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Abstract

Background. The results of the study of the production process of intensive
and extensive rice varieties are summarized in a single database (DB) registered in
Rospatent No. 202462462. It includes two main parts: descriptions of the object of
study and tabular data having a structure and interrelations according to the logical
scheme, which was created in the Microsoft Access program. The latter manages
the database (DBMS) of biological features that form the rice yield. The database
contains data for identifying the interaction of biological features of plants with their
optical characteristics in the formation of the yield of rice agrophytocenoses and the
introduction of scientifically sound methods for monitoring the physiological state
of crops and forecasting the yield. In vegetation and microfield experiments, the
patterns of growth and formation of productivity of different types of rice varieties
are considered. Particular attention is paid to the characteristics of donor-acceptor
relationships in plants and crops as the main stage of the production process, deter-
mining the economic productivity of genotypes.

Purpose. The aim of the research is to study the production process of intensive
and extensive rice varieties.

Materials and methods. The research was carried out in two experiments: a
vegetation-microfield experiment and a field experiment (2017-2024).

Results. The developed database contains a set of data reflecting information
on the biological characteristics of plants that determine rice yield. Research on
monitoring rice crops was conducted in the physiology laboratory of the Federal
State Budgetary Scientific Institution “Federal Scientific Center of Rice”. The de-
veloped database is necessary to identify the interaction of biological characteris-
tics of plants with their optical characteristics. In this version of the program, five
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basic forms are used to enter the initial data, with the help of which data is entered,
edited and viewed: information on the yield and its structure (productivity); optical
characteristics of the object (optical indicators); information on the research mate-
rial (research material); information on climatic conditions (climatic data); Variety
passport (characteristics of the variety under study).

Conclusion. The structure of the DB of morphophysiological features of rice
plants is presented. Information support for monitoring rice agrophytocenoses is
carried out based on the entered data on biological features that form rice yield.
Specialists of rice-growing farms to monitor the state of rice crops, adjust nitrogen
fertilization and forecast the yield use the presented DB.

Keywords: rice; production processes; information support for monitoring; da-
tabase
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INPOI'PAMMHOE OBECIIEYEHHUE
JJISI MOHUTOPHUHTA ITPOLECCA ITPOU3BOJACTBA
ATPOIIEHO3A PUCA HA OCHOBE BA3bI JTAHHBIX

C.B. I'apkywa, M.A. Ckasxicennux, B.C. Koeanes, B.H. Qurcuxos,
A.®D. Ilempywun, T.C. ITmenuysvina

Annomayusn

Oo6ocHoBaHue. Pe3ynbsTaTsl H3ydeHHs IPOU3BOACTBEHHOTO MPOLiecCca UHTECH-
CHBHBIX M 9KCTEHCHBHBIX COPTOB prica 0000IIeHbl B eanHOl 0a3e nanubX (B),
3apeructpupoBanHoii B Pocriatente Ne 202462462, OHa BKIIIOYAET /1B OCHOBHBIE
YaCTH: ONMCaHNE O0BEKTA NCCICAOBAHMUS M TAOIMYHbIE JaHHBIE, UMEIOLIHE CTPYK-
TYpPY ¥ B3aIMOCBSI3M B COOTBETCTBHH C JIOTHYECKOI CXEMOH, KOTopast Obliia co31aHa
B nporpamme Microsoft Access. Ilocnenuss ynpasiser 6a3oit qanubix (bJ1) 6uomno-
T'MYECKUX IPU3HAKOB, (POPMUPYIOIINX YPOXKAHHOCTE puca. baza TaHHBIX COREpKUT
CBEICHUS JUTS BBISIBJICHHS B3aUMOJCHCTBHUS OMOIOTMIECKUX TIPH3HAKOB PACTEHUH
C MX ONTHYECKUMH XapaKTePUCTHKAMH B (JOPMHUPOBAHUHN YPOKAHHOCTH PHCOBBIX
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arpouUTOLEHO30B U BHEIPEHUs] HaydHO 0OOCHOBAHHBIX METOJOB MOHUTOPUHTA
(M3MOJIOTHYECKOTO COCTOSIHUS TIOCEBOB M IIPOTHO3UPOBAHUS ypoxkaifHOCTH. B Be-
TETAMOHHBIX U MUKPOIIOJICBBIX ONBITAX PACCMOTPEHBI 3aKOHOMEPHOCTHU pPOCTa U
(bopMHupOBaHUS MPOLYKTUBHOCTH PA3IIMYHBIX BUIOB cOPTOB prca. Ocoboe BHUMA-
HHE Y/ICJICHO OCOOCHHOCTSIM JIOHOPHO-aKIENTOPHBIX OTHONICHHH B PACTEHHSAX M
[0CEBaX Kak OCHOBHOTIO 3Tana MPOAYKLHMOHHOIO MPOILEcca, ONPEesIOLIEero Xo-
3SHCTBEHHYIO POAYKTUBHOCTH T€HOTHIIOB.

Henas. Lembio nccneqoBaHus ABIICTCS H3YIECHHS IIPOU3BOICTBEHHOTO IIPOLEC-
ca MHTCHCHUBHBIX M SKCTCHCHBHBIX COPTOB PHCA.

MarepuaJibl 1 MeTobl. ccienoBanns NPOBOAMINCE B IBYX SKCIIEPUMEHTAX:
BETeTallMOHHO-MUKPOITONIieBOM U TosieBoM (2017-2024 ).

Pesyabrarbl. Pazpaborannas 6a3a JaHHBIX COIEPKUT HAOOP JaHHBIX, OTpaxKa-
FOLIMX UH(POPMAIUIO O OHOIOTHYECKUX 0COOCHHOCTSIX PACTCHHIA, OTIPEICIISIONINX
ypokaifHOCTB prca. MccnenoBanus 1o MOHUTOPHHTY MTOCEBOB prca IPOBOAWIINCE B
naboparopu ¢pusronoruu OenepaabHOro rocy1apcTBEHHOIO OI0PKETHOIO HayUHO-
ro yupexxaenus «DenepanbHblil HaydHbIH HEHTp pucay. Pazpaborannas 6a3a naH-
HBIX HEOOXOIMMa JUIS BBISIBJICHHS B3AHMO/ICHCTBHS OMOIOTHIECKIX XapaKTEPHCTUK
pacTeHuil ¢ UX ONTHYSCKHUMH XapaKTePUCTUKAMU. B TaHHOW BepcHU MpOrpaMMBbI
JUIsL BBOZ@ MUCXOOHBIX JaHHBIX HMCITOJB3YIOTCSA IMATH OCHOBHBIX (I)OpM, C IIOMOIIIBIO
KOTOPBIX OCYIIECTBISETCS BBOJI, PEIAKTHPOBAHNE M TPOCMOTP NAHHBIX: HHpOpMa-
1wt 00 ypoxKae M ero CTPYKType (IPOIYKTHBHOCTS); ONTHYECKHE XapaKTePUCTUKH
o0bexTa (onTHUeCKHe NoKa3aTesn); MHpopManus 0 MaTepHuae uccienoBaHus (Ma-
TepHaJ UCCIICOBAHNSA); HHPOPMAIUS O KIIMMATHIECKUX YCIOBUSIX (KITMMAaTHISCKHE
JIaHHBIE); MACTIOPT COPTa (XapaKTePUCTHKA H3y4aeMOro COpTa).

3axumouenne. [Ipencrasnena crpykrypa b/l Mmopdodusuonoruuyeckux npu-
3HaKOB pacTeHHi prca. Ha 0CHOBE BBEJEHHBIX JaHHBIX O OMOIOTHUYECKUX MPH-
3HaKaX, HOPMHUPYIOIIUX YPOKAHHOCTH PUCa, OCYHIECTBISICTCS HHYOPMAITHOHHOE
obecrieyeHue MOHUTOPUHIa PUCOBBIX arpo(uToLeH030B. CHenualIucThl PUCOBO-
YECKHUX XO35AHCTB AJIS1 MOHUTOPHHIA COCTOSIHUS IIOCEBOB PUCA, KOPPEKTUPOBKU
A30THBIX yIOOPEHUI W MPOTHO3HPOBAHHS YPOXKAHHOCTH HCIONB3YIOT MPEACTaB-
nennyo bJl.

KuroueBble cji0Ba: puc; NMPOU3BOJICTBEHHBIE TPOLIECCHI; MHPOPMAIHOHHOE
obecrieueHne MOHUTOPUHTA; 0a3a JTaHHBIX

Jas untupoBanus. ['apkymia, C. B., Ckaxennuk, M. A., Kosanés, B. C., Uu-
xuKoB, B. H., [Terpymun, A. @., & [Tenunpina, T. C. (2025). IIporpammuoe 06e-
CIIeUeHHe /ISl MOHUTOPHHTA Mpoliecca MPOU3BOCTBA arporeHo3a pruca Ha OCHOBE
0a3sl maHHbIX. Siberian Journal of Life Sciences and Agriculture, 17(6-2), 543-560.
https://doi.org/10.12731/2658-6649-2025-17-6-2-1579



546 Siberian Journal of Life Sciences and Agriculture, Vol. 17, Ne6-2, 2025

Introduction

Until recently, remote sensing was used to inventory agricultural areas, iden-
tify areas of salinization, erosion, waterlogging and entanglement. Recently, there
has been a need to forecast crop yields based on remote sensing data [1-4]. This
has led to the need to conduct research and establish a relationship between plant
productivity and remote sensing data in various soil and climatic conditions [5].

In plants, the production process includes all stages of their development.
This includes the formation of shoots, tillering, nutrition, respiration, photosyn-
thetic activity with the formation of metabolites, their transport and distribution
among organs and storage, and the growth of fruit-bearing organs [6]. Shoot for-
mation has a great influence on the crop yield. The number of productive shoots
per unit area depends not only on the intensity of plant tillering, but also on the
sowing qualities of seeds (their growth force), the density of seedlings (seeding
rate), and the safety of lateral shoots [5; 7]. The productivity of rice varieties
is greatly influenced by the water regime and optimal mineral nutrition. The
water regime creates conditions for restorative processes that convert nitrogen
from the soil and fertilizers into ammonium, and potassium and phosphorus into
more accessible forms that are better absorbed by plants [8; 9].

In a similar way, phosphorus and potassium from mineral fertilizers and
from natural soil reserves after restored processes in flooded conditions increase
their availability for rice plants. Therefore, to enhance the production process
in plants when applying phosphorus and potassium fertilizers, it is necessary
to take into account their content in the soil [8].

The physiological state of agricultural crops is assessed not only by the area
of their photosynthetic surface and the concentration of chlorophyll in the leaves,
but also by the size of the vegetation index, which is an optical-biological char-
acteristic of plants [10-13]. Establishing the mechanism of the relationship be-
tween these features will allow us to better study the physiology of growth and the
production process of cereal crops. This is possible using not only experimental
ground-based data, but also the results of remote sensing of the Earth. According
to many scientists, the increase in the productivity of grain crops occurs not due
to an increase in the intensity of the photosynthetic apparatus of plants, but due to
an improvement in the donor-acceptor relationships of plants, as a result of which
the influx of assimilates to the generative organs increases. At the same time, the
mass of grain in the panicle and, accordingly, the yield increase [5; 14-17].

The above was confirmed in our works. The productivity of the studied
varieties increased as a result of the increased influx of formed metabolites
to the panicle, which increased the grain weight in it [18-21]. In addition, for
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the same reason, the coefficient of economic efficiency of photosynthesis also
increased in these highly productive varieties [17; 22; 23]. But these varieties
experienced a decrease in the weight of 1000 seeds, since it has a negative re-
lationship with the grain weight from the panicle, plant and unit area of crops,
and, consequently, with the yield of these varieties. The conducted research
work made it possible to create a number of morphophysiological indicators
for a qualitative assessment of the most adaptive and productive rice variet-
ies. They should be used to assess the condition of crops and forecast yields in
Kuban. It is combined into a single database (DB) and registered in Rospatent
No. 20224624627 [24]. The aim of the study is to identify the relationship be-
tween the morphophysiological characteristics of rice crops and their optical
characteristics using a database.

Purpose.
To systematize biological characteristics of rice plants with their optical
parameters for analysis in a database.

Materials and methods

The experiments were carried out in vegetation micro-checks and field tri-
als (2017-2024). In the first experiment, the following varieties were studied:
Rapan (st), Vizit, Flagman (intensive), Stanichny, Sonata, Atlant (extensive)
in concrete tanks with an area of 3.6 m?>. Meadow-chernozem soil for them
was taken from rice fields. Fertilizers were applied according to the following
scheme: 1 - control (without fertilizers); 2 - N ,P K (medium background); 3 -
N,,P K, (optimal background); 4 - N, P K  (high background), g of active
substance per 1 m? [25]. The plant density in the crop was 300 pcs./m?. During
the vegetation period of plants in all growth phases, their raw and dry biomass,
total nitrogen were determined on the UDC 127 device, leaf surface area was
measured, and the NDVI vegetation index was measured with a GreenSeeker
Handheld Crop Sensor spectrometer [27]. Using the N-tester device, leaf diag-
nostics were performed to determine the nitrogen content in rice plants. Sim-
ilar determinations of biological and optical characteristics of rice crops were
carried out in a field experiment on the production crops of the “FNC Rice”.

Results

The created database contains a set of information about the biological
features and optical characteristics of plants that affect productivity. The deter-
mination of the state of rice crops was carried out in the Laboratory of Physi-
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ology of the Federal Rice Research Center. The database allows us to identify
the relationship between the biological and optical characteristics of rice plants.

Data is entered into the program using five main forms, in which editing
and viewing of information is carried out: information on the structure of the
crop and its (productivity); optical parameters of the object (optical indicators);
initial values of the material being studied (research material); indications of
meteorological conditions (climatic data); variety passport (data on the variety),
which is accessed through the menu shown in Fig. 1. Fig. 2 shows the logical
structure of the database.

Productivity

Biological indicators

Optical indicators

Research material

Climate data

Fig. 1. Start panel for selecting the data entry form
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Fig. 2. Logical structure of the database
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Fig. 3 shows the optical parameters of plants that are entered into the data-
base. It includes the leaf area index, the above-ground mass of rice plants, the
nitrogen content, the NDVI vegetation index and the N-tester values,

j Optical Characteristics Of The Plot

ID_flenaHkn 1. MOHWTOPHHF COCTOAHWA NOCEBOB pUca v
ID_0azaBeretauuu 2 v
MNokasaHua GreenSeeker 0,95

Mokasanua_N_Tester 210

MaccaHafzemHaa 52

CopepxaHneAsota 20,5

WMHaekc/lucToeoilMoBepxHocTH | 1,5
Fig. 3. Optical characteristics of plants

The task of achieving ever-higher levels of rice crop yield determines the opti-
mal supply of nitrogen. In the N, P K . variant, its concentration corresponds to the
optimum [15]. The data are consistent with the readings of the N-tester, which char-
acterizes the color of plant leaves in any phase of vegetation, which are associated
with the ILP values and phytomass. Rice plants have different spectral reflectivity,
which allows using remote sensing data to assess their condition. Precision agricul-
ture uses indices that express the dynamics of these changes. The NDVI vegetation
index we measured is an indicator of the ability of plants to reflect and absorb light
waves. Chlorophyll, which is part of plant cells, reflects green waves of the light
spectrum. The higher the values of the vegetation index, the higher the amount of
green phytomass. NDIVI - analysis is relevant at any phase of plant development,
while it is necessary to pay attention to the patterns of its values. At the beginning of
the growing season and formation of the stem stand, it increases, and stops during
the flowering and grain filling phase. It decreases during the full ripeness phase. In
the middle of the growing season, the NDIVI index can be 0.5-0.8, which indicates
good crop biomass. In our experiments, the vegetation index values varied from 0.21
to 0.79 depending on the level of mineral nutrition and is closely related to the nitro-
gen status. Its optimal value is in the range of 0.72-0.78 and corresponds to nitrogen
values of 4.06-4.46% in the aboveground mass. These values relate to the beginning
of the tillering phase and are used in diagnostics of the nitrogen status of plants.

Fig. 4 shows a form about the research object. It contains fields where the
main information about the research is entered: the location of the experiment,
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its name, variety, sowing date, sowing rate, area of the experiment, dose of
mineral fertilizers.

m Allotment

Variety ‘ PanaH

Place ‘ MpuKyOaHCKKiA OKpYT

Year of Research ‘2017

Name of the ‘ 1. MOHUTOPHH COCTOAHWA NOCEBOB pUca
Experiment

Dose NPK ] NOPOKO

Seeding Rate ‘600

Date of sowing | 05.05.2017

Harvest Date ‘ 09.09.2017

Experiment area 3,60

L EL JL TEE

Fig. 4. Information about the research material

m Passport of the Variety

Name PanaH

Catalog Number ‘ 02456

Acountry ‘ PoccwA, KpacHOAapcKmii Kpaik E|

The variety [itatica

The growing season before flowering [s0

Growing season before ripening, days ‘ 115

Height of the plant, cm [so

Panicle length, cm [16

Bush shape, score ‘5

Panicle shape, score \ 3 E|

Length of the flag sheet, cm [

Width of the flag sheet, cm ‘ 2

Resistance to lodging, score [3 E|

Shedding resistance, score [s
to onanatural score [5 E

Number of spikelets in a panicle, pieces [100

Weight of 1000 grains, g lzs

Panicle density, pcs/cm [10

Coloring of the leaf plate lcpenne-aenenan

Coloring Of Flower Scales lsypﬂﬂ

Fig. 5. Variety passport
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Fig. 5 shows the form in which information on the biological characteristics
of rice varieties is entered. It is of a reference nature, which allows character-
izing the studied varieties by individual characteristics.

The reporting form of the database contains summary information on bio-
logical characteristics and results of monitoring the state of rice crops, presented
in the form of a table. The report presents data that allow creating a mathemati-
cal model of crop productivity and developing an algorithm for providing plants
with nitrogen to increase the yield of rice agrophytocenoses (Fig. 6).

Report 1
Variety Dose NPK NDVI N-Tester Plant weight Nitrogen LAl Productivity Harvesting Index
PanaH NOPOKO 0,25 210 52 2,1 1,6 0,559 54,4
PanaH N12P6K6 0,62 457 168 335 1,99 0,747 49,6
PanaH N24P12K12 0,8 517 207 4,02 2,67 1,25 48,6
PanaH N36P18K18 0,81 520 297 4,39 3,61 1,256 46
Buant NOPOKO 0,24 220 58 2 1,48 0,57 524
Buant N12P6K6 0,61 420 198 3,37 2,43 0,752 49,7
Buant N24P12K12 0,79 513 195 3,88 2,73 0,999 46,3
Buaut N36P18K18 0,81 519 231 4,5 3,32 1,149 42,2
®narmaH NOPOKO 0,23 215 46 2,2 1,75 0,521 52
®narmaH N12P6K6 0,58 469 207 3,13 2,43 0,803 46,4
®narmaH N24P12K12 0,77 505 285 4,26 3,89 1,115 41,1
®narmaH N36P18K18 0,8 516 393 4,41 4,66 1,256 44,1

Note: NDVI, units; N-tester, units; plant weight, g/m?; nitrogen content, %; LAI, m*m?; yield, kg/
m?; harvesting index, %.

Fig. 6. Rice crop monitoring report

Discussion

The developed database will allow structuring large volumes of informa-
tion required for analytical processing in research works. The database allows
developing algorithms and identifying patterns of regulation of plant nutrition
regime. Regulates the formation of productive sprouts and promotes the cre-
ation of highly productive agricultural crops. Based on the morphophysiological
and optical characteristics of rice crops, based on the presented database, it is
possible to determine the nitrogen supply in the tillering phase and develop an
effective scheme for its application.

Conclusion
The biological and economic productivity of rice crops is largely determined
by the morphophysiological characteristics of plants and is closely related to
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their optical characteristics formed the basis of the presented database. It is
aimed at monitoring the state of rice crops and planning the harvest of future
years.

Sponsorship information. The work was carried out within the framework
of the activities of the world-class scientific and educational center “Center for
Modern Breeding of Agricultural Plants”, which carries out research and de-
velopment in priority areas of scientific and technological development (Agree-
ment No. 075-15-2025-574).
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