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RESEARCH OF COMBINING ABILITY OF MID-EARLY MAIZE LINES

Kalina Tzoneva

Golden West Seed Bulgaria LTD, Borisovo village, 7064, Bulgaria

In 2016-2018, the promising maize lines (FAO 290-399) of the Golden West Seed Bulgaria Ltd. breeding
company, containing more than 50 % of the plasm of the lodent heterotic group and 6 testers, mainly of the Lan-
caster group, were evaluated. It was established that the lines GW59024 and GWC06021 (lodent heterotic
group) are the most suitable as recurrent parents in new breeding programs for intensive and drought tolerant
hybrids. Among the testers of the Lancaster heterotic group, the most interesting were GW59008, which showed
the highest general combining ability in favorable years for maize development, and GW57010, which had a
very high general combining ability in all three years of research.
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Introduction. Maize yield is one of the
most polygenic traits that depends on the envi-
ronmental conditions. Maize grain yield in the
USA, however, was increased from 1.3 t/ha (in
1939) to 7.8 t/ha (in 2005). This means an im-
provement of about 99 kg/ha per year. Similar
results were observed in Canada for the same pe-
riod — about 80 kg/ha per year [1]. (Lee & Tol-
lenaar, 2007). In the Corn Belt of the United
States until the 1930s, an increase in yield of
open-pollinated maize varieties was not practical-
ly observed [2, 3]. (Duvick, 1977; Duvick, 1992).
During 1930-1955, production based on hybrid
maize provided an increase in grain yield at the
level of 57 kg/ha per year. For the period 1955—
1982, this progress was even higher in the USA —
144 kg/ha per year. This progress has been
achieved both by breeding new, more productive
hybrids and by applying agricultural practices,
with the ratio between the two categories being
about 50/50 [4, 5]. (Duvick, 2005; Sterikov,
1981). One of the main reasons for such an im-
provement was the modern breeding methods of
single-cross hybrids.

Modern breeding of commercial maize hy-
brids is mainly based on recurrent breeding by
prongey. For this purpose, lines with high indica-
tors of improved traits are used for further cycli-
cal breeding programs and selection of donor ma-
terial according to the required number of traits
[6]. (Troyer, 2001). Therefore, the success of
breeding depends on the duration of the breeding
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cycle and a sufficient selection of regenerants,
which leads to the use of winter nursery, signifi-
cant amounts of work and quality breeding mate-
rial, which are constantly in the focus of breeders.

Materials and Methods. The source mate-
rial was 6 maize lines (FAO 290-399) of Golden
West Seed Bulgaria Ltd. breeding, related to the
lodent genoplasm (GW59024, GWS58005,
GW57091, GWC06021, GW58268, GW59005),
which were balanced for the main economically
valuable traits. To evaluate the material for com-
bining ability on grain yield, the lines were
crossed with 6 testers of alternative Lancaster
genoplasm (GW58008, GW57010, GW57095,
GWH51150, GW58012, GW52090). The testcross-
es of the lines were tested in the control nursery
during 2016-2018 in the experimental field of
Golden West Seed Bulgaria Ltd, which is located
in the Brashlen village, Ruse region, Bulgaria at
an altitude of 26.5 m above sea level. The soil is
highly leached chernozem of medium strength,
characterized by a dark brown, loose, crumbly
humus layer of 60-100 cm [7] (Lenkov & At-
anasov, 1980).

The experiments were conducted in single-
crop field according to the methodology adopted
by the company for non-irrigated areas, in four
replications. Ammonium nitrate was applied as a
fertilizer at a dose of 100 kg a.i./ha, Dual-Gold
pre-emergence herbicide was applied after sowing
and Ekip post-emergence herbicide - during the
growing season in doses recommended for the crop.
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The standard method based on inbreeding
was used to create the lines. Processing and sys-
tematization of data, mathematical calculations
were carried out using Microsoft Excel 2010.

The estimation of combining ability param-
eters in the topcross system was carried out ac-
cording to the methodological recommendations
of Volef et al. [8]. The general model of analysis
of variance is as follows:

xijR =p+ gi+g j +si j +eijR,
where: xijR — yield of hybrids (i x j); R — number
of replications; p — average yield in the field trial;
gi—g; — general combining ability (GCA) of line

and tester; s;j — specific combining ability (SCA)
effect of the ij" crosses; ejjr — random error term
for ijR™ observation.

The purpose of the research was to evalu-
ate promising maize lines (FAO 290-390) bred
by Golden West Seed Bulgaria Ltd. for combin-
ing ability on grain yield trait in order to use them
in the breeding new lines of the next cycles.

Results and Discussion. The variability of
the experimental conditions allows to evaluate
tolerance of maize hybrids to different stress lev-
els (Table 1). A high coefficient of variation was
observed in 2018 (V = 27.16 %), when the grain

Table 1. Variation parameters for grain yield of maize hybrids testcrosses, t/ha

Parameters 2016 2017 2018
Average grain yield 9.74 14.02 4.22
min 5.42 8.24 1.62

Lim
max 11.65 21.96 6.87
Coefficient of variation, % 13.32 19.13 27.16
Statistical error 0.21 0.44 0.19

yield was the lowest (4.22 t/ha), and low (V =
13.32 %) in 2016, the average yield was 9.74 t/ha.
The largest range of variation in the trait "grain
yield" of hybrids was found in 2017 — 13.72 t/ha,
and in 2016 and 2018, it was at the level of 6.23
t/ha and 5.25 t/ha, respectively. Thus, the studied
years can be conditionally divided into differenti-
ating (2018), stabilizing (2017) and leveling
(2016), which is a good prerequisite for a full
assessment of maize hybrids. According the gen-
eral experimental error, there are significant dif-
ferences in grain yield between the hybrids, since
the null hypothesis is rejected in all years of re-
search and the influence of the genotype on the
resulting trait (F fact > F tab.). The relevant data
allow to make calculations for the analysis of the
components of combining ability for grain yield.

The data of the three-year research indicate
that there are statistically significant differences
in both GCA and SCA of maternal and paternal
lines. At the same time, these differences are
proven even at the Fg oy level.

The analysis of combining ability of the lo-
dent group lines on grain yield in the experiments
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showed that the GW58268 line was characterized
by stable positive estimates of the GCA effects
for all three years of research, and the GW57091
line, on the contrary, by negative GCA effects
(Table 2). Indicators of the GCA effects of other
lines were unstable.

In 2016 and 2017, the lines of the lodent
heterotic group — GW59024 and GW58268
showed the highest GCA, and GWC06021 and
GW57091 — the lowest. However, GCA effects
for years with sufficient moisture supply of maize
show more stable values. However, if the line
GW59024 had positive GCA in the first two years
of research and negative in stressful conditions in
2018, GW59005 showed the lowest GCA in the
most favorable and stressful years, and the aver-
age in the year with average grain yields — 2017.
The line GWC06021, which in other years had
negative values of GCA with a positive vector of
its growth under deteriorated conditions for the
formation of the yield, stood out with the highest
assessment of GCA in stressful 2018. Thus, in
years with stressful weather conditions, drought
tolerance had a significant impact on the manifesta-
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Table 2. GCA effects and SCA variances on grain yield of lodent group lines, t/ha

2016 2017 2018
Line GCA effects SCA GCA effects SCA GCA effects SCA
variances variances variances

GW59024 0.67 1.08 2.98 0.59 -0.52 0.10
GW58005 -0.76 0.90 0.08 1.83 0.24 0.48
GW57091 -0.07 0.34 -2.99 1.22 -0.01 0.46
GWC06021 -0.22 1.18 -1.35 0.68 0.87 0.50
GWH58268 0.31 0.72 2.05 4.92 0.16 0.96
GW59005 0.07 1.68 -0.77 2.98 -0.74 0.34
LSDg o5 0.08 0.12 0.10

tion of GCA for the lines of the lodent heterotic
group.

In 2018, the GWC06021 and GW58005
lines had the highest GCA. The specific combina-
tions of these lines can provide hybrids with
drought tolerance, especially in extremely arid
conditions. In 2017, a high variance of SCA was
detected, which indicates the presence of specific
combinations with high grain yield. The highest it

was demonstrated by the line GW58268 and to-
gether with the high GCA we can expect the high-
intensive combination. It should be noted that in
2018, GW58268 line was characterized by the
highest SCA variance. GW59005 line had high
variance but low GCA effects, which makes it
less valuable.

Table 3 shows the results of the assessment
for the combining ability of the Lancaster group

Table 3. GCA effects and SCA variances for grain yield of tester lines of Lancaster group, t/ha

2016 2017 2018
Tester GCA SCA GCA SCA GCA SCA
effects variances effects variances effects variances

GW58008 0.53 0.58 2.01 5.54 -0.08 0.10
GW57010 -1.37 2.47 -1.08 1.91 -1.49 0.87
GW57095 -0.41 0.82 0.51 1.08 0.14 0.02
GW51150 0.30 1.10 0.52 2.29 0.08 0.51
GW58012 0.13 0.75 -1.08 0.35 0.33 0.83
GW52090 0.82 0.18 -0.89 1.04 1.02 0.51
LSDg g5 0.08 0.12 0.10

testers. In 2016, the GW58008 and GW52090
lines showed the highest GCA effects. In 2017,
GW58008 line also had the highest GCA effects,
while GW52090 had the lowest ones, but in the
dry 2018, it also had the best result, which indi-
cates its stress tolerance. Over the three years of
the study, the GW57010 line was characterized by
consistently the lowest GCA effects, which may
be due to its ability to form the lowest grain mois-
ture content at harvesting. However, over the
three years of the research, GW57010 line sho-
wed the highest SCA variance among the Lancas-
ter heterotic group testers involved in the trial,
which indicates the presence of highly heterotic
combinations with specific combining ability.
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This line can be recommended for programs to
develop genotypes with low grain moisture con-
tent at harvesting using the specific hybrid model
[9]. (Tsoneva, 2022). It should be noted that the
weather conditions had less influence on the man-
ifestation of the GCA effects of the Lancaster
testers than in the lines of the lodent heterotic group.

Conclusions

1. The weather conditions of the year have a
greater influence on the manifestation of GCA
effects of the lodent group lines than on GCA
effects of the Lancaster group testers.

2. GW59024 line is the most suitable for
breeding as recurrent parents for new breeding
programs of lodent group maize on high grain
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yield in intensive conditions. It showed quite con-
sistently high GCA effects of the years with suffi-
cient moisture supply, and GWC06021 line had
high GCA effects in the stressful 2018, that shows
its drought tolerance.

3. Among the maize testers of the Lancaster
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Kanuna Iloneea. /locnioscenns Komoinayinunoi 30amnuocmi cepeonbopanHix ainiil KyKypyo3u.

3eprosi kynemypu. 2022. 6 (2). 51-54.

Tonoen Becm Cio boneapin JIT]], c. Bopucoeo, 7064, boreapis

VY 2016-2018 pp. mpoBefieHO OIHKY MepcreKTHUBHUX JiHIH KyKypymsu (PAO 290-399) cenekuiliHOi
kommanii Golden West Seed Bulgaria Ltd., o mictats nonan 50 % miasmu rereposucHoi rpymnu lodent Ta 6
TecTepiB, nepeBakHo rpynu Lancaster. Beranosneno, mo minii GW59024 tTa GWC06021 (rereposncHa rpymna
lodent) € HalOTBII TPUAATHUMH B SIKOCTI PEKYPEHTHHX 0aThKiB y HOBUX IpOrpamax CeleKilii IHTEHCHMBHUX Ta
nocyxoctiiikux riopuai. Cepen TecTepiB reTepo3ncHoi rpynu JlaHkacTep HaHOINbII IIKABUMHU BHSBUIIHCS
GW59008, sikuii moka3aB HalBHILY 3arajibHy KOMOIHALIHY 31aTHICTh Y CHPUSTINBI Uil PO3BUTKY KYKypYI3U
poku, Ta GW57010, sxuii MaB Ay>ke BUCOKY 3arajibHy KOMOiIHaLiliHy 3/1aTHICTh Y BC1 TP POKH JTOCIIKEHb.
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