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Co3paHue COpTOB C BBICOKOH MPOJYKTHBHOCTBIO IIPH ONTH-
MallbHOM I'yCTOTE PACTEHHUH SBJISAETCS OJHUM M3 HAMpaBiie-
HUH CEJICKLUH JIJIs TOBBILICHHUS YPOXKANHOCTH CEbCKOXO-
3UCTBEHHBIX KyIbTYp. Koo pumuent skoHoMudIeckoit
sdpdextuBHocTH (KD3) y copToB prica ObLT yBEIUYCH A0
50%nyTem cenekuuy, qanpHeinee ypenuaenue Kan mpu-
3HAHO Herleliecoo0pa3HbIM. J{J1s 0TOOpa IMUTHBIX paCTCHUN
B PHCOBOJICTBE JJISl MOBBIIICHUS IIPOyKTHBHOCTH PEKO-
MEHJTyeTCs MCIonb30BaTh nHaekec OMS, HoBU3HA U 3 dek-
TUBHOCTH KOTOPOTO HOJATBEPIKIICHBI MATEHTOM Poccuiickoit
®Oeneparuu. s ero pacdera BoigessitoT 20 pactenuii ce-
JIEKIMOHHOHN BbIOOpKH. Ha cTaanu 1BeTeHUs 3THX pacTeHUI
W3MEPSIIOT AJMHY U UIMPHUHY JINCTOBOM IUIACTHHKHU KPOIO-
IIEro JIMCTA U HWXKHETO JINCTA Ha TIIaBHOM oTpocTke. [1o-
111316 KPOIOIETO JINCTA M HIIKHETO JIMCTA SIBJISETCS Pe3ylib-
TATOM YMHOXKEHUsI OJTYYEHHBIX 3HAUECHHUU 1 KO3 PULneH-
ta 0,802.1x cpenHsis cymMMa JaeT CPEAHIOK TUIOINAIb JIH-
crbeB (Saverage)Ha craauu MONHOM CHETOCTH C ITHX pac-
TEHHH yIAISIOT OCHOBHYIO METENKY, 0OMOJIAYHBAIOT U
OTPeNIeISIFOT CPEAHIO Macey 3epHa merenku (Maverage).
IToka3zaTens MPOJYKTUBHOCTH BRIOOPKH PACCUUTHIBACTCS IO
dopmyne OMS = Saverage / Maveraglem HuKe duc-
nenHoe 3HaueHre OMS, TeM Ooliee NPOYKTUBHBIM SIBIISIET-
Csl pacTeHue, MOCKOJIbKY MEHbIIAs IIOIA/b JIUCTHEB HC-
NoJb3yeTcst it JOPMUPOBAHUS €ANHHIIBI MACCHI 3epHA.
Onenka OMS obecrnieunBaet 60j1€€ TOYHYIO OLCHKY TIPO-
JIYKTUBHOCTH PHCOBBIX pacTeHnit, ueM KO3. Bricokonpo-
JYKTHUBHBIE COPTA PHCA C BEPTUKATBLHBIMY JIUCTHIMHU ObLTH
0TOOpaHBI [T BKIFOYCHUS B MPOLIECC CEICKIUHU C UCTIONb-
3oBanueM uHnekca OMS. BriBeieH 1 pecTaBIicH Ha TOC-
yIapCTBEHHbIE HCITBITaHMsI cCOpT puca [Tomroc-5 ¢ HOBBIM
MOP(GOTHUTIOM pACTCHUI
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The creation of varieties with high productivitycd-
timal plant density is one of the breeding trerats f
increasing crop yields. The coefficient of economic
efficiency (CEE) in rice varieties has been incezbi®
50% by breeding, a further increase in CEE is recog
nized as inexpedient. For the selection of elitafd in
rice breeding for increasing productivity, it i<oen-
mended to use the OMS index, the novelty and effi-
ciency of which is confirmed by a patent of the Rus
sian Federation. For its calculation, 20 planta of
breeding sample are isolated. At the flowering staiy
these plants the length and width of the leaf blzfde
the flag leaf and the lower leaf on the main tikkee
measured. The area of the flag leaf and the logadr |
is the result of multiplying the obtained valuesl &ine
coefficient of 0.802. Their average sum gives tera
age leaf area (Saverage). At the stage of fulhegs,
the main panicle is removed from these plants,
threshed, and the average grain mass of the panicle
(Maverage) is determined. The indicator of sample
productivity is calculated by the formula OMS = Sav
erage / Maverage,. The lower the numerical value of
the OMS, the more productive is the plant since les
leaf area works to form a unit mass of grain. TIMSO
score provides a more accurate measure of ricé plan
productivity than CEE. Highly productive rice varie
ties with vertical leaves were selected to be ietlin
the breeding process using the OMS index. The rice
variety Polyus-5 with a new plant morphotype has
been released and submitted for state testing
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I ntroduction

The creation of highly productive varieties is ookethe main challenges of crop
breeding. Experts say that the share of the vametlye formation of the crop is 40-50% [3].
When breeding for increased yields, various apgres@re used, one of which is to increase
plant productivity at optimal plant density.

Plant productivity is closely related to the intéyp®of the photosynthetic apparatus.
This is confirmed by many researchers [1, 2, 4, 8].

The role of selection in increasing the photosyti¢hgroductivity of modern varieties
manifested itself mainly in the change of the plaotrphogenesis, i.e., a genetic improvement
in their structure. Further increase in the pronhitgtof rice is possible by changing its archi-
tectonics. Varieties with an erectoid arrangemdnieaves make it possible to thicken the
plant stand thus increasing the productivity of ¢teaosis. The common way of assessing the
productivity of grain crops is to determine thevasting index, or the coefficient of econom-
ic efficiency of photosynthesis (§ which shows the grain percentage of the wholesnoés
the plant without its root system [2, 6].

Breeders managed to significantly increase thalyoéimany grain crops and bring the
coefficient of economic efficiency @9 — the share of the economically valuable parthef
crop in the total biomass of the plant — up to 58#wever, a further increase ind€urned
out to be inexpedient, since it leads to a critrealuction in leaves and other photosynthetic
structures, and, in turn, decline of the graind/iehd its quality [5, 9].

Leaf surface area makes the main contribution ¢odifferences between varieties in
terms of photosynthesis per unit leaf area andtgaoductivity (70%) [11]. Unlike plants
with conventional architectonics, vertical-leavednps retain the green color of the leaves
and their high moisture content even after the postill grain ripeness [1, 4, 8]. The contri-
bution of leaves to the economic productivity ik can reach 80% or above [3]. A grain of
rice is formed because of the coordinated actiwftyarious plant organs, but mainly due to

the work of leaves [2, 9].
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Considering that rice growing in Russia is a camisgaocess of variety change, it is
necessary to know the agricultural practices faheariety, the optimal sowing rate, as well
as the level of its nitrogen nutrition. By obsexyithhese conditions, rice growers can make the
most of the biological characteristics of eachetyrilt is known that the productivity of rice
depends on the completeness of satisfaction obldre needs in the elements of mineral nu-
trition, primarily nitrogen [2, 6]. Due to the spkc features of rice cultivation, fertilizers
containing nitrogen in the ammonium or amide foramimonium sulfate and carbamide - are
the most effective. Nitrogen from fertilizers ikém up by the rice plant and incorporated in
the composition of proteins. The effective actidmibrogen fertilizers lasts for 10-15 days,
therefore for rice they are applied fractionalhyhig allows not only to create the necessary
reserves of mobile forms of nitrogen in the sofiobe sowing, but also to regulate plant nutri-
tion during the growing season. The bulk of nitnoge applied 2-3 days before rice sowing.
The first nitrogen top dressing to the rice plasiteuld be carried out when they reach the
stage of 3-4 leaves. At this stage tillering of tlee plants begins causing a sharp increase in
nitrogen consumption. Based on foliar diagnosticdecision is made on the second applica-
tion of nitrogen. As a rule, it is carried out whitre plants are at the stage of 5-6 leaves so
that to contribute to the development of a prodcplant stand and an increase in the num-
ber of grains per panicle [2].

Choosing and selecting elite plants — ancestorsewof varieties — is a real challenge
when selecting rice for high productivity. One b&tmethods of such selection is the use of
the OMS index developed by us, the novelty andiefiicy of which is confirmed by the pa-
tent of the Russian Federation [10]. Unlike,Khe OMS indicator provides an opportunity to
see the productive work of the leaf blades of thg feaf and the lower leaf of the rice plant.

The purpose of the research is to evaluate the plants of rice samples witHicair
leaves using the OMS index to identify the mosdpuative samples for their breeding poten-
tial; to determine the response of the rice varldyyus-5 with vertical leaves to changes of
the level of nitrogen nutrition at different platgnsity.

Material and methods

The material for the research was 7 new rice sasnpith vertical leaves, the result of
hybridization, their parental forms were the lagyain variety Pavlovsky with ordinary
leaves and the vertical-leaved cultivar SPU-78&6well as the new variety Polyus-5 with
erectoid leaves, originated from the hybrid popalaPavlovsky / SPU-78-96. The zonal va-

riety Rapan with ordinary leaves was used as alatdn
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The studied plants were grown in lysimeters of gh@wing plot of the Kuban State
Agrarian University named after I.T. Trubilin, atlien analyzed according to the generally
accepted method [7]. The final productivity testloé samples was carried out in the field in
the rice system of the Federal Scientific CenteaRiok.

The evaluation of rice samples using the OMS ingexarried out as follows.
Twenty plants of each studied breeding sample vsetected in the experimental plot
under lysimetric or field conditions. These ricamis were labeled so that not to injure
them or interfere with their normal growth. Thiswie plants stay in the field until the
grain ripening.

The following linear dimensions are measured atftbwering stage of the se-
lected rice plants: the length and width of thef lelade of the flag leaf and the lower
leaf. The leaves are known not to grow after reagtthe flowering stage and their pa-
rameters do not change. Though the leaves contimdanction until almost full ripe-
ness of the grain.

Multiplying these two linear dimensions (length anilth of the leaf) and apply-
ing the coefficient 0.802 to calculate the areaioé leaves gives us the area of the flag
leaf (S1) and the lower leaf (Ser). The average area.sageOf the blades of the flag
and the lower leaves of the main tiller of the se&de rice plants is the result of summing
up the areas of these two leaves.

After the onset of the stage of full ripeness thairmpanicles are cut from the
main tillers of the plants previously selected andrked. Each panicle with its label is
put into a separate bag. After threshing the gfeam each panicle the filled grains are
selected and weighed. The grains are considertdl fif they reach the form with the
maximum evenness of all structures characteridtib® variety at full ripening. The av-
erage mass of grain from the main panicleJdMgg is calculated.

Then the productivity index of rice breeding sanspie calculated according to
the formula: OMS = Qerage/ Maverage Where:

OMS - productivity index, cfig;

Maverage- average mass of grain from the main panicle, g;

SaveragelS the average blade area of the flag leaf andldier leaf of the main
tiller of the selected samples of rice plants?cm

The productivity of rice plants is estimated by th@ue of this indicator. The

OMS index shows how many units of area of the fle@f and the lower leaf work to
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form a unit mass of grain. The lower the numerialue of OMS, the more productive
is the plant, since a smaller leaf area works tonfa unit mass of grain [10].

Results and discussion. Five interrelated indicators of the studied vaegtand verti-
cal-leaved rice varieties: grain mass per plot (6% g; the grain mass of the main panicle,
Maverage 9; area of the flag leaf and the lower leafesye cnt; index OMS, crfig and coeffi-
cient of economic efficiency &

The data on the studied rice samples are givewnmparison with the parental forms
and the standard variety Rapan (Table 1).

Table 1. Yield and OMS index of parental forms,tieat hybrid samples and stand-
ard, 2013-2015

, . Area of the
Grain Grain mass
. | flag leaf and
Variety, mass per| of the main OMS, OMS
: the lower Kee .
sample plozt (0,6 panicle, leaf cn/g rating
M), T Maveraged Saverag, ’CMZ
Pavlovsky? 209,1 3,97 65,8 0,46 17 3
SPU-78-967 109,1 3,23 80,4 0,45 25 5
M-1 228,7 4,60 68,6 0,46 15 1
M-2 239,6 4,52 70,6 0,45 16 2
M-3 206,8 4,19 104,4 0,45 25 6
M-4 160,1 3,55 106,8 0,45 30 7
M-5 318,2 4,77 102,4 0,45 22 5
M-6 180,7 4,02 124,8 0,40 31 9
M-7 201,7 3,77 116,3 0,40 31 9
Rapan (st.) 153,0 3,92 76,9 0,5( 20 4
LSDos 28,91 0,27 11,01 - 3,46

Considering the indicator of the mass of grain imletéh from the plot and based on the
data in Table 1, it can be stated that all verieaved samples are superior in yield to the
standard variety Rapan and the paternal form vaulPU-78-96. At the same time, M-1, M-
2, M-3, M-5 and M-7 significantly exceed the stard] while all 7 samples show better re-
sults than the paternal form. Comparison with tleghar form shows that samples M-1, M-2
and M-5 turned out to be more productive. Howewaty M-2 and M-5 samples showed a
significant yield increase over the variety Pavigvs

The maximum vyield per the plot in the experimenswecorded for the vertical-leaved
cultivar M-5, 108% higher than that of the standdige second in terms of yield was the cul-

tivar M-2, exceeding the standard by 57%, and tlievar M-1 was the third exceeding the
standard by 49%.

http://ej.kubagro.ru/2022/06/pdf/06.pdf




Hayunsriit sxxypaan Ky6I'AY, Ne180(06), 202201 6

The analysis of the value of the coefficient of mmmic efficiency indicates that 5 out
of 7 hybrid samples under this indicator practicald not differ from each other and do not
differ from the parental forms @g= 0.45-0.46). Additionally, it is seen that acdogito Kee
all samples with vertical leaves are inferior te #tandard, its value being 0.50.

According to the OMS index, the differences betwgenstudied parental forms, hy-
brid samples and the standard variety are sigmifiCEhe best in terms of the OMS index and,
accordingly, the most productive were the vertleaved hybrid samples M-1 and M-2. For
the formation of 1 gram of grain yield, they hahe smallest area of the leaf apparatus, 15
cnt and 16 crhof the surface of the flag leaf and lower lea§pectively. This is significant-
ly less than the standard by 5 gfcamd 4 g/crfy or 25 and 20%. The samples M-1 and M-2
ranked the first and the second in the OMS indee (Bable 1). They are followed by the
mother form, the variety Pavlovsky, with a produityi index of 17 g/crfy and the standard
variety Rapan, 20 g/cmThe paternal form, cultivar SPU-78-96, and thesia M-5 took the
5th place in terms of productivity index, their ONdSing 25 g/crh Though in terms of grain
mass of the main panicle and per the plot, the EaiMpb took first place in the experiment.
However, the sample M-5 has a leaf surface aredirhés larger than that of M-1, and the
OMS index indicates a less efficient photosynthetick of the leaves of the sample M-5.

The lowest productivity was noted in the sampleg MM-6 and M-7, in which OMS
was 30, 31 and 31 g/énrespectively. These three samples are less piivduban both pa-
rental forms and the standard variety, on avergdeOBo, and this difference is significant.

The selected samples of rice with the vertical ésam-1, M-2, M-3, M-5 in 2016-
2019 were studied in the breeding nurseries. Teedfehem, known as the variety Polyus-5,

has been transferred for state testing since 2080 1).
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Figure 1 — The rice varieties Polyus-5 (a) and Rapa

The vegetation period of the variety Polyus-5 i @iays on average. The plant height
is 90 cm. The mass of 1000 grains is 28.5 g, fismtbeing 16.0%, sterility of spikelets is
5.3%. Resistance to blast has been tested: indlieHolyus-5 is not affected by blast, under
artificial infection it is moderately resistant. distinctive feature of the variety is its erectoid
leaves pressed against the stem. The plants ofdhety are highly resistant to lodging.

To obtain additional data for the evaluation of tregiety Polyus-5 in 2021 it was
studied in comparison with the variety Rapan infibkl experiment planted on the experi-
mental irrigated plot of the Federal Scientific @arof Rice according to the methods adopt-
ed in the Center. The general norm of mineral tiatriwas N2dPs0K20. The fertilizers appli-
cation scheme was as follows: phosphorus, potassnt$0% of nitrogen in the form of urea
were applied before sowing, and 25% of nitrogen agded as top dressing when rice had 3
leaves and 25% was applied at the stage of 5 le@hesplant density was formed by sowing
varieties with the rate of 400 and 800 grains perlAfter germination, the actual density
according to the variants was 220 (sparse) andth&tkened) rice plants per 1°m

On the registration plots of 1%mat the heading stage, 20 plants were marked laith
bels to determine the OMS index. The work on therdeination of OMS was performed in

accordance with the procedure described above [10].

http://ej.kubagro.ru/2022/06/pdf/06.pdf
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Studying the response of rice varieties to plamsdg and the level of nitrogen nutri-
tion, we consider the relationship of the followitrgits: grain mass obtained per the plot,
grain mass per the main panicle, flag leaf and tdeaf area, KK, and OMS (Table 2).

The data of Table 2 show that the variety Polyusith single nitrogen application
showed a yield almost equal to the standard. Wighintroduction of two nitrogen top dress-
ings, the yield of the variety Polyus-5 turned tmube significantly higher than that of the va-
riety Rapan. At the same time, the variety Polyishéwed the maximum yield (1380 gjm
with dense plant stand and two nitrogen top drgssin

Table 2. Yield and OMS indicator of rice varietieslyus-5 and Rapan with one and two ni-

trogen applications, 2021

Parameters Variant Polyus-5 Rapan LS9
1** 2*** 1 2
Grain mass per plot (1 g N-1* 900 840 890 870 10,2
N-2 1380 1200 910 880 55
Graon mass per main panicle, N-1 2,1 3,9 2,9 3,8 -
Maverage 0 N-2 4,5 54 3,0 3,9 —
Area of the flag and the lower] N-1 67,6 101,2 72,7 76,9 -
leaf, Syerage M N-2 98,7 | 1022 778 79,2 —
Kee N-1 0,54 0,54 0,50 0,52 —
N-2 0,50 0,51 0,50 0,52 —
OMS, cnf /g N-1 32 27 25 20 —
N-2 23 19 26 20 —
OMS rating N-1 4 3 2 1 -
N-2 3 1 4 2 —
Note: * N-1 — single top dressing application; N-Bvo top dressing applications;
**1- dense plant stand, *** 2- sparse plant stand.

Under sparse sowing the plants of the variety Polyfiormed a large vegetative mass
due to an increase in the leaves size to the dattiof the overall productivity of the cenosis.
A similar result is observed for the mass of grfaom the main panicle. In case of sparse
sowing and with two nitrogen applications, it reeghts maximum value in both varieties.
But this was not enough to form a higher mass aingper the plot compared to the dense
plant stand.

The parameter ¥ changed little by the variants of the experimdiite OMS index
gave more interesting results. With single nitroggmdressing the best result is shown by the
variety Rapan according to the OMS rating, and with top dressings, the best result be-
longs to the variety Polyus-5.

http://ej.kubagro.ru/2022/06/pdf/06.pdf
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The obtained data indicate the need to developesiesyof agricultural technology for
each new rice variety, especially in terms of pldensity and level of mineral nutrition.

Conclusions

1. When determining the value of the breeding neiet is not enough to have in-
formation about the yield of the samples and theffaoent of economic efficiency ¥ to
characterize the productivity of plants.

2. For a more accurate assessment of the prodyatifvthe rice plants, it is advisable
to use the OMS indicator which allows differentiatiof the breeding samples and new varie-

ties with different architectonics of the leaf apgias.
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