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®@I'BHY Poccutickuil HaQyYHO-UCCc1e008amelbCKull U
NPOEKMHO-MEXHON0SUECK UL UHCTRUMYM COP2O U
xyxypy3vl. Capamos, Poccus

Copro — oJHa U3 3aCyX0yCTOHUHUBBIX KYyIbTYp,
CIOCOOHAs MPOM3PACTATh U AaBaTh CTAOMIbHBIC
ypoKau 3epHa U OMOMAaCCHI JaKe MPH
HEAOCTATOYHOM YBJIAX)KHCHUU. Ha noBbImenue
YCTOMYMBOCTH K a0MOTHUYECKHM CTPECCOpPaM B
CEJIEKIIMOHHBIH MPOLIECC BAYKHO BKIFOYATh UCXOIHBIH
MaTepua (CopTa, CeCKIMOHHbIC TUHUH, IMHUA C
IIMC), oTBearoIHii MPEABIBIICMBIM TPEOOBAHUIM.
J71s1 IMarHOCTUKY 3aCyX0YCTOMYMBOCTH CTEPUIILHBIX
JINHUM UCIIOJIB30BAJIM OJUH U3 [TOKa3aTeled BOAHOIO
Oasanca nuctbeB. JIabopaTopHO-TIONIeBbIE
HCcIeoBaHu MmpoBeneHsl B Teuenue 2019-2022 rr.,
Pa3IMYAIOIIUXCS IO METEOPOIOTHYECKUM YCIIOBUSAM.
B pesynbTaTe IpoBEIEHHOIO ONBITA BBIABICHO, YTO
0oJpLIAs YacTh KOJUIEKIMU CTePHIBHBIX JTMHUN
SIBJIAIOTCS BBICOKO3aCyXOYCTOHYMBBIMU: 00LIast
OBOJIHEHHOCTH TKaHEH JIMCThEB cocTaBmia 71,02-
74,55%. [1pu 3TOM HauOONBIINI BKIIAJ B OOIIYIO
W3MEHYUBOCTH IIPU3HAKa BHOCUT T€HOTUITNYECKUI
¢axrop: ero nons cocrasiser 40,8 %, cpenoBoit
¢axrop — 22,1 %. B cpennem camasi BEICOKast
OBOJHEHHOCTbH TKAaHH JIUCTA B KOJJIEKIIMH JIMHHH C
IMC nabmronanace B yemoBmsax 2021-2022 rr. —
73,00-73,80%. BbisiBiieHO, YTO PU YBETHYCHUH
THIPOTEPMHUYECKOT0 K03 duitnenTa Ha 0,1
TIOKa3aTelb BOAHOTO PEKUMa JINCTHEB
yBenmuuBaeTcs Ha 3,73%. Kpome Toro, BeIsIBIEH
LUTOIIIa3MATHUECKU I S(PEKT HAa HACKILIICHHE
KJIETOK TKaHel Bojoi m3osaepHsix IMC-nmuauii.
Takum 00pa3oM, IMOTy4eHHBIE Pe3YIbTaThI
PEKOMEHIyeTCs MCIONIb30BaTh B MOCICAYIOLICH
CEJIeKLMH ISl TOBBIICHHUS 3aCyX0YCTOMYHBOCTH
rubpunos copro F1

Kurouesrie cioBa: COPT'O, I\_'[MC-IH/IHI/II/I, JIUCT,
OBOJJHEHHOCTbB, YCTOMYMBOCTH K
3ACYXE, METEOPOJIOTMYECKHUE YCJIOBUA
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Sorghum is one of the drought resistant crops capable
of growing and yielding stable yields of grain and
biomass even with insufficient moisture. In breeding
to increase resistance to abiotic stressors, it is
important to include the source material (varieties,
breeding lines, lines with CMS) that meets the
requirements. To diagnose the drought resistance of
sterile lines, one of the indicators of the water
balance of the leaves was used. Laboratory and field
studies were conducted during 2019-2022, differing
in meteorological conditions. As a result of the
conducted experiment, it was revealed that most of
the collection of sterile lines are highly drought-
resistant: the total hydration of leaf tissues was
71.02-74.55%. At the same time, the genotypic factor
makes the greatest contribution to the overall
variability of the trait: its share is 40.8%, the
environmental factor is 22.1%. On average, the
highest hydration of leaf tissue in the collection of
lines with CMS was observed in the conditions of
2021-2022 — 73.00-73.80%. It was revealed that with
an increase in the hydrothermal coefficient by 0.1,
the indicator of the water regime of the leaves
increases by 3.73%. In addition, the cytoplasmic
effect on the saturation of tissue cells with water of
iso-nuclear CMS lines was revealed. Thus, the results
obtained are recommended to be used in subsequent
breeding to increase the drought resistance of
sorghum F1 hybrids

Keywords: SORGHUM, CMS-LINES, LEAVES,
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Introduction. In breeding to increase the resistance of field crops to
environmental factors (drought, elevated air temperatures, reduced precipitation,
salinization, and others), it is important to select the source material with a
complex of adaptive properties. Drought is one of the most harmful abiotic
stressors affecting the reduction of crop yields. In this regard, the acreage of
drought- and heat-resistant crops, including grain sorghum, should increase.
This crop can adapt to various agroclimatic conditions, especially those
characterized by a small amount of precipitation [6]. At the same time, sorghum
Is universal in its field of use: food, feed and technical.

In their work, breeders use laboratory and vegetative methods to reflect
the drought resistance of the source material at different stages of plant
development. Some researchers cite more drought-resistant genotypes that
tolerate short-term dehydration with the least decrease in yield [1], others argue
that drought resistance is due to the relatively high water content in the leaves
and its low losses [2]. It is known that physiological processes in a plant
normally proceed only with sufficient water supply [4].

Despite the tolerance of sorghum to many abiotic stressors, drought can
reduce the yield and quality of the products obtained [5]. Therefore, one of the
stages of the breeding process is to study the influence of weather conditions on
the physiological, morphometric and economic characteristics of sorghum
samples included as the starting material. In particular, when creating drought-
resistant F1 hybrids, special attention should be paid to the physiological
features of the water regime of the leaves of the crossing components (CMS
lines and pollinator varieties).

The purpose of the research: to study the effect of genotype and
meteorological conditions on the overall hydration of the tissues of the leaves of
CMS sorghum lines with different types of sterile cytoplasm.

To achieve this goal, the following tasks were solved:

— determination of the indicator of the water regime of sorghum leaves;
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— contribution of factors (CMS-line genotype and meteorological
conditions, their interaction) to the formation of the studied trait;

— comparative analysis of iso-nuclear CMS lines with different types of
sterile cytoplasm by the hydration of leaf tissues.

Materials and methods. The research involved 15 female forms of grain
sorghum with CMS-inducing cytoplasmas (Al — O-Yang 1, Efremovskoe 2; A2
— Tamara, KVV 181, KVV 114, Karlik 4v, Sudzern, Delight; A3 — Feterita 14,
Karlik 4v, Zheltozernoe 10; A4 — Zheltozernoe 10; A5 — Karlik 4v; 9E —
Pischevoe 614, Zheltozernoe 10), grown annually in the breeding field of the
Institute during 2016-2022, differing in the level of moisture availability. Thus,
the hydrothermal coefficient (HTC) for the period “shoots-flowering” varied in
the range of 0.50-0.87. Sorghum was characterized by very arid vegetation
conditions in 2019, and by arid conditions in 2020-2022.

The accounting area of the plot is 7.7 m? in three-fold repetition. The
number of plants on the plot is 75-77. The total hydration of the tissues of the
largest leaves was determined in 4-5 plants according to the generally accepted
method [3].

Statistical processing of experimental data was carried out by two—factor
analysis of variance (factor A is the genotype of the CMS-line, factor B is
meteorological conditions) using the Agros 2.09 program.

Results. Plants of sterile lines based on different types of CMS differed in
the leaf water content during the study period. The average value of the trait was
69.32-73.80%. A lower water content of the largest leaf was observed in the
conditions of 2019-2020: the minimum indicators were found in the range of
63.16-65.08%, and the maximum — 74.01-74.56%, depending on the genotype
of the CMS-line. The coefficient of variation was low and amounted to 3.9-5.4%
(Table 1).

http://ej.kubagro.ru/2023/06/pdf/04.pdf
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Table 1 — Leaf water content CMS-lines in different weather conditions in years

(2019-2022)

Year . The ve}lue of the attribute, % Coeffic_:ient of
minimum maximum average average error variation, %
2019 65,08 74,01 70,98 0,73 3,9
2020 63,16 74,56 69,32 0,85 4,7
2021 67,07 80,78 73,80 1,03 54
2022 68,40 77,69 73,01 0,70 3,7

As a result of the two-factor analysis of variance, all the factors under
consideration have a significant impact on the trait (Table 2). It was found that
the share of the CMS-line genotype in the formation of the trait was 40.8%,
meteorological conditions — 22.1%. Moreover, the contribution of the interaction
of factors of the “CMS-line genotype x meteorological conditions™ turned out to
be almost equivalent to the environmental factor indicator — 29.9%.

Table 2 — Results of the dispersion analysis on the leaf water content of

CMS-lines sorghum

Indicator SS df ms Fos LDSos S%gz:gg
General 1667,673 119
Variants 1547,762 59 26,233 15,206* 2,627
Factor A 681,125 14 48,652 28,202* 1,313 40,8
Factor B 368,604 3 122,868 71,222* 0,678 22,1
Interaction AB 498,033 42 11,858 6,874* 2,627 29,9
Other factors 101,783 59 1,725 7,2

On average, in 2019-2022, the CMS-lines of grain sorghum varied in the
total leaf water content in the range of 66.20-74.55%. The highest values of the
trait were characterized by the following sterile lines — A2 Tamara and A5
Karlik 4v. Sterile lines based on Zheltozernoe 10 with A3, A4 and 9E types of
CMS, Sudzern with CMS A2 type should be considered medium drought
resistant, since the value of the studied trait was in the range of 66.20-69.40%.

In addition, significant differences were noted between the average (for all
CMS lines) water content in different growing seasons: a higher relative water
content in leaf tissues was noted in 2021-2022 compared to 2019-2020, which
corresponds to 73.00-73.80% and 69.31-70.98%.

http://ej.kubagro.ru/2023/06/pdf/04.pdf
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The influence of CMS type on the water content in the leaf tissues of iso-
nuclear lines with CMS types A3, A4, 9E based on Zheltozernoe 10 and Karlik
4v (with CMS types A2, A3, A5) was also considered. On average, for 2019-
2022, the cytoplasmic effect of types A3 and 9E on the indicators of the water
regime of leaves was established. The water content in A3 and 9E Zheltozernoe
10 was higher — 68.18-69.31% compared to the analog on the cytoplasm A4 —
66.20%. In CMS-lines with the Karlik 4v genome, the sterile A5 cytoplasm
contributed to an increase of up to 74.55% compared to the analog on the A3
cytoplasm — 72.64%. At the same time, the CMS-lines A2 Karlik 4v and A3
Karlik 4v did not significantly differ from each other (Figure 1).
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Figure 1 — Leaf water content of CMS-lines sorghum (average for 2019-2022)

Note. The data of the drawing, marked with different letters, differ significantly from
each other according to the criterion of Duncan's multiple comparisons.

Regression analysis revealed the following patterns of dependence of the
hydrothermal coefficient on the water content of leaf tissues 10 days before the
experiment (Figure 2).
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Figure 2 — Dependence of water content leaf on the hydrothermal coefficient 10
days before the experiment (average for 2019-2022)

This is evidenced by the calculated linear regression equation

y=3.7386x+71.127. Thus, with an increase in HTC by 0.10, it leads to a greater

, %

water content

y =3.7386x + 71.127
R?=0.0542

saturation of leaf tissue cells with water up to 3.73%.

Conclusions. As a result of the analysis, differences were established
between 15 studied CMS-lines in terms of the water content leaf tissues, of
which 11 sterile lines should be attributed to highly drought-resistant (71.02-
74.55%). The genotypic reaction of sterile lines with cytoplasmic male sterility
to changes in meteorological conditions during growing seasons was noted.
Thus, leaf tissues were the most waterlogged in arid conditions in 2021-2022
(average HTC = 0.82-0.87 for the period “shoots-flowering”) — 73.00-73.80%,
which is confirmed by the linear regression equation. The greatest contribution
to the overall variability of the indicator of the water regime of the leaves is
made by the genotypic factor — 40.8%. At the same time, a comparative analysis
of iso-nuclear CMS-lines allowed us to establish the effect of sterile
cytoplasmas A3 and 9E on increasing the hydration of the largest leaf in relation
to the analogue with cytoplasm A4, as well as cytoplasm A5 in relation to the
analogue with cytoplasm A3 by 1.9-3.1%. The obtained results should be used
In a new breeding process to increase the drought resistance of first-generation

sorghum hybrids.
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