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Use of recurrent selection in middIe late synthetic maize populations
l. Results of the first cycle in Synthetic “1/2005”

N. Petrovska®, V. Valkova
Maize Research Institute, 5835 Knezha, Bulgaria

Abstract. The present study shows the results of a completed first cycle of recurrent selection in a middle late synthetic population “1/2005” and the inbred line
PAU 1617 is used as a recurrent parent. The aim of the improving selection is to obtain synthetic inbred lines which are later to be used as parental forms for
receiving hybrids of this maturity group. The experimental work was carried out in the period 2009 - 2011 when two hundred and twenty-two testcrosses were
tested. After the data were analyzed, sixty-two inbred progeny variants displaying the best results have been included for crosspollination and a new cycle of
breeding. The genetic variability in the synthetic has been preserved as the selected progeny represents 28 % of the initially chosen ones. The index of
variability after recurrent selection is 16,9 % which allows efficient testing in the subsequent stages of the improving selection. As a direct outcome of the
research, three crosses have been pointed out - PAU 1617 x 15/5, PAU 1617 x 63/2 and PAU 1617 x 111/4. They exceed in grain yield the foreign standard in the
maturity group by 9.2, 2.3 and 3.4%, respectively. Grain moisture is lower than that of the standards in the trials, by 2.8, 0.7 and 4.8 %, respectively. They are still

tested in varietal and ecological trials.

Keywords: synthetic population, recurrent selection, cycle of breeding, inbred lines, combining ability.

Abbreviations: CA-combining ability, GCA—general combining ability, SCA- specific combining ability

Introduction

The creation of high yielding maize hybrids in the heterosis
selection requires above all the obtaining of genotypes with high
combining ability. Modern maize breeding does not lay new lines of
free-pollinated varieties but relies on accumulated favorable alleles
and high frequency of desirable genes in particular fields of synthetic
populations. The same serve as a source material for obtaining
inbred lines. (Smith,1983; Hristova,1988; Hallauer, 1991; Genova,
1991; Valchinkov and Valchinkova, 1993; Ivanov and lvanova, 2004;
Kostova, 2006).

According to Genov (2004), over the last 50 years each
significant program for maize selection has included the creation of
synthetics which are later improved by various selection procedures
to become progenitors of valuable lines of maximum heterosis
effect. This is also confirmed by the researches of a number of
breeders (Russell et al., 1973; Russell, 1992; Vales, 2001; Troyer,
2004; Smith, 2007, Suprunov etal., 2013). Recurrent selection helps
overcoming the differences of the selection of combining ability (CA)
and contributes to the elimination of the factors lowering its
efficiency, such as the polygenic nature of most economically useful
properties, the masking effect of the environment and the complex
geneticinteractions (Suprunov and Chuprina, 2010).

The aim of this study is a recurrent selection of specific
combining ability (SCA) in a synthetic population and obtaining from
itinbred lines with anincreased CA.

Material and methods

The experiment conducted in 2009 — 2001 includes Synthetic
“1/2005”, the inbred line PAU 1617 as a recurrent parent and the
testcrosses obtained by the method of recurrent selection for
* e-mail: natalya_hristova@abv.bg
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increasing CA (Hull, 1945). In 2009, on an experimental field, test
plotof 0.1 ha, 1200 plants from the synthetic and the inbred line PAU
1617 are sown. Six hundred plants in the sowing of the recurrent
parent are cross-pollinated manually and under an isolator by
spreading pollen from the synthetic population on the cobs that have
tasseled atthe same time in the inbred line. The progeny selected for
pollinators undergo inbreeding and selection for the subsequent
stages.

In 2010, on the experimental field of the Maize Research
Institute, Knezha, in nine preliminary trials, 222 corn progeny were
tested. The block method was used on a test plot of 5 m’, plant
density 50000 pl/ha. Grain yield (kg/ha), grain moisture at harvest,
days from germination to tasseling and performance index (Pi %)
were evaluated and analyzed. The data was evaluated by ANOVA
(Shanin, 1977).

Table 1 shows the average monthly temperatures, the relative
humidity of the air and the amount of rainfalls for the three years of
the first cycle of recurrent selection, compared to the average for 55
years. As the rainfalls during the vegetation period are of utmost
importance for maize yield (Stoyanova and Todorova, 2011), the
year 2009 when the testcrosses were obtained is closer to the 55-
year period and more favorable for maize development in terms of
agro-climatic conditions. The months June and July which coincide
with the blossoming of the reproductive organs were also favorable
and the processes of pollination and fertilization of plants. Apart in
terms of rainfall distribution, the two explored years do not differ
substantially in terms of moisture reserves.

Results and discussion

Synthetic “1/2005” has been created on a wide genetic base in
2005 after it has been researched, described and reproduced in



Table 1. Meteorological data for the period of study
(2009-2011)

Months Mean for 55 2009 2010 2011
years (1931-1985)
Mean month temperature, °C
\% 11.6 1.8 12.1 10.8
\Y 16.7 17.5 17.3 16.1
VI 20.2 20.9 21.0 20.7
VI 22.7 23.1 234 22.7
VI 22.0 229 245 22.8
IX 17.4 18.2 18.3 21.2
Relative humidity of the air, %
vV 73.0 .7 63.9 60.0
\Y 70.0 65.9 62.5 67.2
Vi 65.0 65.1 61.3 60.6
VI 63.3 64.8 59.9 60.5
VI 68.0 63.2 53.4 56.4
IX 71.0 69.2 56.7 55.2
Rainfalls, I/m*
\% 50.0 38.7 43.0 21.7
\Y 70.0 314 78.8 .7
Vi 84.0 75.5 778 63.8
VI 59.0 108.1 51.1 122.7
VIl 46.0 434 10.8 10.2
X 43.0 38.6 19.2 1.1
Sum of the 352 335.7 280.7 291.2
rain IV-IX
% to 55 years  100% 95.4% 79.7% 82.7%

order to be used as a source material in valuable lines suitable for
heterosis selection. From the mid-late hybrid "Natalyia" (FAO
500-600) As a result of chemical mutagenesis with Diethylsulfate
(DES)-0.1% and Dimethylsulfate (DMS) — 0.05%, from the mid-late
hybrid "Natalyia" (FAO 500-600). Thirty-two inbred lines were
obtained and stabilized. They are also included in the top cross
evaluation of their combining ability and twenty of them are selected
for creating Synthetic "1/2005". The source materials for the
formation of a synthetic population are pointed out after testing the

mutant lines with four inbred lines — PAU 1617, K 4652, ®XM 4550
and 26A. After evaluation and analysis of the general combining
ability (GCA) of the progenies included in the study, an equal number
of seeds from each selected line displaying high GCAis sown in the
isolation field for cross-pollination. Over the next two years the
syntheticis reproduced.

The synthetic population "1/2005" belongs to the group of
middle late Maize, with number of days from germination to silking
between 62-66. It silks at the same time with the hybrid Knezha 509
and from two to three days later than PR35P12. It has a relatively
high average yield — 4130 kg/ha, but the grain moisture is high —19.1
%. The rate of yield is 76.1%. The height of plants reaches 221 cm,
they are well-leaved, with a wide leaf lamina from 12.5to 13 cm. The
synthetic is two-cobbed. The first cob is situated 80-90 cm height of
the stalk. They are conical, with a length of 17-17.3 cm, yellow-
orange grain and light red to red spindle. The number of rows is
14-16 on average, and the length of the grain is from 10.7 to 11.0
mm. The mass of 1000 grainsis relatively low—280 g.

In 2009 Synthetic "1/2005" was included in a program of
reccurent selection for increasing CAwith inbred line PAU 1617. The
line is a good tester for both genetic groups - Lancaster and Stiff
Stalk Synthetic (BSSS). It silks at 63-64 days on average, there is a
long flowering period of the tassel, it is two-cobbed, tolerant in its
reproductive stage to the typical local droughts, but silkifies hidden
because of the structure of the stem. The evaluation of the synthetic
population and its parameters are essential for the preliminary stage
of research in terms of economically useful properties that are typical
of each source material and allow an effective breeding work. In
addition, the source population needs to be characterised by
complex inbred factors which determine its CA. Thus, as along-term
goal, combining valuable lines for heterosis selection are obtained,
and in short-term perspective crosses obtained in the earlier stages
of the improving work with the synthetic are pointed out. (Novoselov,
2008; Chuprina, 2008).

The testing was performed in 2009 by receiving 600 opposing
crosses and parallel self-pollinations in the synthetic population. Ina
study from 2010, two hundred and twenty-two pieces of testcrosses
areincluded. From the progenies that have shown the best results in
the testing and have exceeded one of the standards in the
experiments, twenty-two units for inbreeding and selection are set
aside, and sixty-two are cross-pollinated for a new cycle of recurrent
selection. Table 2 presents the testcrosses in the synthetics that

Table 2. Crosses of synthetic "1/2005"” with the lines PAU 1617 with the best results (2010)

Vot Parameters Grak'g/ry]f'd’ %i0PRIPI2 %t0Kn509 Daystilsiking &”é";ﬁ.rne " Pei:g;za;ice
PR35P12" 9519 100.0 126.9 65 18.8 5.1
K 500° 7501 78.8 100.0 65 15.3 49
1.PAU 1617 x 11/8 8954 94.0 1193 66 17.9 5.0
PR35P12* 9070 100.0 68 15.2 6.0
2 PAU 1617 x 17/3 9068 9.9 62 14.3 63
3.PAU 1617 x 37/1 8740 96.2 : 65 14.8 59
Kh 500" 5007 60.0 100.0 66 15.0 35
PR35P12* 8705 100.0 166.5 63 17.7 49
4PAU 1617 x 15/5 9514 100.2 182.0 65 14.9 6.4
5. PAU 1617 x 25/1 8641 99.2 165.3 62 15.8 55
6.PAU 1617 x 2314 8354 959 150.8 64 14.2 59
7PAU 1617 x 21/8 8344 958 150.6 64 15.6 53
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8.PAU 1617 x 23/3 8310 95.4 158.9 64 16.0 52
9.PAU 1617 x 19/5 8200 94.1 156.8 62 135 6.1
Kn 509* 8219 87.0 100.0 64 20.6 4.0
PR35P12* 9441 100.0 114.8 64 21.8 43
10.PAU 1617 x 29/5 8913 94.4 108.4 66 154 58
Kn 509* 8219 87.0 100.0 64 20.6 4.0
PR35P12* 9441 100.0 114.8 64 21.8 4.3
11.PAU 1617 x 43/5 8986 95.1 109.3 63 18.5 4.8
Kn 509* 8782 87.6 100.0 65 14.2 6.2
PR35P12* 10019 100.0 114.0 65 13.8 7.3
12.PAU 1617 x 63/2 10251 102.3 116.7 63 131 7.8
13.PAU 1617 x 63/1 9388 93.7 106.9 63 16.2 58
Kn 509* 7512 81.0 100.0 65 14.1 53
PR35P12* 9273 100.0 123.4 65 174 53
14.PAU 1617 x 99/2 8404 90.6 118.8 62 12.0 7.0
15.PAU 1617 x 99/5 9163 98.8 121.9 65 144 6.4
16.PAU 1617 x 105/3 8800 95.0 117.0 60 14.0 6.3
Kn 509* 7402 82.7 100.0 65 145 5.1
PR35P12* 8945 100.0 120.9 65 17.6 5.1
17.PAU 1617 x 107/1 8056 90.0 108.8 63 13.3 6.1
18.PAU 1617 x 107/3 8374 93.6 1131 61 143 59
19.PAU 1617 x 107/5 8143 91.0 110.0 63 14.2 57
20.PAU 1617 x 111/4 9254 103.4 125.0 63 134 6.9
21.PAU 1617 x 113/4 8120 90.7 109.7 64 125 6.5
Kn 509* 6214 67.3 100.0 65 16.9 3.7
PR35P12* 9233 100.0 148.5 65 145 6.4
22.PAU 1617 x 133/1 8509 92.1 136.9 62 12.7 6.7
* Standard
8 ; 63/2
3
7776 PRI
71 Sos 0¥ 1101/4 133/1
15/5 69/4 ¢ * 99/5 103/2 113/4 ¢
= L7/3 ° 45/4 67/1 X PR35P12
% 6 ’251/237/1 190/?( 23/425/6 * %6 551 : o5 8 91/1 e ’107/11007/07109/2 1y I
2 ¢ PR35P12 * ,29/5 , 4764 @ oY 73 *107/5 119{25/3 137/5
q—) /1 * 43/6 & 53/5 * . 11113531 0‘127/4133/05
e 11/7 218 * . * 553 93/5 131406 o 13177
< * *, 033 . KH509% @ X PR35P12 1311
£ 5 x PR3 ¢ X KH509 X PR35P12
L X KH 509 x PR35P12
o)
o
X PR35P12 X PR35P12
4 - X KH 509 % KH 509
X KH 509
x K 509
3 ‘ ‘ ‘ ‘ ‘ ‘
0 10 20 30 40 70 80
Variants
X Standarts ¢ Selected progenys — pi

Figure 1. Selected progenies for second cycle of synthetic “1/2005"
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have displayed the best results in the study from 2010. Twenty-two
crosses exceed the yield of the Bulgarian or foreign standard from
the maturity group, including high yield and significantly lower grain
moisture at harvest, compared to the standards. The inbred
progenies involved are set in a selection field for inbreeding and
receiving lines from the first cycle of selection. Three crosses
defined as promising — PAU 1617 x 15/5, PAU 1617 x 63/2 and PAU
1617 x 111/4 exceed the foreign standard of the maturity group by
9.2, 2.3 and 3.4%. Grain moisture is lower than that of the foreign
standard by 2.8, 0.7 and 4.8%. The last two hybrids have shorter
vegetation period than the standards. The testing of the hybrids is
still a part of varietal trials.

In order to obtain a new selection cycle, a total of 62 progenies
are combined (Figure 1). As is apparent from the graphical
representation, they are higher, equal or similar to the results of the
standards when tested. The hybrids with the line PAU 1617 as tester,
show a relatively high yield and high performance index (Pi), above
5%. A special attention should be paid to the fact that the crosses
presented on Figure 1 have lower moisture compared both to the
standards and the source synthetic population. The quick rate of the
grain moisture in the crosses shows that the synthetic can be
included in the program of “recurrent selection of early flowering”.
The results we obtained confirm earlier researches and conclusions
that late populations are a suitable source material for earlier
hybrids, including the potential for yield of late maize and the quick
rate of grain moisture that are typical of earlier maturity groups
(Medvedev, 2007). The selected sixty-two progenies (Figure 1)
represent 28% of the tested variants in the source synthetic. The
variation index after the selection is 16.9% and the genetic variability
is preserved. The progenies were cross-pollinated with equal
number of seeds inisolation field in 2011. Their inclusion as followers
allows for the accumulation of valuable genes into the new
population. Thus the proportion of the desired recombinants in the
cross-pollination is increased which allows effective work in the next
cycles of the improving selection. The results we obtained confirm
previous studies and support the conclusion that recurrent selection
gives an opportunity for a simultaneous receiving of combining
valuable lines and preserving the genetic variability in the
populations themselves (Genova, 1993; Guzman, 2000). This gives
recurrent selection a priority over pedigree selection in which genetic
variability is more rapidly reduced.

In 2012 a new testing was performed in the synthetic and after
that the testcrosses will be tested, analyzed and the effectiveness of
recurrent selection conducted in this population will be evaluated.

Conclusion

After testing the progenies in Synthetic “1/2005” with an inbred
line PAU 1617, twenty-two crosses which exceed the standards in
the maturity group are received.

Forasecond cycle of the selection, 28 % of the crosses —tested
in the first cycle are selected. Genetic variability in the synthetic is
preserved and allows efficient operation in the next cycles of the
selection.

The combination of the progenies with results (higher, equal
or close to the standards) allows accumulation of valuable genes
into a new synthetic and obtaining the desired recombinants in a
population relatively small in area and size, grown in experimental
and breeding fields. Three experimental hybrids which exceed the
standards in grain yield by 9.2, 2.3 n 3.4 % are pointed out - PAU

1617 x 15/5, PAU 1617 x 63/2 and PAU 1617 x 111/4.
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