16 seeder to a depth of
2-3 cm. Coverless seeding was used. As weeds
grew, they were mown with a rotary mower.

The field experiment included awnless brome
Rassvet, perennial ryegrass VIK 66, red fescue
Maxima 1, festulolium VIK 90, Hungarian sain-
foin SibNIIK 30, white clover Rivendel.

On half of the plots, mineral fertilizer was
applied at a dose of N P, K. annually in the
spring before the growth of perennial grasses,
followed by harrowing with BZTS-1.0.

RESULTS AND DISCUSSION

A comparative analysis of the yields of the
main grasses used for forage in the forest-steppe
of Western Siberia revealed that festuloli-
um yielded the highest green and dry matter
yields—32.0 and 5.5 t/ha, respectively (see Ta-
ble 1). Compared to its parental forms (ryegrass
and fescue), the yield increased by 12.5-28.0%
in green matter and 2.4-5.0% in dry matter.

The research results demonstrated the poten-
tial of festulolium for forage production in the
forest-steppe conditions of Western Siberia. Fes-
tulolium yields were 45% higher (10.0 t/ha) than

those of awnless brome grass, the most com-
mon perennial grass in the forest-steppe zone of
Western Siberia.

The highest germination rates were obtained
for perennial ryegrass (754 shoots/m?), while the
lowest were shown by festulolium (502 shoots/
m?). The perennial grass plants had high winter
hardiness — 97-99% (see Table 2).

A simulated grazing study of perennial grass
stands using mowing showed that the highest
dry matter yield, totaling 31.9 c/ha, was obtained
with awnless brome grass after four cuttings.
Other grasses significantly reduced their yields:
festulolium by 12% (28.2 c/ha), red fescue by
13% (27.8 c/ha), and perennial ryegrass by 28%
(23.1 c/ha) (see Table 3).

Application of mineral fertilizers at a dose of
N, P K, increased grass yields by an average
of 44% (to 30.4-46.0 centners of dry matter/
ha), with the highest yields observed in awnless
brome grass and festulolium. Dry matter yields
in perennial ryegrass and red fescue significantly
decreased by 12-34%.

The main dry matter yield was obtained
during the second and third grazing from July
17 to September 2, which amounted to 67% of
the total yield in the variants without applying
fertilizers, and with fertilizer application — 61%.

The high yield of festulolium and the fea-
sibility of its cultivation in Siberia suggest the
feasibility of its cultivation in a mixture with

Ta6ua. 1. YpoxaltHOCTb MHOTOJIETHUX 3JIAKOBBIX
TpaB, CKOIIIEHHBIX B (haze konomenue (2021 r.), T/ra

Table 1. Yield of perennial grasses mown in the
earing phase (2021), t/ha

Green mass Dry Collection of
Culture ield matter, absolutely
yie % dry matter

Awnless
brome 22,0 19,5 429
Timothy grass 24,0 17,4 4,18
Common
ryegrass 28,0 19,2 5,37
Festulolium 32,0 17,2 5,50
Meadow
fescue grass 23,0 22,8 5,24
LSD,, 3,1
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legumes for forage. In the mixtures consisting
of two cereals and one legume, the highest dry
matter yield over four grazing runs was achieved
without fertilizer in the combination of awnless
brome + sandy sainfoin + festulolium — 35.7 ¢/
ha. The application of mineral fertilizers at a

Taoa. 2. 'ycrora TpaBOCTOSI MHOTOJIETHUX 3J1aKO-
BBIX TPaB M 3MMOCTOUKOCTH (2022-2023 rT.), 1mT./™?

Table 2. Herbage density of perennial grasses and
winter hardiness (2022-2023), pcs/m?

Winter
Culture Autumn Spring hardoi/f)less,
Awnless brome 482 469 97
Common ryegrass 754 741 98
Red fescue grass 522 516 99
Festulolium 502 496 99
LSD,, 62,4 61,7

dose of N P K increased the yield by 32% —
to 47.2 c/ha (see Table 4, the figure).

The awnless brome + white clover + festulo-
lium variant showed slightly lower yields. The
total dry matter yield after four grazings was
33.1 c¢/ha, while with the addition of mineral fer-
tilizers at a dose of N P, K it was 44.6 c/ha.
The lowest total dry matter yield after four graz-
ings was obtained in the awnless brome + white
clover + perennial ryegrass variant — 30.3 c/ha,
while with the addition of mineral fertilizers at
a dose of N P, K, it was 40.7 c¢/ha. The addi-
tion of mineral fertilizers at a dose of N ,P, K
resulted in a 33-35% yield increase in the exper-
imental variants.

Biochemical analysis of the dry mass of pe-
rennial cereal grasses showed that the crude
protein content in the feed was 8.61-10.26%,
the yield of feed units was 2.16-3.27 thousand,
crude protein was 2.9—4.4 centners, digestible
protein was 2.32-3.52 centners, and digestible

Tabda. 3. YpokallHOCTh CyX0Oi MacChl MHOTOJICTHUX 3JIAKOBBIX TPAB B 3aBUCUMOCTH OT BHECCHHUS

yaobpenuii (cpeanee 3a 2023-2024 rr.), w/ra

Table 3. Yield of dry weight of perennial grasses depending on fertilizer application (average

for 2023-2024), c/ha

Bleeding
Culture The sum for four
first second third fourth bleedings
(30.05.24) (17.07.24) (02.09.24) (16.10.24)
Without fertilizers
Awnless brome 6,5 10,2 10,9 43 31,9
Common ryegrass 39 7,6 8,2 3,4 23,1
Red fescue grass 5,5 9,1 9,6 3,6 27,8
Festulolium 5,5 9,0 9,9 3,8 28,2
Average 5,4 9,0 9,7 3,8 27,8
LSD,, 0,5 0,9 0,9 0,4 2,6
Application of N, P K,

Awnless brome 8,3 13,1 14,5 5,7 46,0
Common ryegrass 5,5 9.4 10,7 4.5 30,4
Red fescue grass 6,9 11,4 12,7 4,9 40,3
Festulolium 7,7 12,1 13,1 53 42.8
Average 7,1 11,5 12,8 5,1 39,9
LSD,, 0,7 1,1 1,2 0,5 4,1
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protein per 1 feed unit was 107-116 g (see Ta-
ble 5).

Among perennial cereal grasses, the highest
provision of 1 fodder unit of digestible protein
was found in festulolium and red fescue (up to
116 g), the lowest — in perennial ryegrass and
awnless brome grass (up to 108 g).

Thus, festulolium crops, slightly inferior to
awnless brome in terms of dry matter yield, sur-
pass it in terms of digestible protein content per
1 fodder unit and can be used to create cereal-le-
gume grass stands in pastures.

CONCLUSIONS

1. In the forest-steppe zone of Western Sibe-
ria, the potential for using festulolium for forage
has been proven, both in single-species crops
and in the mixtures with perennial legumes. Fes-
tulolium and red fescue have demonstrated the
highest winter hardiness of perennial grasses —
99%.

2. In a single-species perennial grass crop,
awnless brome grass achieved the highest
dry matter yield over four grazing sessions:
31.9 c/ha. The application of mineral fertilizers
atadose of N ,P. K increased the yield by 44%
(to 46.0 c/ha).

3. The highest dry matter yield in the
three-component mixture was obtained with
awnless brome + Hungarian sainfoin + festulo-
lium — 36.2 ¢/ha. With the addition of N P, K
the dry matter yield increased by 12% to
40.4 c/ha.

4. The application of mineral fertilizers at a
dose of N P, K resulted in an increase in the
yield of cereal-legume grass mixtures by 33—
35%.

5. The highest supply of 1 fodder unit of di-
gestible protein was found in festulolium and

red fescue (up to 116 g), the lowest — in peren-

nial ryegrass and awnless brome (up to 108 g).

Tao6a. 4. YpoxallHOCTb CyX0# Macchl TpaBOCMecel MHOTOJIeTHHX TpaB (cpeaHee 3a 2023-2024 rr.), u/ra

Table 4. Yield of dry mass of perennial grass mixtures (average for 2023-2024), c/ha

Bleeding
Oni : The sum for
ption first second third fourth | four bleedings
(30.05.24) | (17.07.24) | (02.09.24) | (16.10.24)
Without fertilizers
Awnless brome + white clover + 6.0 92 10.9 43 303
common ryegrass i i i i i
Awnless brome + white clover + red fescue 63 95 113 46 316
graSS b 2 b 2 9
Awnless brome + white clover + festulolium 6,6 10,0 11,6 5,0 33,1
Awnless brome + Hungarian sainfoin + festu-
lolium 7,4 11,3 11,9 5,2 35,7
Awnless brome + Hungarian sainfoin + com- 6.9 102 10.8 47 3.6
mon ryegrass ’ ’ ’ ’ ’
LSD,, 0,6 1,0 1,2 0,5 3,2
Application of N, P K,
Awnless brome + white clover + 82 122 14.9 54 40.7
COMMON ryegrass ’ ’ ’ ’ ’
Awnless brome + white clover + red fescue
arass 8,5 12,5 15,4 5,8 422
Awnless brome + white clover + festulolium 8,8 13,4 16,0 6,4 44,6
Awnless brome + Hungarian sainfoin + festu- 99 14.8 16.0 65 472
lolium ’ ’ ’ ’ ’
Awnless brome + Hungarian sainfoin + com-
mon ryegrass 9,2 13,6 15,1 5,8 43,7
LSD,, 0,9 1,3 1,6 0,6 4.4
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Taoua. 5. [IutarensHOCTH M MPOAYKTUBHOCTH TPABOCTOEB MHOTOJIETHHX 3JIAKOBBIX TPAB IIPU BHECECHUU
MUHEpabHBIX ynobpenuit N, P K (2024 1)

Table 5. Nutritional value and productivity of perennial grasses when applying mineral fertilizers

N1 4P 60K60 (2024)
Content Yield from 1 ha
Onti Digestible protein
ption crude (Erotein, feed units feed units, crude protein, diges?ible perlku,g
0 thous. c protein, ¢

Awnless brome 9,53 0,71 3,27 4.4 3,52 108
Common ryegrass 9,64 0,71 2,16 2,9 2,32 107

Red fescue grass 10,26 0,71 2,86 4.1 3,28 115
Festulolium 10,22 0,71 3,04 4.4 3,52 116
LSD,, 0,3 0,3 0,3
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[peacrasnen ananus a3gdekra nodaBIeHNs JaAMUHAPUH B PALIUOH MOJIOJHSKA JIOIAACH SIKYTCKOH
MOpoAbl Ha OOMEH BeulecTB W 3Heprud. [lokazaHo, YTO MOJIOAHSAK ONBITHOM TPYIIIBI, MOMYYaBIINHA
JaMUHAPHUIO B PAIMOHE, TEMOHCTPHPOBAI 0ojiee BHICOKOE HCIIONB30BaHUE KaNbIMa u (ocdopa c
YBEJIMYEHHEM MX cofepKaHud B opraHuzMe Ha 3,98 u 1,64% cooTBeTcTBEHHO. DTO YKa3bIBaeT Ha
YAYYIIEHHOE YCBOCHHE OCHOBHBIX MHUTATEIbHBIX BemlecTB. OTMEUEHO, YTO XOTS KOJIMYECTBO BaJo-
BOH DHEPTUH, MOTPEOIICHHON MOJIOMHSIKAMH OIBITHOW M KOHTPOJBHOHN TPy, OBUIO CPaBHUTEIHHO
paBHO, OOMEHHast BaJIOBasi SHEPTHsl Y MOJIOAHSKA OMBITHOW rpymIibl Oblia Beimie Ha 1,16%, uTo cBUe-
TEJILCTBYET O Oosiee H3PPEKTUBHOM MCIIONIB30BAHUH YHEPTUH B Opranu3mMe. MoNOTHIK KOHTPOJIBHOR
TPYMIIBl YCTyIaJl aHAJIOTaM OIBITHOM I'PYIIIBI 110 BEIWYMHE KO3(D(PUIMEHTa IEPEeBapUMOCTH ChIPOI
kieTyaTku Ha 1,8%, mepeBapumocTu cyxoro BemecTBa — Ha 1,4%, OpraHn4ecKoro BelecTBa — Ha
1,9% u BOB —Ha 5,5% (P > 0,95). Takxe oTMedeHa TMHAMUKA )KUBOW MaccChl. B Hadane skcriepuMeH-
Ta JKUBAas Macca MOJIOAHAKA B 00enX Ipynnax Obula IPUMEPHO OAMHAKOBA, HO K KOHILY SKCIIEPUMEHTa
JKUBOTHBIE OTBITHOM TPYIMIbl MPOAEMOHCTPUPOBANN OoJiee MHTEHCUBHBINA POCT, YBEIMYMBIINCH HA
5,20 kr 1o cpaBHEHUIO ¢ 3,67 KI'y KOHTPOJIBHOM IrpynIbl. Pe3ynsraTsl Hccae10BaHUN CBUIETENBCTBY-
0T O IIPSIMOM BIIMSIHUHM JOOABKH JJAMUHAPUH HA HHTEHCUBHOCTb POCTA ¥ OOMEH BELIECTB Y MOJIOHSIKA
nomraneii. Jlo6aBiaeHne TaMUHApUH B PaLlMOH criocobcTByeT Oosee 3(h(eKTHBHOMY UCTIOIB30BaHUIO
KanpLus U Gocdopa, TydmeMy YCBOCHUIO MUTATEIbHBIX BEIIECTB, IOBBIICHUI0 OOMEHHON SHEPTUH
U MHTEHCUBHOMY DPOCTY >KHBOTHBIX. OTH (PaKTOPbl MOT'YT UMETh Ba)KHOE 3Hau€HHE IIPH IJIAHUPO-
BaHMH KOPMJICHUS U YXOJa 32 MOJIOJHSIKOM JIOIIAAEH I JOCTHXKCHUSI ONTHMAIIBHBIX MOKa3aTelei
pocTa 1 pa3BUTHSI.

KiroueBbie c10Ba: prU3M0I0rHUSCKUI OIIBIT, IEPEBAPUMOCTD TUTATEIIBHBIX BEIIECTB KOPMOB, JIa-
MUHAPHSL, JIOAIU, IKyTCKas Iopoja

The effect of kelp on metabolism and energy exchange in young horses
of the Yakutian breed

CDAlferov L.V., Pak M.N., Ivanov R.V., Osipov V.G., Vinokurov LE.

M.G. Safronov Yakut Scientific Research Institute of Agriculture — Branch of the Federal Research
Centre “The Yakut Scientific Centre of the Siberian Branch of the Russian Academy of Sciences”
Yakutsk, Republic of Sakha (Yakutia), Russia

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

The analysis of the effect of adding kelp to the diet of young horses of the Yakutian breed on me-
tabolism and energy is presented. It was shown that young animals in the experimental group that
received laminaria in their diet demonstrated higher utilization of calcium and phosphorus, with an
increase in their content in the body by 3.98% and 1.64%, respectively. This indicates an improved ab-
sorption of essential nutrients. It was noted that although the amount of gross energy consumed by the
young animals in the experimental and control groups was relatively equal, the gross energy metabo-
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lism in the young animals in the experimental group was 1.16% higher, which indicates more efficient
use of energy in the body. The young animals in the control group were inferior to their counterparts
in the experimental group in terms of the digestibility coefficient of crude fiber (by 1.8%), dry matter
(by 1.4%), organic matter (by 1.9%), and nitrogen-free extractive substances (by 5.5%) (P > 0.95).
The dynamics of live weight was also marked. At the beginning of the experiment, live weight of
young animals in both groups was approximately the same, but by the end of the experiment, animals
in the experimental group showed more intensive growth, increasing by 5.20 kg compared to 3.67 kg
in the control group. The results of the studies indicate a direct effect of kelp supplementation on the
growth rate and metabolism of young horses. Adding kelp to the diet promotes more efficient use of
calcium and phosphorus, improves nutrient absorption, increases metabolic energy, and promotes in-
tensive animal growth. These factors can be important when planning the feeding and care of young
horses to achieve optimal growth and development.

Keywords: physiological experience, digestibility of feed nutrients, luminaria, horses, Yakutian breed
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INTRODUCTION

The first studies into the energy needs of
Yakut horses, the mineral content of pasture
plants, and the blood of horses were made by
A.F. Abramov (1978). His findings showed that
in winter, the Yakut horses' bodies experience a
deficiency of many macro- and microelements.

In our research, we conducted a series of ex-
periments to study metabolism in young hors-
es. Eight experiments on the digestibility and
balance of nitrogen, calcium, and phosphorus
were conducted on the same horses, aged from
9 months to 3.5 years. Also, changes in the bio-
chemical composition and natural resistance
parameters of the blood of young horses aged 3
to 24 months, collecting blood samples monthly
until 12 months of age and then at 19 and 24
months were analyzed.

Previously, our ancestors (Sakha) sold adult
animals to collective farms before slaughter for
meat. However, in the republic's horse breeding
industry, based on the principle of "feed conser-
vation," a decision was made to sell foals (at 6
months of age) and cull adult horses for meat

production, which led to a decrease in meat pro-
duction per horse.

In this regard, we propose to continue our re-
search to improve the methods of keeping and
feeding young horses up to 1.5 years of age.

One of the key areas of further research is
the analysis of the nutritional value of locally
grown feeds in the region and the development
of optimal feeding schemes based on this data.
This will optimize feeding processes and im-
prove the production efficiency of horse breed-
ing (N.D. Alekseev (1979, 2006), N.P. Stepanov
(2006), A.F. Abramov (1993)).

In addition, we will study the influence of
various environmental factors, climate, and ge-
netic characteristics of horses on their nutrient
requirements. This will help develop person-
alized approaches to feeding animals based on
their specific living conditions.

A.F. Abramov (1993) notes in his research
that Yakut horses are significantly deficient in
macro- and micronutrients, citing data from
studies of horses from other regions. However,
the nutritional needs of the Yakutian breed hors-
es have not been adequately studied.
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It is important to note that many research-
ers are studying the effectiveness of using both
traditional and non-traditional feed additives in
horse diets [1-5].

J. Montgomery et al. [6] fed hay enriched
with selenium in their studies. The horses fed
hay enriched with selenium had higher plasma
selenium concentrations than the horses receiv-
ing a trace element complex containing seleni-
um or the horses not receiving additional sele-
nium (P < 0.0001). The mean plasma selenium
concentrations were within the reference range
considered sufficient (>0.14 mg/kg) for these
horses.

Foreign authors also note that supplemen-
tation with synthetic vitamins does not have a
significant effect on their concentration in the
blood serum of horses kept on pasture’.

The study comparing the bioavailability of
various organic micro- and macronutrients in
cattle, sheep, and horses found that these com-
pounds were quite effective in increasing serum
levels of these elements?.

In the study by A.A. Slinkin et al. [7] on the
feeding of Bashkir horses, it is also noted that in
order to achieve high productivity of horses, the
diet must be balanced in accordance with estab-
lished feeding standards.

This indicates that organic feed additives en-
riched with various micro- and macroelements
have greater bioavailability than vitamin-min-
eral complexes when used in feeding farm an-
imals.

The studies mentioned above highlight the
need not only to meet nutrient requirements but
also to select optimal sources of these elements
for maximum absorption by the animal's body.
The development of feeding rations should con-
sider not only quantitative but also qualitative
aspects of feed composition.

Therefore, further research is needed to op-
timize the feeding ration for the Yakutian breed

horses. This includes analyzing the content of
both macro- and microelements in the rations,
studying the effect of various additives and min-
eral supplements on the blood microelement
levels of the animals, and determining the re-
quirements of Yakutian breed horses for these
elements under various conditions [8, 9].

Additionally, it is necessary to conduct re-
search to assess the digestibility and bioavail-
ability of macro- and microelements from var-
ious feed sources, such as hay, grains, mineral
supplements, etc. This will allow for the optimi-
zation of diet composition and ensure sufficient
intake of the necessary elements to maintain
health and improve the performance of horses.

This comprehensive study will help better
understand which mineral elements are critical
for the Yakutian horses.

It's also important to consider various
horse-rearing conditions, such as climate, to
help tailor feeding rations to the animals' spe-
cific needs and ensure optimal health and pro-
ductivity.

Seaweed is widely used in the food indus-
try in various countries, including Japan, China,
and other regions. Although it has little nutri-
tional value for humans, it has long been used
as a feed supplement for livestock, especially
during the winter. Seaweed can be considered
an alternative to traditional feed sources.

Due to its unique biochemical composition,
kelp has attracted attention as a potential animal
feed supplement. It contains all the necessary
trace elements in organic form, B vitamins, and
essential amino acids. It is worth noting that
kelp contains a significant amount of easily di-
gestible iodine. These properties make it an at-
tractive choice for improving the quality of ani-
mal feed. lodine plays a vital role in the growth
and development of young horses. lodine defi-
ciency in feed and water should be compensated
for with special mineral supplements?.

1Saastamoinen M., Juusela J. Influence of dietary supplementation on serum vitamin A and D concentrations and their seasonal
variation in horses // Agricultural Science in Finland. Agricultural Research Centre of Finland, The Scientific Agricultural Society of
cience.1992, N 1(5), pp. 477-482.
2Podoll K.L., Bernard J.B., Ullrey D.E., DeBar S.R., Ku PK., Magee W.T. 1992. Dietary selenate versus selenite for cattle, sheep,
and horses // Journal of Animal Science, N 70 (6), pp. 1965-1970. DOL: 10.2527/1992.7061965x.

SBabukhadia K.R., Sharvadze R.L., Elizaryev A.A. Use of Japanese Laminaria together with biologically active substances in
feeding young chickens // Problems of zootechnics, veterinary science and animal biology in the Far East: Collection of scientific
papers / Ed. V.A. Ryzhkov. Blagoveshchensk: Far Eastern State Agrarian University, 2015, Issue 22, pp. 39-48.
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Professor Sauvageau's* noted in his mono-
graph "Utilization of Marine Algues" that
French horses successfully supplemented their
diet with seaweed during the war. Initially, it
was difficult to digest, but gradually became
more digestible, likely due to the action of mi-
croorganisms.

Despite its potential benefits, the issue of nu-
trient absorption by animals using kelp remains
poorly understood in the literature. Currently,
there are no specific regulations for adding kelp
to horse feed. Kelp can be added to concentrat-
ed feed or included in premix supplements to
make it more readily available to horses.

The purpose of the study was to evaluate the
effect of adding kelp to the diet of young Yaku-
tian breed horses on metabolism and energy.

MATERIAL AND METHODS

The scientific study was conducted from
March to April in the Amginsky ulus (small in-
novative enterprise "EJYE" farm) in 2019. The
experimental period lasted 21 days.

The study included a nutrient digestibility
analysis using the methodology described by
A.L. Ovsyannikov (1976). The subjects of the
study were young 2.5-year-old Yakutian breed
horses. Two groups were created for the exper-
iment using the analog-pair method: a control
group and an experimental group. The groups
were formed based on age, origin, live weight,
and body condition, with differences not ex-
ceeding 10%.

The animals were fed twice daily—morning
and evening—and consumed the entire diet. The
groups were housed in a stable pen throughout
the experimental period. The control group con-
sumed a basic diet consisting of 9.0 kg of hay
and 3 kg of oats, while the experimental group,
in addition to the basic diet, received 150 g of
kelp for every 3 kg of oats per animal.

At the beginning and end of the experiment,
the animals were weighed and their key mor-
phometric parameters (height at the withers,
oblique body length, and chest girth) were mea-
sured. At the end of the experiment, feed and
fecal samples were collected for nutrient digest-
ibility analysis. Sample collection and storage
were carried out in accordance with established
procedures®.

The needs of horses were calculated using
the formulas proposed by A.N. Kosharov et al.®.

The requirement of horses for digestible
protein to maintain life was calculated using
the calculation methods developed by V.N. Ka-
lashnikov, I.F. Draganov and V.G. Memedeykin
(2010).

RESULTS AND DISCUSSION

The chemical composition of the diets of
young horses of the Yakutian breed aged 2.5
years in the winter-spring experiment is pre-
sented in Table 1.

A comparative analysis of the chemical com-
position of hay and a combination of oats with
kelp revealed significant differences between
them in the content of phosphorus (by 48%),
calcium (by 15.35%), potassium (by 39%) and
iodine (by 45.4%) (P > 0,95).

Having analyzed the composition and volume
of feed consumed, we calculated the amount of
nutrients received by the animals studied per
day (see Table 2).

From Table 2 it can be seen that the amount
of dry organic matter, crude protein, crude fat
and NFES consumed by animals in both groups
was approximately the same.

Data obtained during a scientific and farming
experiment indicate that the animals fed with
the kelp feed supplement digested the greatest
amount of nutrients from their diets. Moreover,
young animals from the experimental groups
outdid their counterparts from the control group

“Sauvageau C. The Use of Marine Algae Paris: Librairie Octave Doin, 1920, 394 p.
SOvsyannikov A.I. Basics of experimental work in animal husbandry. Moscow: Kolos, 1976, pp. 281-293.

®Kosharov A.N. Theoretical justification and recommendations for the application of new feeding standards for horses / A.N.
Kosharov, S.T. Ugadchikov, V.G. Memedeykin // Improving the selection of horse breeds: Collection of scientific papers. Moscow:

VNIIK, 1983, pp. 79-103.
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in digesting dry matter by 178.3 g (2.22%),
organic matter by 161.1 g (2.13%), protein by
19.2 g (1.09%), fat by 7.1 g (2.46%), and fiber

by 146.3 g (6.65%) (see Table 3).

Ta6a. 1. Xumnuyeckuit cocraB KOpMOB

Table 1. Chemical composition of feeds

During the experiment, a comparatively high
nutrient intake was observed in the experimen-
tal group of young horses, which resulted in

higher digestibility coefficients of essential nu-

Chemical composition

Indicator
hay oat oat + kelp

Water 4,58 +0,20 439+0,13 11,97 £0,47
Crude protein 13,0£0,78 20,43 £0,35 7,70 £ 0,91
Crude fat 1,62 + 0,09 2,95+£0,22 1,50£0,15
Crude fiber 41,70 £ 0,21 14,06 £ 0,11 10,60 £ 0,49
NFES 34,22 £1,26 51,94 + 0,44 3422 4+1,26
Crude ash 4,98 £ 0,09 2,87 £ 0,05 6,61 +0,07

P, mg/100 g 200,4 +0,01 322,28 +9,42 345,28 £ 0,785*
Ca, mg/100 g 54,4 £ 0,04 60,8 £ 1,67 64,27 £ 0,663*
K, mg/100 g 216,1 £0,12 319,09 + 14,66 354,88 +£5,78*
Na, mg/100 g 21,0 0,02 31,37 + 1,046 33,92 +£0,416
Mg, mg/100 g - 106,14 + 4,71 117,64 + 1,86*
Fe, mg/kg - 32,59 +1,98 37,45£3,72

I, mcg /100 g 2,6 £0,03 3,612+0,472 4,762 £0,186*

Note. Here and in Tables 3, 5, 7:

*P>0,95.

Ta6a. 2. KomruecTBo MUTATENBHBIX BEIIECTB, MOTPEOICHHBIX MOJIOMHIKOM B 2,5 Toma
(B cpemHeM Ha OHO KUBOTHOE B CyTKH), T

Table 2. Amount of the nutrients consumed by 2.5-year-old youngstock (per animal per day), g

Indicator

Group

control

experimental

Dry matter

12259,6 + 12,40

12265,0 + 35,10

Organic matter

10829,6 + 31,30

10746.7 + 12,95

Crude protein

2318,4+ 17,60

23442 £ 17,60

Crude fat 381,6 +7,10 399,1 + 10,40
Crude fiber 4053,8 + 88,70 4195,4 +£22,70
NFES 4074,2 £ 92,30 3808,7 £ 52,70
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trients. For example, the dry matter digestibility
coefficient was 65.5 + 0.08%, which was 1.4%
higher than in the control group, and the organ-
ic matter digestibility coefficient was 70.1 +
0.20%, exceeding the control group by 1.9%. It
should be noted that the control group of young
horses was inferior to the experimental group in
terms of the crude fiber digestibility coefficient
by 1.8% (P > 0.95) and in terms of NFES by
5.5% (P >0,95).

The inclusion of kelp in the experimental
group's diet had a positive effect on feed intake,
digestibility, and nutrient availability. Similar
data were obtained by Yu.A. Karmatskikh [10]
in the studies examining the effect of benton-
ite on nutrient availability: a diet supplement-

ed with bentonite led to an increase in nutrient
availability in mares and young Orlov Trotters.

Analysis of the calcium balance of young an-
imals in the experimental group compared to the
control group revealed more efficient utilization
of both calcium and phosphorus in the body.
The observed increase in calcium was 3.98%,
and phosphorus was 1.64% compared to the
control group. Furthermore, calcium absorption
from feed intake exceeded that of the control
group by 3.26%, and phosphorus absorption by
3.43%.

Employees of the All-Russian Research In-
stitute of Horse Breeding of the Yakut Research
Institute of Agriculture also noted that the in-
troduction of feed additives, organic selenium,

Ta6a. 3. KoadduimeHTs! nepeBapuMOCTH OCHOBHBIX ITUTATEIbHBIX BEIICCTB PAIl[MOHA Y MOJIOAHSIKA

B BO3pacTe 2,5 roja 3a Iepuo dKCIIepuMeHTa, %o

Table 3. Coefficients of digestibility of basic nutrients in the diet of 2.5-year-old youngstock over the

experiment period, %

Indicator control e experimental
Dry matter 64,1 0,06 65,5 +0,08*
Organic matter 68,2+0,17 70,1 £0,20*
Crude protein 75,0 0,08 74,8 £ 0,20
Crude fat 73,6 £ 0,32 72,1 +0,50
Crude fiber 50,5+0,25 52,3 +0,28%*
NFES 81,1 +0,60 86,6 = 1,10%*

Taoxa. 4. Vcnonb3oBanue kanpius U Gocdopa B palmoHe MOJIOAHSKA JIOMAACH SIKYTCKOM MOPOJIBI

B Bo3pacTe 2,5 roja 3a nepruoj 3KCIepuMeHTa, I

Table 4. Utilization of calcium and phosphorus in the diet of 2.5-year-old youngstock of Yakutian Horse

Breed over the experiment period, g

Indicator Group -
control | experimental
Consumed in feed
Calcium 64,19 + 2,50 67,26+ 1,13
Phosphorus 33,80+ 0,41 35,16 £ 091
Excreted in feces
Calcium 36,15+0,28 36,90 + 0,52
Phosphorus 23,0+£0,01 23,04 £ 0,35
Held in the body
Calcium 26,89 + 1,28 30,37 £ 1,57
Phosphorus 10,8 £0,41 12,44 £ 3,17
Used from the taken food, %
Calcium 41,89 45,15
Phosphorus 31,95 35,38
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and mineral supplements based on local raw
materials into the diets of mares and young an-
imals contributes to a positive balance of nitro-
gen, calcium, and phosphorus and their greater
deposition in the body [11-13].

The amount of gross energy consumed by
young animals from both the experimental and
control groups is relatively similar; however, the
figures for young animals from the experimen-
tal group are only 0.3 MJ (0.14%) higher than
those of the control group (see Table 5). Despite
this, the metabolizable gross energy of young
animals from the experimental group exceeds
that of the control group by 1.16%. Differences
in the expenditure of metabolizable energy for
maintaining life between the groups were insig-
nificant: in the experimental young animals it
was 35.5 £ 0.41 MJ, while in the control group
it was 35.4 +£0.32 MJ.

Growth and development are interconnected
processes that continuously interact with each
other and manifest as a unity. Feeding is one
of the key factors in the growth and develop-
ment of an organism [14]. Feeding determines
the development of an organism over time, as
it represents the supply of substances that are
converted into the body of animals. The com-
position of these substances, in addition to the
structure of the diet, depends on their energy
value and the quality of the nutrients included
in it.

Ta6a. 5. IlorpebieHue U UCTIONIB30BaHUE
SHEPIUU MOJIOIHSKOM JIOMIAJIEH SIKYTCKOM ITOPOAbI
B BOo3pacTte 2,5 roja B BeCeHHEM ombite, Mk
Table 5. Consumption and utilization of energy
by 2.5-year-old youngstock of Yakutian Horse
Breed in the spring experiment, MJ

In winter, the growth of young Yakut sheep
significantly slows as their body's energy is di-
rected toward thermoregulation, which can lead
to a decrease in live weight. Different feeding
levels for growing animals have a significant
impact on their growth and development. At the
end of the winter-spring season, measurements
of the animals' key parameters were taken be-
fore and after the kelp feeding experiment.

The study revealed a direct influence of feed-
ing factors on the growth rate of the experimental
young animals, which is clearly shown in Table
6. At the beginning of the experiment, the live
weight of the young animals in the control and
experimental groups was almost the same and
amounted to 298.08 + 5.86 and 299.67 + 2.35
kg, respectively. By the end of the experiment,
the live weight of animals in the control group
increased by 3.67 kg and amounted to 302.48
+ 4.23 kg, while in the experimental group, the
live weight of young animals increased by 5.20
kg and amounted to 304.87 + 2.85 kg.

It is known that a deficiency of feed and in-
dividual nutrients in the diet can lead to slower
growth and development of animals.

The conducted studies show that the young
animals in the experimental group, which re-
ceived a daily supplement of kelp to their main
diet, demonstrated higher chest girth measure-
ments by the end of the experimental period.
The chest girth of the young animals in the ex-
perimental group was 164.75 = 0.82 cm, while
that of the young animals in the control group
was 162.75 £ 0.04 cm. The difference in chest

Tao6ua. 6. )Kupas macca MosofHsiKa Jiomaaen
SIKyTCKOM TIOpOJIbl B Bo3pacTe 2,5 roja 3a nepuo

Indicator - Giroup ombITa (n = 6)
experimental control ; .

Energy: Table 6. Live weight of 2.5-year-old youngstock
gross 2143+ 1,12 214,6 +2,14 of Yakutian Horse Breed over the experiment period
digestible 1423+041 | 1428+051  (n=6)
metabolizable 126,54 + 0,17 1274+ 1,19 G
Including life Live weight, kg =P .
support 35,5+ 0,41 35,4+0,32 control experimental
Super-sustaining Start of the
energy 91,04+0,77 | 9026+0,47%  experiment 298,08+£5.86  1299,67+235
Gross energy End of the
exchange, % 59,04 60,2 experiment 302,48 £4,23 304,87 +2,85
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Taoa. 7. [Ipomepsl MOIOIHSIKA SIKYTCKOH MOPOIBI B BO3pacTe 2,5 roza 3a nepuof onbita (1 = 6)

Table 7. Measurements of Yakutian Horse Breed youngstock at the age of 2.5 years old over the
experiment period (n = 6)

Group
Indicator control experimental
Start of the experiment End of the experiment Start of the experiment End of the experiment
HW, cm 132,98 + 0,42 133,42+ 1,22 133,08 + 0,96 135,42 + 0,86
OBL, cm 135,83 + 1,16 137,58 + 1,11 137,50 + 1,08 139,0 + 1,09
ChG, cm 160,08 + 1,17 162,75 + 0,04 160,98 + 0,09 164,75 £ 0,82*

girth between the groups was 1.21%, with a sig-
nificant difference (P > 0,95).

Had the study continued for another month,
the difference in body volume and weight
would likely have been more significant. This
indicates the potential long-term effects of kelp
on the growth and development of young fish.

CONCLUSION

Feeding young 2.5-year-old Yakutian breed
horses hay and oats supplemented with kelp
during the winter and spring can contribute to
achieving relatively good animal productivity
during the most challenging season of the year.
This is confirmed by live weight gain data for
the young animals in the experimental group.

The use of kelp in equine nutrition not only
showed potential positive results in the study
but also has potential practical applications in
equine breeding. Further research could deep-
en our understanding of the mechanisms by
which kelp affects equine metabolic processes
and physiology, which, in turn, could lead to the
development of more effective feeding methods

and improved horse performance.
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CesIbCKOX03AMCTBEHHAS TEXHUKA KUTAlCKOr0 POU3BOACTBA
B CeJIbLCKOM Xxo3s1ficTBe Poccuu

) Hosaes I'.A., T'onauna U.N.

Ypanvcruii 2cocyoapcmeennviii acpapuwiii ynusepcumem
ExarepunOypr, Poccus

(X)e-mail: gri-iovlev@yandex.ru

Hapsiny ¢ Tpakropamu KUTalCKOro MpoM3BOJICTBA HA POCCUMUCKUM PHIHOK CTalld MOCTYINaTh pa3-
JIUYHBIE CEbCKOX03CTBEHHbIE MaiHbl 13 Kuras. [IpoBeneH aHanm3 TeXHUKO-YKOHOMHYECKUX I10-
KazaTeJiel MIyroB KUTaiCKOro, pOCCUHCKOro MPOU3BOCTBA U IUIYTOB BEAYIIMX 3alaJHbIX OpPEHIOB.
Bo Bpems ucciieoBaHUil UCIIOJIB30BaHbI PACUETHBIN, PACYETHO-KOHCTPYKTUBHBINM, SKOHOMHKO-MaTe-
MaTUYEeCKUH METOJbI, a TaKKe METOJbl CPaBHEHHMs, U3MEpeHHUsI, onucanus. OnpeneneHbl dKCIuTya-
TaI[IOHHBIE CBOICTBA M ONTHMAJIBHBIA COCTAaB MAaXOTHBIX arperaroB B COCTaBE C TPAKTOPaMH pas-
JUYHBIX MMPOM3BOANTENECH M TATOBBIX KJIACCOB C IUIyraMH KuTaiickoro mpom3BoacTBa Optitech. Ha
OCHOBaHUH TEOPETHUYECKUX PACUETOB, IPOBEIEHHOTO TECT-/IpaiiBa C/IeJaH BBIBOJ O BOSMOXKHOCTH 3(h-
(exTHBHOTO HcnoIb30Banus TpakTopa RSM-2375 ¢ mimyrom Optitech PL 850 On land. Matepuanamu
JUTSL ICCTICTIOBAHMS TTOCITY KM WHCTPYKIIMHK 110 dKctuTyataruu mwryroB Optitech PL 850 pazmuanoro
WCIIOJIHEHHUSI C Pa3IMYHBIMU BapHaHTaMU ITUPUHBI 3aXBaTa OJHOTO KOPIYCa, & TAKKE HHCTPYKIUS 10
aKcIUTyaTaruu Tpakropa RSM-2375. CpaBHUTENBHBIN aHAIH3 SKCIUTyaTalIHOHHBIX CBOMCTB ITAXOTHO-
ro arperara npu padboTe «BHE 00PO3IBI» U «B OOPO3Ie» MPH ONPEaCICHHOM BapHaHTE OAIIaCTHPO-
BaHUS TPOBEIIM BO BPEMs TeCT-ApaiiBa C MOCIEAYIOUIMM CPaBHEHHEM C TEOPETHYECKUMH HCCIE0-
BaHUsIMU. OIpe/eNIeHbl ONITUMATBHBIE COCTaBbI MAXOTHBIX arperaroB B COCTaBE C TPAKTOPaMHU pa3-
JIMYHBIX TPOU3BOUTEINICH M TATOBBIX KJIACCOB, IMOATOTOBJICHBI PEKOMEH/IAIIMHU 110 KOMIUICKTOBAHUIO
arperaroB € IUIyTaMH C pa3JIMYHBIM KOJMUECTBOM KOPITYCOB M Pa3IYHON IIMPUHON 3aXBara OJJHOTO
kopiyca. [lepen TecT-npaiiBoM MPOBENICHBI TEOPETUIECKHUE PACYEThI IO OMPEICICHUIO ONTUMATLHBIX
AKCITIYaTaIlMOHHBIX CBOWCTB Tpakropa RSM-2375 mpu pasnuyHBIX BapHaHTaxX OayIaCTHPOBAHMUS.
OcyIIecTBIICH CPaBHUTENBHBIM aHAIM3 TaXOTHOTO arperara IMpH MPOBEJISHUH TECT-IpaiBa U BapH-
aHTam¥ 0aJNIaCTUPOBAHMUS, TPOU3BEICHBI TEOPeTUYeCKUE pacueThl. CellbCKOX03HCTBCHHAS TEXHUKA
KHATACKOTO MPOM3BOACTBA, B YACTHOCTH IIIYTH, UMEIOT BCE OCHOBAHMS JUII HCIIONB30BaHUS B CEIlb-
CKOXO3SHCTBEHHOM MPOU3BOACTBE Poccuu.

KaroueBble ciioBa: dKCIuTyaTanus, IIyT, TATOBOE COMPOTHBIICHUE, IIPOU3BOIUTEIBHOCTD, Oasia-
CTHPOBAHHE, TATOBOE ycuiue, 3pPeKTHBHOCTE

Chinese agricultural machinery in Russian agriculture

) Iovlev G.A., Goldina L.I.
Ural State Agrarian University
Ekaterinburg, Russia

(X)e-mail: gri-iovlev@yandex.ru

Along with Chinese-made tractors, various agricultural machines from China began to enter the
Russian agricultural machinery market. Analysis of technical and economic indicators of Chinese and
Russian plows and plows from leading Western brands has been made. During the research, compu-
tational, computational-constructive, economic-mathematical methods, as well as methods of compa-
rison, measurement, and description were used. The operational properties and optimal composition
of plowing units in combination with tractors from various manufacturers and traction classes with
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CenbCKOX03SUCTBEHHAS TEXHUKA KUTAHCKOTO IIPOU3BOACTBA

Uosnes I''A., Tonguna 1U.1.

B CEJIbCKOM X03s11icTBe Poccun

Chinese-made Optitech plows have been determined. Based on theoretical calculations and test drives,
it was concluded that the RSM-2375 tractor can be used effectively with the Optitech PL 850 On land
plow. The materials used for the study were the operating instructions for Optitech PL 850 plows of
various designs with different working widths for a single body, as well as the operating instructions
for the RSM-2375 tractor. A comparative analysis of the operational properties of the plowing unit
when working “outside the furrow” and “in the furrow” with a specific ballasting option was carried
out during a test drive, followed by a comparison with theoretical studies. The optimal configurations
of the plowing units have been determined for tractors of various manufacturers and traction classes,
and recommendations have been prepared for assembling units with plows with different numbers
of bodies and different working widths per body. Prior to the test drive, theoretical calculations were
performed to determine the optimal operating characteristics of the RSM-2375 tractor under various
ballasting conditions. A comparative analysis of the plowing unit was carried out during a test drive
and with different ballasting options, and theoretical calculations were made. Chinese-made agricul-
tural machinery, particularly plows, are well suited for use in Russian agricultural production.

Keywords: operation, plow, traction resistance, productivity, ballasting, traction force, efficiency
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INTRODUCTION

Many scientists are working on the issues
of efficient use of agricultural machinery in
production, including foreign machinery. The
main areas of research are substantiation of the
objective necessity of agricultural cooperation
between the People's Republic of China and
the Russian Federation [1], changes in logistics
chains in the formation of the machinery market
[2—4], research into factors influencing the agri-
cultural machinery market in Russia [5], prob-
lems of providing agricultural producers with
machinery [6], and the efficiency of using agri-
cultural machinery [7-13].

As aresult of the departure of Western brands,
a significant number of agricultural tractors from
China have appeared on the market. In terms of
engine power and traction properties, these are
mainly tractors of traction classes 1.4; 2.0 and
3.0 tons; in 2024, tractors of traction class 4 tons
will be presented. The first operating experience
shows that Chinese-made tractors are not infe-
rior, and in some cases surpass tractors of the
Belarusian-Russian production in terms of oper-
ational properties, but are often inferior to them
in terms of reliability.

Trailed, mounted, semi-mounted agricultural
machines for soil cultivation have also begun to
enter the Russian market of agricultural machin-
ery from China: plows, disc harrows, grain and
forage harvesters. Plows are being promoted to
the Russian market especially actively.

The purpose of the study is to determine the
optimal options for using Chinese-made plows.

The research objectives are to:

— carry out theoretical research to determine
the optimal option for a unit with tractors of dif-
ferent traction classes;

— conduct a test drive to determine the main
performance indicators of the plowing unit.

MATERIAL AND METHODS

The study was conducted on the basis of tech-
nical and economic characteristics of agricultur-
al tractors, plows using studies by the Russian,
foreign authors and the author of this study. The
following methods were used for the study: cal-
culation, calculation and design, economic and
mathematical, as well as methods of compari-
son, measurement, description.
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RESULTS AND DISCUSSION

To compare the technical and economic in-
dicators of the ploughs, the characteristics
of ploughs from Chinese, Russian and lead-
ing Western manufacturers are presented (see
Table 1). The ploughs differ in operating weight
and the required tractor engine power. For the
Baichuan 1LFT-650Q and PPO-6 Dobrynya
ploughs, the operating weight per 1 m of the
plough working width is within the range of
1033-1160 kg, the designated tractor power per
1 m of the working width is within the range of
83.3—110 hp/m. The Jeegee 1LF-550, Jeegee
1LF-560, Long Feng Raptor 650 Optima, Lem-
ken EurOpal 8, Lemken EurOpal 9 ploughs have
an operating weight of 537-760 kg/m, and the
designated tractor power is 66.7—100 hp/m. Chi-
nese manufacturers also offer eight-body Jeegee
1LF-850 ploughs with a working width of one
body from 33 to 50 cm (four positions), and their
operating weight is 3600 kg.

Of particular interest are the Optitech (former
AGCO-RM) ploughs with a number of bodies
from 3 to 12 with a body width of 33 to 60 cm.
The line of eight-body ploughs is represented
by the Optitech PL 850 On land, Optitech PL
850, Optitech PL 850 L, Optitech PL 850 L On
land brands, which differ in weight, body width,
the ability to work both in the "furrow" and "out
of the furrow" positions (PL 850 On land, PL
850 L On land) or only "in the furrow" (PL 850,
PL 850 L). A special feature of these ploughs is
that they can be used in versions with seven and
eight bodies.

The Department of Service of Transport and
Technological Machines and Equipment in the
Agro-Industrial Complex of the Ural State Agra-
rian University has conducted theoretical studies
on the formation of an optimal plowing unit from
the presented ploughs in combination with vari-
ous tractors. The hourly productivity and specific
fuel consumption were taken as a basis.

Ta6a. 1. OcHOBHBIE XapaKTEPUCTUKHU TUIYTOB (YHCIO KOPITyCOB 6)!¢

Table 1. Main characteristics of the plows (the number of bodies is 6) '

Brand Working width, e Operating weight, kg | | Tactor capacity require-

of the first body of the plough ments, hp
Baichuan 1LFT-650Q 36/43/50 216-300 3450 300-330
Baichuan 1LFT-650Q 48/50/53 288-318 3690 310-350
Jeegee 1LF-550 33/38/44/50 198-300 1750 180-220
Jeegee 1LF-560 40/48/55/60 240-360 1960 180-240
Long Feng Raptor 650 Optima 35/40/45/50 210-300 2280 210-300
Lemken EurOpal 8 Steplessly variable | 150300 1610 up to 230
Lemken EurOpal 9 The same 180-300 1710 up to 250
PPO-6 Dobrynya 35/40/45/50 210-300 3098 150-250

"Plough BAICHUAN 1LFT-650. https://agrosirius.ru/plug-agro-sirius-11ft-650?ysclid=m18lujzsq824117011 18.09.2024.
Mounted reversible plough Jeegee 1 LF-550. https://jeegee.ru/plug-jeegeelk550/?ysclid=m18melbycz558592783 18.09.2024.
3Mounted reversible plough Jeegee 1 LF-560. https:/jeegee.ru/plug-jeegee-1k560/ 18.09.2024.

‘Mounted reversible plough Jeegee 1 LF-560. https:/jeegee.ru/plug-jeegee-1k560/ 18.09.2024.

SLONGFENG RAPTOR (mounted). https://agro-nova.ru/catalog/navesnye/longfeng raptor/?ysclid=m18mjpkc8w605268687

18.09.2024.

®Semi-mounted reversible
1d588644005658 18.09.2024.

plough PPO-6 Dobrynya.

https://sel-teh.ru/oborotnyj-plug-ppo-6-dobrynya?ysclid=m1843
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To calculate the traction resistance of PL 850
ploughs, the following initial data were adopted:
plowing depth of 22 cm, specific soil resistance
of 40 kN/m?, operating speed of the operation up
to 12 km/h.

The traction resistance of the plough is deter-
mined by the formula

R =R *xn+fm,, (1)

where R, — traction resistance, kN; 7 — number
of bodies; f — rolling resistance coefficient of a
plough; m_— operating weight of a plough, kN.

The traction resistance of one body is deter-
mined by the formula

R, = abk, )

where a — width of one body, m; b — processing
depth, m; £ — soil resistivity, kKN/m?.

The Optitech PL 850 On land plough has a
working width of 35/40/45/50 cm for one body,
while the Optitech PL 850, Optitech PL 850 L,
Optitech PL 850 L On land ploughs have a work-
ing width of 33/38/44/50 cm.

The working width and traction resistance of
the plows with seven- and eight-body designs
are presented in Table 2.

Using the data on traction resistance from Ta-
ble 2, tractors with the appropriate traction force
were selected, capable of effectively perform-
ing the technological operation of plowing in
the corresponding gears, with a working speed
that meets agrotechnical requirements and with
a reserve of traction force (to overcome tempo-
rary resistance) on the hook. For all brands of
ploughs and options for the width of capture of
one plough body, calculations were made for
hourly productivity, specific fuel consumption
for units in the composition with the following
tractors: Belarus 3522, K-525, K-730M, KAT-
3004, K-739M, K-744R3, K-424, K-744R2.

The hourly productivity of the unit is cal-
culated taking into account the plow's working
width, working speed, coefficients taking into
account the use of the working width, working
speed, and working time of the shift. The spe-
cific fuel consumption is calculated taking into
account its consumption during the main work,

Ta6a. 2. lIupuna 3axsara, TATOBbIE CONPOTHBIEHHS IIyroB, KH
Table 2. Working width, traction resistance of the ploughs, kN

o Body working .Seven bodies .Eight bodies
ough brand width, cm Plough working Tractive resistance Plough working Tractive resistance
width, m width, m
35 2,45 29,8 2,8 32,8
Optitech PL 850 40 2,8 32,8 3,2 36,4
On land 45 3,15 35,9 3,6 39,9
50 3,5 39,0 4,0 43,4
33 2,31 28,4 2,64 31,3
) 38 2,66 31,5 3,04 34,8
Optitech PL 850
44 3,08 35,2 3,52 39,1
50 3,5 38,9 4,0 433
33 2,31 27,6 2,64 30,5
Optitech PL 850 38 2,66 30,7 3,04 34,0
L 44 3,08 34,4 3,52 38,3
50 3,5 38,1 4,0 42,5
33 2,31 27,4 2,64 30,3
Optitech PL 850 38 2,66 30,4 3,04 33,8
L On land 44 3,08 34,15 3,52 38,0
50 3,5 37,9 4,0 423
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turns, and idle crossings (data for calculations
are taken from reference literature and operating
instructions with data on specific fuel consump-
tion per 1 effective hp/h).

Fig. 1, 2 show the results of calculations to
determine the hourly productivity and specific
fuel consumption for plowing units consisting of

a Belarus 3522 tractor and seven- and eight-body
ploughs. The highest productivity was recorded
for the unit consisting of a Belarus 3522 with
a seven-body plough PL 850 L On land with a
working width of one body of 44 cm (2.13 ha/h),
the specific fuel consumption was 19.1 kg/ha.
The highest productivity was recorded for units

kg/ha ha/h
23 22
22 2.1
21 2.0
20 1,9
19 1.8
18 1,7
17 1,6
35 40 45 50 33 38 44 50 33 38 44 50 33 38 44 50

PL 850 On land PL 850

B Specific fuel consumption, kg/ha

PL850L PL 850 L On land

Working width of one body, cm
B Hourly productivity, ha

Puc. 1. Yacoasi mpon3BOIUTENLHOCTD, YIETbHBIN pacxoj] TOIJIMBA arperara B COCTaBe ¢ TPAaKTOPOM

benapyc 3522 u ceMblo KOPITyCHBIMH TIITyTaMH

Fig. 1. Hourly productivity, specific fuel consumption of the unit in combination with the Belarus 3522

tractor and 7-body ploughs

kg/ha ha/h
23 22
22 2.1
21 2,0
20 1.9
19 1.8
18 17
17 16
35 40 45 50 33 38 44 50 33 38 44 50 33 38 44 50

PL 850 On land PL 850

B Soecific fuel consumntion. ke/ha

PL850L PL 850 L On land

Working width of one body, cm
B Hourlv nroductivitv. ha

Puc. 2. YacoBas MpOU3BOAUTCIBHOCTD, I[CJ'ILHI)Iﬁ pacxon ToIuiMBa arperara B COCTaBE € TPAKTOPOM

Benapyc 3522 u BocemMblo KOPITyCHBIMHU IIIyraMu

Fig. 2. Hourly productivity, specific fuel consumption of the unit in combination with the Belarus 3522

tractor and 8-body ploughs
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with eight-body ploughs PL 850 L and PL 850
L On land with a working width of one body of
38 cm (2.11 ha/h), the specific fuel consumption
was 19.2 kg/ha.

The K-424 tractor has maximum produc-
tivity in combination with seven-body ploughs
PL 850 L and PL 850 L On land with a work-
ing width of one body of 33 cm (1.52 ha/h;
19.6 kg/ha).

The units in combination with the KAT-3004
tractor have maximum productivity with seven-
and eight-body PL 850 L ploughs with a work-
ing width of one body of 33 cm (1.65 ha/h), spe-
cific fuel consumption is 17.7 kg/ha, as well as
with the seven-body PL 850 L On land plough
with a working width of one body of 33.38 cm
(1.65 ha/h; 17.7 kg/ha).

The K-525 tractor has maximum productivi-
ty in combination with seven-body ploughs PL
850 L and PL 850 L On land with a single-body
width of 33 cm (1.74 ha/h), specific fuel con-
sumption is 17.8 kg/ha.

The K-730M has maximum productivi-
ty in combination with a seven-body plough
PL 850 L On land with a single-body width of
50 cm (2.8 ha/h), with an eight-body plough
PL 850 L On land with a single-body width of
44 cm (2.85 ha/h), specific fuel consumption is
16.6 kg/ha.

The K-739M tractor has maximum produc-
tivity when coupled with an eight-body PL
850 L On land plough with a working width of
one body of 44 cm (3.11 ha/h; 16.5 kg/ha).

The unit in combination with the K-744P2
tractor has maximum productivity in combina-
tion with the PL 850 L On land seven-body plough
with a single-body width of 50 cm (3.29 ha/h),
specific fuel consumption is 13.1 kg/ha.

The K-744P3 has maximum productivi-
ty in combination with the eight-body plough
PL 850 L On land with a single-body width of
50 cm (3.5 ha/h), specific fuel consumption is
13.7 kg/ha.

From the presented analysis, a preliminary
conclusion can be made that it is most expedient
to use this plough in the PL 850 L On land ver-
sion with seven or eight bodies with a working
width of one body of 44 or 50 cm, with trac-
tors of traction class 5 and 6 (K-730M, K-739M,

K-744P2, K-744P3); hourly productivity - from
2.85to 3.5 ha/h, specific fuel consumption from
13.1to 16.6 kg / ha.

It is also possible to use tractors of the
lower traction classes: Belarus 3522, K-525,
KAT-3004 (Chinese-made tractor) with ploughs
in the PL 850 L and PL 850 L On land versions,
mainly with seven bodies, as well as with eight,
but with a working width of one body of 33 cm.
The efficiency of use will be 30% lower.

It is not advisable to use the K-424 tractor
with ploughs of this brand, even in a seven-body
version, with a working width of one body
of 33 cm.

To check and clarify the operational data of
Optitech ploughs, a test drive of the Optitech PL
850 On land plough was conducted in one of the
agricultural organizations of the Sverdlovsk re-
gion with the participation of the representatives
of Agrosnabtekhservis OOO (Novosibirsk),
B-Istokskoe RTPS JSC (Ekaterinburg), the De-
partment of Service of Transport and Techno-
logical Machines and Equipment in the Agro-In-
dustrial Complex of the Ural State Agrarian Uni-
versity.

The test drive was performed in a unit with
the RSM-2375 tractor and the Optitech PL 850
On land plough (serial number 26967) with an
eight-body design with a working width of one
body of 38 cm (plough operation in the "out of
furrow" and "in furrow" positions) (see Fig. 3).
The RSM-2375 tractor on standard 710/70R38
tires with eight ballast weights of 30 kg on the
front frame (240 kg) and 26 on the rear (780 kg),
a total of 1020 kg, with the distribution of the
operating weight by the three-point hitch assem-
bly along the axles: front — 57%, rear — 43%.
The technological operation was performed in
gear [13 — 10.9 km / h.

To determine the operational properties of the
unit consisting of “tractor RSM-2375 + plough
OPTITECH PL 850 On land”, the following
technical and economic indicators were used:

— plough PL 850 On land: operating weight
5500 kg, working width of one body 33/38/44/50
cm, number of bodies 7 + 1;

RSM-2375 tractor: operating weight
12460 kg, up to 39 front ballast weights of
30 kg + bracket for securing 130 kg weights,
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Puc 3. O60p0THI>II/I TIyT OPTITECH PL 850 On land

RS T Lo

Fig. 3. Reversible plough OPTITECH PL 850 On land

26 rear ballast weights of 30 kg + bracket for
securing 110 kg weights (the operating instruc-
tions provide for 24 to 30 ballast weights of 30
kg as auxiliary rear weight, since the three-point
hitch version does not provide for the installa-
tion of a rear set of weights) [14];

— when carrying out field work using a three-
point hitch, the distribution of operating weight
between the axles is permitted in the following
ratio: 65% — front axle, 35% — rear.

To evaluate the operational properties of the
RSM-2375+PL 850 On land unit, presented for
a test drive to determine the optimal option for
a plowing unit, the following options for tractor
ballasting are proposed (see Table 3).

The results of calculations for determining
the operating weight, power-weight ratio, and
nominal traction force are presented in Table 4.

Table 4 shows that when using the factory
set of ballast weights in a tractor with a three-
point hitch, the tractor remains in the "energy"
concept [14]. According to the operating instruc-
tions, the maximum efficiency of the tractor will

be achieved with an operating weight of 16,162
kg’. In this regard, the tractor can be additionally
loaded with 1,512 kg of ballast weights. How-
ever, this is only possible for a tractor equipped
with a PTO and a traction type hitch or by in-
stalling dual wheels.

Based on the data in Table 4, the traction forc-
es were determined for various working gears
with different ballasting options. The results for
some options are presented in Table 5

To determine the draft resistance of the
plough, formulas (1), (2) were used. During the
test drive, the PL 850 On land plough with a sin-
gle body working width of 33/38/44/50 cm was
used. During the test drive, the plough was ad-
justed to a single body working width of 38 cm,
the operating weight — 5500 kg.

Traction resistance of one body — R, =
0,38 x 0,22 x 40 = 3,34 kH, of the plough —
R =3,34x8+0,15x53,9=348kN.

To evaluate the operational properties for dif-
ferent options of using ballast weights, the fol-
lowing formulas were used.

"Buhler 2425, 2335, 2290, 2375, 2360 manual. [Digital resource]. URL: https://manualsdump.com/en/manuals/ buhler-2335mod-
el-2425model-2290model-2375model-2360model/97275/1. Date of reference 23.09.2024.
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Taoxa. 3. BapuanTsl OanmacTupoBaHus TpakTopa

Table 3. Tractor ballasting options

Front weights, kg

Rear weights, kg

Option Total, kg
Mounting bracket | Front weights Sum Mounting bracket | Rear weights Sum

1 Without ballasting

2 130 - 130 Without cargo 130
3 130 — 130 110 — 110 240
4 130 8 x 30 370 110 - 110 480
5 130 8 0% 30 370 110 6 %30 290 660
6 130 16 x 30 610 110 6 %30 290 900
7 130 16 x 30 610 110 11 %30 440 1050
8 130 24 x 30 850 110 11 x 30 440 1290
9 130 24 x 30 850 110 16 x 30 590 1440
10 130 32 x30 1090 110 16 x 30 590 1680
11 130 32 x30 1090 110 21 x30 740 1830
12 130 39 x 30 1300 110 21 x 30 740 2040
13 130 39 x 30 1300 110 26 x 30 890 2190
14 130 8 x 30 370 110 26 x 30 890 1260

Taoua. 4. Pesynbrarel pacueToB nokasarenei ans Tpakropa RSM-2375 B cOOTBETCTBHM C BapUaHTaMH
0ayutacTUPOBAHUS

Table 4. Results of calculations of the indicators for the RSM-2375 tractor in accordance with ballasting

options
Option Val; 1rlznt axle, kﬂi Vaizar axle, kli) Operating weight, kg Energ}Z V\S]z/llt(LII\II'ation, Nor?(i)rrlsfl:’tﬁilgtion
1 7102 57,0 5358 43,0 12460 2,26 479
2 7232 57,4 5358 42,6 12590 2,23 48,4
3 7232 57,0 5468 43,0 12700 2,21 49,2
4 7472 57,7 5468 423 12940 2,17 49,7
5 7472 56,9 5648 43,1 13120 2,14 50,4
6 7712 57,7 5648 423 13360 2,1 51,3
7 7712 57,1 5798 42,9 13510 2,08 51,9
8 7952 57,8 5798 42,2 13750 2,05 52,8
9 7952 57,2 5948 42,8 13900 2,02 53,4
10 8182 57,0 5948 43,0 14140 1,98 54,4
11 8182 58,0 6098 42,0 14290 1,96 54,9
12 8392 57,0 6098 43,0 14500 1,93 55,7
13 8392 58,0 6248 42,0 14650 1,91 56,3
14 7472 54,0 6248 46,0 13720 2,05 52,7

*Option No. 14 corresponds to the option of ballasting the tractor during a test drive.
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Ta6ua. 5. Tarossle ycunus Tpaktopa RSM-2375 Ha paznuuHbIX nepefadax Mpy pasInyHbIX BapHaHTax

JIOTPY3KH
Table 5. Traction forces of the RSM-2375 tractor in different gears with different additional loading
options
Tractive efforts in accordance with the option of additional loading with ballast weights, kN
Range, operating Onti
speed, km/h pion Field research
1 5 8 13
1 2 1 2 1 2 1 2 1 2 1 2
111 8,0 38,8 40,8 42,7 45,6 42,6
112 9,3 35,5 37,4 39,2 41,8 39,1
113 10,9 31,6 33,2 34,8 37,1 34,7
114 12,6 | 114 7,9 27,4 28,8 30,2 32,2 30,1
1111
10,3 354 37,3 39,0 41,6 38,9
na 31,6 33,3 34,9 37,2 34,8
o 27.4 28.8 30.2 322 30.1

Note.1 — without reduction gear; 2 — with reduction gear.

Hourly productivity:

W,=eBV,=el,E, 1BV, 3)

where e — coefficient taking into account the
units of measurement of the speed of the unit;
e = 0,1, B, — working width of the unit, m;
B, =&, B, where £, — coefficient of utilization
of the capture width, taking into account the dif-
ference between the working capture width and
the design one:

&, = TP, when plowing &, = 1,05, V, —
workingspeed of the unit; V, = £ xV_, where
€, — speed utilization factor: § = — £,=0,83

V.
L
for tractors of classes 5 and 6 t; T — shift time

T

P

utilization rate: T = , under good organiza-

tion of work and normal operating conditions

t=0,7-0,8.
Fuel consumption
_ GT.P + GT.H + GT.HEP’ GT.XI[
8ra~ 74 ’

9

4
where G, G, G Gryy — average hourly
fuel consumption during a shift (kg/h) during the
main (clean) work, idling on turns, crossings and
during idling of the engine (during stops of the
unit with the engine running). Average hourly
fuel consumption is taken from reference data

or by calculation through the specific fuel con-
sumption per 1 hp and the degree of engine load-
ing.

This study presents calculations for the op-
tions in Table 4.

Option 1. The technological process of plow-
ing can be performed on the II1 gear without a
reduction gear — 8 km/h, traction force 38.8 kN.
W,=0,1x1,05x0,83x0,75 x 3,04 x 8= 1,59 ha/h;

37,7 x 0.75 +20.65 x 0,25
Era™ 1,59 -
283 +5.16

= I,T =21 kg/ha.

Option 5. The technological process of plow-
ing can be performed on the 112 gear without
a reduction gear — 9.3 km/h, traction force —
37.4 kN;

W,=0,1x1,05x0,83x0,75x 3,04 x9,3=1,85 ha/h;

39,7 x0,75+21,7% 0,25

Era 1.85

29,8 +5,42

= I,T = 19 kg/ha.

Option 8. The technological process of plow-
ing can be performed on gear II11 with a reduc-
tion gear — 10.3 km/h, traction force — 37.4 kN.

W,=0,1x1,05x083x0,75x% 3,04 x10,3=2,05 ha/h;
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41,6 x 0,75 +22,7 0,25

W,=0,1x1,05%0,83x0,75%3,04 x 10,3 =2,05 ha/h;

“‘ 2,05 _ 41,5 x0,75+22,08x0.25
_ 3124567 o o 2,05 -
To205 CoREAR 312457 oy

= - g a.

Option 13. The technological process of
plowing can be performed on gear III1 with a
reduction gear — 10.3 km/h, traction force — 41.6
kN.

W,=0,1x1,05%0,83 x0,75%3,04 x 10,3 = 2,05 ha/h;

44,3 x 0,75 +24,3 x 0,25
2,05
_ 332+6,05
2,05
Option 14. The technological process of
plowing can be performed on gear III1 with
a reduction gear — 10.3 km/h, traction force —
38.9 kN.

8ra

=19,2 kg/ha.

2,05

The calculation results are presented in Table
6.

Using the index method, taking 1 addition-
al load as the base option, the optimal option
for operational properties will be determined
(see Table 7).

It was found that the optimal option for us-
ing the machine-tractor unit was number 6, i.e.
when using a bracket and 16 front weights, a rear
bracket and 6 rear weights (total 900 kg), with
weight distribution by axles: 7712 kg (57.7%)
on the front axle and 5648 kg (42.3%) on the
rear, the nominal traction force of the tractor is
51.3 kN.

Tao6a. 6. [IpousBoaurensHOCTh, pacxoy TorminBa MTA nipu pa3iuYHBIX BApHaHTaX 0aIaCTUPOBAHHUS
Table 6. Productivity, fuel consumption of the MTU with different ballasting options

Ballasting option
Indicator
1 2 3 4 5 6 7 8 9 10 | 11 12 | 13 14
Hourly productivity, ha/h 1,5911,591,59|1,59|1,85(2,05|2,05|2,05|2,05]|2,05|2,05]|2,05]|2,05|2,05
Specific fuel consumption,
kg/ha 21,0121,3(21,4|21,8|19,0|17,5|17,7|18,0|18,2|18,5|18,7|19,0|19,2| 18,0

Taodua. 7. Cymma OanjioB Ipu OLEHKE Pa3IMYHbIX BAPHAHTOB 0AJUIACTHPOBAHMS Ha HKCILTyaTallHOHHbIE

cBorictBa MTA

Table 7. Sum of the points when evaluating different ballasting options for the operational properties of

the MTU
Option Hourly productivity of MTU Specific fuel consumption Total points

1 1,0 1,0 2,0

2 1,0 0,99 1,99
3 1,0 0,98 1,98
4 1,0 0,96 1,96
5 1,16 1,1 2,26
6 1,29 1,2 2,49
7 1,29 1,19 2,48
8 1,29 1,17 2,46
9 1,29 1,15 2,44
10 1,29 1,13 2,42
11 1,29 1,12 2,41
12 1,29 1,1 2,39
13 1,29 1,09 2,38
14 1,29 1,17 2,46

MCX&HPI?,BJ.[[/[S[, aBToOMaru3anysi, MOACIIMPOBaHNE

1 nHOPMALMOHHOE OOecHeueHIEe
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During the test drive, the plowing unit page was 8.3%, in the furrow it was 10.4 km/h,

worked “outside the furrow” and “in the furrow” slippage was 4.6%.
(see Fig. 4, 5). Hourly productivity in the out-of-furrow po-

The actual operating speed of the unit when sition:
operating outside the furrow was 10 km/h, slip-  W,=0,1 x 1,05 x 0,75 x 3,04 x 10 = 2,39 ha/h.

Puc. 4. PaboTa naxoTHOTO arperara B IMOJOKEHUH «BHE OOPO3IbD»
Fig. 4. Operation of the plowing unit in the “out of furrow” position

Puc. 5. PaboTa maxoTHOTO arperara B MOJOKEHHH «B O0PO371e»
Fig. 5. Operation of the plowing unit in the “in furrow” position
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Hourly productivity in the in-furrow position:
W,=0,1 x1,05x0,75 x 3,04 x 10,4 = 2,49 ha/h.

Specific fuel consumptionis 15.4 and 14.8 kg/
ha, respectively.

CONCLUSIONS

1. Along with tractors, foreign-made agricul-
tural machinery, especially ploughs, is actively
promoted on the Russian market. Chinese-made
ploughs often copy each other or Western mod-
els, such as Lemken. The ploughs can be used in
seven- and eight-body designs, which allows for
a more efficient assembly of the plowing unit.
The hourly productivity of the plowing units in
combination with the Belarus 3522 tractor and
the PL 850 On land seven-body plough with
a single-body width of 0.4 m is 5.4% higher
than that of the unit with an eight-body plough,
7.4% higher with the PL 850 plough with a sin-
gle-body width of 0.38 m, and 5.4% higher with
the PL 850 L On land plough with a single-body
width of 0.44 m.

2. To change the operating mode "out of the
furrow" to the "in the furrow" mode, there is no
need to reconfigure the tractor hitch. It is enough
to move the hydraulic cylinder of the plow hitch
to the position corresponding to the modes, and
adjust the position of the plow frame to match
the position of the bodies of the traction line.

3. During theoretical studies to determine the
operational properties of the RSM-2375 tractor
in combination with the PL 850 On land plough
with a working width of one body of 38 cm be-
fore the test drive, it was found that the opera-
tional properties are optimal with ballasting op-
tion 6. The unit with the tractor ballasting option
during the test drive (option 8) of ballasting is
inferior to the unit with option 6 due to increased
fuel consumption associated with the increased
weight of the tractor.

4. Tractor manufacturers claim that the max-
imum efficiency of the tractor will be achieved
when using dual tires. The dual tire kit with a
710/70R38 tire (wide twin) weighs 1,280 kg,
and installing dual tires will not change the bal-
ance between the axles. Using dual tires will in-
crease the nominal traction force to 61.2 kN. The
hourly productivity of the unit is 2.4 ha, and the

specific fuel consumption is 17.8 kg/ha. Using
a tractor with dual tires without ballast weights
is almost identical to option 8 and the option of
ballasting the tractor during a test drive.

4. The calculations made confirm the tractor
manufacturers' statement that the tractor's oper-
ation during field work is most efficient when
working on dual tires.

5. During the test drive it was revealed that
the plowing unit has the highest operational
properties when the unit is operating in the “in
furrow” position: hourly productivity is 4.2%
higher, specific fuel consumption is 3.9% lower.

6. During the test drive, it was concluded that
the PL 850 On Land plough in combination with
the RSM-2375 tractor is capable of performing
high-quality plowing in accordance with agro-
technical requirements both when the unit is op-
erating in the "outside the furrow" position and
"in the furrow". The range of working gears and
various ballasting options allow the plow to be
used with different processing depths and body
widths.
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MeTox0/10rn4eCKMid aCNEeKT MPo0JieMbl PA3BUTHUSA Pe3ePBHBIX
JHeprocoeperaimx CUCTeM BeHTHISALNHA
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B crarpe paccmoTrpens! crieninduka CO3aHUS U OCHOBHBIE TPEANIOCHIIKM K BHEPEHUIO Pe3epB-
HBIX BEHTHIIAIMOHHBIX CHUCTEM JIJISl TUTIOBBIX KPYITHOTa0apUTHBIX NTHIIEBOMYECKUX 11eX0B. CoBpe-
MEHHOE 000py0BaHUE, UCTIONB3YyEeMOE ISl 00eCTIeUeHUsT Ha IeKAINX MUKPOKITMMAaTHYECKUX YCIIO-
BUI B IITUOCBOAYCCKUX II€XaX, BKIIOYast KOM6I/IHI/Ip0BaHHI)I€ BCHTHUIALIMOHHBIC CUCTEMbBI TOHHECJIBHO-
IO TUIIA, TIOJIHOCTHIO 3aBUCHMO OT AJIeKTpHuecTBa. B ciyuae mo00ii aBapuitHON cUTyalluu, CBI3aHHON
C NEKTPOCHAOKEHUEM, OT YIyIIbsl U TIEPerpeBa MOrudaeT MpakTUICCKH BCe MOToNI0Bhe. OCOOECHHO
OTIACHBI JIETHUE BBICOKOTEMIIEpATypHbIE MEPUO/BI, TOCKOIBKY IPU OCTAHOBKE OCHOBHOW CHCTEMBI
BEHTHJIAIINU BO3yXOOOMEH C OKPY)KAIOIIEH Cpeol MOIHOCTHIO MPEeKpallaeTcsi B CUIy paBeHCTBA
3HAUCHHUH TeMIIepaTyp BHYTpPHU IMOMEIICHHS U 3a €ro npeaenaMu. B myOnukauuu npeanaraercs alib-
TEPHATUBHOE PEUICHHUE: MepeMelIeHIE BO3AYITHON MacChl HA OCHOBE MPUHIIMIIA €€ KOHBEKIIHOHUPO-
BaHU4. JIormka M3n0KeHUs Marepuaja aACjaacT BO3SMOXHBIM IMTOHMMAaHUEC KaK aKTyaJIbHOCTU 3KOHOMU-
YECKOTO acleKTa IMPOrHO3UPYEMOTO PHCKA aBapHid U yTPaThl peHTa0eIbHOCTH, TaK H JOCTOBEPHOCTH
MPOEKTUPOBaHUS (DYHKIIMOHATBHOM CTPYKTYPHI C CO3aHUEM NMPUHIUITAATHHON CXEMBI TEXHIHYECKOTO
pelIeHus, UCKITFOYAIOIIeTo MoI00HbIe pUCKU. MeXaHu3M CO3/IaHUS BEKTOPHBIX MOTOKOB, BITHSFOIINX
Ha (OPMHUPOBAHKE U PEIIOKALIMIO TEMIIEPATYPHBIX MOJIEH, a TAKXKE Ha KPaTHOCTh BO3AyX000OMeHa BHY-
TPH KPYIHOTa0apUTHBIX TEXHOJOTHYECKUX MOMEIICHUH, MPUBOIUTCS HE TOJIBKO B BUJE MPUHIHIIN-
AIBHOW CXeMBI Ha OCHOBE JISIOTEHEPATOPOB, HO M KaK METOJIOJOTMYCCKHIH allTOPUTM, MOJI0KEHHBIH
B TUTaH BBIYHCIHUTEIHHOTO SKCIIEPUMEHTA, IIEITBI0 KOTOPOTO SABISETCS OlleHKa (PYyHKIIMOHATIHHOCTH U
TEXHOJIIOTUYHOCTH anpoOupyeMoro mpoekra. OCOOSHHOCTh TpeaiaraéMoro Moaxoa 3aKiTiodaeTcs
B TOM, YTO TP 3HAYUTEIHHOM PaCcXOjie PHEPTHH HE MCKIII0YaeTCs BO3MOXKHOCTH €€ Iepepacrpesie-
JIeHus U1 o0ecredeHusi padoThl CUCTEMBI OXJIAJIMTEILHOTO KOHTYpa C JIeAOTeHeparopaMu. 3a cueT
«COKOHOMJICHHOM» 3IIEKTPOIHEPIHH Pe3epBHAsi BEHTHIISILIMOHHASI CUCTEMa, HAXOMASCh B PEKHME «XO-
JIOAHOI0» OKMJAaHUA, TOTCHIHWAJIBHO I'OTOBA 3allyCTUTh IMMPOUECC KOHBECKIIMOHHOTO BEHTUJIIMPOBAHUSA
MITUIIEBOAYECKOTO [1€Xa MPU OTKIIIOYEHNH €TO OT AIIEKTPOCETH Ha ITEPHOJ IPOBEICHIS PEMOHTHO-BOC-
CTaHOBHTENBHBIX PA0OT.

KaroueBbie cjioBa: NTUIIEBOIYECKHIA 11X, €CTECTBEHHAS BEHTUJIAIINS, OXJIAXK/IaloIasl yCTaHOBKa,
TEII000MeH

Methodological aspect of the problem of development of backup
energy-saving ventilation systems

Rotova V.A., Asmankin E.M., <) Ushakov Yu.A., Neifeld E.V., Ivanov P.A., Rezanov A.l.
Orenburg State Agrarian University

Orenburg, Russia
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This publication examines the main prerequisites for the implementation and specifics of creating
backup ventilation systems for typical large-scale poultry farms. The modern equipment used to pro-
vide microclimatic conditions, including combined tunnel-type ventilation systems, are completely
dependent on electricity. In the event of any emergency related to the power supply of the poultry
complex, almost the entire population of the serviced birds dies from suffocation and overheating.
Summer high-temperature periods are especially dangerous, since when the main ventilation system
stops, air exchange with the environment completely stops due to the equality of the temperatures
inside and outside the premises. The publication proposes to consider an alternative: the movement of
the air mass based on the principle of its convection. The logic of the presentation of the material in the
publication makes it possible to understand both the relevance of the economic aspect of the predicted
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Porosa B.A., Acmankun E.M., Vimakos 10.A.,
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MeTomoI0rHYeCKHil aCTIeKT IPOOIEMBI Pa3BUTUS PE3EPBHBIX
3HEProcOeperarolx CUCTEM BEHTHIISLIUH

risk of accidents and loss of profitability, and the reliability of the design of the functional structure
with the creation of a basic diagram of the technical solution that eliminates such risks. The mecha-
nism for creating vector flows that affect the formation and relocation of temperature fields, as well as
the multiplicity of the air exchange inside large-sized technological premises, is presented not only in
the form of a schematic diagram based on ice generators, but also formalized into a methodological
algorithm included in the plan of a computational experiment, the purpose of which is to evaluate the
functionality and manufacturability of the tested project. A feature of the proposed approach is that
with significant energy consumption, the possibility of its redistribution to ensure the operation of the
cooling circuit system with ice generators is not excluded. Due to the "saved" electricity, the backup
ventilation system, being in the "cold" standby mode, is potentially ready to start the process of con-
vection ventilation of the poultry shop when it is disconnected from the power grid for the period of
repair and restoration work.
Keywords: poultry shop, natural ventilation, cooling unit, heat exchange
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INTRODUCTION of maintaining vital levels of these parameters,

When analyzing the heat exchange process in relation to the maximum time required for

in a poultry house, it is important to note the repairs, must reliably exclude the possibility of

significant influence of convection on the cre- Mass mortality of birds during a crisis.

ation of a microclimatic environment within the
process space, which allows us to consider the
issues of modernizing ventilation systems from
the point of view of expanding optional capa-
bilities, but taking into account emergency sit-
uations. In this case, we are considering the re-
moval of exhaust air from the interior of a poul-
try house during an emergency failure of the
climate control system or a power outage in the
poultry farm. In such circumstances, a reserved
option for switching to natural ventilation be-
comes extremely necessary. Moreover, the per-
formance and parametric characteristics of air
flow, temperature stabilization, and the duration

If the poultry house ventilation system fails
due to low or subzero ambient temperatures, the
minimum required air exchange in the process
room can be ensured by promptly opening all
existing process openings to the outside. Due to
the temperature difference, fresh air will flow
through roof vents, wall air vents, functional
fan openings, and transport openings located in
the room. It is possible, although technically ex-
tremely difficult, to carry out short-term repairs
and maintenance work without evacuating the
flock from the non-functional room.

The complexity of the issue of preserving
poultry populations increases during the hot
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season, when the temperature difference be-
tween the ambient environment and the inter-
nal temperature field is practically non-existent,
and air exchange in the process room is possi-
ble only with the help of forced ventilation, as
a result of which seasonal energy consumption
increases by 300 —400%. Moreover, the archi-
tectural and geometric design specifications of
a poultry house typically do not provide for a
reduction in thermal stress. Consequently, even
a short-term ventilation system failure or power
outage during periods of high temperatures will
inevitably lead to overheating and exhaust air
poisoning of virtually the entire flock.

The solution to this problem lies in a key
physical phenomenon characteristic of heat and
air exchange processes occurring in industrial
and residential buildings where forced ventila-
tion is unavailable or unfeasible. This involves
the convective, oriented movement of air flows
distributed within the temperature and gas-satu-
rated fields of a confined space, and the need to
install appropriate process equipment.

A typical poultry house, during periods of
ventilation system failure, is precisely such a fa-
cility. While indoor air parameters are not stan-
dardized for semi-open and open poultry hous-
es, the calculated indoor air temperature should
be no more than 5°C above the average monthly
outdoor temperature at 1:00 PM during the hot-
test month for closed process facilities during
the hottest period of the year. In this case, the
indoor air temperature should be no more than
34°C for chickens aged 1 to 10 days, no more
than 31°C for other age groups of egg-laying
poultry, and no more than 29°C for meat-pro-
ducing poultry. The indoor air temperature may
exceed these values only if the relevant require-
ments are included in the design specifications.
The heat content of the indoor air in poultry
buildings should not exceed 71 kJ/kg (17 kcal/
kg) for chickens aged up to 50 days, and 67 kJ/
kg (16 kcal/kg) for other age groups.

It should be noted that the design specifica-
tions include periods of emergency operation
for ventilation and humidification systems. Fur-
thermore, for areas with a design outdoor air
temperature of 25°C or higher during the warm
season at 1:00 p.m. during the hottest month, it
is recommended to consider evaporative adia-
batic cooling and humidification of the supply
air. Furthermore, drinking water should be used
to fill the spray chambers and humidifiers, as
well as to fill the nozzles of local supplementary
humidification systems [1, 2].

In principle, a schematic, functional, and
technical solution for a natural-flow ventilation
system for the facility under study is feasible.
However, it would be necessary to further eval-
uate the feasibility of applied modeling within
the framework of the basic design, the develop-
ment of which is conceptually based on thermal
physics, thermodynamics, and heat engineer-
ing. To this end, several questions must be ad-
dressed: how feasible is the recommended ap-
proach for natural-flow ventilation system proj-
ects? Is it feasible to use a fragmented process
based on adiabatic cooling technology? How
can a backup ventilation system be designed
using the technological equipment already in-
stalled in the poultry house?

It is known that an adiabatic process is a ther-
modynamic process in a system without heat
exchange with the environment. This means
that it does not release heat into the surrounding
space, but simultaneously reduces the tempera-
ture and humidifies the air mass. Therefore, adi-
abatic cooling systems are cooling technologies
that utilize the principles of thermodynamics to
reduce the temperature of air or water without
the need for external heat transfer. In these sys-
tems, temperature reduction is achieved through
gas expansion or water evaporation.

An adiabatic air humidification system, in
turn, is designed as a climate control device or a
group of interconnected devices used to increase
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indoor humidity without altering the internal
energy of the air. These systems typically inject
water through nozzles after deep pre-treatment.
These systems are commonly used to increase
relative humidity in residential and commercial
spaces.

The problem is that a major power failure
disrupts both the ventilation equipment and the
water supply. Therefore, it becomes crucial to
quickly connect alternative energy sources to
maintain the livestock's vital functions while
climate control systems are being repaired or
power to process facilities is interrupted.

There are many types of modern equipment
for providing agricultural complexes with back-
up power sources: electric generators, backup
mini-power plants, industrial gas generators,
diesel generator sets, etc. Analysis of the elec-
tricity consumption spent on the ventilation
system in a poultry farm showed that the mini-
mum consumption was 2302 kW h (March), the
maximum — 22,740 kW h (August). For exam-
ple, to ensure the smooth operation of a poultry
farm, eight DES 3000 diesel generator sets with
a total capacity of 24,000 kW are required. The
acquisition and maintenance of these units re-
quires significant material costs (the total cost,
including delivery and installation, ranges from
100,000 to 200,000 rubles per unit). Other dis-
advantages of using diesel generators include:
emissions of nitrogen oxides, soot, and other
pollutants; high noise levels; and dependence
on diesel fuel, which can create certain difficul-
ties in remote areas.

It's unlikely that engineering services at
poultry farms will consider regenerative ener-
gy projects as a backup if the technical solution
focuses on wave or tidal energy from seawater.
The hydrothermal gradient and geothermal en-
ergy sources are also just a matter of rhetori-
cal projections for the poultry industry—even
in global electricity production, this approach
only accounts for 0.5%. Installing solar panels

or wind turbines on poultry farms is impractical
due to unstable natural and climatic conditions.
Integrating alternative energy sources such as
heat pumps into the poultry farm's technological
system could be considered as an alternative.

The creation of backup ventilation capacity,
a pressing issue in the poultry agro-industrial
sector, necessitates a comprehensive analysis of
the entire range of equipment currently in mass
production. For example, the use of heat pumps
and geothermal sources confirms the feasibility
of generating the artificial cold necessary to cre-
ate a temperature differential during convective
airflows using geothermal energy.

This type of energy can be used in two ways.
First, high-potential geothermal energy (over
100°C) can be converted into electricity for use
in a vapor-compression or thermoelectric re-
frigeration system. Second, the heat from me-
dium-potential geothermal fluid (over 60°C)
can be used in heat-recovery absorption thermal
transformers, whose equipment can generate
artificial refrigeration in the summer. However,
in neither case is it possible to activate ice-gen-
eration systems and initiate convective airflow
during a power outage at the poultry farm. The
reason is simple: both options require the same
amount of electricity to generate artificial cold.
Therefore, the working documentation does not
provide for or include the schematic diagrams
and technical solutions for geothermal heating
units in the functional structure of these facil-
ities.

In this regard, the search for solutions to the
problem of livelihood support for productive
livestock in poultry farms is proposed to be con-
ducted in a "spatiotemporal" discrete manner,
which can be interpreted as the advance devel-
opment of technological prerequisites that do
not affect the system process until a failure oc-
curs. In the event of an emergency disruption to
the process, the system process will be restored
and maintained for the time required to carry
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out repairs. As a result, the interpenetration or
overlap of operational characteristics, which
could lead to parametric transformation of pro-
cess parameters and negatively impact the wel-
fare of the birds, is eliminated. The principle of
"early formation of process prerequisites" stems
from the conditions for modeling the functional
structure and the basic design of the technical
solution for the backup ventilation system.

Condition one: the technological prerequi-
sites are formed permanently—only during the
operation of the primary climate control sys-
tem under optimal operating conditions until it
enters an emergency state. If the systems and
mechanisms powered by the electrical grid are
shut down, the formation of temperature fields
and air flow vectors in the workshop ceases. At
the same time, the accumulation of the poten-
tial activator of convective air exchange and
convective heat exchange ceases; the climate
control mode is transformed from forced ven-
tilation (usually tunnel) to natural plenum air
supply. In the event of a power failure during
the particularly dangerous, high-temperature
summer season, an alternative ventilation sys-
tem will prevent mass bird mortality. Howev-
er, to restore the air mass to a dynamic state, it
is necessary to redistribute the facility's power
consumption, taking into account the actuators
and devices that control the process of gener-
ating the required operating parameters of the
backup ventilation system.

This leads to the second condition: between
the proposed functional structure of the back-
up ventilation system and the basic design of its
technical solution, it is necessary to conduct a
computational experiment, the factorization of
which should be aggregated to optimize ener-
gy consumption for actuators and the level of
their operational manufacturability. It is advis-
able to use a system synthesized from mathe-
matical models of technological fragments of
the production environment as the basis for the

methodological formalization of the computa-
tional experiment. In this case, the direction and
intensity of convection currents affecting air ex-
change are of interest [1, 3].

MATERIAL AND METHODS

A key feature of the technical implementa-
tion of a backup ventilation system for a poultry
house is the presence of ice generators. Ice gen-
erators, whether they be refrigeration chambers,
freezers, or any other type of freezing device
capable of producing, retaining, and accumulat-
ing ice, act as activators of convection currents.
The poultry house equipment design presents
no technical difficulties. For the engineering
department, installing two tubular refrigera-
tion circuits around the perimeter of the pro-
cess room will present no problems. However,
activating an alternative air exchange mode as
a process requires an analysis of the integrat-
ed system's functionality from a physics and
thermodynamics perspective, i.e., formalizing
cause-and-effect relationships at the method-
ological level.

It should be noted that thermal energy stor-
age devices predominantly utilize phase-change
substances (PCS) of the solid-liquid type. These
are generally classified as organic, inorganic,
and eutectic (eutectic solutions) [4]. Organic
PCS include paraffins, fatty acids, and other
compounds. In some cases, water is used as the
storage medium in air conditioning and venti-
lation systems. It is characterized by high spe-
cific heat capacity and specific heat of freezing
(melting ice) — 4.184 kJ/(kg'K) and 335 kl/kg,
respectively. When using ice made from water
in the accumulators, the capacity of the tanks
will be within acceptable dimensions and can
be installed on the walls of the poultry house
along the perimeter. Furthermore, melting ice
produces water, which helps increase humidity
in the poultry house, which is also necessary to
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maintain the livestock during hot periods when
the air conditioning system is turned off.

Next, let's consider the components and op-
eration of a backup ventilation system intended
for installation in poultry farms located in the
areas with high summer temperatures. Typical-
ly, a standard poultry house design equipped
with a forced-draft tunnel ventilation system
includes openings for communication with the
outside environment, through which fresh air is
drawn in while tunnel fans remove accumulat-
ed biological gases (see Fig. 1). Such openings
include: air valves (/) located along the entire
length at the top of the load-bearing walls along
the rows of cassettes with cages for keeping
chickens (2); ventilation wells (3) located along
the longitudinal axis on the roof of the work-
shop (as an option, it is permissible to use a
model with an electric fan); technological open-
ings (4) for the installation of tunnel fans (5) on
one of the end walls of the workshop.

In the absence of electricity and identical
temperature conditions inside and outside the
workshop, air exchange within it virtually ceas-
es. Air movement is activated immediately af-
ter a power outage using additional equipment
with pre-set functional and pre-stabilized oper-
ating parameters allowing, through the use of
all openings in the technological room, to form
convection air flows and distribute them vecto-
rially across the poultry placement sectors.

For this purpose, a pipeline (6) is installed
around the entire perimeter of the workshop at a
level above the air valves, channeling the refrig-
erant to the ice generators (7), installed directly
above the air valves equipped with Delta plates
(8). In addition, a lower circuit of the refriger-
ation pipeline (9) is installed along the perime-
ter. The distance from the floor to the mounting
points of the lower circuit should not exceed the
installation height above the floor of the lower
tier of bird cages.

During operation of the main ventilation sys-
tem, the piping cools and ice gradually forms
in the ice generators. A power failure stops the
forced removal of used air from the process
room, and the process switches to convection
air exchange. The wall-mounted air cascade,
cooled by the ice generators, begins to move
downward, flowing around the Delta plates and
the air valve openings. This creates a vacuum in
the interplate space and draws oxygen-rich air
from the surrounding environment.

To prevent the mixing of hot and cold air
from slowing the downward flow and causing
its premature dissipation, the lower circuit of
the refrigeration pipeline is designed according
to the design, although without the installation
of ice generators, it is more massive along its
entire length. This ensures: firstly, stabilization
of the temperature regime of the wall-mounted
air mass cascade at the level of the convection
differential; secondly, vectorial formation of the
air circulation movement in the process room,
taking into account the passage space under the
lower tier of poultry cages. Thus, heavy gases
(carbon dioxide, hydrogen sulfide, ammonia)
are forced out by a cooled flow to the ventila-
tion shafts and partially, due to the instability of
their laminar flow, to the technological openings
where tunnel fans are installed, which stopped
functioning due to a power outage.

If we draw an analogy with the field of hy-
drodynamics, then the designed functional
structure, as a result of a computational experi-
ment, should confirm the possibility of realizing
the so-called vertical turbulence, characteristic
of the movement of water masses in river beds,
or one of the elements of a whirlpool in the nat-
ural environment. The duration and intensity of
air exchange in vertical turbulence mode de-
pends on the volume of the process space and
the capacity of the ice generators. This issue
requires detailed analysis, including the design
and technological parameters of the equipment
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Fig. 1. The layout of the cooling circuit with icemakers

providing backup (alternative) replacement for
the forced ventilation system in the event of its
failure' [1, 5].

If we abstract from the technological process
in a poultry farm and consider it as a geometric
space filled with geometric bodies — cages for
keeping poultry, then hypothetically the con-
vective formation of air flows in the specified
room will have the surface of a distorted toroid
or a toroid inscribed in a parallelepiped of the
technological space for keeping poultry (see
Fig. 2). In order to ensure full air exchange and
optimize heat exchange processes in the room
when calculating heat transfer coefficients, heat
transfer, and air exchange rates, it is advisable to
work with a closed-type toroid model, which is

a condition for the adequacy of the convection
flow trajectory not only to the geometry of the
process space, but also to the areas of the open-
ings for communication with the environment.
Experience with laboratory and industrial test-
ing throughout the history of scientific and tech-
nological progress demonstrates the complexity
and significant expense of most research pro-
cedures when working with large-scale objects,
especially when the transition to a technical solu-
tion involves the creation of rig-based simulation
systems. Difficulties increase exponentially if the
rig-based equipment testing plan involves the
use of experimental groups of animals or birds.
Moreover, the implementation of an innovative
project may ultimately lose its cost-effectiveness

'Gadaborsheva T.B., Efremova G.S., Zakharyina A.Ya. Analysis of air mass movement in rooms with complex layouts // Internet
Bulletin of the Volgograd State University of Architecture and Civil Engineering, 2015, N 1 (37), p. 1.
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if the reliability of the basic design is not con-
firmed during the creation of a physical model of
the technical solution (even with multiple correc-
tions of the prototype after its reconstruction us-
ing a feedback system with the functional struc-
ture of the technological object).

It should be noted here that large structural
units not intended for expansion of the function-
al structure are subject to a categorical ban on
unregulated use of supporting structures, due to
the increased risk of their failure. For this rea-
son, additional functionality is introduced to
a technological facility only after conducting
model studies: of the technological system, the
set of technical facilities aggregated within it,
and the economic system as an indicator of the
profitability of innovative transformations [6, 7].

Within the framework of the topic under de-
velopment, the fact of parametric integration
within a single hydrodynamic process—convec-
tive air exchange—is particularly complex and,
therefore, requires closer study. The transition
from a functional structure to a reliable sche-
matic diagram and, subsequently, to a technical

solution for a backup ventilation system is only
possible through comprehensive optimization
of the physical, technological, and functional
parameters implementing its operating mode.

Only through computational experimenta-
tion can the costs of conducting research based
on large-scale computational procedures be
reduced — debugging and calibrating software
models to simulate technological equipment
is incomparably cheaper than “compiling” the
instrument base in its natural implementation.
But a computational experiment is, first of all,
a targeted computer modeling for studying the
behavior of complex systems and phenomena,
which is based on a scientific research method
focused on the properties of environments and
physical and chemical quantities that character-
ize the possibility of implementation, as well
as the state of the process at a technological fa-
cility.

As an example, we can cite the formal-
ization of the natural inflow movement of air
mass during the transition from the forced air
exchange mode in a poultry house to air ex-
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Puc. 2. KonsexmonHoe GpopMooOpa3oBaHie BO3IYLIHBIX TTOTOKOB

Fig. 2. Air flow convection shaping
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change based on convection flows activated by
a pre-generated ice mass.

Thus, the purpose of the research present-
ed in this publication is to determine the ways
and formalize the methodological foundations
for optimizing the structure, as well as the op-
erating mode of a backup ventilation system of
the convection type in large-scale technologi-
cal premises for containing biological objects
[8—10].

Over time, air mixing within the poultry
house will result in a relatively uniform tem-
perature distribution (z,_, °C), allowing for the
same 7, value to be used when calculating heat
transfer across all surfaces (approximately 30
°C). An exception may be uneven temperature
elevation due to excess heat from the birds and
equipment when the house operates without a
ventilation system in the event of an emergen-
cy shutdown. As a result of convective currents
of warm air above the poultry cages, a layer of
heated air (a "thermal cushion") quickly forms
under the house roof.

During the hot season, the outside air tem-
perature (z_) is roughly comparable to the tem-
perature inside the poultry house. The heat flow
coming from the window openings of the pro-
duction facility (Q_, W) is calculated using the
formula

QOK o Sor( ' (text - tint)’

where o — air heat transfer coefficient,
W /(m*-K); § -~ surface area of window open-
ings, m?.

If ¢, <t , then some of the heat flow will
flow from the room to the outside. During the
hottest period of the year, the opposite situation
is possible: if 7z, < ¢ _, then the heat flow from
the street will increase the thermal effect on the
air in the workshop, and the temperature inside
will begin to rise more rapidly.

When considering free convection in the sur-
rounding environment, the mathematical model

will only take into account the unevenness of
air density arising from temperature changes.
Assuming that the air density, formed under the
influence of pressure, is constant throughout the
entire volume under study, the temperature field
in the air should be considered two-dimensional
and changing along the x and y axes.

The analytical expression for the two-di-
mensional temperature field of the medium
t =t (x, y) is written as

1 2
t=0,05(t ) (%(% er)“ - 4,5) +1,
where ¢ — refrigeration unit temperature, °C;
t. —initial room air temperature, °C; Grx — local

dimensionless Grashof criterion.

The Grashof number for air can be deter-
mined using the formula

G PGt
x lSpZ

where g — acceleration of gravity, m/s?; f —
coefficient of volumetric expansion of the en-
vironment, K™'; 7, u £, — temperature at different
points, °C; / — determining size, m; p — dry air
density, kg/m®.

It's logical that the pattern of changes in the
temperature field of the environment makes it
possible to analytically determine the tempera-
ture at any point in space. Thus, if the surface
temperature of the refrigeration unit is 7x, then
the excess temperature (Az, °C) for a given heat
exchange model in the room will be calculated
based on the expression

At=t —t.

Calculation of excess temperature is neces-
sary to determine the convective heat transfer
coefficient and the amount of heat that can be
removed from the room using a refrigeration
unit.

Convective currents arise near the cooling
unit (ice storage), causing heat exchange be-
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tween these surfaces and the air. If the surface
is cooled, the air around it also cools and de-
scends, displacing the heated air, which has a
lower density. In the zone where the flow be-
gins, the boundary layer near the wall is laminar
(see Fig. 3). Research has shown that the max-
imum airflow velocity is observed precisely in
the laminar heat transfer regime. The transition
from laminar to turbulent conditions occurs at
some distance from the surface's origin (/_, m).
At a room temperature of 30 °C, the distance Ly
can be found using the formula

} 1,87
Kp ~ W ’
The average value of the convective heat

transfer coefficient (ak, W/(m?K)) within the
entire region of the laminar heat transfer regime

from 0 to [, at a room temperature of 30°C is
determined from the expression

o=1,16 YAc.

The required heat flow Q absorbed by the re-
frigeration unit from the surrounding air will be

QO=5-a At Br,

where S — refrigeration unit area, m?.

In a descending cold flow, a boundary lay-
er physically forms near the vertical surface of
the process room walls, the thickness of which
increases in the direction of flow. At the same
time, the maximum velocity of the cooled air
flow gradually decreases. At some distance
from the lower boundary of the cooled surface,
the flow regime becomes turbulent, and a fur-
ther decrease in velocity is observed.

A study of the principle of air movement
from the upper cooling level, where a cold

stream is generated by the ice generator, to the
floor of the process room demonstrated the im-
portance of the physical aspect of implementing
a laminar flow regime for descending convec-
tive air streams. Only in this case will the speed
of the cooled air flow not decrease, which is a
prerequisite for the effective functioning of nat-
ural-forced ventilation® [11].

Technically, the laminar regime can be ex-
tended by creating additional cold concentrators
along the trajectory of the descending convec-
tion air streams. An additional cooling element
is installed below the poultry house walls, at
a distance lkpl from the first overhead ice gen-
erator, where the flow transitions to turbulent
mode. Similarly, at a distance of lez from the
second ice generator, as well as len for the n-th
cooling element (see Fig. 4). This arrangement
of the cooling elements will allow maintain-
ing a controlled temperature difference Ati (i =
1...n) in the air flow and maximally accelerate
the vector movement of cold air currents to the
floor of the poultry house.

RESULTS AND DISCUSSION

For the calculation and methodological test-
ing, the characteristics of convective heat ex-
change on a freely located vertical cooling sur-
face were adopted, taking into account the pa-
rameters of the cold-generating system for the
premises of the poultry farm?.

The workshop room has the following di-
mensions: length 96 m, width 18 m, overhang
height 4 m. At the initial moment, 7 = 30 °C.
During the hot period of the year, the average
value is z_ = 35 °C. The temperature of the ice
generator cooling elements is —15 °C. The ice
generator is a cylindrical body with a diameter

*Mitrofanov V.A. On the calculation of heat transfer from a non-uniformly heated flat wall into a stabilized turbulent flow of cool-
ing liquid // Bulletin of the P.G. Demidov Yaroslavl State University. Series: Natural and technical sciences, 2015, N 3, pp. 57-63.

3Makarov S.S., Karpov A.1., Makarova E.V. Mathematical model of convective heat transfer of a coolant flow moving along the
surface of a heated metal cylinder // Chemical Physics and Mesoscopy, 2016, vol. 18, N 1, pp. 32-40.
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Transition zone
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Puc. 3. CxeMa OCIOWHOTO pacIpeieNeHusl HUCXO-
JISIIIIETO MOTOKA BO3AyXa MPH CBOOOAHOHN KOHBEKIIH

Fig. 3. The scheme of layer-by-layer distribution of
downward air flow at free convection

of 0.6 m, located at intervals along the entire
length of the walls of the process room.

Estimated lateral surface area of the poultry
house under study:

S=2mrh=2mn-0,3-(96+ 18)-2=430 m’.

The total area of window openings
in the poultry house: § = (0,3 x 0,5) x
22 = 33 m?
heat transfer with window openings: a =
1,16 = 1,98 W/(m? - K); heat flow entering the
workshop from window openings: O = 3,3 -
1,98 -5=32,72 W.

Thus, the presence of windows and other

coefficient of convective

openings does not have a significant impact on

the thermal field inside the room due to their
small size, but provides access to oxygen nec-
essary to maintain the vital activity of the live-
stock.

The calculation of the amount of heat ab-
sorbed by each of the tiered circuits of the ice
generators, as well as the total amount of heat
absorbed by the entire system, is presented in
the form of an algorithm in Fig. 5.

The primary ice generator circuit is located
at the highest possible height under the ceiling
of the poultry house, above the window open-
ings where the hottest air accumulates. The heat
capacity of the primary ice generator circuit
(01) is 79.9 kW. Calculations showed that the
heat capacity of the secondary ice generator cir-
cuit (Q2) is 29.4 kW, significantly lower than
that of the primary circuit. This is due to the fact
that the temperature inside the wall-mounted
laminar layer drops significantly, slowing heat
transfer. According to calculations, the third cir-
cuit of the ice generators absorbs even less heat:
03 = 8.1 K (W). In this case, the air tempera-
ture inside the laminar layer becomes negative
(¢, =—7°C), the excess ambient air temperature
decreases to 8 °C. Such temperature values are
undesirable, since they can lead to hypothermia
of the birds located in the rows of cages closest
to the ice generators.

Based on sanitary and biological require-
ments and calculations, it can be concluded that
the proposed air-cooling model for a poultry
house requires two ice generator circuits located
around the perimeter of the room. The first cir-
cuit directs the cooled air downwards (toward
the floor), while the second circuit prolongs the
laminar flow of the cooled air and forces the
cooled air flow to continue its movement to-
ward the floor, driven by the temperature and
density differences between the air layers in the
wall-mounted laminar flow. The cooled air mass
continues its downward movement toward the
workshop floor, then enters the subcage space,
which is large enough to allow the accumulated
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Fig. 4. Computational and functional scheme of the parametric model for convection heat exchange

reserves of cooled air to pass to the next inter-
cellular row. At the same time, the absorption
of excess heat becomes more intense in the tur-
bulent air mixing regime, which, according to
calculations, begins at a distance of 1-2 meters
from the wall on which the ice generators are
located.

Research is currently planned to determine
the parameters of turbulent air mass mixing with
temperature differences between adjacent ther-
mal fields inside a poultry farm. The develop-
ment of a comprehensive algorithm for account-
ing for thermally active obstacles in the path of
cooled air mass propagation—in this specific
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Fig. 5. Algorithmized structural and functional scheme of the cooling elements of convection flows

for the studied poultry workshop premises

case, rows of cassettes containing chickens—is
envisaged.

Further research is planned to focus on im-
plementing the presented mathematical model
in laboratory conditions. As a pilot project, a
backup emergency air cooling system is planned
for a poultry farm, using a dual-circuit ice gen-
erator system during periods of high ambient
air temperature stress. The experiment will as-
sess the risks associated with pre-preparing the
backup system for an emergency, which, para-
doxically, is associated with the normal opera-
tion of the main ventilation system. The longer
the trouble-free period, the greater the risk of

ice generators freezing. To prevent this critical
situation, ventilation systems should be con-
trolled by a controller that streamlines the redis-
tribution of power between the main ventilation
system and the ice mass freezing system during
trouble-free periods.

CONCLUSION

The conducted studies have shown that the
creation of emergency natural ventilation is
possible, but with the mandatory implementa-
tion of the process of cold accumulation and
further (in the event of transition to emergency
mode) operation of the cooling system circuits
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located along the perimeter of the poultry farm
premises. As calculations have shown, to ensure
convective movement of the air mass with the
capture of oxygen-saturated air from the envi-
ronment in the object under study, two levels
of cooling circuits are sufficient to ensure the
formation of laminar downward flows.

The proposed backup ventilation system in-
volves creating a significant temperature differ-
ential within the room and, as a result, activating
cold air circulation in planes oriented orthogo-
nally to the walls of the process room. However,
discussing the level of temperature and oxygen
comfort without conducting research into the
impact of thermally active barriers on the specif-
ics of laminar flow transformation and tempera-
ture fields is extremely premature. Moreover,
the study of trans-regime phenomena during the
transition from laminar to turbulent flow in the
cyclic completion phase requires special atten-
tion, since this is associated with the evacuation
of exhaust air from the workshop and a natural
decrease in the intensity of refrigeration devices
during de-energization of the process facility.

An economic analysis of electricity costs
showed that the annual electricity consumption
during operation of the ventilation system of the
poultry house is 127,988 kW h. The enterprise’s
costs for purchasing electricity at an electricity
cost of 6.3 rubles/kW h amounted to 806,324
rubles.

The analysis shows that the highest energy
consumption and costs occur during the warmer
months, when tunnel ventilation is used. More-
over, with significant energy consumption, it
is possible to redistribute it to support the op-
eration of the cooling circuit system with ice
generators. Due to the "saved" energy, the back-
up ventilation system, while in "cold" standby
mode, is potentially ready to start convection
ventilation of the poultry house during power
outages during maintenance and repair work.
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Texnosnorust ¢opmoBoro xjaeda u3 000ranmeHHON KOMIO3UTHOM
NIIIeHUYHO-JIbHAHO-PbKUKOBOI MYKH

C<Kangpoxos P.X., ®upcanoBa A.P.
Poccutickuii buomexnonocuueckutl ynugsepcumem
Mocksa, Poccus

(<he-mail: nart132007@mail.ru

[lomydeHne TpOMyKTOB MepepabOTKH IBYX- HIIM TPEXKOMIIOHEHTHBIX 3€PHOBBIX CMeCei Ha Oc-
HOBE 3€PHOBBIX M MACIMYHBIX KYJIBTYp OOECIIEYMBAET IMONyYeHHE MPOMYKTOB cOaIaHCHPOBAaHHOTO
COCTaBa, MMPUCYTCTBHE B HUX B HEOOXOAMMBIX KOJIMYECTBAaX HYTPHIICBTUKOB, BEIIECTB, 00Iaal0NIX
JIe4eOHO-IPOPHIIAKTUISCKUMH CBOMCTBAMH, KOTOPBIC MOT'YT ObITh UCIIOJIB30BaHbI IIPU TIPOU3BOJICTBE
MIPOIYKTOB MUTAHUSA CIIEIIUATHFHOTO Ha3HaYeHUs. B KauecTBe 00BEKTOB UCCIICAOBAHMSI UCTIOIH30BAIH
KOMITO3UTHYIO TIIEHUYHO-THFHIHO-PBIKUKOBYIO MYKY B Pa3IMYHBIX COOTHOIIEHUAX: 95 : 5, 90 : 10,
85:15, 80 :20. ConeprkaHre THHSIHOHN U PhIXKUKOBON MYKH B KOMIIO3HIIHY OBIJIO B PABHOM ITPOIIOPITUH:
2,5:2,5;5,0:5,0;7,5:7,5u 10,0 : 10,0. Pazpaborana TexHOIOTHs XJIe000yITOUHOTO U3ACTUS B BUIS
(hopMOBOTO XJIe0a U3 MIICHHYHO-THHSIHO-PHDKUKOBOI MYKH Pa3IMYHOTO COOTHOIIeHHS. OnpeneeHbl
(PU3HUKO-XMMHYECKUE U OPTaHOJICITHUECKHUE [TOKA3aTEeIN KOMIIO3UTHOM MIIEHUYHO-ThHIHO-PhIKUKO-
BOIl MYKH Pa3JIMYHOTO COOTHOIICHHUS JJIs BbIpaOOTKU (popMoBoro xieba. Paspaborana perentypa
x71e600ymouHOTO M3MENUs B BHIE (HOPMOBOTO XjIeba W3 KOMITO3UTHOHN MIIEHUIHO-THHSIHO-PHIKHKO-
BOI1 MyKU pa3nuyHOro cooTHomeHus. [1o pe3ynsraram npoBeneHHBIX (U3NKO-XUMUYECKUX aHAIN30B
Y OPraHOJIENTHYECKON OIIEHKH MTPEICTABICHHBIX 00Pa3I[0B YCTAHOBIEHO, YTO HAMITYYIIIIMH XapaKTe-
puctukamu obnanaet obpaser] opmoBoro xjeda Ne 3, MPUTOTOBIEHHBIN U3 MIIEHUYHO-THHSIHO-PHI-
JKUKOBOM MYKH C COJIEpIKaHUEM OOOTalllaloMIero JIbHIHO-PHIXKUKOBOTO KOMIIOHeHTa 15%. Buisie-
HO, YTO C YBEJIMYCHUEM KOJIIMYECTBA JTHHIHO-PHDKUKOBOTO KOMIIOHEHTA KOMIIO3UTHOM MYYHOU CMECH
YBEITUYHMBACTCS COACPIKAHNE OCITKOB, )KUPOB M HE3aMEHUMBIX AMHHOKHCIIOT B (hOpMOBOM XxJjiebe, pu
3TOM KOJMYECTBO YIJIEBOAOB B U3/IETNH YMEHBIIIAETCS. YCTaHOBIIEHO, YTO C YBEIIMICHHEM KOJTNIECTBA
JTHHSHO-PBDKUKOBOTO KOMITOHEHTA TPOUCXOMAT YBEIHUEHHE OMOIOTHYECKON IEHHOCTH M YMEHBbIIIe-
HUE DHEPTeTHYECKOI IIeHHOCTH (hopMoBoro xjeda. [Ipu 3ToM nmporcxoauT oboraiieHie rOTOBBIX H3-
Jienuii OeJIkaMu, KUpaMHu, aMHHOKUCIIOTaMH, XJIe0 UMeeT HanOoJiee PUBJICKATEIbHbIN TOBAPHBIN BUJT
Y XOPOIIIFE€ OPTraHOJICITUYECKHUE TOKA3aTeI .

KuroueBble c10Ba: MIIEHNYHO-JIBHAHO-PBDKUKOBAS MyKa, XJIe600yI09HbIe n3nenus, HopMOBOH
xJ1€0, IMoKa3are/Iv KauyecTBa, 00oraiieHmue

Technology of tinned bread from enriched composite
wheat-flax-camelina flour

(<) Kandrokov R.Kh., Firsanova A.R.
Russian Biotechnological University
Moscow, Russia

(<)e-mail: nart132007@mail.ru

The production of processed products from two- or three-component grain mixtures based on
grains and oilseeds ensures the production of products with a balanced composition, containing the
necessary amounts of nutraceuticals, substances with therapeutic and prophylactic properties, which
can be used in the production of special-purpose food products. Composite wheat-flax-camelina flour
was used as the research object in various ratios: 95:5, 90:10, 85:15, 80:20. The content of flaxseed
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and camelina flour in the composition was in equal proportions: 2,5 : 2,5; 5,0 : 5,0; 7,5 : 7,5 and
10,0 : 10,0. A technology has been developed for a bakery product in the form of tinned bread made
from wheat, flax, and camelina flour in various proportions. The physical, chemical, and organoleptic
properties of composite wheat-flax-camelina flour with different ratios for the production of tinned
bread have been determined. A recipe for bakery products in the form of tinned bread made of com-
posite wheat-flax-camelina flour of various ratios has been developed. Based on the results of phys-
icochemical analyses and organoleptic evaluation of the presented samples, it has been established
that sample of tinned bread No. 3, made of wheat-flax-camelina flour containing 15% of the enriching
flax-camelina component, has the best characteristics. It has been revealed that with an increase in the
amount of flax-camelina component in the composite flour mixture, the content of proteins, fats and
essential amino acids in the tinned bread increases, while the amount of carbohydrates in the product
decreases. It has been established that with an increase in the amount of flax-camelina component, the
biological value increases and the energy value of the tinned bread decreases. The finished products
are enriched with proteins, fats, amino acids, have the most attractive commercial appearance and

good organoleptic properties.
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INTRODUCTION

Flaxseed is a valuable food component,
boasting not only high protein and fat content
but also a unique macronutrient composition,
primarily polyunsaturated fatty acids (PUFAs).
Flaxseed protein complex, characterized by a
high proportion of albumin-globulin fraction
and essential amino acids, also boasts high nu-
tritional and biological value [1-5]. The use of
whole flaxseed in two-component grain mix-
tures is justified, since in this case the entire
phytopotential of flax seeds is used, since it
is known that the main source of PUFA is the
germ and endosperm of flax seed, protein - the
endosperm and germ, dietary fiber and lignans -
the seed coat [6—10].

An analysis of literature data revealed that
the use of flaxseed products in bakery and con-
fectionery production is limited and primarily
involves the use of flaxseed flour from flaxseed
cake. This does not always have a positive im-

pact on the final product—bread—in terms of
its technological quality indicators (volume
yield, crumb porosity, etc.) [11-13].

False flax (Camelina sativa L.) belongs to
the cruciferous family and is a valuable oilseed
crop. Eight varieties of winter false flax and 12
varieties of spring false flax are included and
approved for use in the State Register of the
Russian Federation. In 2023, the gross yield
of oil false flax oilseed was 105,900 centners.
Currently, false flax seeds are primarily used to
produce camelina oil, which contains up to 46%
fat. Camelina oil is versatile, so it can be used
for both industrial and food purposes. It is used
in the cosmetics industry, metallurgy, and in the
manufacture of paints and varnishes [13].

In terms of amino acid composition and pro-
tein biochemical value, camelina seeds, like
flaxseed, surpass those of cereal crops (wheat,
rye, and triticale), including the content of cer-
tain essential and limiting amino acids — lysine
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and cystine. The well-balanced nature of came-
lina proteins in terms of key biochemical param-
eters and amino acid composition, as well as the
high content of biologically valuable lysine (up
to 5.3% of the total amino acid content), make
camelina seed processing products a valuable
raw material for food production [14].

The production of processed products from
two- or three-component grain mixtures, such
as those based on grains and oilseeds, will en-
sure balanced products containing the necessary
amounts of nutraceuticals, substances with ther-
apeutic and prophylactic properties, which can
be used in the production of specialty foods.
Developing new types of bakery products with
increased nutritional value is a pressing chal-
lenge facing technologists. This challenge can
be addressed by improving traditional and de-
veloping new technologies and recipes for bak-
ery products.

The purpose of the work is to develop a tech-
nology for bakery products in the form of pan
bread from enriched composite three-compo-
nent wheat-flax-camelina flour of various ratios.

MATERIAL AND METHODS

The following raw materials were used in the
research: premium wheat flour "Makfa", flax-
seed and camelina flour obtained as a result of
laboratory grinding in a knife mill from flaxseed
and camelina meal produced by OOO PC "Vkus
Zdorovya", pressed baker's yeast "Lux Extra"
00O "Saf-Neva", edible salt "Extra", granu-
lated sugar "Russkiy sakhar", eggs C1, butter
"Traditionnoe", milk 3.2% "Domik v derevne",
refined sunflower oil "Sloboda".

Composite wheat-flax-camelina flour in vari-
ous ratios was used as the object of study: 95 : 5,
90 : 10, 85 : 15, 80 : 20. Moreover, the content
of flaxseed and camelina flour in the composi-
tion was in equal proportions.: 2,5 : 2,5; 5,0 :
5,0;7,5:7,5u10,0:10,0.

The acidity of the composite wheat-flax-
seed-camelina flour was determined in accor-
dance with GOST 27493-87 by titrating all ac-

id-reactive substances of the flour with a 0.1 N
sodium hydroxide solution. Flour moisture con-
tent was determined using an accelerated meth-
od on a Sartorius MA100 device (Sartorius AG,
Germany) in accordance with GOST 9404-88,
flour water absorption capacity was determined
on a Mixolab 2 device (Chopin Technologies,
France), and the falling number was determined
in accordance with GOST 27676—88 on a Fall-
ing Number device. Gluten content was deter-
mined by manual washing and weighing of raw
gluten according to GOST 27839-2013, and
gluten quality was determined on an GDI-1 de-
vice.

At the first stage of the research, the quality
of the samples of composite wheat-flax-cameli-
na flour of different ratios was determined (see
Table 1).

With an increase in the flaxseed-cameli-
na component in the composite flour mixture,
quality indicators such as acidity and water ab-
sorption capacity of the flour increased, while
the moisture content decreased. This is particu-
larly noticeable in the increase in acidity when
comparing the control premium wheat flour
with wheat-flaxseed-camelina flour in the ratios
of 85:15 and 80:20, which is 0.9 and 1.5 degrees
higher, respectively. The decrease in gluten con-
tent with the addition of flaxseed-camelina flour
is worth noting, while a significant improvement
in gluten quality is noticeable with the highest
flaxseed-camelina flour content in the mixture.

RESULTS AND DISCUSSION

In the second stage of the research, a reci-
pe was developed for a baked product made
from wheat-flaxseed-camelina flour in vary-
ing ratios, in the form of pan bread. The baked
goods were prepared from a control sample of
premium-grade wheat flour and four samples of
wheat-flaxseed-camelina flour in varying ratios
(No.1-95:5,No.2-90:10,No.3-85:15,
No. 4 — 80 : 20).

Table 2 shows the ratio of wheat-flax-came-
lina flour for baking one portion of pan bread.
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Taoa. 1. Ou3HKO-XUMHYECCKUE ITOKA3aTCIM KaueCTBA KOMIIO3UTHOM HI.HCHI/ILIHO-J'II:H?IHO-pBDKPIKOBOfI

MYKH pas3IM4HOTO COOTHOILICHUS

Table 1. Physical and chemical quality indicators of composite wheat-flax-camelina flour with various ratios

Ratio of wheat and flaxseed and | Humidity, Acidity, Wate_r falling- Gluten amount, | Gluten quality,
. o o absorption number o
camelina flour, % % degrees. S % GDI
capacity, % value, s
95:5 11,77 3,6 67 486 21,4 75
90:10 11,62 4,0 69 497 20,3 78
85:15 11,53 4,5 70 499 19,4 80
80:20 10,50 5,1 90 519 17,6 86

Table 3 presents the production recipe for a
bakery product in the form of pan bread made
from wheat-flax-camelina flour in various ratios.

Next, a laboratory baking trial was conduct-
ed and the quality of the finished baked goods
in the form of pan bread to determine the opti-
mal ratio of wheat, flaxseed, and camelina flour
was evaluated. The technology for making pan
bread from wheat, flaxseed, and camelina flour
involves the following steps. The first step in-
volves preparing a yeast slurry from pressed
yeast and a salt solution. The second stage in-
volves kneading the dough: flour, yeast slurry,
salt solution, and the remaining water are add-
ed to the mixer, and the dough is kneaded for 3
minutes. The dough temperature after kneading
is 30°C. In the third stage, the dough is placed
in a proving cabinet for 170 minutes at 40°C

Tao6a. 2. CoorHolIEeHHE KOMIIO3UTHON MIITEHUY-
HO-JIbHSIHO-PBDKUKOBON MYKH Pa3JIMYHOIO COOTHO-
LICHHS JUIS BBITIEYKH (POPMOBOTO XJieha

Table 2. Ratio of composite wheat-flax-camelina
flour of various ratios for baking tinned bread

Sample
Raw materials
ntrol No. | No. | No. | No.
contro 12| 3] 4

Wheat flour
premium grade, g 200 190 | 180|170 | 160
Flaxseed and cameli-
na flour, g - 10 | 20 | 30 | 40

and 75-85% humidity. Two punchings are per-
formed, 60 and 120 minutes after the start of
fermentation. In the fourth stage, the dough is
divided and shaped. The dough piece is then
placed on a baking sheet and placed in a proving
cabinet for a final proofing period of 30 min-
utes at 40°C and 75-85% humidity. Finally, the
dough piece is baked in a convection oven with
humidification at 220°C. The baking time for
pan bread is 30 minutes. After baking, the sur-

Taou. 3. Peuentypa ¢popmooro xneda

13 KOHTPOJIbHOM MIIEHNYHON MYKH BBICIIETO
COpTa U MIIEHUYHO-JIbHAHO-PBIKUKOBOH MYKH
Pa3IMYHOIO COOTHOIIEHHUS Ha BBIXOJ TOTOBOTO
m3aeaus maccou 0,3 kr

Table 3. Recipe for tinned bread made from
premium wheat flour and wheat-flax-camelina flour
in various proportions, yielding a finished product
weighing 0.3 kg

Quantity of ingredients, g
Raw materials Sample

control No. 1 |No.2|No.3|No.4
Wheat flour
premium grade 200 190 | 180 | 170 | 160
Flaxseed and
camelina flour - 10 20 30 40
Pressed yeast 6
Table salt 3
Water 116
Total 300
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face of the bread is moistened with water. The
bread is then cooled at 25 + 3°C.

At the final stage of the laboratory baking
trial, the quality indicators of pan bread made
from control premium baking flour and com-
posite wheat-flax-camelina flour of various ra-
tios were determined.

The organoleptic and physicochemical quali-
ty indicators of the baked product in the form of
pan bread were assessed no earlier than 4 hours
after baking (see Table 4).

Based on organoleptic characteristics, pan
bread made from wheat-flaxseed-camelina flour
with a ratio of 95:5 and 90:10 received the high-
est scores. The control sample had an uneven
surface with minor cracks. Sample No. 3, with
a ratio of 85:15, had small cracks on the sur-
face. Adding 20% flaxseed-camelina flour to the
hearth bread recipe resulted in a pronounced bit-
ter taste and a crumb structure with large pores.
Therefore, adding more than 15% of hearth
bread to the recipe is not recommended.

At the next stage of the research, the phys-
icochemical quality indicators of pan bread
made from control premium wheat baking flour

Tao6a. 4. OpranonentTuieckue mokasarenu Gop-
MOBOTO XJIe0a N3 KOHTPOIHHOU MIIIEHUIHONH MyKH
BBICIIIETO COPTA M MIICHUIHO-THHIHO-PBDKUKOBOI
MYKH Pa3IMYHOTO COOTHOIICHUS

Table 4. Organoleptic indicators of tinned bread
made from control wheat flour of the highest grade
and wheat-flax-camelina flour of various ratios

and wheat-flax-camelina flour in different ratios
were determined (see Table 5).

Adding flaxseed-camelina flour to a pan
bread recipe increases the moisture content of
the finished product by 1.2-5.3%, decreases the
porosity of the finished product by 1.67%, and
increases the density by 1.1% with an addition of
10% or more, depending on the amount of flour
added. Adding this flour to the recipe increases
the acidity of the finished product by 20-43%,
depending on the amount of flour added.

Fig. 1 shows the appearance of the samples
of pan bread made from control premium wheat
flour and wheat-flaxseed-camelina flour in dif-
ferent ratios.

Fig. 2 shows cross-sectional samples of
tinned bread made from control premium wheat
flour and wheat-flax-camelina flour in various
ratios.

In the final stage of the study, the energy, nu-
tritional, and biological value of baked goods
in the form of pan breads made from control
premium wheat flour and wheat-flaxseed-came-
lina flour in varying ratios were calculated. All
calculations were conducted in accordance with

Taba. 5. Ou3uKO-XUMHIECKHE TTOKA3aTEeIIH
(hopmoBoro XJ1€06a KOHTPOIHHOTO 0Opasima

Y MIIIEHUYHO-JIFHIHO-PBIKAKOBON MYKH Pa3InIHO-
TO COOTHOIIIEHUS

Table 5. Physical and chemical indicators
of tinned bread from the control sample
and wheat-flax-camelina flour with various ratios

Sample
Indicator
control No.1 | No.2 | No.3 | No.4
(5%) | (10%) | (15%) | (20%)
Taste and smell 5 5 5 5 4
Surface 5 5 5 5 4
}liew in the 5 5 5 5 5
racture
Structure 4 5 5 4 5
Shape 5 5 5 5 4
Color 4 5 5 5 5
Total 28 30 30 29 27

Sample
Indicator ol | No-1|{No.2 | No.3 | No.4
COMIOT 1 (5%) [ (10%) | (15%) | (20%)

Mass fractlorol 40,40 | 41,60 43,00 44,50 45,70
of moisture, %
dAcidity, 1,60 | 2,00 | 2,40 | 2,60 | 2,80
egrees
Dimensional
stability of
hearth prod- 3733351 3.4 13,55 3,54
ucts (H : D)
Crumb 81,12 |79,45|82,23 81,58 81,77
porosity, %
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Puc. 1. Buemmmuii Bug gopMoBoro xjieda u3 KOHTPOJIBHOHN MIIIEHHIHOW MYKH BBICIIIETO COPTa | IIITEHUY-

HO—HBHHHO—pBI)KPIKOBOﬁ MYKH pas3JIM4YHOTO0 COOTHOIICHUA:

1 — xoHTpONBHBIH 00pazery; 2 — 5%; 3 — 10%; 4 — 15%; 5 —

20%

Fig. 1. Appearance of tinned bread made from control wheat flour of the highest grade and

wheat-flax-camelina flour in various proportions:
1 — control sample; 2 — 5%; 3 — 10%; 4 — 15%; 5 — 20%

the guidelines of N.N. Tipsina and T.F. Varfolo-
meeva "Calculation of the nutritional value of
bakery and confectionery products".

The nutritional value of pan bread was deter-
mined by comparing the chemical composition
of 100 g of the finished product with a balanced
diet formula, expressed as a percentage of the
daily human requirement for essential nutrients
and energy. Calculations were made of the en-
ergy, nutritional, and biological value of pan
bread made from control premium wheat flour
and wheat-flaxseed-camelina flour in varying
ratios. The resulting calculation data for pan
bread are presented in Tables 6 and 7.

As the flaxseed-camelina component increas-
es in the composite flour mixture, the protein,
fat, and essential amino acid content of the pan
bread increases, while the carbohydrate content
decreases. It should also be noted that as the
flaxseed-camelina component increases in the
composite wheat-flax-camelina flour mixture,
the energy value of the pan bread decreases.

CONCLUSIONS

1. A technology for producing a tinned bread
product from wheat-flaxseed-camelina flours of
varying ratios has been developed. The physi-
cochemical and organoleptic properties of com-
posite wheat-flaxseed-camelina flours of vary-
ing ratios for the production of tinned bread
have been determined.

2. A recipe for a tinned bread product made
from composite wheat-flax-camelina flours of
varying ratios has been developed. Based on
the results of physicochemical analyses and
organoleptic evaluation of the samples, it has
been determined that tinned bread sample No.
3, made from wheat-flax-camelina flour with a
15% flax-camelina enriching component, ex-
hibited the best characteristics.

3. With increasing amounts of the flax-
seed-camelina component in the composite
flour mixture, the protein, fat, and essential
amino acid content of the pan bread increases,
while the carbohydrate content decreases. It has
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wheat-flax-camelina flour

Puc. 2. DopmoBoii xied B pa3pese 13 KOHTPOJIBHOM MIICHUYHON MYKH BBICIIETO COPTA U MIIICHUYHO-JILHSI-
HO-PBDKUKOBOW MYKHU Pa3IMYHOTO COOTHOIICHUSI:

1 — koHTpOINBHBIN 00paszer; 2 — 5%; 3 — 10%; 4 — 15%; 5 —20%
Fig. 2. Cross-section of tinned bread made from control wheat flour of the highest grade and

wheat-flax-camelina flour in various proportions:
1 — control sample; 2 — 5%; 3 — 10%; 4 — 15%; 5 — 20%
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Taoa. 6. Pacuernas MUIICBas U SHEPreTuieCKas HEHHOCTb q)OpMOBOFO xjeba u3 KOHTpOJ'ILHOfI NIICHNY-
HOM MYKH BBICHICTO COPTa U H].LICHI/I‘{HO-HBHﬂHO-pBDKHKOBOﬁ MYKH pa3IM4HOTO COOTHOILICHUS

Table 6. Estimated nutritional and energy value of tinned bread made from control wheat flour of the
highest grade and wheat-flax-camelina flour in various proportions

Contents per 100 g of product
Indicator Sample
control No.1(5%) | No.2(10%) | No.3(15%) | No.4 (20%)
Protein, g 8,78 9,44 10,11 10,78 11,44
Fat, g 1,69 2,05 2,41 2,77 3,13
Digestible carbohydrates, g 50,13 48,97 47,28 45,54 44,75
Dietary fiber, g 1,78 2,17 2,56 2,95 3,34
Ash content, % 1,57 1,96 2,36 2,75 3,14
Energy value, kcal 251,3 252,6 251,9 250,8 253,6

Ta6a. 7. Pacuernas 6uonorndeckasi HIeHHOCTHh (POPMOBOTO XJIe6a U3 KOHTPOIBHOM MIIEHUYHOW MYKH
BBICHICTO COpTa 1 HIHeHI/I‘IHO-HI)HSIHO-pBI)KHKOBOfI MYKH pas3sIM4HOro COOTHOIICHUA

Table 7. Estimated biological value of tinned bread made from control wheat flour of the highest grade
and wheat-flax-camelina flour of various ratios

Contents per 100 g of product
Indicator, mg Sample
control No. 1 (5%) No. 2 (10%) No. 3 (15%) No. 4 (20%)

Isoleucine 4,66 4,67 475 4,79 4,83
Leucine 7,65 7,63 7,56 7,53 7,49
Lysine 2,67 2,82 3,27 3,55 3,77
Methionine + cystine 1,44 1,53 1,82 2,01 2,15
Phenylalanine + tyrosine 5,18 5,19 5,21 5,22 5,24
Threonine 2,94 3,02 3,27 3,42 3,55
Triptophane 1,05 1,33 2,22 2,76 3,20
Valine 4,47 4,59 4,97 5,21 5,39
been found that with increasing amounts of the CIHHWCOK JIMTEPATYPbI

flaxseed-camelina component in the composite
wheat-flax-camelina flour mixture, the biologi-
cal value of the pan bread increases and the en-
ergy value decreases.

4. The most optimal sample was pan bread
No. 3, made from wheat-flax-camelina flour
with a 15% flax-camelina component. This en-
riches the finished product with proteins, fats,
and amino acids, resulting in a more attractive
presentation and good organoleptic properties.
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IIpoOaembl U MyTH ynpaBjieHUus 3(P(PeKTUBHOCTHIO BO3/1eJIbIBAHUS
3epPHOBBIX KYJbTYpP B Cudupu
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Cubupckuii ghedepanvhvlil HayyHwlll yenmp azpodbuomexnonocuil Poccutickoti akademuu Hayk
HoBocubupckas obmacts, p.ii. KpacnooOck, Poccust

() e-mail: utenkov1951@mail.ru

[IponoBonbscTBeHHAs: Oe30macHOCTh Poccutickoii depepaliyixt BO MHOTOM OITPEISIIICTCS POU3BOJI-
CTBOM 3€pPHOBBIX KYJIBTYp, B OCOOCHHOCTH MIIEeHUIE. Ho neduuT puUHAHCOBBIX W TPYIOBBIX pe-
CYpCOB, a TaK)K€ MPUMEHEHHE YKCTCHCUBHBIX TEXHOJIOTUI HE MO3BOJISAIOT CENbXO3MPOU3BOAUTEISM B
MOJIHOW MEepe peajn30BaTh JOCTHIKCHUS HAYYHO-TEXHUYECKOTo mporpecca. TpeOyroTcst NCIosiib30Ba-
HUE HOBBIX TIOJIXOIOB K BEACHHIO CEITLCKOTO XO3SHCTBA M €T0 MAIIMHHO-TEXHUYIECKOMY 00€CTICUCHHUTO,
a TaKk)Ke MOMCK MHHOBAIIMOHHBIX PEIICHHH, POPMUPYEMBIX HA OCHOBE IPHHIIUAIIA MYJIBTHANCIIUATLIH-
HapHocTH. OIHAKO TeXHUYeCKas nmpodiieMa 00yCIIOB/ICHA HEJIOCTATOYHBIM Pa3BUTUEM IIPUMEHSIEMbIX
TEXHUYECKUX CPEACTB U OTCYTCTBHUEM TCOPHUH yIpaBieHus. CyIeCTBYIOMAs OTCUCCTBEHHAS TEXHUKA
CIOCOOHA pealin30BaTh JIHIIL TPATUIIMOHHBIE TEXHOJIOTHH 03 yueTa CTaTUCTHYECKUX XapaKTepH-
CTHUK CBOMCTB MOYBBI. B 3TOI CBA3M MIaBHOM LIENbIO JAHHOTO MCCJIEIOBAHUS CTAJIO YCTAHOBIIEHUE
B3aMMOCBSI3HM NTapaMeTPOB TEXHOJIOTHYECKUX MPOLIECCOB U TEXHUYECKOTO OCHAIIIEHUSI ¢ OCHOBHBIMU
(hM3MKO-MEXaHUIECKIUMH CBOMCTBAMHE M COCTOSIHUSIMU TTOYBBI JJIsI peaTi3aliy pecypcocOeperaronmx
TEXHOJIOTHH, o0ecreunBaronux 3G GeKTUBHOCTL BO3/ICIIbIBAHNS 3¢PHOBBIX KYJIBTYp. B X0/1€e uccneno-
BaHUS MIPOBECH aHAU3 MPUMEHAEMbIX MEXaHUKO-TEXHOJIOTHYECKUX TIPOLIECCOB BO3/IENbIBAHUS 3€P-
HOBBIX KYJIBTYD, BBISIBIICHBI HanOOJIee 3HAUMMBbIe (PaKTOPHI U IMOKA3aTelH, Bustomye Ha 3QdeKTuB-
HOCTbH BO3CJIbIBAHUA 3€pHOBI)IX, npez[nomeﬂm nyTHhn 1u CHOCO6I)I yr[paBJ'ICHI/ISI 3(1)(1)€KTI/IBHOCTBIO BO3-
JIeTTBIBAHMS 36PHOBBIX KynbTyp B Cubupn. Taroke ycTaHOBIIGHA NpPUYMHA BBICOKOW dHEPTOCMKOCTH
TEXHOJIOTUYECKUX TPOIIECCOB M 000CHOBaHA KOHKYPEHTOCIIOCOOHAs BeJTMUNHA YPOXKaHHOCTH 3€PHO-
BBIX KynbTyp. ChopMupoBaHbl paliioHaIbHast CTPYKTypa PEKOMEHYEMbIX YPOBHEH HHTCHCUBHOCTH
TEXHOJIOTUH U MHHOBAIIMOHHbBIE MEXaHUKO-TEXHOJIOTUYECKUE PEIICHUS TEXHOJIOTUYECKUX MPOIIECCOB
0o0pabotku mouBkl. [Ipennoxennbie myTH pocTa 3()(OEKTUBHOCTH BO3/EIBIBAHHS 3€PHOBBIX KYIb-
Typ NO3BOJISIIOT BCKPBITh PE3EPBBI HEUCIIOIb3YEMBIX PECYPCOB, CTaTh OCHOBOM JIJIsl MHHOBALIMOHHBIX
MEXaHHUKO-TEXHOJIOTHUECKUX PEIICHUHA B paMKaxX peau3alliid pecypcocOeperaronmx TeXHOIOTHA B
agantuBHO-TaHaIagTHOM 3emuenennu Cuoupu.

KuroueBble ci10Ba: pu3nvecKie CBOWCTBA OYBBI, TPOLECCHI, 36PHOBBIC KYJIBTYPbI, YPOKAHHOCTD,
TEXHOJIOTUH, YHEPTOEMKOCTb, JIeTpajalus

Problems and ways of managing the efficiency of grain cultivation in
Siberia
) Utenkov G.L., Golokhvast K.S., Utenkova T.I., Berdnikova T.V.

Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia
(X)e-mail: utenkov1951@mail.ru

The food security of the Russian Federation is largely determined by the production of grain crops,
and especially wheat. However, the shortage of financial and labor resources and the implementation
of extensive technologies do not allow agricultural producers to realize the achievements of scientific
and technological progress. New approaches to agriculture and its mechanical and technical support
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are needed, as well as the search for innovative solutions based on the principle of multidisciplina-
rity. However, the technical problem is caused by the incompleteness of the applied technical means
and the lack of a control theory. The existing domestic technology is capable of implementing only
traditional technologies without taking into account the statistical characteristics of soil properties. In
this regard, the main objective of this study was to establish the relationship between the parameters
of technological processes and technical equipment and the basic physical and mechanical properties
and conditions of the soil for the implementation of resource-saving technologies that ensure the
efficiency of grain crop cultivation. During the study, analysis of the mechanical and technological
processes used in grain cultivation was conducted, the most significant factors and indicators affecting
the efficiency of grain cultivation were identified, and ways and means of managing the efficiency of
grain cultivation in Siberia were proposed. The reason for high energy consumption in technological
processes was also established, and a competitive grain crop yield was justified. A rational structure
of the recommended levels of technology intensity and innovative mechanical and technological solu-
tions for soil cultivation processes were developed. The proposed ways to increase the efficiency of
grain crop cultivation make it possible to tap into unused resources and become the basis for innova-
tive mechanical and technological solutions within the framework of implementing resource-saving
technologies in adaptive landscape farming in Siberia.

Keywords: physical properties of the soil, processes, grain crops, yield, technologies, energy in-
tensity, degradation
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INTRODUCTION Intensification of production is identified as
the primary factor in increasing crop yields and
ensuring stable grain yields. Intensification of
production is based on the principles of resource
conservation. In crop production, resource con-
servation is considered within the framework of
several approaches: economic, which involves

reducing the cost of crop cultivation technolo-

In Russia, grain production has historically
been the leading subsector of agriculture and the
core of the grain products subcomplex, with ap-
proximately 40% of agricultural production re-
lated to grain resources. As a kind of "donor" to
agriculture, grain production remains the most

prestigious and lucrative activity [1]. However,
the predominant use of extensive technologies
due to a shortage of financial and labor resources
makes grain production not only extensive and
energy-intensive, but also ecologically unbal-
anced. Thus, a 1% increase in grain crop effi-
ciency requires the use of 2-3% of the consumed
resources. The high energy intensity of grain
production is due to the lack of consideration of
the statistical characteristics of soil properties,
leading to non-stationary processes requiring re-
serve energy and other capacities.

gy; energy, which involves reducing costs, ex-
pressed in energy units, used for all agricultural
practices; and environmental and energy, which
involves reducing the energy expended on crop
cultivation, as well as on measures to preserve
and improve soil fertility [2].

Currently, great hopes are placed on precision
agriculture technologies (PAT). However, these
technologies only take into account the nutrient
content of the soil, not its physical properties [3].
The main component of the physical properties
of soils is the particle size distribution of their
solid phase. Its characteristics determine virtu-
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ally all physical properties of the soil: porosity,
bulk density, permeability, moisture capacity, air
and hydrothermal regimes, etc. Therefore, the
development of new technologies and equip-
ment based on existing approaches does not pro-
vide adequate efficiency gains. New approaches
to agricultural management and its mechanical
and technological support are required [4]. New
theoretical and methodological approaches and
innovative solutions are needed, developed in
complex systems using multidisciplinarity [5].
However, the question of the formation of com-
plexities is one of the key issues in science [6].
Therefore, it is impossible to create a general-
ized model; it is necessary to seek individual ap-
proaches and solutions for each specific case [7].

The most significant criteria for the effective-
ness of agricultural practices are the economi-
cally justified yield and quality of the crop, while
minimizing negative environmental impacts [8].
In this regard, the main task is to determine the
optimal combination of technological advances
with the preservation of the natural basis of pro-
duction. This requires systematized theoretical
knowledge and increased innovation in various
technologies. The technical problem is caused
by the insufficient development of the technical
means used, and the lack of control theory does
not provide the desired results when using the
existing technical support within the PAT frame-
work.

The purpose of the study is to establish the
parameters of technological processes deter-
mined by the interrelations of the main proper-
ties and conditions of the soil with the working
bodies of machine-technological equipment,
ensuring the implementation of resource-saving
technologies, the use of which in adaptive land-
scape farming allows to increase the efficiency
of cultivation of grain crops.

The research objectives are:

1. to identify the main factors and indicators
influencing the efficiency of grain crop cultiva-
tion as a result of the analysis of the efficiency of
mechanical and technological processes.

2. to propose the main ways and means of
managing the efficiency of grain crop cultivation
in Siberia.

MATERIAL AND METHODS

The methodology for developing agricultural
technologies involves consistently overcoming
factors limiting crop yield and product quality.
For complex systems, including technologies
and machine-tractor units, the hierarchy process
analysis method is applied. The following prin-
ciples underlie the methodology of the research:
superposition; necessary diversity (Ashby's
principle); block modularity; optimality.

RESULTS AND DISCUSSION

Crop yield as an integral indicator of agricul-
ture is regulated by technology, and agricultural
technologies are developed in accordance with
agro-ecological land types within agro-ecologi-
cal groups. Land types are composed of elemen-
tary agro-landscape areas similar in terms of
crop cultivation conditions.

The characteristics of arable lands in Siberia
are presented in Table 1.

Table 2 presents data reflecting the level of
production of grain and leguminous crops in the
farms of all categories in the Siberian Federal
District.

The structure of agricultural technologies,
the elements of which are certain technological
operations, their sequence, quantity, size and
time of application, is not fully substantiated at
this stage and represents a management prob-
lem even in precision farming technologies [9].
Moreover, the absence of a control theory in the
PAT does not allow for the desired results to be
achieved for the equipment used [10]. Achieving
the desired growth rates of performance indica-
tors at a particular enterprise is not always possi-
ble, which is due to the lack of consideration of
the importance and significance of the problems
being solved at all hierarchical levels, as well as
the inability to manage these processes [11].

A comparative economic assessment of the
effectiveness of innovative technical and tech-
nological solutions is carried out based on the
dynamics of changes in fixed and variable costs.
Three main postulates are applied to an optimal
system: 1) functional unity, i.e., the coordinated
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3epHOBBIX KyJIbTyp B Cubupu

Tao6ua. 1. [lons nous pa3nuuHOrO TUIA B COCTABE MAaXOTHBIX 3eMelib 10 pernonam Cubupu, %
Table 1. Proportion of different soil types in arable land composition by region in Siberia, %

Sod-podzolic Dark gray, Southern
Region . chernozemic Saline
turfy, gray forest, light gray forest steppe chernozems, chestnut
Republic of Altai 20 65 15 -
Republic of Tyva - 10 87 -
Republic of Khakassia 6 25 69 -
Altai Territory 2 64 32 2
Krasnoyarsk Territory 15 76 7 -
Irkutsk Region 64 31 — -
Kemerovo Region 16 84 - -
Novosibirsk Region 5 74 7 14
Omsk Region 11 64 2 21
Tomsk Region 77 21 - -

Taoda. 2. [Ipou3BoacTBO 3epHOBBIX U 36pHOOOOOBBIX KYJIBTYP B X03s5IHiCTBaX BCEX KaTeropuii
o perronam Cubupu

Table 2. Production of cereals and legumes in the farms of all categories by regions of Siberia

Cultivated area, thous. ha Yield, c/ha Gross harvest, thous.tons
Re ion 2020* 2020*
g 2015- 2020- |2024in%| 2015- 2020- | 2024 in % 2015- 2020- 20;0(;23)24
2019 2024 to 2015— | 2019 2024 | to2015— 2019 2024 20]5:)2019
2019 2019
Republic of Altai 6,5 6,8 106,0 11,4 14,6 127,9 7,4 10,0 135,0
Republic of Tyva 10,5 14,8 141,0 10,6 10,1 95,4 11,1 14,9 134,4
Republic of
Khakassia 87,5 87,5 100,0 13,4 17,5 130,0 117,5 152,7 130,0

Altai Territory 3486,8 | 3269,0 94,0 13,4 15,4 115,3 4669,5 5046,0 108,1

Krasnoyarsk

Territory 1003,2 922.8 92,0 21,2 27,2 1287 21222 2511,7 118,4
Irkutsk Region 4223 395,0 94,0 18,2 21,0 115,7 767,5 830,8 108,2
Kemerovo

Region 576,8 604,5 104,0 17,8 23,0 129.3 1025,7 1390,1 135,5
Novosibirsk

Region 1499,8 1502,4 100,0 16,4 18,6 113,3 2458.5 2789,7 113,5
Omsk Region 2070,8 2040,2 98,5 15,7 14,9 94,7 3259,9 3042,1 933
Tomsk Region 179,8 166,9 92,8 18,3 22,6 123,7 328,6 377,5 114,9

Siberian Federal
District 93439 9009,9 96,4 15,8 17,9 113,5 14768, 16165,4 109,5
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functioning of the system's elements; 2) univer-
sal functionalism, associated with the hypothesis
of the marginal utility of all growth factors; 3)
functional necessity. Therefore, the coordination
between crop productivity and the sustainabili-
ty of the agroecosystem is achieved by the most
effective technologies capable of managing the
regimes of agricultural landscapes [9].

Moreover, the management of production
processes (both at the enterprise level and at
the level of micro-economic units) begins with
the management of the technological structure
of production. Without due attention to techno-
logical problems, management cannot be effec-
tive. Currently, there is no consensus on which
issues should be considered a priority [12]. Each
of the subjects of agricultural production man-
agement in the decision-making process is as-
sociated with the multifunctional nature of the
interrelations of management objects. Scientists
believe that rational land use is a comprehensive
activity through which the use of land resourc-
es is organized, bringing the greatest benefit and
economic advantage [13]. Therefore, preserving
land resource potential and its efficient use is a
crucial condition for ensuring food security and
the internal and external sustainability of the
Russian economy. Effective grain cultivation
requires creating a value chain: soil properties,
processes, yield, and profitability. The nature of
soil use determines the desired level of profit-
ability for grain crop cultivation [14].

Optimal soil properties are a function of a
number of independent variables and a combi-
nation of soil properties. Moreover, each com-
bination of physical, mechanical, and techno-
logical soil properties corresponds to its own
optimal technological interventions, ensuring
the greatest efficiency in terms of quality, energy
consumption, and economic indicators. Chang-
es in the physical, mechanical, and technologi-
cal properties of processed materials influence
the nature of the processing technology. How-
ever, even at the physiological level, there are
still no substantiated standards for the impact of
the diverse combination of plant life factors on

yield, its quality, and cost price. Grain produc-
tion remains not only extensive and energy-in-
tensive, but also ecologically unbalanced [15].
Therefore, zonal factors offer a significant po-
tential for increasing the efficiency of agricultur-
al production. However, Siberian chernozems,
which produce the bulk of grain, have lost their
ability to self-regulate. Their functional hetero-
geneity is perceived as a natural phenomenon.
Furthermore, the calcium content of chernozems
ensures their aggregates take on a nearly spher-
ical shape, which reduces their hardness and
strength by 10—15 times, making them less ener-
gy-intensive. These physical properties of cher-
nozems are fundamental for the development
of resource-saving technologies for grain crop
cultivation in adaptive landscape agriculture in
Siberia.

It has been established that soil combinations
are ubiquitous in nature [16]. Moreover, the pri-
mary soil property is variability at all levels of
its organization. The presence of soils in West-
ern Siberia with physicochemical properties that
increase or decrease the mobility of elements
leads to the formation of biochemical provinc-
es with excess or insufficient supply of chemi-
cal elements into the food chain. Emerging en-
vironmental challenges have made fundamental
research into the natural and anthropogenic fac-
tors that determine the content and distribution
of a wide range of chemical elements in soils,
their availability to plants, and their ability to be
released into water and the atmosphere essential.
Agroecosystem productivity models provide the
theoretical and practical basis for the develop-
ment and implementation of scientifically sound
agricultural systems. For this reason, modern
research requires more precise analytical meth-
ods for determining chemical elements and their
forms of occurrence in soils, and a deep under-
standing of the dialectical essence of the pro-
duction process in agriculture and the associated
features of resource use and reproduction should
be the basis for the development of highly effec-
tive sustainable integrated agricultural systems
[5].

Modern soil fertility is assessed using four
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types of indicators: agrophysical, agrochemical,
biological, and ecological. Crop rotation and
tillage directly influence all productivity factors
and perform a number of common functions.
Fertilizers and plant protection directly influence
only certain factors. However, their influence is
indirectly manifested through the choice of crop
rotation and tillage system [8]. The use of soil
cultivation systems is determined by various
soil, climatic, organizational, economic, socio-
economic, and environmental conditions. The
essence of soil cultivation is to alter the initial
state of the soil environment and achieve specif-
ic soil conditions necessary for the cultivation of
various crops.

The main methodological principles of theo-
retical justification of soil cultivation are:

1) minimization, up to and including the
abandonment of treatment and the transition to
a material impact on the soil;

2) a systematic approach to assessing the pos-
sibilities of quantitative dosage of mechanical
tillage, taking into account the level of fertility,
intensification and agricultural culture in each
specific case;

3) zoning and consideration of soil and cli-
matic conditions in accordance with the laws of
agriculture;

4) differentiation of soil cultivation depend-
ing on its specific properties and characteristics
(depth of the arable layer, structure of the genet-
ic profile, agrochemical characteristics, biologi-
cal processes);

5) discreteness, alternation in time of differ-
ent methods of mechanical action on the soil, a
combination of deep and intensive treatments
with the gentle ones.

Experts believe that new technical and tech-
nological tools can increase the availability of
previously unused natural resources and involve
them in production [17]. However, innovative
solutions that improve the efficiency of grain
crop cultivation are formed in complex systems.
Therefore, it is believed that the general task of
resource conservation in agricultural technolo-
gies as complex systems is formed as a task in
which the results of the previous level serve as

the initial data for subsequent levels [18]. In
this regard, production technology is presented
as a holistic sequence of management actions
for agroecosystem biocenoses in zonal crop ro-
tations of landscape agriculture. Selecting the
optimal technology involves finding the best
option that encompasses a full range of opera-
tions. The resulting technologies include: soil
cultivation systems for climate zones and crops;
fertilizer application systems, weed, pest, and
disease control; chemical and forest reclama-
tion systems; hydraulic engineering and irriga-
tion systems; and a complex of machines and
mechanisms [9]. Moreover, the quality of soil
cultivation is an important factor, as mechanical
tillage results in loosened soil. Tillage ensures
the creation of an optimal arable layer with an
optimal pore space structure. It contributes to
the formation of aggregates of agronomically
valuable size.

To find optimal mechanical and technologi-
cal solutions, it is usually recommended to de-
fine the objective function as a measure of the
effect. Three groups of parameters characteriz-
ing the effect of a technological object are dis-
tinguished: 1) those characterizing the scale of
the technological process (e.g., productivity); 2)
those characterizing the resource-saving man-
agement of the process; 3) those ensuring the
required quality of the resulting product. How-
ever, there is no clarity in choosing the target
function, and the needs for the industry's prod-
ucts are calculated based on the statistical rela-
tionship between the level of production needs
and agricultural indicators (gross output or cost)
[19]. Some authors propose using integral or lo-
gistic functions related to S-shaped curves in the
context of forecasting the development process-
es of mechanical and technological solutions for
obtaining a given product [20]. A more general
analysis of the technological process of primary
tillage is presented by us in [21].

Modern complexity theory is based on the
laws of synergetics and represents a theory of
the emergence of the aforementioned proper-
ties in the whole. It is argued that in biology,
complexity is a consequence of the long-term
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self-organization of physicochemical systems
through continuous complication and acquisi-
tion of additional information. However, many
mysteries remain that hinder the construction of
a theory explaining the course of evolutionary
processes at all levels of matter development
[6]. Consequently, losses will occur. Thus, 1/3
of degradation occurs in agriculture [22].

The conducted analysis and research [23-26]
made it possible to develop the main ways of
managing the efficiency of grain crop cultivation
in Siberian conditions.

CONCLUSION

From a methodological point of view, the
developed ways of growth and management of
the efficiency of grain crop cultivation represent
a whole that allows us to reveal previously un-
used resource reserves and propose a rational
structure of innovative mechanical and tech-
nological solutions for the implementation of
resource-saving technologies within the frame-
work of adaptive landscape agriculture.

In the course of the conducted research, the
following provisions were established that cre-
ate a problematic situation:

— the diversity of soil properties and condi-
tions, which determines the heterogeneity of the
soil cover of Siberia, is its main characteristic
that must be taken into account when designing
technological processes and their technical sup-
port;

— domestic technology is only capable of
implementing traditional and extensive tech-
nologies, making grain production energy- and
material-intensive and ecologically unbalanced.
The lack of control theory prevents the desired
results from being achieved even with precision
farming technologies;

— to ensure the stability of output indicators
of the efficiency of grain crop cultivation, it is
necessary to create complex technological and
technical systems based on multidisciplinarity;

— to evaluate the effectiveness of the applica-
tion of technologies and their technical support,

an economically justified and ecologically bal-
anced yield is required, the criterion for which
is profit;

— the study of the profit functional at the ex-
tremum will allow us to obtain a yield function
corresponding to optimal costs.
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HAMATH YYEHOI' O
IN COMMEMORATION OF A SCIENTIST

Kaumenoxk UBan UBanoBuu

Cubupckas celbCKOX03sIiiCTBeHHAas HayKa IMOHeca Tsokenyto yrpary. 17 uions 2025 1. Ha 76-M
TO/ly >KU3HHM CKOHYAJCS JTOKTOP CEIbCKOXO3SWCTBEHHBIX HayK, MpoQeccop, 3acilyKEHHBIH BeTe-
pan CO PAH, GwiBIIMii 3amMecTuTens pykoBoauTens CHOMPCKOro HayYHO-MCCIIEI0BATENLCKOTO H
MIPOCKTHO-TEXHOJOTHUECKOTO MHCTUTYTA KUBOTHOBO/CTBA (CHOHUIITXX COHIIA PAH) MBan
NBanosuu KiinmeHok.

NBan MBanosuu poauicsa 2 suaps 1950 1. B cene SAnoBka KpacHoropckoro paiiona bpsHckoit
00JIaCTH B KPECTHSIHCKOW CEMbeE.

B 1967 r. noctynun B Butebckuii BeTepruHapHBIA HHCTUTYT, B 1974 I. OKOHYMII 300MHKCHEPHBIN
¢axynsTrer HOBOCHOUPCKOTO CENbCKOXO3SHCTBEHHOTO MHCTUTYTA. VIBaH VIBaHOBHY MHOTHE TOJbI
nocBatui padore B CuoHUIITUIK: cHauana ObIT MIa MM, 3aT€M — CTApIITUM HAyYHBIM COTPY/I-
HUKOM, ¢ 1994 1. — 3aBenytonum 1abopaTopuei pa3BeieHrs MOJIOYHOTO ckoTa, ¢ 2000 1. — 3amecTH-
TeJeM TUPEKTOPa, TOTOM — 3aMECTUTENIEM PYKOBOAUTES 110 HAy4HOI padore.

[Tocne oxoHuaHust acnupanTypsl B 1980 I. 3aUTHI KaHAMIATCKYIO JUCCEPTALIUIO 110 000CHOBA-
HUIO 3 ()EKTUBHBIX CIOCOOOB COACpkKAHUS TENIAT B MOJIOUYHBIN nepuoA. JlanpHeilmne ncciaenona-
HUSI IOCBSIIEHBI BBIPAIIMBAHUIO PEMOHTHBIX TEJIOK YEPHO-TIECTPO TOPOIBI CUOMPCKOTO OTPOIbS,
yT0 no3oamio M.1. KnumeHnky HaydHO 000CHOBATh PecypcocOeperarnyto TEXHOIOTHIO TIOTyYe-
HUS BBICOKOTIPOJIYKTUBHBIX MOJIOUHBIX >KUBOTHBIX U B 1994 T. 3aIIUTUTH JOKTOPCKYIO qUCCEpTa-
IUIO.

OcHoBHas HayyHO-HccaenoBatensckas padora .M. Knnmenka Oblsta HampasjieHa Ha MHTEH-
cu(UKaln0 MOJIOYHOTO CKOTOBO/ICTBA B Cubupu. SIBNssACh OTBETCTBEHHBIM UCHIOJIHUTENEM (hefe-
paJbHOM, PYKOBOJIUTENIEM U KOOPIMHATOPOM PETHMOHAIBHBIX IMPOrPaMM IO COBEPILIEHCTBOBAHUIO
YEPHO-TIECTPOTO CKOTa CHOMPCKOTO OTPOJIbS U BBIBEICHUIO €0 HOBBIX TONIUTHHU3UPOBAHHBIX TH-
IOB, OH 3apEKOMEH/I0BaJ ce0sl KaK BHICOKOKBAJIM(UIIMPOBAHHBIN CHIEIIMATINCT U CIOCOOHBIN opra-
HU3aTOpP.
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ITAMATH YYEHOI'O

Ero mHoronerHue uccieoBaHus MO3BOJIMIIN YCTAHOBUTD IIMPOKUI 1MAIIa30H TEPMOHEUTpaIIb-
HOM 30HBI y TOIILITHHU3UPOBAHHOTO YEPHO-IIECTPOTO CKOTA Pa3HOIO BO3PACTA, UTO MOCITYKUJIIO OC-
HOBOM 151 pa3zpabotku «Pecypcocbeperarorias TEXHOJIOTUS TPOU3BOJACTBA Mosioka B Cubupu, ooe-
cnieunBatoias yaou 7500 kr u 6onee», oTMeueHHOH quiuioMoM Poccenbxo3akagemun «3a JydIryro
3aBepILeHHYo pa3pabotky 2006 r.». Ee BHeapenue B OAO «bonbieHnkonsckoe» HoBocubupcekoit
00J1acTH MO3BOJIMIIO MOBBICUTH COXPAHHOCTh MOJIOJHSAKA 10 95% u Gonee, B 2—3 pas3a cOKpaTuth
CTOMMOCTB | CKOTOMECTa, MOBBICUTH HArpy3Ky Ha OIepaTopa MAIIMHHOTO JoeHUs 10 120 kKopoB u
pa3ouTh MepBOTENOK 10 6200 KT MoJIoKa 3a JakTaruio. [[pHopuTeTHOCTH PE3yIbTAaTOB UCCIIEI0BA-
HUH 3amuieHa aBTopckuM cBueTeabcTBoM CCCP u msaThio nateHTaMu Ha MHBEHTAph, CTOMIIOBOE
o0opyioBaHrEe U MOJIOUHYIO (pepmy.

ITon pyxoBoacTBoM VBaHa MBaHOBMYA M3Y4YEHBI U HAYYHO 0OOCHOBAHBI BaXKHEUIIIME IIEMEHTHI
SHEProcOEperaImnX TEXHOJIOTHI B MOJIOYHOM CKOTOBOJCTBE (I1e1ecoo0pa3Hasi KPOBHOCTh TOJI-
LITUH y YEepHO-MECTPBIX KMBOTHBIX; ONTHMajbHble Bo3pacT (oT 18 no 19 mec) u xuBas macca
(ot 380 o 400 Kr) peMOHTHBIX TEJOK MNpHU IMJIOJOTBOPHOM OCEMEHEHHH), pa3padoTaHa METOAM-
Ka OLEHKHU TOJIITHHU3UPOBAHHBIX KOPOB MO MOP(OIOTHYECKUM U (PyHKIIMOHAIBHBIM CBOWCTBaM
BBIMEHH U THUILY CTPECCOYCTOMYMBOCTH, IPUHLIMIIBI ONPE/IEICHHs KaueCTBa MOJIOKA, OpraHU3aluU
Y TEXHOJIOTMM MAaIIMHHOTO JO€HUs KOpoB. /laHHbIe MaTepuabl oryOINKOBaHbl B IEBATH METOIHU-
YECKHUX PEKOMEHIaLUAX U TPeX Y4eOHO-METOJUUYECKUX TOCOOHSIX, PEKOMEH0BAHHBIX K IIIMPOKOMY
BHE/IPEHMIO U MCIIOJIBb30BaHUIO B yUeOHOM IpoIiecce arpapHbIX By30B CHOUPHU U JPYTUX PETHOHOB
Poccun.

N.H1. KiluMeHOK — aBTOp U OCHOBHOM HCIIOJHUTEINb ISATH CEIEKLIUOHHBIX JOCTHXXKEHUH. Mo-
JIOYHAsI TPOILYKTUBHOCTH KOPOB MPHUOOCKOI0, KPaCHOSPCKOTO M MpHOalKaIbCKOTO TUIIOB YEPHO-
NEeCTPOil Mopo/bl B X03sicTBax-opuruHatopax Cubupu coctasnser ot 5300 o 6500 kr, yTo Ha
680—1590 xr OonbIIe, 4eM y CBEPCTHUII, a Y KOPOB-PEKOPIUCTOK YIOW 3a JIAKTAIIMIO MPEBHIIIACT
12 000 xr mosnoka *)upHOCThIO OT 3,6 10 4,4%. )KuBasg macca KOpOB aHIPUAHOBCKOTO THIA repe-
dhoprckoit moposst qocturaet 550—600 kr, OpikoB-npousBoauTenei — 10001200 kr, MOTIOYHOCTD —
223 Kr, CpeHECYTOUHBIN IPUPOCT — 1286 .

Pe3ynprarel MHOTOJIETHEN CENEKIMOHHO-INIEMEHHOW Pal0OoThI 3alllMIIEHbI MSAThI0 aBTOPCKUMHU
CBU/IETEJILCTBAMM U TIATHIO ATEHTAMH, A €€ YIIIyOJIEHHBIN aHaJIU3 TO3BOJIMI HE TOJIBKO 3aaTeHTO-
BaTh HOBBIM CIIOCOO MOTYYEHHsI BHICOKOIPOIYKTUBHBIX MPOU3BOIUTENIEH CEIbCKOX03SIICTBEHHbIX
KHUBOTHBIX, HO U CO3/1aTh HOBYIO IOPOJY MOJIOUHOTrO ckota Cubupsuka ¢ ynoem 7461 Kr mMonoka
XKUPHOCTHIO 3,8%, uTo Ha 1460 KT OOIBIIIE, YEM Yy KOPOB YEPHO-TIECTPON TTOPOJIHI.

N.N. KiinmMeHOK noarotoBuil 14 kaHIAMIATOB CEIbCKOXO3MCTBEHHBIX HAyK, SBJISJICS HAyYHBIM
PYKOBOJHUTENEM TPEX JOKTOPAHTOB U coucKaresieil. B coaBTopcTBe M caMOCTOSTENIbHO UM OITyOJIu-
koBaHO Oosiee 210 HayuHBIX padoT, B ToM uyucie 11 kuur, 9 pexomennamnuii, 3 yue6GHO-MeToq1UE-
CKHX MOco0Usl, a Takke 37 MIIaHOB IMJIEMEHHOU paboThl C MOJIOYHBIMU CTa/IaMU BEAYILIUX IJIEMEH-
HBIX 3aBOJIOB U PerpoayKTopoB 3anaHoit Cubupu. OH sBIsieTcs aBTOPOM paszeina « KuBoTHOBOI-
CTBO» B KOHIIENIUAX, pekoMeHaanusax u cucremax Benenust AIIK CesepHoro 3aypanbs, ToMmckoid,
Kemeposckoii, HoBocuGupckoii obnacreit, pecriyonuk Anrail, bypsatus u TeiBa, a Taioke paszaena
«IInemennas padora» B «CripaBOYHHKE CHOMPCKOTO dKUBOTHOBO/IA», BBIJIEPKABILETO J1BAa U3AaHMSL.

bonee 14 net MBan MBaHoBuY paboTtain B 10KHOCTH npodeccopa Kadenpbl BETepUHAPHOM Te-
HETUKHU U OuotexHoiaorun HoBocubupckoro rocynapcTBEHHOTO arpapHOro YHUBEPCUTETA.

Hccnenoanust M.1. Knumenka BHeC/IN CyIIECTBEHHBIN BKJIAJ B Pa3BUTUE TEOPETUUYECKUX OC-
HOB MOJIOYHOT'O CKOTOBO/ICTBA, COOTBETCTBYIOT MUPOBOMY YPOBHIO, HAIILJIM IIMPOKOE pacipocTpa-
HEHHE B CEJIbCKOXO035IICTBEHHOM Npou3BoacTBe CHOUpH.
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IN COMMEMORATION OF A SCIENTIST

3a pa3paboTKy MEpCIEeKTUBHBIX TEXHOJOTHH B JKUBOTHOBOJCTBE M HX AKTHBHOE BHEIpPEHHE
B ntpon3BoacTBO .M. KnuMeHOK HEOTHOKpAaTHO HAarpak1aJjics Mo4YeTHBIMU rpaMoTamu IIpesnnny-
Ma 1 CHOMpPCKOro peruoHanbHOro oTaeseHus Poccenbxo3akaaemun, Aimunuctpannn HoBocubup-
CKoOi1 oOmactu, momy4yun 3BaHue «3acmyxkeHHblid Berepan CO PAH», 3a ocoOblil BKJ1a B pa3BUTHE
arpapHoi Hayku HarpaxzaeH menansto uMm. .M. Cunsaruna u Megansto «40 ner CO Poccenbxos-
akazieMum», otMedeH omarogapHocteio [Ipesunenra Poccuiickoit @enepauuu B.B. [lyTtuna.

MBan MBaHOBHY MPOXWII SIPKYIO JKH3Hb, BCErJa MMEN aKTUBHYIO KU3HEHHYIO IO3ULHUIO, €T0
OTJIMYaIH [Ty0OKasi 4eJI0BEYHOCTh, BEICOKUN MPO(EeCCUOHANN3M, KUZHETIO0HE U ONITUMHU3M.

Yuien U3 KU3HU 3aMedarebHblid YUEHBIH, NIEaror, Yeil )KU3HEHHBIN Iy Th SBISETCS IPUMEPOM
YECTHOTO U 0e33aBeTHOro ciyxenus Ponune.

Caemnas namaTh 00 VBane VMIBaHOBMUE HAaBCErja OCTAHETCS B HALIMX CepALIAX.

Bripaxaem co00sie3HOBaHUS CEMbE M OJIM3KUM B CBSI3H C TSHKEJIIOM yTPaToi.

Konnexmue Cubupcroeo
HAY4HO-UCCe008AMeNbCKO2O

U NPOEKMHO-MEXHON02UYECKO20 UHCMUNYMA
arcusomnogoocmea COHIJA PAH
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INPABUJIA JJISA ABTOPOB

IIpaBuna 11 aBTOPOB COCTABICHBI HA OCHOBE STHUYECKUX NPUHIMIOB, OOLIMX JUIS WICHOB HAYYHOIO COOOLIECTBA, U
MPaBMII My OIMKAINK B MEXIYHAPOIHBIX M OTCIECTBEHHBIX HAYYHBIX MEPUONMUCCKUX M3IAHUAX, 4 TAKKE B COOTBETCTBUH C
TpeboBanusiMu BAK 11 nepronuueckux U34aHui, BKIIOUCHHBIX B [IepeueHb pPOCCUICKUX PELEH3UPYEMBbIX HAyUHBIX XKYyp-
HAJIOB, B KOTOPBIX JJOJDKHEI OBITH OIyOIHKOBaHBI OCHOBHBIC HAyYHBIE PE3yNIbTaThl AUCCEPTAINIl Ha CONCKAHNE YUCHOH CTe-
[IEHH JOKTOpPa M KaHAKJaTa HayK.

KypHnan myOnuKyeT opuruHagbHbIe CTAThH 10 ()YHIAMEHTAJIbHBIM U IPHUKJIaJHBIM IPOoOIeMaM 110 HallPpaBJICHUAM:

* o0uee 3emMie/IeNIue U PaCTCHUEBOICTRO;

*  CCIICKIUS, CEMCHOBOJICTBO M OMOTEXHOJIOTHSI PACTCHU;

*  arpoXMMHsi, arporo4BOBEICHHE, 3aIITA U KAPAHTUH PACTCHUN;

*  KOPMOIIPOU3BOJICTBO;

*  UH(EKIHOHHBIC O0JIE3HU U UMMYHOJIOTHUS )KUBOTHBIX;

*  YacTHas 300TEXHHUs, KOPMIICHHE, TEXHOJOTHH TIPUTOTOBJICHUSI KOPMOB U MPOU3BO/ICTBA MPOAYKIIUH KHUBOTHOBOJICTBA;
*  pa3BeJCHHUE, CEJICKIUS, TeHETHKA U OMOTEXHOJIOTHS YKUBOTHBIX;

*  TEXHOJIOTHH, MAIIUHBI U 000PYAOBaHKE JIJISl ArPOIIPOMBIIIIIICHHOTO KOMILICKCA.

Crarbs, HampapisieMas B pEIakiMiO, JOJDKHA  COOTBETCTBOBaTh  TEMAaTHYECKUM  pas3jeiaM  IKypHaia
«CuOupCcKUil BECTHUK CEITbCKOXO3SIHCTBEHHOM HAYKI»:

IlIndp u HauMeHOBaHKE HAYYHOI CIIeNHAJbHOCTH B COOTBeTcTBUH ¢ HoMeHnki1aTypoii
HaumenoBanue pyopuku .
HAYYHBIX CHEIHAIbHOCTEH, 10 KOTOPBIM NMPHUCYKIAIOTCS YUYeHble CTeNeHn
3emiieienie 1 XUMHU3aLIHUs 4.1.1. OOmiee 3emiieieNlne U PaCTEHHEBOCTBO (CEIbCKOXO3SICTBEHHBIC HAYKH )
4.1.3. Arpoxumus, arporoYyBOBE/ICHNE, 3aIIUTa M KAPAHTHH PACTEHUH (CETHCKOXO3SCTBEHHBIC
HayKH)

PacTeHueBonCcTBO U CeneKIys 4.1.1. Obmee 3emiieqiene ¥ paCTEHUEBOACTBO (CEIbCKOXO3STHCTBEHHBIE HAYKN )
4.1.2. CenekIys, CEMEHOBOJICTBO M OMOTEXHOJIOTHSI PACTEHHUIT (CETBbCKOX03IHCTBEHHBIE HAYKH)

3ammra pacTeHHHA 4.1.3. Arpoxumus, arporiOYBOBE/ICHIE, 3aI[UTa M KAPAHTHH PACTEHUH (CETHCKOXO3SHCTBCHHBIC
HayKH)
Kopmonpoussoncrtso 4.1.1. OO1ee 3emiieqienle U PaCTCHUEBOACTBO (CEIbCKOXO3SIHCTBEHHBIE HAYKN )

4.1.2. CenexIys, CEMEHOBOJICTBO M OMOTEXHOJIOTHSI PACTEHHUIT (CETbCKOX03IHCTBEHHBIE HAYKH)
4.1.3. Arpoxumusi, arporo4BOBe/ICHNE, 3aIIUTA U KaDAaHTHH PACTCHH (CEIbCKOX03HCTBEHHbBIC
HayKH)

300TeXHHs U BETCPUHAPHSL 4.2.3. Nndekiponnble 60JIe3HN 1 MIMMYHOJIOTUsI )XMBOTHBIX (BETEpHHAPHBIC HAYKH)
4.2.4. YacTHast 300TEXHHUSI, KOPMIICHUE, TEXHOJIOTUH IIPUTOTOBJICHHS KOPMOB U IIPOM3BOJICTBA
MIPOAYKIINH KUBOTHOBOJICTBA (CEIILCKOX03SHCTBEHHbIEC HAYKH)
4.2.5. Pa3Benenue, ceneKius, TeHETHKA U OMOTEXHOJIOTHSI YKUBOTHBIX (CEIbCKOX03SHCTBEHHbBIC
HayKH)

Mexanu3anus, apromaruzanus, 4.3.1. TexHomoriu, MavHbl ¥ 000PY0BaHKE JUTS arpOIPOMBIIIIICHHOTO KOMIUIEKCa (TeXHUYe-
MOJIEMpOBaHUe U nH(popMaru- CKHE HayKH)
OHHOE OOecrieueHue

4.1.1. Obwiee 3emiesiennue U paCTEHUEBOICTBO (CEIbCKOXO3SIHCTBEHHBIC HAYKH )
4.1.2. Cenexiys, CEMEHOBOJICTBO ¥ OMOTEXHOJIOTHSI PACTEHHUIT (CEIbCKOX03IHCTBEHHBIE HAYKH)
4.1.3. Arpoxumusi, arporiOYBOBE/ICHIE, 3aIUTa M KAPAHTHH PACTCHUI (CEIHCKOXO3SICTBCHHBIC

IIpo6nemsr. CyxneHus HAyKH)

Hayunble cBs3u

U3 HCTOPUM CEMBCKOXO3STi- 4.2.3. Nndexiponnsie 60JI€3HN 1 IMMYHOJIOTHS )KUBOTHBIX (BETEpHHAPHBIC HAYKH)

CTBEHHOM HAYKH 4.2.4. YacTHas 300T€XHUs, KOPMJIEHHE, TEXHOJIOTMU MPUIOTOBIEHNS] KOPMOB M IPOM3BOICTBA

Kparkue coobmenus HPOJYKIUH )KUBOTHOBOJICTBA (CEIBCKOXO35HCTBEHHBIC HAYKH)

U3 CCepTaHOHHBIX paboT 4.2.5. Pa3Bezienue, ceneKiys, TeHeTHKa 1 OMOTEXHOJIOT s )KUBOTHBIX (CEIbCKOXO3AHCTBEHHbBIE
HAyKH)

4.3.1. TexHoI0TUH, MAIIMHBI ¥ 000PYIOBaHHUE AJIS arPOIIPOMBILIUICHHOTO KOMIUIEKCA (TeXHUYe-
CKHE HayKH)

B xxypHate Taxke myOnuKyroTcest 0030pbl, KpaTkre COOOIIEHUs, XPOHHUKA, PELIEH3UH, KHIKHbIE 0003pEHUS, MaTepHaIbI 110
HCTOPUH CEIbCKOXO3SIMCTBEHHOM HAYKU U JESTENbHOCTU YUPEKICHUN U yUSHBIX.

Yucno myOGnukanuii 0THOr0O aBTOpa B HOMEpE JKypHaJla He JTOJDKHO IPEBBIIATh IBYX, [IPHU 3TOM BTOpPasi CTaTbhs JI0IyCTUMA
JIMIIb B COABTOPCTBE.
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K paccMOTpeHHIO MPUHUMAIOTCSI MaTepHajbl OT Pa3IMYHBIX KAaTETOPH HCCIIeNOBaTeNIeH, aCIMPaHTOB, AOKTOPAHTOB,
CIICHUAIUCTOB U SKCIICPTOB B COOTBETCTBYIOIIINX OGJ'IaCTﬂX 3HAHMH.

Bce crarthy pelieH3upyIOTCsT U UMEIOT 3apeructpupoBannbiii B cucteMme CrossRef mamexc DOIL.

[Tpu HampaBJICHUHU CTAThU B pelakinio KypHala « CHOMPCKHUN BECTHUK CEJIbCKOXO3SWCTBEHHOW HAYKH» PEKOMEHIyeM
PYKOBOACTBOBATHCA CJIICAYIOUIUMU ITPpaBUJIaMU.

PEKOMEHJAIIMU ABTOPY 1O ITIOJAYU CTATbU

[Ipencrasnenue cratbu B xkypHa1 « CHOMPCKNN BECTHUK CETbCKOX035SHCTBEHHON HAYKI» MOPa3yMEBaeT, YTo:
*  CTaThs paHee He ObLIa OIyOIMKOBaHA B APYTOM JKypHae;
*  CTaThs HE HAXOAUTCS HAa PACCMOTPEHUH B IPYTOM KypHAIIE;
*  BCE COABTOPBI COINIACHBI C IMyOnuKanuei TeKyuieil BEpcuu CTaTbu.

ITepen ornpaBkoii cTaTbU Ha PACCMOTPEHHE HEOOXOAMMO YOeAuThesl, uTo B (haiine (daitiax) comepkKUTCs BCsi HEOOXO-
JuMasi HHGOPMAaNus Ha PyCCKOM U aHITIHHCKOM SI3BIKAX, yKa3aHbl HCTOYHUKH HH(GOPMAIMH, pa3MeIeHHON Ha PHCYHKaX U B
TabHIIaX, BCE CCHIIKH OOPMIICHBI KOPPEKTHO.

MOPAJOK HAITPABJIEHUSI PYKOIIUCEN CTATEHR

1. OtnpaBka cTaThby OCYIICCTBIIACTCS Yepe3 EKTPOHHYIO PEaKIIMIo Ha caiite )xypHaua https://sibvest.elpub.ru/jour/
index. ITocne npeaBapuTeIbHONH PErMCTpALUKM aBTOpa B IIPABOM BEPXHEM YLy CTPAHHUILI BHIOpaTh omuuio «OTIPaBUTH
PYKOITUCHY». 3aTeM 3arpy3uTh pyKonuch cratbu (B (opmare *.doc mwim *.docx) U cOnmpoBOAMTENLHBIC JOKYMEHTHI K HEH.
Tocne 3aBepiieHUs 3arpy3Kd MaTepualioB 00s3aTelIbHO BBIOpaTh onuuio « OTHPaBHTH MUCEMO», B 9TOM CIIydae PeaaKIis
aBTOMATHYECKH OyJeT YBEJOMJICHA O MOJTYYSHUH HOBOW PYKOIIHCH.

CorpoBOIUTEIBbHBIE JOKYMEHTBI K PYKOIIHCH CTaThH:

*  CKaH-KOIHs IMUChMa OT OPraHU3aliHK C MOATBEPXKACHHEM aBTOPCTBA M pa3pelieHreM Ha myonukaimio (oopasen Ha http://
sibvest.elpub.ru/);

*  CKaH-KOITUS aBTOPCKOM CIpaBKH IO TpescTaBieHHOH Gpopme (oOpaser; Ha http://sibvest.elpub.ru/), B koTopoii 10mKHO
OBITH BBIPAYKEHO COIVIACHE HAa OTKPBITOE OMyOIMKOBAHHE CTaThH B IEUYATHOM BapHaHTE KypHaja M €ro dJIEKTPOHHOM
KomHHu B ceTH MHTepHeT;

*  CKaH-KOIHS PYKOIIUCH C MOAMUCSIMH aBTOPOB. ABTOD, MOAINUCHIBAsI PYKOITUCH W HANPABIISIS €€ B PENAKIHIO, TEM CaMbIM
nepeiaeT aBTopcKre rnpasa Ha uznanue 3toi crarbu COHLIA PAH;

*  aHKEThbl aBTOPOB Ha PyCCKOM M aHIIMICKOM s13bIkax (oOpasel Ha http://sibvest.elpub.ru/);

*  CKaH-KOIMS CIIPAaBKU U3 aCIUPAHTYPHI (U1 OUHBIX ACIIMUPAHTOB).

2. Bece nocTynaronye B peJakLuuio PyKOIHCH CTaTel PErnCTPUPYIOTCS Yepe3 CUCTEMY JIEKTPOHHOM penakuuu. B muunom
KaOHMHeTe aBTOpa OTpaykaeTcs TEKYIIMil CTaTyC PyKOIHCH.

HNOPAAOK O®OPMJIEHUSA CTATbU

Tekct pykonucu opopmisiercs mpudrom Times New Roman, keriem 14 ¢ untepsasiom 1,5, Bee nosns 2,0 oM, Hymepanus
ctpanul BHU3y. O0beM crarbu He Oosiee 15 cTpanull (BKITFOUas TabIHIIb, WILTIOCTpauy 1 Oubnuorpaduio); crarei, pazme-
1aeMbix B pyopukax «M3 nuccepranmoHHbix pabor» u «Kparkue cooOiieHus», — He Oonee 7 cTpaHull.

CtpykTypa odopmiieHHs CTATbH:

1. VYIK

2. 3aro/i0BOK CTATHH Ha PYCCKOM M AHIVIMIiCKOM si3bIKaXx (He 0oJiee 70 3HAKOB).

3.  ®aMuIu| U MHUIUAJbI aBTOPOB, M0JHOE 0(UIHAILHOE HA3BaHUE HAYYHOTO YUPeKIeHHsI, B KOTOPOM IPOBe-
JAeHbI HCCIe0BAHMS, HA PYCCKOM H AHIVIMICKOM fI3bIKaX.

Ecnu B moAroTOBKE CTaThy IPUHUMANHN YYacTHE aBTOPBI U3 Pa3HBIX YUPEKACHNUH, HEOOXOAUMO yKa3aTh IPUHAUICKHOCTD
Ka)KZOTO aBTOPa K KOHKPETHOMY YUPEKICHUIO C TIOMOLIBIO HAJCTPOYHOTO HHAEKCA.

4. Pedepar Ha pycckoM U aHIIIHHCKOM si3bIkax. O0beM pedepara He meree 200-250 cnos. Pedepar siBisiercst kpart-
KUM | TI0CIIeJOBATENILHBIM U3JI0KEHHEM MaTepHaa CTaThbH 10 OCHOBHBIM pa3zeiiaM U JIOJDKEH OTpa)kaTb OCHOBHOE COZIEp-
JKaHUe, CIIeNIOBATh JIOTUKE U3JIOKEHHs MaTepuala u ONMCAHUS Pe3yJIbTaTOB B CTaThe C IMPHBEICHHEM KOHKPETHBIX JTaHHBIX.
He cnenyer Bkitouars BriepBble BBEACHHBIC TEPMUHBI, a00pEeBHATYPHI (32 UCKIFOYCHHUEM OOIIEU3BECTHBIX), CCHUIKU Ha JTU-
Teparypy. B pedepare He cneayer nmoauepkuBaTh HOBU3HY, aKTyajdbHOCTh W JIMYHBINA BKJIAJ[ aBTOPA; MECTO MCCIICIOBAHHS
HEOOXOMMO YKa3bIBaTh 10 0071acTH (Kpasi), He YIIOMHHATh KOHKPETHBIC OpraHU3alnH.

5. KuroueBble cJIoBa Ha PyCCKOM M AHIJIMIICKOM sI3bIKAX. 5—7 CJIOB 110 TeMe cTaThu. JKenareabHO, 4TOOBI KITFOUCBBIC
CJIOBA JIOTIONHSUTH pedepar u Ha3BaHUE CTATHH.

6. Hudopmanus 0 KOHGIMKTE HHTEPECOB JIHOO €ro 0TCYTCTBHH. ABTOP 00s13aH YBEJIOMUTD PEAKTOPA O PEATLHOM
WM TTOTEHIUAIBHOM KOH(IIMKTE HHTEPECOB, BKIIOUUB HH(POPMAILIHIO O KOH(IMKTE HHTEPECOB B COOTBETCTBYIOMIMN pa3/el
ctatbu. Eciu KOH(IMKTa HHTEPECOB HET, aBTOP AOJDKEH TaKKe COOOLIUTEL 00 3TOM.

[Tpumep GpopmyIUpoBKU: «ABTOp 3asiBIIsSET 00 OTCYTCTBUU KOH(IMKTa HHTEPECOBY.

7. BJaarogapHocTH Ha PYCCKOM H AHIJIMICKOM sI3bIKaX. B 3TOM pasjierne yKka3bIBarOTCS BCE UCTOYHUKU (PHHAHCH-
POBaHUsI HCCIIEIOBAHUS, a TaKKe OJIarofapHOCTH JIIOMSIM, KOTOPhIE YYacTBOBAJIH B pabOTe HaJl CTaThel, HO HE SIBISIFOTCS e
aBTOPAMH.

8. OcHOBHOIi TeKCT cTaThH. [IpH H3I0KEHUH OPUTHHATBHBIX IKCIICPUMEHTAIBHBIX TAHHBIX PEKOMEHYETCS UCTIONb-
30BaTh MO/13arOJIOBKU:

BBEJEHME (nioctaHoBKa npo0OseMbl, e, 3a7a41 UCCIICIOBAHMS)

MATEPUAJ U METO/DbI (ycioBusi, MeTobl (METO/IMKA) MCCIICAOBAHNHN, OMTICAHUE O0BEKTA, MECTO U BpPEMSsI IIPOBE-
JIEHUS)

PE3VJBTATHI U OBCYXKIAEHUE

3AKJIOYEHUE i BBIBO/IbI
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CIIUCOK JIMTEPATYPbI. KonmnyecTBo ncTounnkoB He MeHee 15. B circok murepatypsl BKIIOYAIOTCS TONBKO PEIeH-
3MpyeMbIe HCTOYHHKH: CTaThH U3 HAyYHBIX )KypHaJIOB U MoHOrpadun. Camoruriposanue He 6omee 10% ot obmiero konuge-
cTBa. bubnnorpaduueckunii Ciucok 10/KeH ObITh 0pOpMIIEH B BUJIC OOIIETO CIIMCKA B TIOPSJIKE YIIOMUHAHUS B TEKCTE, yKella-
TENBHBI CCHUTKU HA HCTOYHUKH 2—3-JISTHETO CpoKa JaBHOCTH. [IpaBmina 0(h)OpMIICHHS CITUCKA JINTEPATYPhl — B COOTBETCTBUH
¢ 'OCT P 7.05-2008 (TpeboBaHMs 1 MpaBHiia COCTABICHHUs ONOIHOrpaduuecKoil CChUTKK). B TekcTe CChlika Ha HCTOUHUK
OTMeYaeTcs MOPSAAKOBON HU(POI B KBagpaTHbIX ckoOKax, Hanpumep [1]. Jluteparypa B criucke JaeTcst Ha TeX s3bIKax, Ha
KOTOPBIX OHa W3naHa. B Oubnuorpadudeckoe onucanue myOIrKauu HeOOXOIMMO BHOCUTH BCEX aBTOPOB, HE COKpaIas ux
OIHUM, TpeMs U T.Il. HemomycTnmo cokpamienue Ha3BaHUI CTaTeH, )KypHAIOB, H3IaTeIbCTB.

Ecnu HeoO6xoauMo cociaTbest Ha aBTropedeparsl, AuccepTanny, COOPHUKY cTaTel, yueOHUKH, PeKOMEHIaluy, yueOHbIe
nocobust, OCTeL, nHpOPMALIUIO ¢ CAUTOB, CTATHCTHIECKUE OTUYETHI, CTAThU B OOIIECTBEHHO-TIOIMTHIECKUX Ta3eTax U Mpo-
yee, TO Takyr HH(opMaluio cieayetr opopMUTh B BUAEC CHOCKU B KOHIIE CTpaHHIlbl. CHOCKH HyMEpYIOTCS apaOCKUMHU -
paMH U pa3MelarTcs IOCTPAaHUYHO CKBO3HOM HyMepaluei.

Buumanue! Teoperndeckne, 0030pHbIe ¥ TPOOIEMHBIE CTATEH MOTYT HMETh IIPOM3BOJIBHYIO CTPYKTYPY, HO 00s13aTeIbHO
JOJKHBI COTIeprKaTh pedepat, KIIoUeBbIe CII0BA, CIIMCOK JIUTEPATYPHI.

HPUMEPBI O®OPMJIEHUSA CIIUCKA JIMTEPATYPbBI, REFERENCES U CHOCOK

CIIMCOK JIMTEPATYPbBI:

Monozpagusn

Knumosa 3.B. Tlonesble KynbTyphl 3a0aiikanbs: MoHorpadus. Yura: [Touck, 2001. 392 c.

Yacmo Knuzu

Xonmos B.IT MuHuManbHast 00paboTKa KyJIHCHOTO Iapa MOA SPOBYIO MIICHHIlY IIPU MHTEHCH(UKALUK 3eMIICIENIUs B
10KHOH Jtecocrenu 3amagHoit Cubupu // PecypcocOeperatomue cucrembl 006pabotku moussl. M.: Arporpomusaar, 1990.
C. 230-235.

Ilepuoouueckoe uzoanue

Takynv AJL., Jlanwunoe H.A., Boxcanosa I'B., Ilakyne B.H. TexHomornueckue KayecTBa 3epHa MATKOH SpOBOH MILICHU-
1Bl B 3aBUCUMOCTH OT CHCTeMbI 00pabOoTKH 10uBkI // CHOMPCKUIT BECTHHK CeNTbCKOX03s1iicTBeHHOM Hayku. 2018. T. 48. Ne 4.
C. 27-35. DOI: 10.26898/0370-8799-2018-4-4.

REFERENCES:

CocTaBnsieTcsi B TOM )K€ MOPSIKE, YTO U PYCCKOS3BIYHBIN BAPUAHT, 110 CJISTYIOMINM MPaBHIIaM:

@amumnn M.O. aBTOpOB B YCTOSBIIEMCS CHOCO0€ TpaHCIMTEpaLUM, AaHIVIOSI3BIYHOE HAa3BaHWUE CTATbU, MPaHCIumepa-
Yusl HA36AHUsL PYCCKOSZLIYHO20 UCMOYHUKA (Hanpumep, uepe3 caum: https://antropophob.ru/translit-bsi) = anenossviunoe
naseanue ucmounuxa. Jlanee aiast MoHorpaduu JOIKHBI OBITh YKa3aHBL: TOPOJ, aHIJIOSA3BIYHOE Ha3BaHHUE M3/1aTeNIbCTBA, TO,
KOJIMYECTBO CTPaHMUIL; UL XKypHaJIa: rof, ToM, Homep, cTpanutlbl. (In Russian).

Mpumep: Avtor A.A., Avtor B.B., Avtor C.C. Title of article.

Tpancnurepanus aBTOpoB. AHINIOS3BIYHOE Ha3BAaHHUE CTAThH

Zaglavie jurnala = Title of Journal, 2012, vol. 10, no. 2, pp. 49-54.

Tpancaumepayus ucmounuka = AHen0s3bI4HOE HA36AHUE UCTOYHUKA

Momnozpaghua

Klimova E.V. Field crops of Zabaikalya. Chita, Poisk Publ., 2001, 392 p. (In Russian).

Yacmb Knucu

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).

Ilepuoouueckoe uzoanue

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.

CHOCKMH:

Lurupyembiii Tekct'.

'Knumosa D.B., Anopeesa O.T., Temnuxosa I'Il. TlyTu cTabuIu3anuy KOPMOIIPOM3BOACTBa 3abaiikanbs // TIpobremMsr
U HEePCIEKTUBBI COBEPLICHCTBOBAHUS 30HAIBHBIX CHCTEM 3€MJIE/ICNIUS B COBPEMEHHBIX YCIOBHAX: MaTepUalibl Hayd.-[IPaKT.
xoH(. (Yuta, 16—17 oktsa6ps 2008 r.). Yura, 2009. C. 36-39.

Hugposoit uoenmugpuxamop Digital Object Identifier — DOI (xoraa oH €CTb y HTUTHPYEMOT'0 Marepuana)

HEOOXOIMMO YKa3bIBaTh B KOHIE OMOIHOrpaguIeckoil CChUTKH.

IIpumep:

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.

Hamnuue DOI crateu cienyer mpoBepath Ha caiite http://search.crossref.org/ wnm https://www.citethisforme.com.
JU71st 3TOTO HY)KHO BBECTH B IIOMCKOBYIO CTPOKY Ha3BaHHE CTaThU Ha AHIVIMICKOM SI3BIKE.

PUCYHKMU, TPAOUKHU, TABJIULBI, CKPUHIIOTBI, POTOI'PAOUU U ®POPMYVYJIbI

PuCYHKH TOIKHBI OBITH XOPOIIETr0 KauecTBa, IPUTO/IHBIC IS TIeUaTh. Bee pHCYHKH TOHKHBI UMETh MOJPUCYHOUYHBIE TOJI-
mucy. [TonpucyHouHy0 TOAMHCH HEOOXOIMMO TIePEBECTH Ha aHINIMICKUH S3bIK. PUCYHKH HyMepyIOTCs apaOCKUMH b pamMu
TI0 MOPSIIKY CIIEAOBAHUS B TEKCTe. Ecau pucynok 6 mekcme ooun, mo o He nymepyemcs. OTCBUIKH Ha PUCYHKH O(QOpMIIS-
I0TCs cneayromum odpasom: «Ha puc. 3 ykazaHo, 4To ...» WM «YKa3aHo, 4To ... (cM. puc. 3)». [TonpucyHo4nas noanuck
BKJIIOYAET MOPSIKOBHIN HOMEp pHCyHKa  ero Ha3zBaHue: «Puc. 2. Onucanne >KM3HEHHO BaKHBIX MporieccoBy. [lepeBox mon-
PHCYHOYHOH MOAIUCH CIIEAYET pacioiaraTh MOociie MOAPHCYHOUHOMN MOAIUCH Ha PYCCKOM SI3BIKE.

TabauIBl TOMKHBI OBITH XOPOIIEr0 KauecTBa, MPHUIOAHBIC /Ui NedaTd. [IpeqrmoYTuTe bHbl TaONUIIbI, TPUTOIHBIC IS
PCAAKTUPOBaHUS, A HC OTCKAHUPOBAHHBIC UJIU B BUI€ PUCYHKOB. Bcee Ta6HI/II_lI>I JOJIKHBI UMETh 3aroJIOBKH. Ha3sanue Ta6_l'll/l-
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16l JOJDKHO OBITH EPEBEICHO HA aHIIMHCKUH s3bIK. TaOauIbl HyMepyIOTCs apaOCKUMU HU(paMu IO MOPSAKY CIEAOBAHUS B
tekcte. Eciu mabnuya 6 mexkcme 00Ha, mo ona He Hymepyemcs.. CCbUIKH Ha TaOMUIIBI 0()OPMIISIOTCS CIIEAYIOIIAM 00pa3oM:
«B Tabu. 3 ykaszaHo, 4To ...» Win «YKa3aHo, 4to ... (cM. Tadi. 3)». 3aroJoBOK TaONHUIIBI BKJIIOYAET HOPSAKOBEIA HOMEp Ta0H-
bl U ee Ha3BaHue: «Tabm. 2. Onucanue )KU3HEHHO BaXKHBIX MpolieccoBy. [lepeBos 3aroioBKka TaOIHIbI CIIEIYET Pacloiararh
HOCJIC 3ar0JIOBKA TAOJIUIIEI HA PYCCKOM SI3bIKE.

®dororpaduu, CKpHHIIOTH HEOOXOMMO 3arpysKaTh OTJIENILHO B BUE ¢aiinoB Gpopmara *.jpeg (*.doc u *.docx — B ciyuae,
eciu Ha n300paKeHUEe HAaHECEHBI JOMOTHUTEbHBIC TOMETKH ). Pa3pelieHre nzoopaxenus 1omKHO ObITh > 300 dpi. Daitnam
N300paKeHUH HEOOXOIMMO ITPUCBOUTE HAa3BaHUE, COOTBETCTBYIOIIEE HOMEPY PUCYHKa B TeKCTe. B onmcanum daiina ciemyer
OT/ICJIFHO TIPUBECTH MOAPHCYHOUHYIO TOJIIHCH, KOTOpPasi JOJDKHA COOTBETCTBOBATH HA3BAHUIO (oTorpaduu, moMenaeMon B
TEKCT.

I'paduku, qUarpaMmbl, THCTOTPAMMBI | T.JI. JOJDKHBI IPUITAraThes OTACIBHBIM (aiinom B mporpamme Microsoft Excel.

Crenyer oOpaTuTh BHUMaHHUE Ha Hanucanue popmyii B crarbe. Bee popMybl 1OKHBI OBITE peJaKTHPYEMBIE, TO €CTh IOJXK-
Ha OBbITh BOBMOYKHOCTb BHECTH B HUX M3MEHEHHUs. Bo 1M30exkaHue myTaHUIbl HE0OX0MUMO rpedeckue (o, B, T u ap.), pycckue
(A,a,b,0u ap.) OykBbI M IUDPBI TUCATH TPSIMBIM IIPUPTOM, TATHHCKHE — KYPCUBHBIM (W, Z, m, n v ip.). MaremaTiuecKue 3HaKu
Y CHMBOJIBI HYKHO ITUCATh TAKXKE MPSMBIM IpHQToM. He00X0AMMO 4eTKO YKa3hIBaTh BEPXHUE M HI)KHHE HAaJICTPOYHBIE CHMBOJIBI
(W', F, u np.).

B3AUMOJEVCTBUE MEXJY )KYPHAJIOM U ABTOPOM

Penaxuus mpoCcHUT aBTOPOB IPH NOATOTOBKE CTAaTel PYKOBOACTBOBATHCS M3JI0KEHHBIMH BBIIIE ITPABHIIAMU.

Bce nocrynatomue B xypHan « CHOUPCKHUN BECTHUK CEIILCKOXO3HCTBEHHON HAYKH» CTAThbU MPOXO/ST MPEABAPUTEIIb-
HYIO TIPOBEPKY Ha COOTBETCTBUE (hOpMaNTbHBIM TpeboBaHusIM. Ha 3ToM 3Tare penakiys 0CTaBiseT 3a CoOOH MpaBo:

* MPHHSITH CTATHIO K PACCMOTPEHHIO;

*  BEpHYTb CTaThIO aBTOPY (aBTOpaM) Ha JOPabOTKY ¢ IPOCKOOH yCTPaHUTh OLIMOKU WU J00aBUTh HEIOCTAIOIINE JaHHbIE;
*  BEpHYTb CTaThIO aBTOPY (aBTOpaM) Oe3 pacCMOTPEHMs, €CIIM OHa OopMIIEHa HE MO TpeOOBaHUSIM JKypHAa;

*  OTKJIOHHUTH CTATbHIO U3-32 HECOOTBETCTBUS €€ IEJISIM JKypHalIa, OTCYTCTBHS OPHUTMHAIEHOCTH, MAJION HAyYHOW LIEHHOCTH.

[Mepenmcka ¢ aBTOpaMy PyKOITUCH BEIETCS Yepe3 KOHTAaKTHOE JIUII0, yKa3aHHOE B PYKOTIHCH.

Bce Hay4HBIE cTaThH, IOCTYIHBIINE B PEAAKIHIO KypHaia «CHOUPCKUI BECTHUK CETbCKOXO3SMCTBEHHON HAYKU», ITPO-
XOIIAT 00s13aTeNIbHOE JIByXCTOPOHHEE «cienoe» perensuposanue (double-blind — aBTop 1 perieH3eHT He 3HAIOT APYT O JPYTe).

Pyxonucu HanpapIsitoTest 10 Npo(UI0 HAYYHOTO UCCISIOBaHUS HA PELIEH3HIO WICHAM PEAAKIMOHHON KOJUIETHH, a TaK-
JKC TTPUITIAIICHHBIM PEHECH3CHTAM — BEAYIUIUM CIICHHUAINCTaM IO TEMATUKE PEHECH3UPYCMbIX MaTCPUAJIOB. Pemrenue o BblGOpe
TOTO WJIM MHOTO PELEH3EHTa /I MPOBEICHUS SKCIEPTH3bI CTaThH MPUHUMAET IVIaBHBIM PEAAKTOP, 3aMECTUTENb [IIABHOTO
penakropa, HaydHBIA penakTop. CpoK peleH3npOBaHus COCTABISET 4—6 Hellemnb.

B cHOpHBIX ClTyJasx pelakTop MOXKET IPUBJIEYD K TPOLIECCY PELIEH3UPOBAHUS HECKOJIBKUX CIEIHATICTOB, a TAKXKe IJIaBHO-
ro pegakropa. [Ipu MoJgoKUTENFHOM 3aKITI0YEHUN PELIEH3EHTA CTaThs MEPEAacTCsl peIaKToOPy JUIsl MOJTOTOBKH K I1€4aTH.

IMTpu npuHATHYN peleHus 0 10padOTKe CTaTbU 3aMEUaHMs U KOMMEHTapHU PELeH3eHTa IepeaaloTcs aBTopy. ABTOpy Ja-
eTcst 2 MecdAlla Ha yCTpaHeHMs 3aMedyaHuid. Eciau B TeueHue 3TOro cpoka aBTOp HE YBEJOMMII PEAAKLHUIO O IUIAHUPYEMBIX
JEWCTBHUSX, CTAThsl CHUMAETCSI C OUepeH Ha Iy OINKALHIO.

[Mpu npuHsATHH peneHns 00 0TKa3e B IMyONMKAIUK CTaTBH aBTOPY OTIPABIISIETCS] COOTBETCTBYIONIEE PEIICHHIE PEIaKIH.

OTBeTCTBEHHOMY (KOHTAKTHOMY) aBTOPY PHHATOH K ITyOJMKALUK CTaTbU HANPABISIETCS (UHAIBHAS BEPCUST BEPCTKH,
KOTOPYIO OH 00sI3aH IIPOBEPUTH.

MOPAJIOK MIEPECMOTPA PEIIEHUM PEJJAKTOPA/PEIIEH3EHTA

Ecnu aBTOp HE COITACEH C 3aKIIFOYCHHEM PCLICH3EHTA H/MITH PEIaKTopa MK OTACIbHBIMH 3aMEUAHMSIMU, OH MOXKET OCIIO-
PUTH TIPHHSITOE peleHue. st 3TOro aBTopy He0OXOANMO:
*  HCIPaBHUTh PYKOIUCH CTaThU COINIACHO 0OOCHOBaHHBIM KOMMEHTAPHSM PEIICH3CHTOB U PEIAKTOPOB;
*  SICHO M3JIOKHTH CBOIO TTIO3MIIHIO 110 PACCMATPUBACMOMY BOIIPOCY.

PenaxkTopbl COAEHCTBYIOT MOBTOPHOH MOAaue PYKOMMCEH, KOTOpble NOTEHIUAIBLHO MOIIM Obl ObITH NPHHSATHI, OAHA-
KO OBUIH OTKJIOHEHBI M3-32 HCOOXOIMMOCTH BHECCHHs CYLICCTBEHHBIX M3MCHCHHUI WM cOOpa HOMOIHHUTEIBHBIX JaHHBIX,
Y TOTOBBI MOAPOOHO OOBSICHUTH, YTO TPEOYETCSI UCIIPABUTD B PYKOIIMCH JUIS TOTO, YTOOBI OHA OblIa MPUHSATA K MyOIHKAIINH.

JEVICTBUS PEJAKIIMUA B CJIYYAE OBHAPYXEHUS IIATHMATA, ®PABPUKAIIUU
NJIN PAJTBCUDPUKALI NN JAHHBIX

Penakuns HayyHoro *)ypHana «CHOMPCKUI BECTHUK CEIIbCKOXO3IHCTBEHHOW HAYKW» B CBOCH paboTe PyKOBOACTBYETCS
TPaIMIHOHHBIMH 3THYECKIMH IPUHIUIIAMH HAYYHOH MEPHOIUKH M CBOIOM NMPUHIMIOB «Komekca 3THKHM HayYHBIX TyOIrKa-
[iD», pa3pabOTaHHBIM U YTBEPKISHHBIM KOMHTETOM 10 3THKE HayYHBIX ITyOIHKAIHH, TpeOys COOMIONSHNUS STHX PaBHI OT
BCEX YYaCTHHKOB M3/IaTENILCKOTO Mpoliecca.

HNCITPABJIEHUE OIINBOK N OT3bIB CTATBU

B ciryuae oOHapyxeHHS B TEKCTE CTAThH OIIHOOK, BIHAIOIINX HA €€ BOCIIPUATHE, HO HE HCKaYKAIOIINX U3II0KEHHBIE PEe3YITb-
TaThl MCCIEIOBAHNSA, OHH MOTYT OBITH MCIIPaBIEHHI ITyTeM 3aMeHbl pdf-chaiina craten. B ciyuae oOHapykeHHs B TeKcTe
CTaThH ONIMOOK, MCKAKAIOMUX PEe3yNbTaThl UCCIEOBAaHMs, MO0 B CIydae IUIaruara, oOHapyXCHUs HEJ0OpPOCOBECTHOTO
HOBEJICHUS aBTOPa (aBTOPOB), CBSI3aHHOIO ¢ (anbcuduxanueil u/mwim Gpadpuxanueil 1aHHbIX, CTaTbsd MOXET ObITH OTO3BaHA.
MHunnmaTopoM 0T3bIBa CTaTbU MOXKET ObITh PEAAKIMSA, aBTOP, OpPraHu3aLus, YacTHoe u10. OTO3BaHHAs CTAaThsl IOMEYAETCs
3HaKoM «CTaTbs 0TO3BaHa», Ha CTPAHUILE CTAThU pa3MelacTcst HHGopMalys o mpuuuHe ee oT3biBa. Hpopmanus 00 oT3biBe
CTaThH HAPABIIAETCS B 0a3bl JAaHHBIX, B KOTOPBIX HHICKCHPYETCA JKypHAI.
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YBA’KAEMBIE TIOJITHCYHUKH!

[Tonnucky Ha xypHai «CHOMPCKUN BECTHUK CEITbCKOXO3SUCTBEHHOMN HAYKI»
(kKak Ha TOAOBOW KOMIUIEKT, TaK ¥ Ha OTACIbHBIC HOMEPA)
MOKHO 0()OPMUTH OAHHUM U3 CIAEAYIOUINX CIIOCOOOB:

* B arenrcrBe nogmucku OO0 «Ypaa-IIpece»,
noanucHoi unaexc 014973

Ccoinka Ha uznanue https://www.ural-press.ru/search/?q=014973.
B pazznene «KoHTaKTbI» 3aliTH 1O CCHUIKE
http://ural-press.ru/contact/, Tae MOXHO BBIOpaTh (hUITHAT IO MECTY KUTEIHCTBA

* B penakuuu ;kypHaaa
Ten.: +7 (383) 348-37-62, e-mail: sibvestnik@sfsca.ru

[TonHOTEKCTOBAS BEpcus KypHaa
«Cubupckuii BECTHUK CEITbCKOXO035HCTBEHHON HAYKH
pasmeleHa Ha caiite Hay4uHoit anekTpoHHoi 6uOnnoTeKu:
http://www.elibrary.ru
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