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THE BREEDING OF RICE VARIETIES TOLERANT TO SALINITY
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Abstract

Rice resistance to soil and water salinity plays an important role in agriculture, as it affects the productivity of plants in
areas with high salt content. This article provides information on the identification of samples with the Saltol tolerance gene
from hybrid rice populations obtained from hybridization of the Russian variety Novator with Asian donors of this gene. In
laboratory analysis of salt resistance, rice seeds were germinated in glasses with a 1.5% solution of table salt and distilled
water. The ratio of the mass of young 10-day plants in the experiment to the control was used as an indicator of stability. In the
course of the work, samples tolerant to salinization were selected. PCR analysis showed that most of them contained the gene
Saltol in their genotype. The best lines were tested for productivity in the field on plots of 25 m2 in 2-fold repetition. The
elements of the crop structure are also studied. Two samples 7328/17 and 7322/17 from a combination of IR-52713-2B-8-2B-
1-2 x Novator in an average of two years showed a yield of 6.82-7.53 t/ha, while the variety-standard Uzhanin — 6.25 t/ha). The
increase was 0.57-1.28 t/ha.
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BBIBEJIEHUE COPTOB PUCA, TOJIEPAHTHbBIX K 3ACOJIEHUIO

Hayunas craTes

AHHOTAIIUSA

Y CTONYMBOCTD pHCa K 3aCOJICHHIO TIOYBBI U BOJBI UTPAET BAXKHYIO POJIb B CEIBCKOM XO3SHCTBE, MIOCKOJBKY BIHSCT HA
MIPOYKTUBHOCTh PACTCHHUI HA yYaCTKaX C MOBBIIICHHBIM COJICPXKAHUEM coJicl. B maHHOI cTaThe mpuBencHa HH()OpMAIHS 110
BEISBJICHUIO OOpPAa3lOB C T€HOM TOJCPAHTHOCTH K 3acolicHuio Saltol w3 rHOpuAHBIX TOMyNSIMA pHca, MOTYYEHHBIX OT
ruOpuan3aMyu  poccuiickoro copra HoBaTop ¢ a3uMarcKMMM JOHOpaMM 3Toro reHa. [lpm mabopaTopHOM aHanH3e
COJICyCTOMYMBOCTH CEMEHA pHCa MpOpalluBaid B cTakaHax ¢ 1,5%-M pacTBOpPOM ITOBapeHHOH COJM W JUCTHIUTHPOBAHHOMN
Bofoil. OTHOIIEHHWE Macchl MOJNONBIX 10-IHEBHBIX pACTEHWA B ONBITE K KOHTPOIIO HCIIONB30BANM KAaK ITOKa3aTellb
ycToiiunBocTd. B Xome paboTel Ob OTOOpaHBI 0Opaslbl, TOJNEpaHTHBIE K 3aconeHuio. [I[[P-aHamm3 mokasam, d9To
OOJIBITMHCTBO M3 HUX COICPIKAIN B CBOeM T'eHOTHIIE TeH Saltol. Hammydnme TWHUM TPONDTH UCIBITAHUE HA MPOYKTUBHOCTH
B TOJICBEIX YCIOBUSX Ha JACSHKAX IUIOMAABI0 25 M2 B 2-KpaTHOH MOBTOPHOCTH. M3ydeHBI TakKe AJIEMEHTHI CTPYKTYPHI
ypoxast. JIpa o6pasma 7328/17 u 7322/17 u3z xomOunarun IR-52713-25-8-26-1-2 x HoBaTop B cpeiHeM 3a 1Ba rojia moKa3aim
yposaiinocts 6,82-7,53 1/ra, Toraa kak copr-ctanaapt Oxanun — 6,25 1/ra). [Ipnbdaska cocrasumna 0,57-1,28 1/ra.

KuaroudeBble ci10Ba: puc, ruOpuI, CONeycTONUMBOCTD, anamms [P, ypokaiHOCTS.

1. Introduction

Selection for resistance to abiotic and biotic stresses is an important way to combat the decline in yield. Rice, Asia’s most
beloved grass, feeds most of the world's population. More than 90% of the world's rice is grown and consumed in Asia, where
60% of the world's population and about two-thirds of the world's population live [12]. The green revolution helped solve
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global food demand, but this is not enough to satisfy the growing population of the 21st century. To increase production needs,
it is necessary to increase the acreage under rice. About 6.5% of the total land area is exposed to salt in the soil. The area
exposed to salt load is increasing due to many factors, including climate change, rising sea levels, excessive irrigation without
adequate drainage on inland lands, bedrock rich in harmful salts, etc. not used due to salinity and alkalinity problems.

Salinization is one of the major obstacles to the increase in rice production in areas where it is grown worldwide. Rice is
classified as a culture especially sensitive to salt [15]. It has been established that the effect of salinization on rice growth is
associated with the stage of plant development, the concentration and type of salt, the duration of its impact, soil pH, water
regime, temperature, humidity and solar radiation [4].

Laboratory tests of rice varieties showed that the salt concentration in the solution during seed treatment is especially
important for assessing the relationship between ion accumulation and salt tolerance. Salinization stimulated the accumulation
of Na+, Na+ / K+, CI- ions in shoots and roots and reduced the content of K+, NO3- in both organs at a NaCl concentration of
1.2%, but not always at 0.6%. A significant negative correlation between the content of Na + and the dry weight of the shoot
and the root was shown at a NaCl concentration of 1.2%. A significant negative effect of Cl— ions on biomass growth and
survival rate of rice plants and a positive relationship between the dry mass of the root and the K+ and NO3— content with high
NacCl concentrations was also found [5].

Janaguiraman et al. (2003) reported that tolerant rice genotypes show a higher percentage of germination, root and sprout
length, growth index, amylase and dehydrogenase activity with less anthocyanin accumulation in the roots [11]. Sankar et al.
(2006) estimated the salt tolerance of rice varieties by germination and growth of seedlings under salt stress conditions with
1.6% NaCl. The CSR 23 and CSR 10 genotypes showed themselves well in terms of the germination rate, CO 43 and Nona
Bokra, in terms of the share of grain in biomass, and CSSRI 60, in terms of the growth energy index [8].

In recent years, the creation of salt-resistant varieties has been proposed as a means of expanding agriculture in saline-
affected regions [9]. Selection of rice varieties with genetically determined salt tolerance is implemented as the most
promising, less resourcious, economically viable and socially acceptable approach. Salt tolerance is a multigene trait that
allows plants to grow and form an economically significant crop with physiologically low and relatively constant levels of salt,
in particular, NaCl [10]. Rice yields in saline areas are very low, <1.5 t/ ha, but can be easily increased by at least 2 t / ha [14].
In India, salt-resistant rice varieties have been created: CSR, Panvel, Pokkali, Vytilla, Savitri, and others [7]. Similar work is
underway in other countries.

In Russia, this problem is also relevant, which makes it necessary to carry out selection work on the creation of salt-
resistant rice varieties. To do this, it is necessary to involve the best Asian samples in crosses with local varieties and to use
modern methods of controlling gene transfer and salt tolerance diagnostics.

In the research institute of rice Gisheva N.G. (1999) conducted studies of the morphological traits of rice plants,
quantitatively changing under the influence of excess salts in the soil, closely related to salt tolerance, and the assessment of
variety samples for resistance to this stress. The data obtained are of practical importance for breeding, allowing for the
evaluation of breeding samples for salt tolerance using a complex of morphological and physiological and biochemical
characteristics [1]. Ladatko N.A. (2006) showed the effect of salinization and the level of nitrogen nutrition on the integral
indicators of the photo-synthesis of varieties [2].

Scientists-breeders of the All-Russia Scientific Research Institute of Rice created varieties combining a high degree of
tolerance to chloride soil salinization with economically valuable traits for cultivation using various technologies. In the period
from 1999 to 2006 salt-resistant varieties Kurchanka, Fountain, Serpentine, Iceberg, Sonata were transferred to STV (state
testing of varieties). The Sonata variety was created by the anther culture method from the hybrid population F3 Pokkali /
Slavyanets // Slavyanets [3].

The aim of our research was the creation of salt-resistant varieties of rice for the conditions of southern Russia.

2. Methods

The early maturing variety of the All-Russia Scientific Research Institute of Novator rice and 3 Asian salt-resistant
samples IR 52713-2B-8-2B-1-2-2B-8-2B-1-2, IR 74099-3R-3-3- served as the starting material. 3R-3-3 and NSIC Rc 106
carrying the Saltol gene, localized in the 1st chromosome of rice. These samples were crossed with the variety Novator in 2013
under the conditions of the climate chamber of the All-Russia Scientific Research Institute of Rice.

Hybrid plants were grown in the Rostov region on the checks of the Proletarskaya Experimental Station of the Agricultural
Research Center “Donskoy”. From selected leaves of rice, genomic DNA was isolated in the laboratory of marker selection of
ARC “Donskoy” using the CTAB method [13]. Using PCR analysis based on the RM 493 marker [6], the presence of the
target Saltol gene in the cleaved hybrid progeny was carried out. Amplification was carried out in an Applied Biosystems 2720
thermal cycler: denaturation — 94°C — 5 minutes, 35 cycles (94°C — 30 sec., 60°C — 30 sec., 72°C — 30 sec.), final elongation —
72°C — 8 minutes. PCR products were separated by electrophoresis on a 2.0% agarose gel, stained with ethidium bromide and
photographed using a Bio-Rad GelDoc XR + instrument.

Samples of rice were tested for salt tolerance using a laboratory (cups) method. The seedlings were weighed at 10 days of
age after their growth in distilled water and 1.5% NaCl solution. For differentiation of samples for salt tolerance at the
development stage of the seedling, the scale developed by IRRI [17] was used: unstable - from 0 to 20%; poorly resistant -
from 21 to 40%, medium-resistant - from 41 to 60%, stable - from 61 to 80%, highly resistant - more than 80%. In laboratory
experiments, the parent variety Novator served as the standard, in the field, in the assessment of yield, the Uzhanin variety.
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The study of the best lines of the complex signs was carried out in the control nursery on plots of 25 m2 in 2-fold
repetition. Accounting yield carried out in the field after harvesting plots combine. Statistical processing of the data was
performed using Excel and Statistica 6.

3. Results

The first generation hybrids in 2013 were characterized by late ripeness and high sterility of spikelets, caused by the
genetic remoteness of the crossed forms. The variety Novator belongs to the japonica sub-species, and the other specimens are
indica. Hybrids of the second generation in 2014 varied significantly by the growing season (110-150 days), the length of the
stem (70-120 cm), the length of the panicle (13-24 cm), the number of grain per panicle (81-200) and the number of spikelets
per panicle (100-300), the mass of 1000 grains (26-35 g), mass of panicles (2-5 g), etc.

From these hybrid populations, panicles were selected from the best plants that had the optimal values of economically
valuable traits: early ripeness, short stature, good horniness, low hollowness. DNA was isolated from their leaves to analyze
the presence of the Saltol gene. Seeds from the analyzed plants of the second generation carrying the target gene in the
homozygous and heterozygous state were sown in 2015 in the field for the 3rd generation. For the next PCR analysis, the best
bushy plants with a well-watered panicle and ripened grain were taken from them. Work on the selection and analysis of the
best samples lasted for several generations.

DNA analysis revealed differences between samples in the presence of Saltol gene alleles [16]. In 2016, out of 205 F4
plants analyzed, only 41 plants had the Saltol gene in the homozygous dominant state, 29 plants in the heterozygous state and
135 plants in the recessive state. An example of electrophoregram presented in Figure 1.
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Figure 1 — Electrophoregram of F4 riée lines for the presence of the Saltol gene, 2016. Note: M - Thermo Scientific Gene
Ruler 50 + bp molecular weight marker notes: H - Novator variety, YR - sample IR 74099-3R-3-3-3R-3 -3, B - H2O deionized
(negative control of experience)

The donor IR 74099-3R-3-3-3R-3-3 and lines 7267 and 7275 had a dominant allele, 7270, 7274, 7278, 7281 and 7282 had
a heterozygous allelic state, other lines had a recessive allele.

Checking them for salt tolerance in cups with a 1.5% solution of NaCl compared with the control (distilled water) revealed
a significant diversity in the relative weight of seedlings (Figure 2).
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Figure 2 — Distribution of F4 rice lines by salt tolerance, 2016

The bulk of the samples (86%) had low and average salt tolerance - from 20 to 60%. About 3% of the samples were
completely unstable, 44% were poorly resistant, 42% were moderately resistant, 7% were stable, 3% (7 samples) showed high
resistance to salinity - the ratio of the mass of seedlings in salt and fresh water exceeded 80%.

The best resistant and highly resistant samples are presented in table 1. In the standard variety Novator, the salt tolerance,
determined by the ratio of the mass of one seedling in the experience to control, was 41.9%, whereas in the best samples it
reached 97.8%. At the same time, the ranks of salt tolerance, determined by seed germination and seedling mass, did not
always coincide.

Table 1 — Released rice samples for salt tolerance, 2016

Germination, % Mass of one seedling, mg
No. 2016
Experience Control Ratio, % Experience Control Ratio, %

Novator,

standard 18 100 18,0 36 86 41,9
7328 90 100 90,0 109 112 97,8
7340 22 68 32,4 44 47 92,2
7343 22 98 22,4 78 86 91,2
7322 46 98 46,9 79 91 86,8
7337 46 98 46,9 72 83 86,4
7356 44 94 46,8 94 114 82,3
7108 20 92 21,7 82 102 80,8
7156 34 100 34,0 69 90 77,0
7085 60 100 60,0 47 64 74,0
7097 60 98 61,2 35 50 69,4
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Continuation of the Table 1

7285 26 82 31,7 49 71 68,9
7370 58 100 58,0 61 90 68,0
7363 72 90 80,0 50 74 67,4
7101 82 100 82,0 41 62 66,5
7268 22 100 22,0 95 144 66,3
7149 74 92 80,4 51 79 64,6

Standard

deviation 26,2 9,2 26,7 12,9 21,1 14,8

Comparison of data on salt tolerance and the presence of Saltol genes, detected by PCR analysis, allowed us to establish a
positive relationship between them and a tendency to increase tolerance to salinity with an increase in the number of dominant
alleles (Figure 3).

Recessive homozygotes showed an average salt tolerance of 41.5%, heterozygotes - slightly higher - 42.4%, and dominant
homozygotes - 47.5%. Thus, the presence of the Saltol gene increased salt tolerance by 6%. Small differences between the
three groups of samples indicate the presence of other mechanisms of resistance to salinization, controlled by different
polygens.

The study in 2017 of the best salt-resistant lines of the three hybrid combinations showed that the most productive of them
was sample 7328 (IR 52713-2B-8-2B-1-2 x Novator), which formed 6.85 t / ha of grain, at 0, 75 t / ha more standard (Table 2).
In the control nursery of 2018, the study of these lines was continued. Of these, by productivity, 2 lines from the hybrid IR
52713-2B-8-2B-1-2 x Novator: 7328 and 7322 significantly exceeded the standard grade Uzhanin by 1.80 and 1.02 t/ ha. For
an average of 2 years, they formed a yield of 6.82-7.53 t / ha (in a standard of 6.25 t / ha) (Table 2).
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Figure 3 — Relation of salt tolerance to the number of alleles of the Saltol gene
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Table 2 — The yield of rice lines in the control nursery

Increase to
Yield, t/ ha standard,
Ne Name t/ha
2017 2018 average
Standard | Uzhanin 6,10 6,40 6,25 -
7328 IR 52713-2B-8-2B-1-2 x Novator 6,85 8,20 7,53 1,28
7322 IR 52713-2B-8-2B-1-2 x Novator 6,22 7,42 6,82 0,57
7343 IR 74099-3R-3-3 x Novator 6,53 5,93 6,23 -0,02
7337 IR 74099-3R-3-3 x Novator 6,00 6,58 6,29 0,04
7340 IR 74099-3R-3-3 x Novator 6,55 6,04 6,30 0,05
7356 NSIC Rec 106 x Novator 5,75 6,65 6,20 -0,05
Least significant difference 0,34 0,33

The remaining lines of the hybrids IR 74099-3R-3-3 x Novator and NSIC Rc 106 x Novator were at the standard level,
although one of them (7340) matured 4 days earlier than Uzhanin.

Thus, combining classical breeding methods with growing seedlings on a saline background and PCR analysis of the
presence of the salt tolerance gene, we managed to create high-yield lines of rice with a set of economically valuable traits. In

their morphotypes, they differ from the Southerner standard in a lower height, shorter panicle, and a smaller mass of 1000
seeds (Table 3).

Table 3 — Biometric characteristics of control nursery samples, 2018

Varieties, Plant height, Panicle Number of Number of | Weight 1000 Number. of

sample cm length, cm | spikelets, pieces | grains, pieces grains, g productive

stems / m2
Uzhanin 110 18,8 110,0 97,3 30,0 228
7328 100 12,8 97,3 87,3 26,5 360
7322 89 14,5 99,0 87,0 26,0 328
7343 87 14,5 93,3 82,0 27,5 264
7337 92 16,3 97,0 86,8 26,8 284
7340 86 14,0 77,0 69,0 30,0 308
7356 85 14,5 100,8 87,0 24,3 316
c 8,0 1.4 12,7 10,4 2,3 43,6

Due to the greater density of the stand (328-360 pcs./m2) under normal growing conditions, they form grain yield at the
level and above the standard. On saline lands, they will have a more significant advantage over regular varieties. In 2019, it is
planned to sow them on checks with a salted background.

4. Conclusion

1. Obtained hybrids of the Novator variety with three Asian lines donated to the salt-tolerant Saltol gene.

2. Early maturity lines with a complex of economically valuable traits were selected from fissile hybrid populations.

3. Using PCR analysis revealed rice forms with the dominant allele of the Saltol gene.

4. The method of germination of seeds in 1.5% solution of table salt allocated 7 samples with salt tolerance of more than
80%.

5. In the control nursery of 6 samples, two significantly exceeded the standard of the Uzhanin in grain yield.
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