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COMBINING ABILITY OF SELF-POLLINATED MAIZE LINES OF BSSS GERMPLASMA IN TERM
OF GRAIN YIELD IN THE CONDITIONS OF THE NORTHERN STEPPE OF UKRAINE
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Topicality. Development of modern hybrids adapted to different climatic conditions of the Northern
Steppe of Ukraine, able to provide high and stable yields, requires expansion of the gene pool of mid-early
self-pollinated maize lines of BSSS germplasm. Purpose. The research was aimed at determining the com-
bining ability of self-pollinated lines of BSSS germplasm in relation to grain yield for their further implemen-
tation in breeding programmes. Materials and Methods. The combining ability of 25 maize lines was
assessed by crossing with unrelated testers of alternative heterotic groups, followed by testing the progeny of
the resulting test crosses for two plant densities. The reliability of the results and indicators of trait variabi-
lity was determined by the mathematical and statistical method. Results. The parameters of combinational
ability of the lines for grain yield were determined. The lines were classified into three classes according to
the assessment of general combining ability (GCA) effects. The self-pollinated maize lines SDM95-30,
SDM15, SDM2A, SDM96, MS2439, SDM73 and SDM84-35 with high values of combining ability effects for
grain yield in both years of research and at different plant densities were identified and recommended for
introduction into the further breeding process. Conclusions. Lines SDM15, SDM2A, SDM96, MC2439 and
SDMB84-35 are recommended for the development of high-yielding hybrids adapted to the conditions of the

Northern Steppe of Ukraine in breeding programs.
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Introduction. The history of the selection
of self-pollinated maize lines from the standard
method to recurrent selection is a search for
more efficient methods of synthesis of source
material and selection of recombinants in the
process of inbreeding [1]. The development of
self-pollinated lines for their further use as pa-
rental forms of high-yielding maize hybrids is
the main goal of breeding programmes. At the
same time, much attention was paid to solving
the problems of developing hybrids adapted to
specific growing zones and climatic conditions [2].

Maize yields are increasing year on year,
driven mainly by improved genetic qualities of
hybrids, better agricultural practices and ad-
vances in biotechnology [3].

Positive results in the breeding of high-
yielding hybrids are possible thanks to parental
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forms with high combining ability [4]. Evalua-
tion of the combining ability of self-pollinated
lines for grain productivity and grain yield de-
termines the breeding suitability of lines [5, 6].

In maize breeding, the terms ‘general
combining ability’ (GCA) and ‘specific combining
ability’ (SCA) are commonly used to define the
potential of lines. In modern breeding pro-
grammes, high values of GCA and SCA effects
of lines determine the availability for their use
in commercial hybrids [7].

Combining ability is the ability of a line or
variety to provide heterosis in hybrid combina-
tions for certain traits that differs from the popu-
lation average. Higher-yielding hybrids are ob-
tained by crossing lines with high combining
ability, while lines with low combining ability
produce offspring that are significantly less pro-
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productive [8].

A reliable method for evaluating the com-
bining ability of self-pollinated lines is crossing
them with testers and further testing the off-
spring [9].

Introduction. The history of the selectrion
of self-pollinated maize lines from the standard
method to recurrent selection is a rearch for
more efficient methods of synthesis of cource
material and selection of recombinants in the
process of inbreeding [1]. The development of
self-pollinated lines for their further use as pa-
rental forms of high-yielding maize hybrids is
the main goal of breeding programmes. At the
same time, much attention was paid to solving
the problems of developing hybrids adapted to
specific growing zones and climatic conditions [2].

Maize yields are increasing year on year,
driven mainly by improved genetic qualities of
hybrids, better agricultural practices and ad-
vances in biotechnology [3].

Positive results in the breeding of high-
yielding hybrids are possible thanks to parental
forms with high combining ability [4]. Evalua-
tion of the combining ability of self-pollinated
lines for grain productivity and grain yield de-
termines the breeding suitability of lines [5, 6].

In maize breeding, the terms ‘general
combining ability’ (GCA) and ‘specific combin-
ing ability’ (SCA) are commonly used to define
the potential of lines. In modern breeding pro-
grammes, high values of GCA and SCA effects
of lines determine the availability for their use
in commercial hybrids [7].

Combining ability is the ability of a line or
variety to provide heterosis in hybrid combina-
tions for certain traits that differs from the popu-
lation average. Higher-yielding hybrids are ob-
tained by crossing lines with high combining
ability, while lines with low combining ability
produce offspring that are significantly less pro-
ductive [8].

A reliable method for evaluating the com-
bining ability of self-pollinated lines is crossing
them with testers and further testing the off-
spring [9].

Assessments of the GCA and SCA should
be used with caution as they are only relevant to
the specific lines included in a given set [1].
Lines tested with one tester set may have very
different values for GCA and SCA with other
testers [10].
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Usually, the grain yield of hybrids deter-
mines the combining ability, as it is the most
practically important trait [11]. Therefore, to
obtain the necessary data on the combining abi-
lity of lines, the most reliable way is to cross
with the following testing of hybrid offspring [12]

The research objective is to identify the
best inbred lines of BSSS germplasm in terms
of grain yield, which will be included in the
breeding process to obtain hybrids adapted to
the conditions of the Steppe of Ukraine with
stable yields and tolerant to crop thickening.

Materials and Methods. In 2021-2022,
the research was carried out in the breeding crop
rotation of the Research and Production Farm
"MAYS COMPANY™", located in the Synelny-
kove district of the Dnipro region. Two plant
densities were used as an additional background
for the drought tolerance assessment: 50,000
and 70,000 plants/ha, which were formed in the
4-5 leaf stage. The grain yield of developed
testcrosses was determined during harvesting
with a Haldrup plot combine with simultaneous
weighing of grain and determination of its mois-
ture content. As a source material, 25 mid-early
and mid-season self-pollinated maize lines of
the BSSS genetic plasm, such as DK239 MV,
DK3938, SDM95-10, SDM95-10A, SDM95-30,
SDM95-30A, SDM125, SDM33, SDM51,
SDM27A, SDMZ24A, SDM121, SDMI121A,
SDM15, SDM29A, SDMI111-9A, SDM96,
SDM2A, SDM46, MS2439, SDM77A, SDM73,
SDM84-35, SDM103, SDM103A were used.
The drought-resistant, cold-resistant hybrid
DKS3939 (FAO 320) with high yield potential
was used as a standard.

Results. The weather conditions of the
growing season in 2021-2022 differed in terms
of temperature and moisture availability. In par-
ticular, 2021 was favourable for the maize
growth and development: the effective tempera-
ture sum was 1397 °C and the precipitation dur-
ing the growing season was 376 mm, while in
2022 it was characterised by a combination of
high air temperature and minimum precipitation
(effective temperature sum was 1526 °C, precip-
itation was 143 mm).

The grain yield of testcrosses varied de-
pending on the growing conditions (Table 1).

The contrasting weather conditions of the
two years of research revealed the peculiarities
of the grain vyield trait in testcrosses developed
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Table 1. Variation of the grain yield trait at different plant densities, t/ha, for 2021-2022

. 2021 2022
Indicator 50,000 plants/ha 70,000 plants/ha 50,000 plants/ha 70,000 plants/ha
Xt 7.61+0.62 7.91+0.70 4.50+0.61 4.32+0.68
V, % 0.68 0.52 0.66 0.72
Lim (min-max) 6.36-9.16 6.57-9.60 3.41-5.28 2.89-5.43
Number of variants 100 100 100 100

on the basis of self-pollinated maize lines of the
BSSS genetic plasm. The trait was more stable
at a plant density of 50,000 plants/ha. The min-
imum grain yield was 2.89 t/ha at a plant densi-
ty of 70,000 plants/ha in 2022. In 2021, the
grain yield trait of the testcrosses was almost
equal at a plant densities of 50,000 and 70,000
plants/ha — 7.61 and 7.91 t/ha, respectively.

In our research, we determined the pa-
rameters of combining ability of the 25 lines of
BSSS germplasm in terms of grain yield. Test-
crosses developed by crossing them with testers
(two related hybrids DK744MxMS361,
DK365MxDC3751 and two lines DK315 and
MS3472 of the lodent plasm) were studied at
two plant densities of 50,000 and 70,000
plants/ha. The lines were divided into three
classes according to the general combining abil-
ity (GCA) effects. The first class included lines

with GCA assessments that were significantly
higher than the LSDgs; the second class included
lines with GCA assessments that were within
the least significant difference; and the third
class included lines with GCA assessments that
were significantly lower than the NIRgs.

The seven lines SDM95-30, SDM96,
SDM2A, MS2439, SDM73, and SDM84-35
were characterised by significant and stable and
high values of GCA effects at different plant
densities in both years of research. The test-
crosses based on these lines almost did not re-
duce the assessment of GCA effects by grain
yield under deteriorating growing conditions.

In 2021, the lines SDM33, SDM27A,
SDM96, and MS2439 were characterized by the
highest assessments of combining ability at a
plant density of 50,000 plants/ha (Table 2).

In both years of testing and at different

Table 2. Assessment of GCA effects of 25 lines of BSSS germplasm on the grain
yield trait at different plant densities, t/ha for 2021-2022

2021 2022
50,000 plants/ha 70,000 plants/ha 50,000 plants/ha 70,000 plants/ha
Parental com- GCA SCA GCA SCA var- GCA SCA var- GCA SCA
ponent effects | variances | effects iances of effects iances of effects | variances

of the of the of the the lines of the the lines of the of the

lines lines lines lines lines lines
1 2 3 4 5 6 7 8 9

DK239MB (St) | -0.44 3* 0.61 -0.323 0.24 -0.373 0.32 -0.262 0.17
DK3938 -0.18 2 0.26 -0.09 2 0.20 -0.353 0.26 -0.373 0.68
SDM95-10 0.022 1.10 0.501 0.59 -0.09 2 0.10 0.122 0.13
SDM95-10A -0.07 2 0.31 0.002 0.07 0.032 0.02 -0.232 0.06
SDM95-30 0.232 0.91 0.21" 0.62 0.44 0.30 0.132 0.07
SDM95-30A 0.012 0.39 0.06 2 0.13 0.06 2 0.02 -0.18 2 0.07
SDM125 -0.26 2 0.15 -0.453 0.41 -0.03 2 0.19 -0.182 0.07
SDM33 0.48! 0.58 0.20! 0.14 0.122 0.18 -0.06 2 0.00
SDM51 0.172 0.07 0.20! 0.11 0.052 0.11 -0.052 0.31
SDM27A 0.39! 0.42 0.44 0.44 -0.222 0.12 -0.022 0.21
SDM24A -0.573 0.80 -0.993 1.53 -0.01 2 0.18 -0.03 2 0.02
SDM121 -0.09 2 1.03 0.21 0.25 -0.153 0.44 0.08 2 0.37
SDM121A 0.102 0.18 0.122 0.21 -0.31°3 0.10 -0.03 2 0.14
SDM15 -0.04 2 0.02 0.21 0.32 0.06 2 0.09 0.192 0.54
SDM29A 0.302 0.33 0221 0.30 -0.473 0.44 -0.172 0.09
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Table 2 continuation

1 2 3 4 5 6 7 8 9
SDMIL19A | 0132 | 014 | 009° | 044 | 015° | 026 |-0072] 003
SDMO96 0337 | 024 | 0192 | 010 | 0267 | 007 | 0222 ] 022
SDM2A 0012 | 015 | 016' | 039 | 004> | 000 | 0032] 012
SDM46 0217 | 007 | 0132 | 012 | 0052 | 031 |-0072] 000
MS2439 0507 | 042 | 021" | 006 | 0077 | 007 10062 ] 005
SDM77A 0047 | 120 | -088° | 108 | 0182 | 023 | 0232 003
SDM73 0027 | 049 | 0112 | 010 | 029 | 041 | 034’ | 002
SDM84-35 0247 | 027 | 062' | 059 | 0122 | 012 |o0172| 012
SDM103 0182 | 045 | -036° | 038 | 0152 | 008 | 0202 ] 007
SDM103A 0067 | 033 | 032° | 017 | 035" 029 | 0407 | 041
Average 000 | 044 0.00 0.38 0.00 018 | 000 | 016
LSDos GCA 0.32 0.15 0.30 0.30

testers

Note: * — GCA effect assessment class.

plant densities, the testcrosses based on these pa-
rental components had mostly consistent high val-
ues of the GCA effects, especially the line SDM96.

In 2021, the highest assessments of GCA
effects were observed in the lines SDM96,
SDM27A, SDM33 and MS2439 (0.33, 0.39,
0.48 and 0.50 t/ha, respectively) at the optimal
plant density (50,000 plants/ha). Only testcross-
es based on the standard line DK239 MV, as
well as lines SDM24A and SDM77A had signif-
icantly lower assessments of the GCA effects
compared to their average in this ecogradient.
At thickening up to 70,000 plants/ha, the as-
sessments of GCA effects in terms of grain
yield were significantly higher than the average
of eleven lines.

In 2022, all lines were characterised by
low values of GCA effects at the optimal densi-
ty of 50,000 plants/ha, except for SDM103A
and SDM95-30, which showed higher than av-
erage values. At the same time, the assessments
of GCA effects in six lines were significantly
lower than the average in the experiment, in-
cluding DK239 MV and SDM121, SDM111-
9A, SDM121A, DK3938 and SDM29A (respec-
tively -0.37, -0.15, -0.15, -0.31, -0.35 and -0.47
t/ha). At a plant density of 70,000 plants/ha, the
values of GCA effects in the lines SDM73 and
SDM103A were significantly higher (0.34 and
0.40 t/ha, respectively). In general, the growing
conditions in 2022 had a negative impact on the
grain yield of the studied lines and testcrosses.

The self-pollinated maize lines SDM95-
30, SDM15, SDM2A, SDM96, MS2439,
SDM73 and SDMB84-35 with high values of
assessments of combining ability effects in
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terms of yield in both years of research at dif-
ferent plant densities were identified.

Conclusions

The following conclusions can be drawn
on the basis of our research:

1. The study has shown that self-
pollinated maize lines SDM95-30, SDM15,
SDM2A, SDM96, MS2439, SDM73 and
SDM84-35 are promising for further breeding
process because they have high values of com-
bining ability effects in terms of grain yield in
both years of research and at different plant
densities..

2. The lines SDM15, SDM2A, SDM96,
MS2439 and SDM84-35 are recommended for
breeding programmes to develop high-yielding
hybrids adapted to the conditions of the North-
ern Steppe of Ukraine. They will increase the
efficiency of breeding work and produce more
productive maize hybrids.

3. The contrasting weather conditions of
the two years of research contributed to the
identification of the peculiarities of the grain
yield trait of testcrosses based on self-pollinated
maize lines of the BSSS genetic plasm under
different growing conditions. This emphasises
the importance of climate factors in the breeding
of new hybrids.

4. Lines with high values of combining
ability effects were stable under different gro-
wing conditions, which indicate their potential
for using them in breeding programmes. In par-
ticular, the line SDM96 showed the highest sta-
bility in terms of grain yield.

5. Assessment methods for combining
ability of self-pollinated maize lines by crossing
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them with unrelated testers and further testing of
the progeny proved to be effective in determin-
ing the breeding suitability of the lines. This
confirms the need to use similar methods in
further research.

6. The study showed that plant density has
a significant impact on grain yield. Thus, the
highest yields were achieved at a plant density
of 50,000 plants/ha, which emphasises the im-
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1 . 2 . .o . . .o
/B3rooeyvkuii b. B., “llazwk H. B. Kombinauyiiina 30amuicms camo3anuibHux JiHIIL KyKypyo3u
3apookoeoi naazmu BSSS cmocoeno eposcaiinocmi zepua 6 ymosax Ilieniunozo Cmeny Ykpainu.

3eprosi kynomypu. 2024. 8 (1). 5-10.

1ﬂep9fca6Ha yemanosa Incmumym zepruosux kynomyp HAAH, Vkpaina
2HayK0@o-eup06Huqe epmepcore 2ocnodapcmeo « KOMITAHIS MAIC», syn. IJenmpanvua, 50, c. 3aiiyese,
Cunenvnukiscokuti patiot, [ninponempogcoka obracms, 52514, Yrpaina

AKTyajlbHicTh pPOOOTH TmONSITaE 'y HEoOXimHOCTI

pO3LIMpEHH TeHOPOHAY CepeaHbOPaAHHIX

caMO3aNWJICHUX JIHIH KyKypyA3u 3apoiakoBoi mmazmu BSSS nns crBopenHst cywacHux TiOpumis,
a/IafITOBaHMX JI0 pi3HUX KiniMaTHuHuX yMoB [liBHiuHOTO CTeny YKpaiHnu, 31aTHUX 3a0e31euyBaTiH BUCOKUH 1
CTaOlIbHUKM pIBeHb ypo)kaliHOCTI. MeTor J0CiiKeHb OyJI0 BHU3HAYCHHS KOMOIHAI[IMHOI 31aTHOCTI
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caMO3aIyICHUX JIiHIH 3apOoKoBOil I1a3Mu BSSS cToCOBHO MOKa3HUKA BPOYKAWHOCTI 3epHA IS TTOXAIIBITIOTO
BKJIFOUCHHS iX B CENEKITiHHI rmporpamu. Matepiaau i meroau. OImiHKy KOMOIHAMIMHOI 3MaTHOCTI 25 miHiH
KYKYpy/A3u TIPOBOAMJIN METOJOM CXPCI[yBaHHS 13 HECIOPIAHCHUMH TeCTepaMu allbTePHATUBHUX
TeTEPO3UCHUX TPYI 3 MOAAIBIIMM BUIPOOYBaHHSIM IMOTOMCTBA OTPUMAHUX TECTKPOCIB 3a JBOX TYCTOT
CTOSIHHSI POCTIMH. BU3HaUeHHS TOCTOBIPHOCTI pPe3yNbTaTiB Ta MOKAa3HHUKIB BapiabeIhHOCTI 03HAK MTPOBOIMITH
MaTeMaTHYHO-CTATUCTHYHUM MeToZoM. Pe3dyibraTH. Bm3HaueHo mapamerpu KOMOiHAIiWHOI 31aTHOCTI
JiHIA 32 03HAKOI0 BpOXKalHICTh 3epHa. BoHu Oynu po3fisiieHi Ha TPU KJIAacH 3TiAHO 3 OLIHKaMH eeKTiB 3a-
ranpHOT KoMOiHaIiiHOT 3naTHocTi (3K3). BuaineHo camo3anwmieni niHii kykypymsu CJIM95-30, CIAM15,
CIAM2A, CIM96, MC2439, CIM73 1 CJIM84-35, siki Majaud BHCOKI 3HAa4YCHHS €(EKTIB KOMOiHAIiHHOI
30aTHOCTI 32 BPOXKalHHICTIO 3epHa B 0OM/Ba POKHU JOCIHIKEHb 1 3a Pi3HOI I'YCTOTH CTOSHHA Ta PEKOMEHJ0-
BaHI JI0 BKJIFOUCHHS iX y MOJalbIIuil cenekuiduuii nporec. BucnoBku. Jlinii CIAM15, CIM2A, C/IM96,
MC2439 i CIM84-35 pekoMeHJ0BaHO BUKOPUCTOBYBATH B CEINEKI[IHHUX MpOrpaMax NMpu CTBOPEHHI BUCO-
KONPOJIYKTUBHUX TiOpUAiB, anantoBanux A0 ymoB [liBHiunoro Cremy Ykpainu.

Knrouosi cnosa: xyxypyosa, 3azaibHa KOMOIHAYIUHA 30AMHICMb, CAMO3ANUNEHI JIHIL KYKypyosu,
8POCAUHICMb 3ePHA MECMKPOCI8, 2YCMOmMA CIMOSHHSA POCTIUH
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