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MRRSINBRED TESTER/POPULATION/LINE/HY BRID/GCA/SCA

The simultaneous improvement of two heterotic maize populations as the
sources for developing inbred lines can help breeders to continuously develop single-
cross hybrids which have high yields and good agronomic traits. Modified reciprocal
recurrent selection (MRRS) is a selection method using €elite inbred lines as testers to
develop lines for one or both sides of single-cross hybrids. The objectives of this study
were (i) to improve two heterotic maize populations as germplasm sources for new
inbred lines, (ii) to develop inbred lines with high general combining ability (gca)
and/or high specific combining ability (sca) and high yield, and (iii) to develop high-
yielding single-cross hybrids. In this study, two cycles of MRRS were conducted in
Suwanl(S)C11 (population A) and KS6(S)C3 (population B) maize populations with
respective inbred testers, Ki 47 and Ki 46. Each cycle consisted of three major parts:
population improvement, inbred line development and hybrid development. Progress
from selection, inbred lines and hybrids were evaluated at two locations. National Corn
and Sorghum Research Center (Suwan Farm) and Nakhon Sawan Field Crops Research
Center, in late rainy season, 2002 and early rainy season, 2005. The selection was
based mainly on grain yields and other important traits, such as foliar diseases, root
and stalk lodging, etc. which were al so assessed.

The population improvement started with selfing plants which had good

agronomic traitsto develop S; lines of each population. The S; lines were crossed with



the respective inbred testers and 250 S; testcrosses of each population were evaluated
for yield in late rainy season, 2001 at Suwan Farm. The 25 top yielding testcrosses
were selected from each and their corresponding S; lines were recombined to form C1
populations. The CO and C1 populations were crossed among them in adiallel scheme
and crossed with the respective inbred testers. The CO and C1 populations per se,
their population crosses and their topcrosses were evaluated. The results showed the
improvement for grain yield for all C1 populations especially population cross. The
cross of AC1 x BC1 yielded higher than the ACO x BCO for 10.3% (P < 0.05).
Variety effects (v;) and gca effects were also improved for both populations per se,
while variety heterosis effect (h) was improved only for BC1. The C2 populations
were formed in the same manner as their C1 populations. The C1-S; testcrosses of
each population were evaluated for yields in early rainy season, 2003. The CO, C1
and C2 populations per se, their population crosses and their topcrosses were eval uated.
The results showed that the AC2, AC2 x BC2 and BC2 x Ki 46 were improved for
grainyields. The AC2 and BC2 were also improved for variety effects and gca effects.
Average heterosis (ﬁ) was highly significant, and sca effects seemed to be improved
for the AC2 x BC2. The population B contributed more than the population A in the

population crosses for heterosis of grain yieldsin both C1 and C2.

The 25 lines used for recombining in each population were further used to
develop testcross hybrids (line x tester), and 10 lines which corresponded to the top
10 testcrosses were used to develop interpopulation hybrids (10 A lines x 10 B lines).
Yield trials of CO and C1 hybrids showed significant improvement for grain yieldsin
all top 10 C1 hybrid groups (C1 hybrids, AC1 testcross hybrids, BC1 testcross hybrids

and C1 interpopulation hybrids) compared with the top 10 CO hybrid groups. The top
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10 C1 hybrids also had as high yields as the hybrid check, Suwan 4452, but higher
mean for plant height (P < 0.05). The testcross hybrids had higher potential for yields
than the interpopulation hybrids. The selection for grain yields showed that dominance
variance of this trait increased while additive variance decreased, which resulted in
the development of high-yielding interpopulation hybrids. For other traits, additive
variance had a major role for days to 50% anthesis and silking, plant and ear heights,
stalk and root lodging, foliar diseases, grain moisture, and grain shelling percentage.

Pedigree selection was used for line development in each population. The
lines developed were selected on the basis of their testcross performance. The results
from yield trials of the selected lines showed that the 25 lines of AC1 and BC1 had a
higher mean for grain yields than the 25 lines of ACO and BCO for 23% and 28%,
respectively, relative to the inbred check, Ki 47. However, the number of days to 50%
anthesis and silking increased significantly. In addition, the selected lines can be used
in both testcross and interpopulation hybrids.

The MRRS program was effective in improving grain yield of both populations
and lines per se and hybrid combinations (population crosses, population topcrosses,
testcross hybrids and interpopulation hybrids). These suggested that the selection was
effective in improving both additive and nonadditive gene effects. Potential high-yielding

hybrids and their parental lines can be developed simultaneously from the program.
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CHAPTER |

INTRODUCTION

Maize (Zea mays L.) is an important economic field crop of Thailand. It is
cultivated mainly for animal feed. The most recent statistics showed a decrease in the
harvested area of the crop in the last ten years (1997-2006). The present areais 0.89
million hectares with the production of 3.69 million tons and the average yield of
4,113 kg ha* (Office of Agricultural Economics, Online, 2006b). This production is
not sufficient for domestic consumptions. The major planted areas of maize are in the
North, Northeast and Central Plain of the country (Office of Agricultural Economics,
Online, 2006c). At present, 99.77% of maize areas in Thailand are planted to hybrid
varieties, especialy single-cross hybrids (Office of Agricultural Economics, Data File,
2005). The single-cross hybrid is productive and uniform in the appearance, maturity
and yield potential. Therefore, breeding of maize varieties is focused on single-cross
hybrids.

As of the late 1970s, when research on maize hybrid was initiated, most inbred
lines were developed from the intrapopulation improvement, especially S; recurrent
selection. Then, the inbred lines were tested for general and specific combining ability
(gca and sca) to identify productive single-cross combinations. The simultaneous
improvement of two heterotic maize populations to extract inbred lines from each
population helps the development of single-cross hybrids to be faster. Modified

reciprocal recurrent selection (MRRS) is a method which improves two heterotic



populations simultaneously and uses inbred lines as testers. Lines derived from the
improved populations of MRRS also could be used immediately to produce hybrids
with the inbred testers (Menz Rademacher et al., 1999). Modern inbred lines should
be more vigorous and productive than those developed earlier and kernel size and
shape approach that of hybrids. The improvements of modern inbred lines make it
possible for seed producers to market and the farmers to grow single-cross hybrids
(Poehlman and Sleper, 1995).

Aekatasanawan (1999) stated that conventional maize breeding, which has been
used in Thailand since the maize research was initiated, plays an important role in the
increase of production. It started with the selection of promising exotic germplasm,
followed by a systemic population formation and recombination. The base and
advanced popul ations have been aso improved continuoudly, especidly by S; recurrent
selection method. The method is highly efficient to accumulate favorable gene
frequencies in additive manner. These resulted in releasing many outstanding open-
pollinated varieties such as Suwan 1, Suwan 2, Suwan 3 and Suwan 5. These
varieties can be aso used as potential sources for extracting elite inbred lines,
particularly in latter cycles. The exploitation of maximized heterosis in single-cross
hybrids from these inbred lines gave higher yield than those of open-pollinated
varieties by 30-50%.

The objectives of this study were (i) to improve two heterotic maize populations
by using modified reciprocal recurrent selection for use as source populations for new
inbred lines; (ii) to extract inbred lines with high general combining ability (gca)
and/or high specific combining ability (sca) and high yield; and (iii) to develop high-

yielding single-cross hybrids.



CHAPTER I

REVIEW OF THE LITERATURE

2.1 Maize production and research in Thailand

Maize is one of the most important economic fieldps of the world. It is
cultivated mainly for animal feed, human consumptand industrial uses for the
production of flour, oil, sugar, syrup, vinegarapg alcohol, plastic, film, etc. The
world production of maize in 2006 was about 695lianl tons from the harvested
area of 143 million hectares with the average yidld,869 kg ha. Countries with
high maize production in 2006 were the United StafeAmerica, China, Brazil, Mexico
and India, respectively (Office of Agricultural Hwamics, Online, 2006a).

Commercial maize production in Thailand began982lwhen Prince Sithiporn,
the Director General of the Department of Agricrdfuntroduced two varieties of dent
corn, Nicholson’s Yellow Dent and Mexican Junepifihailand. The varieties were
multiplied and subsequently distributed to NortheasThailand, the first commercial
production area (Sriwatanapongse et al., 1993Rilditd maize research was initiated
by the Department of Agriculture, Ministry of Agulture and Co-operatives in 1950
and Kasetsart University in 1958 (Jampatong e2aD]1).

In the 1950s and 1960s, the average yield of niaizeased due to the composite
of Caribbean collections, known as “Guatemala” (©-br Tequisate Golden Yellow
Flint) (Aekatasanawan, 1997). The variety was hipes in Guatemala by the late I.E.

Melhus, Professor Emeritus at lowa State Univerdityvas successful in Indonesia as



“Metro” and showed broad adaptation in Thailantwads tolerant to some diseases and
insect pests, had good grain texture (flint) anzeptable color (orange yellow) despite

being tall, moderate yield and susceptible to domrigew disease (Sriwatanapongse
et al.,, 1993). The Department of Agriculture rekh“Guatemala” and supplied seeds
to farmers in 1954. Later, Ampol Senanarong,téaen leader of the Department of

Agriculture Maize Breeding Program, improved Guatknby controlled mass selection

method and released “Phraputtabat” varieties sadPBa3 and PB 5 during 1961-1975

(Aekatasanawan et al., 1998).

In the 1970s, the average yield of maize stayettheasame level due to the
susceptibility of these maize varieties to corn dpwildew diseasePeronosclerospora
sorghi (Weston & Uppal) C.G. Shaw) (Aekatasanawan etl@98). The corn downy
mildew was found sporadically along banks of thveriat Nakhon Sawan in 1966 and
frequently in larger area in 1968. During the vd®70s, the disease became a major
threat to Thai maize production (Jampatong et2@l01). Subsequently, the varieties
were replaced by two resistant varieties: Thai DMR 1972 and Suwan 1 in 1975.
The two open-pollinated varieties (OPVs) were depetl by the Department of
Agriculture and Sujin Jinahyon (the team leadethef Kasetsart University Maize
Breeding Program), respectively (Aekatasanawah,et398). Suwan 1 was approved
by the Ministry of Agriculture and released as andird variety in 1975. It became
an outstanding and widely-adapted variety in tlopital lowland countries. After
releasing Suwan 1, an early OPV with downy mildegistance named Suwan 2 was
released in 1979 (Aekatasanawan et al., 1998; Jangpat al., 2001). In the late 1970s,
hybrid maize research was started by Kasetsartddsity and multinational seed

companies while the effort on population develophstiti continued. Sujin Jinahyon,



the former maize breeding project leader, initiatled Kasetsart University hybrid
maize breeding program with his vision of hybridireain Thailand in 1978. It was
the same period when many major foreign and loeatl companies began to invest
in Thailand during the late 1970s to early 1980sbtablishing research station and
processing plants (Jampatong et al., 2001).

In the 1980s, hybrid maize including double cresti@ee-way crosses and some
nonconventional hybrids had high proportions ing/iseeds used (Aekatasanawan
et al.,, 1998). Thai farmers began to grow hybridiza in 1981. Then the first
commercial single-cross hybrid in Thailand, Suwa@1? was released in the subsequent
year by the National Corn and Sorghum ResearcheGeRasetsart University. As a
consequence, the planted area for improved OPVgreually replaced by hybrid
varieties (Jampatong et al., 2001). The beginoingasetsart maize hybrid breeding
program used Suwan 1 as a base germplasm for Wiedogenent of new populations
because the program was still focusing on releasmpgoved OPVs to farmers. Then
the two OPVs developed from the program in 19831&&# were Suwan 3 and Suwan 5
which contained 80% and 32% of Suwan 1 germplasspectively. A non-Suwan 1
population was first developed in 1983 named KStthad been used in the hybrid
program from the two released inbred lines, Ki Ad Ki 47. Subsequently, KS 23, a
broad base synthetic containing some temperatswicbpical germplasm was formed
in 1987 to use in hybrid breeding program as angarbf Suwan 1 and Suwan 1
derivatives (Jampatong et al., 2001). In this decdhe two OPVs were released.
Suwan 3, a medium maturing variety with rust andrdomildew resistance, was released
by Kasetsart University in 1987 (Chutkaew et @89, quoted in Aekatasanawan et al.,

1998; Jampatong et al., 2001). Nakhon Sawan Irglaased by the Department of



Agriculture in 1989 (Aekatasanawan et al., 1998).
In the 1990s, an average Vield during 1990-1996 2,828 kg ha higher

than those of the 1970s (50.1%) and 1980s (24.8%katasanawan et al., 1998).
Suwan 5, a medium maturing variety with downy mideesistance, was only one
OPV released in 1993 by Kasetsart University (Aakahawan et al., 1993, quoted in
Aekatasanawan et al., 1998; Jampatong et al., 2@®ifhre the mid-1990s, single-cross
hybrid has played an important role due to the miaik for higher yield and the
promotion from the Department of Agricultural Exséon, Kasetsart University and
private seed companies (Aekatasanawan, 1997). eWabilble-cross hybrid diminished
gradually, three-way cross hybrid has increasedgtmnally due to a higher potential
for yield and more uniformity. The increasing veh this decade resulted from both
genetic improvement as mentioned above and apiplisabf better cultural practices

and increases of inputs (fertilizer, weed contett,) (Aekatasanawan et al., 1998).

2.2 The concept of recurrent selection

Recurrent selection is a breeding system usegdpulation improvement.
The method consists of repeated hybridization,es/of selection and recombination
to increase the frequency of favorable alleleshairacters, especially seed yield (Allard,
1960). The method was found to increase mean rpeaftce of improved populations
while maintaining genetic variation for continuomsprovement of the populations.
The improved populations can be used as improveeties, sources for extracting
inbred lines to be used in producing hybrid vagietand sources of foundation stocks
for synthetic varieties. Four types of recurreglestion are distinguished according

to the means to identify plants with desirableilatttes: simple recurrent selection,



recurrent selection for general combining abiliggurrent selection for specific combining
ability and reciprocal recurrent selection (AlladB60). The methods of recurrent
selection known as methods used for population avgment also can be classified
into two groups, intrapopulation improvement andeipopulation improvement.
Briefly, most methods of recurrent selection caneisthree phases: (i) establishing
progenies for evaluation, (ii) evaluation of progsmand (iii) recombination of selected
genotypes to form the population for the next cyafeselection (Hallauer, 1985).
Stoskopf et al. (1993) concluded that recurrergctin is designed to increase mean
performance of the improved populations and mainggnetic variability to permit
continued improvement and opportunity for selectbsuperior genotypes in any cycle.
The obvious success of recurrent selection in itherovement of maize
population in Thailand demonstrates in Suwan 1 [ajan which has been improved
by S recurrent selection since 1970 (Sriwatanapongse.,e1993). Suwan 1 is not
only an outstanding variety but also an importantree of elite inbred lines used in
commercial production of hybrids (Inseechandrastitystitute for Crops Research and
Development, 1993). Aekatasanawan et al. (199&)laded that Srecurrent selection
was highly efficient to increase mean grain yieldoth populations per se and their
combining ability of 11 cycles of Suwan 1 with iedrtesters. In addition, it can
improve other agronomic traits of the populatioes ge in the desired direction, i.e.
lower root and stalk lodging, better foliar diseassistance, longer husk cover and

more ears plant.



2.3 Themodified reciprocal recurrent selection (MRRYS)

A. Development of MRRS

Reciprocal recurrent selection (RRS) was originglloposed by Comstock,
Robinson and Harvey (1949) for improvement of comuiaé hybrids in diploid
organisms. The method was designed to improveopeance of the cross between
two heterotic populations which included selectimn both general and specific
combining ability. RRS consists of two source gapans designated as A and B
which should be as genetically divergent as possibt uses the opposite populations
as reciprocal testers. First seasofn,06S plants from the population A are self-
pollinated and also crossed to plants from the [atimm B and vice versa. Second
season, the testcross progenies from both sourees/aluated separately in replicated
yield trial. Third season, the selected plantsnfit@stcross progenies are intermated
using their selfed seed produced from the firssgedo form improved populations
for the next cycle of selection. Eberhart et 4073) stated that maximizing the rate
of population cross improvement should be the nodjective for RRS because the
improvement of derived single-cross hybrids is expe to parallel the improvement
of the population cross. Likewise, an increaséhanlevel of heterosis of population
cross is expected to associate with a further assreén the heterosis expressed in
crosses between lines selected from each populéitantin and Hallauer, 1980;
Eyherabide and Hallauer, 1991a; 1991b; Keeratialjakd Lamkey, 1993a).

However, RRS has not been widely adopted by nfaieeders because RRS
is not as efficient for recovery of inbred linesadser methods of inbred development
(Russell and Eberhart, 1975). Therefore, Russedl Bberhart (1975) proposed a

modified RRS (MRRS) as an alternative to RRS toraov@e this limitation. They



suggested the use of inbred lines derived fromajgosite populations as testers
instead of the population themselves. They algmasted the use of an elite inbred
line as tester and expected that gain from sele¢tamm MRRS would be greater than
RRS due to the greater genetic variance amongeiterbsses. The variety cross
including derived hybrids would also show maximumprovement resulted from
simultaneous improving the two complementary paojpats (Eberhart et al., 1973;
Russell and Eberhart, 1975). MRRS is a useful rreati selection scheme for
supplementing pedigree selection programs becabse stheme supports line
development for hybrids which is the main objectimemost pedigree selection
programs (Hallauer and Miranda, 1988; Agrawal, 1998

Two populations used for improvement by MRRS stobave adequate
genetic variability, have high mean performance amgress heterosis in crosses
(Hallauer and Miranda, 1988; Agrawal, 1998). Lami#984) selected two synthetics,
BS10 and RSSSC, for initiating a MRRS program mgh yield environment (HYE).
They were selected because they gave high grdusyaad high average grain yields
in F, population crosses. They also showed better geestalk lodging or productive
plants either populations per se or populationsges Camussi et al. (1988) constituted
two base populations, Synthetic A and SynthetiddBstart a MRRS program for
selecting superior genotypes to be used in tempevatm areas as a second crop.
Synthetic A was formed by intermating the three {pré populations and inbred line
W117. Synthetic B was formed by intermating thee¢hGroup B populations and
inbred line A632. The three Group A populationsd &#117 demonstrated heterosis
with the three Group B populations and A632. Ald® six populations showed the

best mean performance. Aekatasanawan et al. (1890)ted that the most useful
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heterotic pattern from the variety diallel crossoaig 10 open-pollinated varieties was
Suwanl(S)C1l1x KS6(S)C2 (Suwan 1-KS 6 pattern). The cross was siacond
highest yielder which was higher than KTX 2602 yarid check. It gave mid-parent
heterosis of 18.5% for grain yield. Also, its pggehad high variety and general
combining ability effects. They stated that these populations should be potential
populations for reciprocal recurrent selection pang

Inbred lines used as testers for MRRS should dheterosis when they were
combined into a single cross (Russell and Eberh@m5; Hallauer and Miranda, 1988;
Agrawal, 1998; Menz Rademacher et al., 1999). ddeantage of using an inbred
line tester is the reduction of sampling error @tenogeneous testers (Russell et al.,
1992; Landi and Frascaroli, 1995; Menz Rademached.£1999). Superior lines
developed from the improved populations of MRRSId¢dae used immediately to
produce hybrids with the inbred testers if the eestare elite lines being used in
commercial hybrid production (Horner et al., 19Russell et al., 1992; Menz
Rademacher et al.,, 1999). In addition, the adeligifects of lines selected by an
inbred tester allow the use of the selected linesombination with other elite inbred
lines for hybrid development (Narro et al., 2003).

A proper choice of the inbred testers is an imgdrfactor responsible for the
success of MRRS (Russell et al., 1992; Landi amddaroli, 1995; Menz Rademacher
et al., 1999). The choice of inbred tester wagssigd by Hull (1945) who emphasized
that homozygous tester should be used for seleftiospecific combining ability.
Correspondingly, Stoskopf et al. (1993) stated that choice of inbred tester was
important for the success of recurrent selectiansfiecific combining ability. Hull

(1945), Horner et al. (1963) and Horner et al. @98uggested that the tester line
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should primarily be proved to have high general losimmg ability and good agronomic
traits. Horner et al. (1963) chose inbred F6, ohthe parents of a double cross, as a
tester mainly because of its vigor, uniformity agase of handling in the nursery.
This line had an average combining ability and ssemo carry dominant genes for
low kernel-row number. Walejko and Russell (19%®@ted that an obvious tester
should be an inbred line which is widely used ie $eed industry as similarly
suggested by Stoskopf et al. (1993). Moreoverenhlbesters can be replaced by better
lines as the program progresses with no adversetgfbn the population improvement
achieved by previous testers (Horner et al., 19vV8lejko and Russell, 1977; Horner

et al., 1989; StojSin and Kannenberg, 1994a).

B. Useof inbred astester

In the use of testcross, selection of tester isrthst important step that provides
the best discrimination among genotypes accordirie purposes of selection (Hallauer
and Miranda, 1988). Hull (1945) hypothesized that most efficient tester could be
an inbred line which has a low frequency of favtealleles. Rawlings and Thompson
(1962) showed that a low gene frequency in theetegive a greater genetic variance
among testcross progenies than the tester witlgladene frequency in the range of
partial to complete dominance of genes. Theirltesuere in favor of the theory that
low performing testers, presumably with low freqeyenf favorable alleles at important
loci, were the most effective. Horner et al. (1PG&$orted that the use of inbred tester
revealed larger genetic variance among the testesoshan a broad base tester.
Horner et al. (1973) concluded that inbred teskergng many important loci with

gene frequency of zero (homozygous recessive) wesldt in larger testcross variance
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and more successful selection of dominant favoraliges than a broad base tester,
which probably has intermediate gene frequenci@sost loci. Lamkey and Hallauer
(1986) reported that the genetic variance amongrtess family means was greater
when a low-yielding tester was used than when &-kiglding tester was used only
for the low-yielding parents. The results suggdtat the increase in genetic variance
obtained by using a low-yielding tester was maiblgcause of lines with low
performance per se. Smith (1986) reported refulis the computer simulation that
the use of a high performance tester will redueeginetic variance among testcrosses.
In addition, tester with high favorable allelesuedd the correlation between line per
se and testcross performance. This was becaussagec favorable alleles reduced
the covariance between line per se and testcriogs, tlecreased correlations. This
was known as the masking effect by testers (SM#@86; Jampatong et al., 1988;
Horner et al., 1989; Aekatasanawan et al., 19998114; 1991c; Russell et al., 1992;
Landi and Frascaroli, 1995; Weyhrich et al., 199®nz Rademacher et al., 1999).
The evidence showed that inbred tester with lovguency of favorable alleles at
important loci gives greater genetic variance stdesses and should be the effective
tester.

The utilization of line as tester is not new, buwas suggested previously by
Horner et al. (1963) that, in recurrent selectiabred testers were more effective than
broad base testers especially for yield improvenremhaize. Russell et al. (1973)
evaluated yield gain from five cycles of recurreatection in two maize populations,
an OPV ‘Alph’ and the fof WF9x B7, using inbred B14 as tester. The rates oflyiel

gain per cycle were significant for both populattestcrosses. The BX4Alph C5

yielded nearly as high as the best single-crossk;H&37 x B45, and also had root
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and stalk lodging and maturity values that wouldvbey acceptable for commercial
use. Both populations per se also showed signfficdes of yield gain per cycle

Walejko and Russell (1977) evaluated progresseld ymprovement from five
cycles of recurrent selection in two OPVs, Kolkmeiad Lancaster, using inbred Hy
as tester. The two populations per se had no gaid because of inbreeding from
the recombination of only five;Sines to form C1 populations. The program was
successful in increasing frequency of favorableledl affecting yield of the population
crosses and the Hy testcrosses.

Weyhrich et al. (1998) reported progress from foyales of recurrent selection
in BS11 maize population using inbred B79 as testéhe selection method was
successful in significantly improving both the ptgiion per se and the testcross
performance for grain yield, stalk lodging and rémdging whereas grain moisture
decreased significantly only in the population ger

Narro et al. (2003) used SREG (site regressionjidatify the best tester for
discrimination among lines for formation of synibet Four testers used were two
broad base testers (OPVs: T1 and T2) and two naase testers {Sine: T3 and
single-cross Shybrid: T4). The results showed that T3, theiig tester, gave a high
power to discriminate among lines and was the bestesentative of all testers,
followed by T1, T4 and T2. Also, the synthetic d®ped with the Sline tester gave

the highest yield and the one developed with an @R3ter gave the lowest.

C. Rédativeefficiency of MRRS
RRS has been proved to be a successful methaahpooving the performance

of a cross population and to increase the hetebetigeen populations. Eberhart et al.
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(1973) reported progress from five cycles of RRShe BSSS and BSCB1 maize
populations. The improvement in grain yield wagngicant in population crosses
(23%) with the rate of 4.6% cycfe Heterosis increased from 15% in €0CO to
37% in C5x C5. Conti et al. (1977) reported responses #ftercycles of RRS in
two local Italian maize populations designated aan®l B. The linear response for
grain yield in the population cross was highly #igant at the rate of 7.8% cycfe
The AC2x BC2 gave higher grain yield than the check, a cencial cross (Marano
Ibrido), with highly significant. Heterosis foran yield in population crosses increase
from 5.1% in CO to 9.5% in C2. Significant improvent in grain yield was also
found in the populations per se. Besides, roogilugl was greatly reduced in both
populations per se.

Martin and Hallauer (1980) reported responsesgfain yield from seven
cycles of RRS in the BSSS and BSCB1. Grain yiélithe population cross increased
175 kg ha' cycle?, but yield of the populations per se did not cleasignificantly.
Mean yield of the population crosses increased o580 kg ha in CO to 7,070 kg
ha'in C7. Midparent heterosis increased from 14.89%0 to 41.7% in C7.

Keeratinijakal and Lamkey (1993a) evaluated respsiirom 11 cycles of RRS
in the BSSS and BSCB1. The response in grain yélthe population cross was
6.95% cycle’. The midparent heterosis increased from 25.426t64% from CO to
C11. For the populations per se, grain yield oCB$ increased 1.94% cycte but
grain yield of BSSS did not change significantlijhe selection was also effective in
reducing root and stalk lodging.

The efficiency of MRRS was found to depend on hagsulations as well as

inbred testers. After MRRS was proposed, the aéetbred lines vs. populations as
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testers in reciprocal recurrent selection werestigated. Comstock (1979) compared
between theoretical expectation using RRS and MRR&wultiple alleles and found
that the RRS was slightly superior to MRRS. Heobotled that rates of change in
allele frequencies in RRS will not be more rapidewhnbred lines extracted from the
populations are used as testers rather than thelgimms themselves. He also
emphasized that the critical parameter in any coisqa of testers to be employed in
RRS is the expectation of allele frequency charegeupit of time. The suggestion by
Russell and Eberhart (1975) would be a consequarte erroneous assumption that
“because of the greater variance among the tesesowith the inbred tester, gain
from selection would be greater”. In terms of eotp&on, there is no reason to expect
better results from the use of inbred tester rdiam the use of population tester.

Russell et al. (1992) compared progress afteethyeles of RRS and MRRS
in the BS21 and BS22 maize populations using A63@ H99 as inbred testers,
respectively. The RRS population cross gave st linear gains for grain yield,
whereas there were no achieved gains of yield fBIR8 population cross due to the
masking effects caused by dominant favorable allefaester H99. The improvement
for lodging resistance was not achieved for BS2BI99 because H99 contributed
good resistance for root and stalk lodging to hydari

Menz Rademacher et al. (1999) compared responsetection after six cycles
of RRS and MRRS in the same populations used bgddet al. (1992). They found
that RRS population cross gave a greater responggdin yield (4.4% cyclé) than
MRRS (1.6% cyclé). RRS was more effective than MRRS in improvimgiig yield
in the cross population BS24 BS22. RRS was also as effective as MRRS for

improving grain yield of the populations testcrabseth the inbred testers. There
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was no evidence that the genetic variation forrgyald among testcrosses in MRRS
was greater than RRS. They discussed that A63R (Rellow Dent) was not an
appropriate tester for BS21 (54% Reid Yellow Deatngplasm). The testcross of
BS22 x H99 gave smaller estimate of genetic variancegfain yield and root and
stalk lodging which may be due to the masking ¢éfec the tester H99.

The efficiency of MRRS, however, was also repoitechany studies. Russell
and Eberhart (1975) found that one cross of dlites| derived from BSCB1(R)Cb
BSSS(R)C5 gave significantly higher yield than best single-cross check, B37
0Oh43, with low root and stalk lodging as the checkambert (1984) evaluated
responses of two cycles of MRRS in the BS10 and $&S8opulations grown in a
high yield environment. The inbred testers usedew®37 and B79 derived from
BSSS and BS10, respectively. Selection was based and testcross performance.
The results showed significant response for grafdyn both populations per se and
population crosses. Grain yield of BS10 and RS$®tkased from CO to C2 for
15% cycle® and 14% cyclé, respectively. Population crosses increased ¢0tek
cycle®. Only the population testcross of BS4®B37 showed significant increase in
grain yield. They concluded that the preliminaggults from MRRS in a high yield
environment appeared to be a valid approach tanpeovement of populations and
ultimate hybrids with high yield potential and otliesirable traits.

StojSin and Kannenberg (1994a; 1994b) studied mdgonses of populations
per se from four cycles of MRRS in CGSynA and CG\ize populations. Inbred
lines derived from each population were used agdbgrocal testers. The results
showed significant increase for yield in both p@piains with significant increases of

both ear and plant heights.
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Landi and Frascaroli (1995) conducted two cycleMBRS to develop early
genotypes for a delayed-sowing crop. Two earltlsstics, A and B, were used as
base populations using A632 and W117 as an inlesdrt respectively. They reported
that heterosis of the population cross was higidyiicant for grain yield and for
sowing-silking interval. For grain yield of the padations per se, Synthetic A showed
a moderate and nonsignificant gain per cycle wiseBathetic B exhibited a highly
significant gain per cycle. They assumed thatgiteater response for grain yield in
Synthetic B than Synthetic A because A632 had rhoreozygous dominant favorable

loci than W117.

D. Geneaction related to MRRS

Gene action pertained to population to be improwed found to relate to
kinds of recurrent selection. All procedures dafipeocal recurrent selection schemes
are based on the original procedure proposed bys@mk et al. (1949) which was
designed to make maximum use of general and speodinbining abilities. A
common feature of all procedures is improvemenpagdulations by changing gene
frequencies in a directed and complementary wayhabta wide range of different
types of gene action and interactions can be edamthe crossed population (Hallauer
and Miranda, 1988).

For RRS, Martin and Hallauer (1980) reported tiet greatest correlation
between observed and computer simulated resporm®sseven cycles of RRS for
grain yield in the BSSS and BSCB1 was obtained ftben condition of complete
dominance and equal initial allele (p = q = 0.Bpfrencies in the simulated populations.

Keeratinijakal and Lamkey (1993a) indicated thatSRiRiproved both general and
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specific combining ability of the populations per Keeratinijakal and Lamkey (1993b)
partitioned the genetic response into componergdaadditive and dominance effects.
They indicated that the response of the interpdjmmacross for grain yield was
primarily due to dominance effects. The select@sponse occurred at complementary
loci with alleles in the partial to complete donmica range and with no evidence for
overdominance. Improvement in the BSSS was dumtio additive and dominance
effects, but only dominance effects were importarthe BSCBL1.

In using inbred tester in recurrent selection, |H@945) believed that
overdominant gene action was an important partetérosis for maize grain yield.
He suggested that to maximize the effectivenessetiction for overdominant loci
either an inbred line or a single-cross hybrid $thdae used as tester. Horner et al.
(1963) stated that an inbred tester can be effeativimproving both specific and
general combining ability. Russell et al. (19783 aNalejko and Russell (1977)
found that the progress for yield in the improvebt@populations with inbred testers
was primarily due to general combining ability. rHer et al. (1973) found that the
Inbred Tester Method (4.4% gain cydewas significantly more effective than the
Parental Tester Method (2.4% gain cytidor increasing general combining ability
over five cycles. They discussed that inbred testeere effective in selection for
genes having additive effects because many loitieoinbred testers were homozygous
recessive. Their results also indicated that danga was important in the populations
developed by the two testcross methods. Russehll.e{1973) suggested that
overdominance and overdominant types of epistasie velatively unimportant in the
changes in yield potential of the populations. #&jka and Russell (1977), who

conducted five cycles of recurrent selection withred tester, concluded that gene
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actions involved in yield heterosis in maize weraimty additive and partial to
complete dominance.

For MRRS, Russell and Eberhart (1975) reported tiha@st variation within
each set of the elite line crosses for producingridg was due to general combining
ability of the lines. They suggested that nonadeligene action, other than complete
dominance, is relatively unimportance. Hornerle{Z89) compared four cycles of
S, method with TC method (MRRS) in the two maize dapans, FS8A and FS8B.
A line from FS8A was the tester used to evaluatén®s from FS8B and vice versa.
The TC method showed highly significant gains ierage combining ability over
both populations compared with the fBethod (4.7 and 3.0% cycle respectively).
The TC method also showed higher predicted yielgsopulations per se. The results
suggested that nonadditive gene action in the oweirthnce range was important in
these populations because in the absence of overdooe the Smethod is expected
to be more effective.

Landi and Frascaroli (1995) concluded that MRRi®&aon both additive and
nonadditive effects. Menz Rademacher et al. (1%2@jgested that if nonadditive
types of gene action except for complete dominaneenot important in the expression
of heterosis in maize, the use of inbred lineeatets should be as efficient as the use
of populations as testers. However, if the hetsrobserved in population crosses is
mainly due to overdominance, pseudo-overdominaneeta favorable linkage blocks,
and/or epistatic interactions, the use of inbreeédias testers instead of populations

should be efficient if the lines are representatiokthe corresponding heterotic group.
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24 Variety crossdiallel: Gardner-Eberhart Analysis

Diallel mating designs are an important tool tdaoib genetic information
regarding the types of gene action for a fixed ardomly selected set of parental
populations. Diallel cross is a set of paired sessinvolvingn parents. This scheme
gives rise to a maximum of sombinations (all possible combinations). Diatlielssing
schemes and analyses have been developed forp#rahtange from inbred lines to
broad genetic base varieties (Griffing, 1956; Gardind Eberhart, 1966).

Hayman (1954) proposed diallel analysis in the eweoal and graphical
approach of hprogeny families produced frominbred lines. The progeny families
are comprised oh parents, 5 and reciprocals. Hayman’s approach shows tleat th
various statistics obtained from measurements eptbgeny provide estimates of the
overall degree of dominance, of the relative domdsaproperties of the parents and
of the symmetry or otherwise of the gene distrinutin the lines. The graphical
approach provides information about the adequa@dditive-dominance model, the
average degree of dominance and characterizestpaweriaining most of the dominant
and recessive genes (Dabholkar, 1992).

Griffing (1956) proposed a more general procedaorealiallel analysis of a set
of n inbred lines which makes provision for non-allahteraction. Griffing (1956)
suggested four methods of diallel depending omithaterial included in the analysis:
(1) parents, B and reciprocals (alFrcombinations), (2) parents angsRn (n+ 1)/2
combinations), (3) 5 and reciprocals (n (n1) combinations) and (4x$ (n (n— 1)/2
combinations). Griffing (1956) stated that thegamointerpretation of the combining ability
effects and variance depends on the particuldetrakthod, the assumptions regarding

the experimental material and the conditions imgasethe combining ability effects.
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Gardner and Eberhart (1966) proposed a statisgeaktic model for the
estimation of genetic effects from the diallel @@d related populations of a fix set
of n random-mating varieties (@ 4). There are three methods of Gardner-Eberhart
Analysis. Analysis | requires the evaluationngbarents, their fcrosses and inbred
progeny of parents and crosses. This approachda®wnformation on additive and
dominance gene action, heterosis and inbreedingesgpn. This model was
subsequently extended to include additivadditive epistatic effects (Eberhart and
Gardner, 1966). The requirement of many kindsapytations in Analysis | limits its
practical utility in applied breeding programs (Vay et al, 2003). Analysis Il is
useful for evaluation of parents and their;Ferosses. Variation among populations
(entries) is partitioned into varieties and midpéreeterosis. However, additive and
dominance parameters cannot be estimated sepalstefyuse they are confounded
within the “variety” parameter. Heterosis is fugthpartitioned into average, variety
and specific heterosis. Analysis Il includeparents and their;Ferosses as same as
Analysis Il. Variation among entries is partitiohmto parents, parents vs. crosses
and crosses. The analysis provides estimatestlofvadety and gca effects. Estimation
of gca effects is similar to Griffing (1956) Methdd model | (Murray et al, 2003).
Both Analysis Il and Analysis Il provide estimateSaverage heterosis and specific
combining ability.

Four of the mean squares of Analysis Il and Analyi are equivalent, i.e.,
entry and error mean squares are the same, avieetgy®sis mean square is equal to
the parents vs. crosses mean square and sped#dios$ie mean square is equal to the
sca mean square (Gardner and Eberhart, 1966; Elaliad Miranda, 1988). Analysis I

has been reported to be superior to Analysis Itiabise variation due to heterosis is
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partitioned into a single mean square which cassuimlivided into three variations:
variation due to average heterosis, variety haetesygl specific heterosis. All variations
are due to dominance and differences in alleligueacies between any two populations,
assuming a restricted genetic model of additive dominance effects only (Gardner
and Eberhart, 1966).

Gardner-Eberhart Analysis Il and Analysis Il hdxeen widely used in many
studies. Eberhart (1971) conducted regional to&alsvo sets of variety cross diallels,
Corn Belt diallel and Southern diallel, to evalu#tte performance of the U.S. and
semi-exotic varieties using Gardner-Eberhart Analys The results showed that
most of the variation among varieties and varietysses in the two sets of diallels
could be explained by the variety effects excepyield in the Southern diallel where
variation due to average heterosis was substanfidiree semi-exotic Corn Belt
varieties and two semi-exotic Southern varietigar@gch or exceed the performance
of U.S. varieties and should be utilized for sowtereeding populations in the U.S.

Mungoma and Pollak (1988) evaluated heteroticepastamong seven yellow-
endosperm populations, among three white-endospepulations and among all 10
populations. Diallel crosses of the 10 populatiasese conducted and analyzed with
Gardner-Eberhart Analysis Il and Analysis Ill. Tiesults showed that the variation
among the crosses for all traits was due priméuilyca effects. Midlang BSK(HI)C8
Syn 3 had relatively good yield and significant sfect. BSSS(R)C18 Mexican
Dent outyielded BSSS(R)CX0Lancaster which represents the widely used haéterot
pattern Reidx Lancaster. The two crosses should be assessqubgsible hybrid
combinations as alternatives to the Reidancaster heterotic pattern.

MiSevi¢ (1989) identified new heterotic patterns amondls&. Corn Belt, three
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Yugoslavian, two exotic and two partially exotigopations for maize breeding programs
including reciprocal recurrent selection. A diblet of the 13 populations was made
and analyzed following the model of Gardner-Ebdraralysis Il and Analysis IlI.
The results indicated that the variation in gragld/within the set of populations and
population crosses was due to both additive andadhditive genetic effects. For other
traits, the variation among population crosses prasarily due to additive genetic
effects.

MiSevic et al. (1989) determined heterotic patterns ambigh oil maize
populations and identified superior high oil popiglas for use in a recurrent selection
program. Diallel crosses were made from six pdpra having 5 to 18% oil and
analyzed by Gardner-Eberhart Analysis Il and Analyd. The results showed that
population and heterosis effects were significantees of variation among population
crosses for oil percentage, grain yield and grammstare. However, additive genetic
effects were much more important than nonadditemeetic effects for oil percentage.
The potential populations, RSSSC HO and ASKC24eatd high heterosis and
specific heterosis effects for grain yield and higbpulation cross means for oil
percentage and grain yield.

Moreno-Gonzalez et al. (1997) assessed the pateafitiour U.S. Corn Belt
dent populations and four European early flint pafpons for the development of
hybrids in the early maize growing regions of Ewoprlhe eight populations were
crosses in a diallel fashion with the use of Gardttgerhart Analysis Il. They found
that the dent populations outyielded the flint pagiaons in both populations per se
and population crosses. The average performamggdm yield of population crosses

in the Fx D group was not significantly higher than thexDD group, but was
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significantly higher than the ¥ F group. Also, favorable alleles for both rootl atalk
lodging tolerance are present in the dent populatiorhey concluded that the use of
dentx dent hybrids is appropriate in mild summer envinent.

Mickelson et al. (2001) assessed heterotic relaligps among nine temperate
and subtropical maize populations using diallelingatesign with Gardner-Eberhart
Analysis Il. The study demonstrated that Poputatid had good per se performance
and BSSS(R) had good performance in crosses. tisdwo populations were involved
in the highest-yielding cross and the best hetec@mbination.

Velasco et al. (2002) used the diallel cross v@tdrdner-Eberhart Analysis I
to identify the best combination of field and sweetn germplasm for improving
resistance of sweet corn to corn borers. Thrdd @iern synthetics and three sweet
corn cultivars were involved in the study. Theutts indicated that the use of
EPS6(S)C3x Golden Bantam and EPS7(S)&3Stowell's Evergreen was the best
choice to obtain a sweet corn heterotic patterowW8ii’'s Evergreenx Golden Bantam)
with improved agronomic performance and resistao@®rn borers.

Doerksen et al. (2003) assessed the 12 maize ggamd selected via RRS,
selfed-progeny recurrent selection (S) or a mettmdbining RRS and S (COM) for
changes in the genetic structure of grain yieldjrgmoisture, broken stalks and two
associated selection indices. Gardner-Eberharty8isal and Analysis 11l were used
to partition the entry sums of squares from diathetings of the original (C0) and
advanced (CA) cycle populations. The results migid genetic improvement in both
the per se and cross performance of most poputat@ccompanied by increasing
nonadditive genetic effects in the CA at the expeoflsadditive genetic effects. In

addition, Lee et al. (2003) further partitionedigrngeld by Gardner-Eberhart Analysis 1lI
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to examine the genetic components of stability.eylfound that grain yield stability
for this set of material is mostly controlled bydéao/e genetic effects.

Reif et al. (2003) evaluated seven populationkiding six tropical late white
maize populations and one gene pool developed BWMT in a diallel scheme with
Gardner-Eberhart Analysis Ill. The results showret the comparison of parents vs.
crosses was significant only for grain yield. Teiation among the crosses was
primarily because of significant gca effects whereea effects were not significant
for any traits.

Soengas et al. (2003) searched for a fliflint heterotic pattern as an alternative
to the European flink Corn Belt dent used in temperate areas. Theetliabsses of
10 flint maize germplasm adapted to temperate ¢tiomdi were analyzed by Gardner-
Eberhart Analysis Il. They found no significantiesy effects for grain yield among
diallel populations. Only average heterosis wasicant, indicating that cultivars
had similar contributions to heterosis in theirsses. It is possible, however, to
develop hybrids combining good yield and the typagronomic traits of flint maize.
Also, Soengas et al. (2006) analyzed diallel esitoé the 10 flint maize varieties
following Gardner-Eberhart Analysis Il to study therformance of the flint varieties
for adaptation to European Atlantic conditions. eTiesults showed that variety and
heterosis effects were significant for all traiksuly vigor, days to silking and kernel
moisture at harvest). They suggested that althousglety effects were the most
important in the inheritance of the adaptive trdisterosis was also significant and,
therefore, dominance effects were also important.

Melani and Carena (2005) identified alternativietagic patterns for the northern

Corn Belt among diallel crosses of 10 maize popuiat The genotype source of
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variation was partitioned following Gardner-Ebethanalysis 1ll. They found high
significance among crosses for all of the traitsifgyield, harvest grain moisture and
root and stalk lodging). The comparison betweerema vs. crosses was highly

significant for grain yield, indicating heterosistiveen the populations.

2.5 North Carolina Design 11

Comstock and Robinson (1948, 1952) proposed thedang designs known as
North Carolina Design I, Il and Ill. The experint@material of North Carolina designs
is developed from Fgeneration as a base population. The North Ceralesigns
were developed to measure average degree of dareimarolved in the action of genes
governing quantitative characters (Comstock andif&oin, 1948; 1952, Dabholkar,
1992). Also, the designs provide the estimatioaddfitive and dominance components
of variance, the two most important genetic paransgiSingh and Chaudhary, 1979).

North Carolina Design Il (NC II) or factorial dgsi is quite different from
diallel mating designs for basic features, buttthe designs are similar in the genetic
information provided by the designs (Hallauer anidaiida, 1988). The NC Il mating
design is a set of crosses between different detsates and females, whereas the
diallel designs use the same parents as both malkdemales in crosses. In this
design, both paternal and maternal half-sibs andymed. A set of crosses in NC Il
design is produced by mating between randomly sadem males and females.
Each ofm males is crossed to all of théemales, resulting im x f progeny families
which are evaluated by a suitable experimentalgtiesiThus, the NC Il is a case of
cross-classification design. The sources of viandbr males (gca), females (gca) and

the interaction of males with females (sca) arerpreted (Comstock and Robinson,
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1948; 1952; Singh and Chaudhary, 1979; HallaueMirehda, 1988; Dabholkar, 1992).

The ultimate goal of the most applied breedingymams is to obtain elite inbred
lines for producing single-cross hybrids. The Ndsla scheme used to evaluate
parental lines and hybrids including parental papahs. Hoegemeyer and Hallauer
(1976) compared between the diagonal (or testedfisdiagonal (or previously
untested) crosses produced from the interpopulatelacted lines from BS10 and
BS11 populations. The interpopulation crossesgpasduced by using NC Il scheme
to assay the effects of selection among and withiirsib families for the means of
single-cross hybrid development. The results sdavat the diagonal crosses averaged
significantly high yield and indicated positive nbnadditive genetic effects for the
yield advantage of diagonal crosses. They condutbat the selection method
successfully isolated inbred lines with supericgafic combining ability and general
combining ability.

Lamkey and Hallauer (1986) selected 24 high- ahtb®@-yielding lines per se
from the BSSS population and used NC Il mating se&ht produce higk high (HH),
high x low (HL) and lowx low (LL) single crosses. The hybrids of linesestéd for
yield per se were evaluated for performance. €halts showed significant differences
among hybrid group means for grain yield. The grmeans were ranked HHHL >
LL as expected under a model with partial to comeptdminance. However, selection
for yield of lines per se performance within growpas not related to either specific
combining ability or general combining ability.

Aekatasanawan et al. (1991c) evaluated lines pavgh gca and high-yielding
hybrids derived from Caripeno DMR(S)C5 and Suwajd({® maize populations.

The 10 highest-yielding ;Sines selected from three methods [i{Be per se (§, S
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testcrossed with low- (T{ and high-(TG) favorable gene testers) in each population
were crossed to produce interpopulation hybridagughe NC Il design. The results
ranked TG > S > TC, for the methods which gave lines with high gcdne humber

of hybrids with significant higher yield than theeck from the $method were near
to the TG method and obviously more than the;T@ethod. They also found that the
most variation in all 13 traits of the hes was attributed to general combining ability.
The results indicated that additive gene actior \wirtial to complete dominance is
important in maize populations.

de la Vega and Chapman (2006) constituted a sB® stinflower single-cross
hybrids using the NC Il. The hybrids were grownlih environments in Argentina
for applying multivariate analyses to study intéi@ats between environment and
combining abilities in hybrids. The results index the efficiency of two- and three-
mode PCAs to study gcaE and sca E interactions, allowing the selection of the
best tester for each selection strategy (broagecic adaptation) and showing the
variability of the tested lines for adaptation aanbining ability.

Rasmussen and Hallauer (2006) evaluated seven B8&Sive non-BSSS
populations, including eight U.S. Corn Belt popudas and four exotic maize
populations selected for adaptation to temperateramments, by using the NC I
design. The results indicated that maternal effeetre not significant for the population
crosses. Average midparent heterosis was 1.78 {(3#4%) for the 35 crosses (6.96
t ha') compared with the 12 parents (5.18 t'ha Estimates of gca effects were
significant for grain yield for all populations, tosca effects were significant for only
7 of 35 crosses. An adapted strain of Suwan 1988E3, seems to have the greatest

potential to contribute to U.S. maize breeding paots.
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MATERIALSAND METHODS

3.1 Genetic materials

Genetic materials used in this study were divigded two groups. The first
group was a set of germplasms used in MRRS proeadaluding two populations
and two inbred lines. The second group was chacdktes. These genetic materials
were developed by the Kasetsart University Corre8ireg Project at the National Corn
and Sorghum Research Center (Suwan Farm), Insedrelséitya Institute for Crops
Research and Development, Pakchong, Nakhon Ratcaadbetails for these genetic
materials are as follows:

3.1.1 Germplasmsused in the selection:

3111 Suwanl(S)C1l1 or SW1(S)C11 — The population was improved
for grain yield and corn downy mildew resistancelliycycles of Srecurrent selection
which was completed in 1987. The base populatias Whai Composite #1 DMR
BC3(S)C2 or SW1(S)CO. It was a composite of 36 geasipl sources (Appendix
Table 1A) and two sources of downy mildew resistanith high yield (Philippine
DMR 1 and 5) (Sriwatanapongse et al., 1993; Jamgattf94).

3.1.1.2 Kasetsart Synthetic 6(S)C3 or KS6(S)C3 — The population
was improved for grain yield and corn downy mildesistance by three cycles of S
recurrent selection. KS 6 was synthesized in &8 40 S lines of a total of four

composite varieties (Appendix Table 2A). KS 6 waseloped to provide a population
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containing tropical germplasms which differed cdesably from Suwan 1 (Jampatong,
1994).

3113 Kasatsart Inbred Line 46 or Ki 46 — Ki 46 is a commercial
inbred developed from Suwanl1(S)C10 which was imgdder one cycle by crossing
with a low favorable gene tester. The developnénKi 46 was started in 1989.
Suwanl(S)C10(HLT)C14#S-159-1-1-1-1 inbred line was released from the oy
and designated as Ki 46. It has a strong rooesyshigh resistance to corn downy
mildew, good husk cover and orange-yellow flint éofor and grain type. Ki 46 gave
high specific combining ability with Ki 45 which bame a single-cross hybrid,
Suwan 3851. Suwan Farm released Ki 46 to publdt private sectors in 1997
(Aekatasanawan et al., 2001a).

3114 Kasatsart Inbred Line 47 or Ki 47 — Ki 47 is a commercial
inbred developed from KS6(S)C3. The developmerdiaf7 using pedigree selection
method was started in the 1990 early rainy seaste.selection for corn downy mildew
resistance in an artificial block was made ingéneration. The selected &d 3
lines were evaluated by crossing with Ki 21 and4Bi(inbred testers), respectively.
KS6(S)C3-9-554-2-1-2-1 inbred line was released from the mogand designated
as Ki 47. It has a strong root system, high rasst to corn downy mildew, resistance
to foliar diseases, excellent husk cover and orgmfjew flint for color and grain
type. Ki 47 gave high combining ability, espegidiigh specific combining ability
with Ki 45 which became a single-cross hybrid, Sav8853. Suwan Farm released

Ki 47 to public and private sectors in 2001 (Aekatzawan et al., 2001b).

3.1.2 Check varieties:

3.1.2.1 Suwan5(S)C3 - The population was improved by i@current
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selection for three cycles. Suwan 5 or Kasetsanttetic 5 (KS 5) was formed from
60 selected full-sib progenies of interpopulatiomsses among four elite open-pollinated
varieties; Suwanl1(S)C9, Caripeno DMR(S)C5, Thai @osite #3 DMR(S)C5(M)C1
and Cupurico Flint Composite DMR(F)C4(S)C2, andsilected full-sib progenies of
Amarillo Dentado (F)C5 in 1984. The proportiondieé elite open-pollinated varieties
were 32, 22, 17, 15 and 14%, respectively. Théopaance of its agronomic traits
and adaptability under unfavorable and favorable&r@enments was better than Suwan 1.
It also had high plant fresh and dry weights wlaoh suitable for corn silage. Suwan 5
was released to farmers in 1993 (Aekatasanawdn é0684).

3122 Suwan5(S)C4-F, — The population was improved byr@current
selection for four cycles and developed ta@Eneration.

3.1.2.3 Suwan 3851 — The hybrid was developed to give a higher grain
yield than that of Suwan 3504 (a single-cross tybheck) at least 5%. Suwan 3851
is a single-cross hybrid crossed between Ki 46Kantb ([(Ki 21 x Tzi 15)-S$ x Ki 21]-
$-36-2-2-2). Its color and grain type are orangeyeand semi-flint. It was released
to public and private sectors in 1997 (Aekatasamastal., 1998).

3.1.24 Suwan 4452 — The hybrid was developed to give a higher grain
yield than that of Suwan 3851 (a single-cross ldylehieck) at least 10%. Suwan
4452 is a single-cross hybrid crossed between Kar¥ Kei 0102 (3013s%57-1) or
Ki 48 (Aekatasanawan et al.,, 2007). It is resist&n corn downy mildew and
southern corn rust. Its color and grain type aeage-yellow flint. It was released to
farmers and public and private sectors since 28@Rdqtasanawan et al., 2005).

3.1.2.5 Ki 46 — See the details in 3.1.1.3

3.1.2.6 Ki 47— See the detailsin3.1.1.4
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3.2 Methods

Two cycles of MRRS were made at Suwan Farm froen 2000 late rainy
season to the 2005 early rainy season. The proegdonsisted of three main parts:
() population improvement, (ii) hybrid developmentd (iii) inbred line development.
The details are as follows:

3.2.1 Population improvement

This study was aimed to improve the two hetemmigulations, Suwan1(S)C11
and KS6(S)C3, by using MRRS for use as source ptipuk for new inbred lines.
The steps and details of the improvement in twadesyw/ere as follows:

(1) CO-S; Formation (2000L)

Suwanl(S)C11 and KS6(S)C3, the two base popukatiwere designated
as ACO and BCO, respectively. A, B and CO reprieseSuwanl(S)C11l, KS6(S)C3
and cycle 0 of selection, respectively. Each pafpah was planted about 5,000
plants. Each row was 5 m long with spacings o6 (¥ between rows, and 0.25 m
between hills. Plots were overplanted (two seeddl) and thinned to one plant per
hill (at 7-14 days after emergence). Plants wheal good agronomic traits were
selected and self-pollinated to produce about 508a8s. After harvest, 300, 8ars
from each population were selected based on eacasp

(2) CO-S; Testecross: ACO-S; x Ki 47 and BCO-S; x Ki 46 (2001D)

In each isolated block, the selected 3@0irgs were used as females and
planted in single-row plots, 5 m long with spacing®.75 m between rows, and 0.20
m between hills. Plots were overplanted and thdnieeone plant per hill. Ki 47 and
Ki 46, the inbred testers for ACO and BCO, werentdd as male parents. The

planting ratio was one male row to four female rdvegio 1:4). Each inbred tester



33

was planted with one plant per hill, spacing 0.1@etween hills in single-row plots.
The female rows were detasseled and pollinated ioygl-idown pollen from the
adjacent male rows. At harvest, only ears fromhdamale row were harvested and
shelled in bulk within each line.

(3) CO-S; Linedevelopment (2001D)

The 300 $lines from each population were also plantednglsirow plots,

5 m long with spacings of 0.75 m between rows, @& m between hills. Plots
were overplanted and thinned to one plant per hilhe lines were self-pollinated to
produce $generation. The,Sars in each line were selected based on eartasméc
shelled in bulk within each line.

After the steps (2) and (3), only 25Q khes and their corresponding
testcrosses from each population were selecteddbasdine performance and ear
aspect.

(4) CO-S; Testcrossyield trial (2001L)

A total of 256 entries from each population, utthg the 250 testcrosses
and six hybrids, was evaluated at Suwan Farm. sbhéybrids included in both
testcross yield trials were BIG 919 and BIG 94%rfrdonsanto Seeds, 30A33 from
Pioneer Hi-Bred, KSX 4156, Suwan 3853 and Suwarl 3&%n Suwan Farm. Among
these hybrids, only Suwan 3851 was used as thek chieereas others were fillers.
The entries were evaluated in ax186 simple lattice design using single-row plots,
5 m long with spacings of 0.75 m between rows, @28 m between hills. Plots were
overplanted and thinned to one-plant hills for dasm stand density of approximately
53,333 plants ha. Conventional fertilization and weed control iees were used at

the recommended application rates at Suwan Farnogtmum grain production.
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Basal fertilizer 16-20-0 was broadcasted beforetpig at 312.5 kg ha One month
after planting, side dressing fertilizer 46-0-0 veamplied at 156.25 kg ha Atrazine
and Stomp were mixed at the rate of 4,000 ¢ had 4,687.5 cc htand applied as
pre-emergence herbicides.

(5) C1 Population formation: AC1 and BC1 (2002D)

From the step (4), 25 top-yielders of testcrogsesmch group were selected
and their corresponding 8nes were recombined to form their C1 populatiofitiese
populations were Suwanl(S)C11(MRRS)GIeFAC1-k and KS6(S)C3(MRRS)C1:F
or BC1-R. The steps in the recombining process of eachlptipn were as follows:
Step 1: The 25 Slines were planted in two-row plots, 5 m long wé#pacings of

0.75 m between rows, and 0.20 m between hillstsRlere overplanted and
thinned to one plant per hill.

Step 2: After the 25 lines reached stages of 508ears and silking, the bulk of
pollens of each line was collected.

Step 3: Each line was crossed with the balanceémmifrom the rest of 24 lines.
Before crossing, the pollens were mixed thorougHlkien, the 25 lines were
crossed with the mixed pollens described above.

Step 4: Steps 2 and 3 were repeated two to thmeestiuntil the 25 lines were
intermated completely.

At harvest, ears from each line were harvestat sirelled in a set of
balanced seeds within each line. Consequentlye thiere 25 groups ofiseeds from
each population to form each C1 population.

(6) Advanced generations of CO and C1 populations (2002E)

The balanced Fseeds of the 25 groups were mixed thoroughly tmfo
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AC1-F and BC1-k seeds. Each population of four original and imptbpopulations
(ACO, BCO, AC1 and BC1) was randomly mated to paevits advanced generation
(ACO—ACO#, BCO—»BCO#, AC1-Fr—AC1-F, and BCl-Fk—»BC1-F). Each
population was planted in 40-row plots, 5 m longhwspacings of 0.75 m between
rows, and 0.25 m between hills (approximately 8éMis populatiort). The 40 rows
were divided into two parts. Each part consiste@@®rows. The bulk of pollens
from each part was collected and pollinated to esbRr. The reciprocal pollination
was repeated completely. After harvest, 266-472 feam each population were kept,
except rotten ears. Then 3 kg-seeds (about 136640s) of each population were
balanced from the selected ears.
(7) COand C1 Population diallel crosses (2002E)

The four populations used in the step (6) weaateld in 10-row plots each.
Each row was 5 m long with spacings of 0.75 m betwews, and 0.25 m between
hills. Plots were overplanted and thinned to olaatpper hill to have approximately
210 plants population The 10-row plot of each population was used easale.
They were pollinated for a half diallel cross oe #tissumption of no maternal effects
by using the bulk of pollens from the four popwat in the step (6), except itself.
After harvest, 80-135 ears from each cross weré, leqrept rotten ears. The six
diallel crosses were AC1 ACO, ACOx BCO, ACOx BC1, AC1x BCO, AC1x BC1
and BC1x BCO. Then 3 kg-seeds (about 10,000 seeds) of @asls were balanced
from the selected ears.

(8) CO and C1 Population topcrosses:
(ACO, AC1) x Ki 47 and (BCO, BC1) x Ki 46 (2002E)

The four populations used in the step (6) weaateld in 10-row plots each
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and used as female. Each row was 5 m long withisgs of 0.75 m between rows,
and 0.25 m between hills. Plots were overplantetithinned to one plant per hill to
have approximately 210 plants populationKi 47 and Ki 46, the inbred testers for
(ACO, AC1) and (BCO, BC1), were used as male. Kwhs planted in 44-row plot
whereas Ki 46 was planted in 30-row plot. Eachetewas planted with spacings of
0.75 m between rows, and 0.20 m between hills il plant per hill. The bulk of
pollens of each tester was collected and pollinaédegiach population. After harvest,
66-148 ears from each cross were kept, exceptnreties. Then 3 kg-seeds (about
10,000 seeds) of each cross were balanced frora daes.
(9) Progressfrom selection yield trial (2002L)

Yield evaluation was performed at two locatiorBufan Farm and
NSWFCRC). A total of 16 entries, i.e., four pogidas per se from the step (6), six
population crosses from the step (7), four popoatopcrosses from the step (8) and
other two populations, was evaluated in a randothizemplete block design with
four replications using two-row plots. The two p&adions included in the yield trials
were Suwan3(S)C4 and Suwan5(S)C3 from Suwan F&uvan5(S)C3 was used as
the check whereas Suwan3(S)C4 was a filler. Eashwas 5 m long with spacings
of 0.75 m between rows, and 0.25 m between hilsts were overplanted and thinned
to one-plant hills for a uniform stand density @peoximately 53,333 plants Ha
Conventional fertilization and weed control praetiovere used at the recommended
application rates at each location for optimummmoduction. For Suwan Farm, the
details for practices were described in the st¢p Fdr NSWFCRC, basal fertilizer (at

1 week) 21-0-0 was applied at 187.5 kg'hthe £' side dressing fertilizer (at 3 weeks)

21-0-0 was applied at 187.5 kg hathe 2° side dressing fertilizer (at 5 weeks) 21-0-0
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was applied at 187.5 kg Haand the % side dressing fertilizer (at 7 weeks) 21-0-0 was
applied at 187.5 kg h Atrazine and alaclor were applied as mixed prnemgence
herbicides at the rate of 3,125 ghand 5,000 cc hj respectively. Sevin was applied
before planting as insecticide at the rate of 3g.2&".
(10) C1-S; Formation (2002E)
The 25 groups of jFseeds of each C1 population from the step (5) were
planted and self-pollinated to producelies (AC1-3 and BC1-%). Each group was
planted in 10-row plots, 5 m long with spacingof5 m between rows, and 0.25 m
between hills (approximately 5,250 plants poputafip Plants which had good
agronomic traits were selected and self-pollinategroduce about 30-50; ars
group’. After harvest, 20-25 Sears from each group were selected based on ear
aspect. A total of 522 and 538 &ars from AC1 and BC1 were selected, respectively.
(11) C1-S, Testcross: AC1-S; x Ki 47 and BC1-S; x Ki 46 (2003D)
The 522 AC1-§and 538 BC1-§lines were planted in an isolated block
with different planting dates and used as femaldse S lines were planted in single
2.2 m-row plots. The planting of males (Ki 47 &id16) and females and harvesting
of testcrossed ears were practiced following tbp €2).
(12) C1-S; Line development (2003D)
The 522 AC1-§and 538 BC1-§lines were planted in single 2.2 m-row
plots. The planting, selfing and selecting forliSe development were practiced as
mentioned in the step (3).
(13) C1-S; Testerossyield trial (2003E)
A total of 256 entries, including the 250 tesss®s and six hybrids, was

evaluated at Suwan Farm. The six hybrids includdabth testcross yield trials were
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BIG 949 from Monsanto Seeds, KSX 4501, KSX 4505XKI507, KSX 4452 (Suwan
4452) and Suwan 3851 from Suwan Farm. Among thgseds, only Suwan 3851 was
used as the check whereas others were fillers. efitrees were evaluated as described
in the step (4), except for higher plant densit$6§666 plants ha approximately.
(14) C2 Population formation: AC2 and BC2 (2004E)
From the step (13), 25 top-yielders of testcroaseach group were selected
and their corresponding 8nes were recombined to form each C2 populatibhese
populations were Suwanl(S)C11(MRRS)GXFAC2-k and KS6(S)C3(MRRS)C2:F
or BC2-R. Recombination and balanced seeds of each papulatre practiced as
described in the step (5), except for intermathrgy 25 lines by balanced pollens from
all of the 25 lines.
(15) Advanced generations of CO, C1 and C2 populations (2005D)
The balanced jFseeds of the 25 groups were mixed thoroughly tonfo
AC2-F, and BC2-Fr seeds. Each population of six original and imprtbpopulations
(ACO, BCO, AC1, BC1, AC2 and BC2) was randomly ndatie provide its advanced
generation (ACO6»>ACO0#, BC0O-»BCO#, AC1l-R—>AC1-F;, BC1-F,—BC1l-F;,
AC2-F,—~>AC2-F, and BC2-F—BC2-F,). Each population was planted in 20-row
plots (approximately 420 plants populatijn The pollination was made as the same
manner as the step (6). After harvest, 205-258, eatcept rotten ears from each
population were kept. Then 3 kg-seeds (about D0s@@ds) of each population were
balanced from these ears.
(16) CO, C1 and C2 Population diallel crosses (2005D)
The six populations used in the step (15) weeel @isr a half diallel cross but

only five populations (ACO, AC1, AC2, BC1 and BG&¢re planted. Each population
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was planted as female in 10-row plots approxima2é&ly plants. The five populations
were crossed with the bulk of pollens from themmpulations in the step (15), except
for itself, on the assumption of no maternal eBecAfter harvest, 88-140 ears, except
rotten ears, from each cross were kept. Fifteessas were obtained (AGLACO,
AC2 x ACO, ACOx BCO, BC1x ACO, BC2x ACO, AC2x AC1, AC1x BCO, AC1x
BC1, BC2x AC1, AC2x BCO, AC2x BC1, AC2x BC2, BC1x BCO, BC2x BCO
and BC2x BC1). The 3 kg-seeds (about 10,000 seeds) of eads were balanced
from these ears.
(17) CO, C1 and C2 Population topcrosses.
(ACO, AC1, AC2) x Ki 47 and (BCO, BC1, BC2) x Ki 46 (2005D)
Ki 47 and Ki 46, the inbred testers for (AC0O, A&IC?2) and (BCO, BC1,
BC2), were used as female on the assumption of atermal effects, respectively.
Each tester was planted in five-row plots crbgapproximately 130 plants). Ki 47
and Ki 46 were crossed with the bulk of pollend@® plants from each population of
the (ACO, AC1, AC2) and (BCO, BC1, BC2), respediryérom the step (15). After
harvest, 40-85 ears, except rotten ears from eands avere kept. Then 3 kg-seeds
(about 10,000 seeds) of each cross were balanoedtfrese ears.
(18) Progressfrom selection yield trial (2005E)
Yield evaluation was performed at two locatior&uWan Farm and
NSWFCRC). A total of 30 entries, i.e., six popidas per se from the step (15), 15
population crosses from the step (16), six popatatopcrosses from the step (17) and
other three populations, was evaluated inag5triple rectangular lattice design using
four-row plots. The other three populations wetsv&n3(S)C4, Suwanl(S)C13-F

and Suwan5(S)C4,From Suwan Farm. Among these populations, Sunway&4{-F
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was used as the check whereas others were filRit.size, spacing, and fertilizer and
herbicide application were practiced as describetie step (9), except for fertilization
and weed control practices at NSWFCRC. For NSWF@R#GIs season, basal fertilizer
(at 1 week) 15-15-15 was applied at 187.5 kd,ithe £' side dressing fertilizer (at 4
weeks) 21-0-0 was applied at 187.5 kg-hthe 29 side dressing fertilizer (at 7 weeks)
46-0-0 was applied at 187.5 kg haAtrazine and alaclor were applied as mixed pre-

emergence herbicides at the rate of 3,125 §dred 5,000 cc h4, respectively.

3.2.2 Hybrid development
This study was aimed to develop high-yieldinggtercross hybrids from
the lines extracted from the improved populatioB&gle-cross hybrids obtained from
the program were: (i) testcross hybrids from AdireKi 47, (ii) testcross hybrids from
B linesx Ki 46, and (iii) interpopulation hybrids (A linesB lines). The steps and
details of hybrid development in two cycles werdaiews:
(1) CO-S4Linesx tester: (2002E)
25 ACO0-S; x Ki 47 and 25 BCO-S4 x Ki 46
The 25 $lines from each population, which correspondethéolines used
in the step (5) in section 3.2.1 Population improgat, were crossed with inbred tester.
The process made 25 testcross hybrids from eachiggam which was a total of 50
CO0-S testcross hybrids. Each line was planted in tawe-plots, 5 m long with
spacings of 0.75 m between rows, and 0.20 m betwéksnwith one plant per hill.
Each line from ACO and BCO, designated as femalese crossed with the bulk of
pollens of Ki 47 and Ki 46 (from the plot of inbréesters in the step (8) in section

3.2.1 Population improvement), respectively. Atvest, ears from each female row
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were saved and shelled in bulk within each line.
(2) CO-S4 Linesfactorial crosses: 10 AC0-S, x 10 BCO-S4 (2002E)

From the CO-STestcross yield trial (2001L) in the step (4) @ton 3.2.1
Population improvement, 10 testcrosses which dawédp-yield ranking in each group
were selected and their correspondingli®es were used to make a set of factorial
crosses between the 10 lines from each populatibne process made 100 C@-S
interpopulation hybrids. Each line was planted@row plots, 5 m long with spacings
of 0.75 m between rows, and 0.20 m between hilte wne plant per hill. Each line
from ACO was crossed with the 10 lines from BChe Bars of each cross were shelled
in bulk.

(3) Hybrid yield trial (2002L)

Yield evaluation of CO testcross hybrids and @@npopulation hybrids
was performed at two locations (Suwan Farm and NSRE). A total of 156
entries, i.e., 25 ACO-Stestcross hybrids, 25 BCQ-$estcross hybrids, 100 CQ-S
interpopulation hybrids and six hybrids, was eveddan a 12« 13 simple rectangular
lattice design using two-row plots. The six hykridcluded in the yield trials were
BIG 949 from Monsanto Seeds, 30A30 from PioneeBHid, KSX 4451, KSX 4452
(Suwan 4452), KSX 4453 and Suwan 3851 from SuwamFamong these hybrids,
only Suwan 3851 was used as the check whereas otkee fillers. Each row was 5 m
long with spacings of 0.75 m between rows, and in2%etween hills, approximately
53,333 plants ha Conventional fertilization and weed control piiees were used at
the recommended application rates at each locdrooptimum grain production (see

the details of practices in the step (9) in secBdhl Population improvement).
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(4) COand C1-S3 Lines x tester (2005D)

The selected CO testcross hybrids were reprodigcedaluate together with
C1 testcross hybrids in the same experiment.

1. 10 ACO-gx Ki 47 and 10 BCO-9x Ki 46

From the combined analysis of the Hybrid yiel@lt(2002L) in the step
(3), 10 testcross hybrids from ACO and 10 testchygsids from BCO were selected.
The hybrids gave the top-yield ranking in each id/group. Their corresponding S
lines were used to reproduce the testcross hybridse process made 10 testcross
hybrids from each population which was a total 0f(0-S testcross hybrids. The
lines were planted in single-row plots, 5 m longhwgpacings of 0.75 m between
rows, and 0.20 m between hills with one plant pker Each line from ACO and BCO,
designated as females, were crossed with the hydklens of Ki 47 and Ki 46 (from
the plot of inbred testers in the step (17) inisecB.2.1 Population improvement),
respectively. At harvest, ears from each female were saved and shelled in bulk
within each line.

2. 25 AC1-$x Ki 47 and 25 BC1-5x Ki 46

The 25 $ lines from each population, which correspondedhi® lines
used in the step (14) in section 3.2.1 Populatioprovement, were crossed with the
corresponding inbred testers. The process madégbross hybrids from each
population which was a total of 50 C3}48stcross hybrids. The lines were planted in
single-row plots, 5 m long with spacings of 0.7%etween rows, and 0.20 m between
hills with one plant per hill. Each line from AG@hd BC1, designated as females, were
crossed with the bulk of pollens of Ki 47 and Ki @&®m the plot of inbred testers in

the step (17) in section 3.2.1 Population improvwaineespectively. At harvest, ears
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from each female row were saved and shelled in Wiiliin each line.
(5) COand C1-S; Linesfactorial crosses (2005D)

The selected CO interpopulation hybrids wereaeyced to evaluate together
with C1 interpopulation hybrids in the same expeimm

1. CO-S Lines factorial crosses

From the combined analysis of the Hybrid yielalt(2002L) in the step
(3), 10 interpopulation hybrids which gave the togld ranking in the hybrid group
were selected. Their correspondingliBes including four ACO-$and six BCO-$
were used to reproduce the interpopulation hybriflee process made a total of 10
CO-S interpopulation hybrids. The four ACQ-fhes were designated as females and
planted in single-row plots crods5 m long with spacings of 0.75 m between rows,
and 0.20 m between hills with one plant per hilhe six BCO-glines were designated
as males and planted in single-row plots with #@e spacing as the ACQ-nes.
The ears of each cross were shelled in bulk.

2. C1-SLines factorial crosses: 10 AC%t-$10 BC1-3

From the step (13) in section 3.2.1 Populatioprowement, 10 testcrosses
which gave the top-yield ranking in each group wsakected and their corresponding
Sz lines were used to make a set of factorial crobséseen the 10 lines from each
population. The process made 100 Glrferpopulation hybrids. Each line of AC1
was designated as female and planted in 10-row,Ban long with spacings of 0.75 m
between rows, and 0.20 m between hills with onatgar hill. Each line of BC1 was
designated as male and planted in three-row pliksthe same spacing as the plot of
AC1 lines. Each line of AC1 was crossed with tBdittes of BC1. The ears of each

cross were shelled in bulk.
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(6) CO-Sg Hybrids (2005D)
The 10 CO hybrids consisted of five ACO testciogsids, two BCO testcross

hybrids and three CO interpopulation hybrids whgave the top-yield ranking from
the combined analysis of the Hybrid yield trial @2Q) in the step (3) were selected.
Their corresponding gJines including seven AC0sSand four BCO-gwere used to
make 10 CO-ghybrids. Each line was planted in two-row pl&tsn long with spacings
of 0.75 m between rows, and 0.20 m between hilta wne plant per hill. The bulk
of pollens of Ki 47 and Ki 46 came from the ste@)(in section 3.2.1 Population
improvement. The ears of each cross were shelledlk.

(7) Hybrid yield trial (2005E)

Yield evaluation of CO and C1 hybrids was perfornadwo locations

(Suwan Farm and NSWFCRC). A total of 196 entries, 10 ACO-$ testcross hybrids,
10 BCO-S testcross hybrids, 25 ACl-&stcross hybrids, 25 BCL-stcross hybrids,
10 CO-3 interpopulation hybrids, 100 Cly#iterpopulation hybrids, 10 CQOs8ybrids
and six hybrids, was evaluated in ax144 simple lattice design using two-row plots.
The six hybrids included in the yield trials wer& MO from Syngenta Seeds, PAC 999
(Pacific 903) from Pacific Seeds, BIG 919 from Mant® Seeds, DK 888 (CP 888)
from Charoen Seeds (C.P.), KSX 4601 and Suwan #4452 Suwan Farm. Among
these hybrids, only Suwan 4452 was used as thek chieereas others were fillers.
Each row was 5 m long with spacings of 0.75 m betwews, and 0.20 m between
hills, approximately 66,666 plants ia Conventional fertilization and weed control
practices were used at the recommended applicaties at each location for optimum
grain production (see the details of practicehendtep (18) in section 3.2.1 Population

improvement).
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3.2.3 Inbred line development
This study was aimed to develop inbred lines \Wwitih general combining
ability (gca) and/or high specific combining ahjilisca) and high yield from the
improved populations derived from the MRRS procedupPedigree selection method
was used for line development. Lines were selebtsgd on testcross performance.
The steps and details of line development in twaesywere as follows:
(1) CO-S; Linedevelopment (2000L)
This step was the same step as the step (1)ctiorse3.2.1 Population
improvement as described above. The 300rnes from each population (ACO and
BCO) were selected.
(2) CO-S; Linedevelopment (2001D)
This step was the same step as the step (3)ctiorse3.2.1 Population
improvement as described above. The 30h&s from each population were produced.
(3) CO-S; Linedevdopment (2001L)
The 250 glines from each population selected from the s{@psand (3)
in section 3.2.1 Population improvement were pldmtesingle-row plots. The rows
were 5 m long with spacings of 0.75 m between ransgd, 0.20 m between hills. Plots
were overplanted and thinned to one plant per Hilhe lines were self-pollinated to
produce & The 3 ears in each line were selected based on eartaspdshelled in
bulk within each line.
(4) CO-S4 Linedevelopment (2002D)
Only 100 correspondings3ines of the 100 testcrosses which gave a top-
yield ranking in each group from the step (4) intsm 3.2.1 Population improvement

were maintained (including 25 corresponding lingsdiin the step (5) in section 3.2.1
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Population improvement). The lines were self-paliled to produce,S The S ears
in each line were selected based on ear aspecsteeii@d in bulk within each line.
Then, only 76 $lines from each population were selected from fiasormance.
(5) CO-Ss Linedevelopment (2002E)
The 76 3 lines from each population were self-pollinatedotoduce &
The S ears in each line were selected based on eartamp@shelled in bulk within
each line.
(6) Inbred yield trial (2002L)
Yield evaluation of CO-Slines was performed at two locations (Suwan
Farm and NSWFCRC). A total of 56 entries, i.e.,AZ0-S and 25 BCO-$(which
corresponding respectively to the lines used tmf&C1 and BCL1 in the step (5) in
section 3.2.1 Population improvement) and six iddinees, was evaluated in ax78
triple rectangular lattice design using two-rowtploThe six inbred lines included in
the yield trials were Kei 0101, Kei 0102 or Ki 44,44, Ki 45, Ki 46 and Ki 47 from
Suwan Farm. Among these inbred lines, both Ki A6 Ki 47 were used as checks
whereas others were fillers. Each row was 5 m lsitly spacings of 0.75 m between
rows, and 0.20 m between hills, approximately 66,pfants ha. Conventional
fertilization and weed control practices were us¢dhe recommended application
rates at each location for optimum grain produc{ge®e the details for practices in the
step (9) in section 3.2.1 Population improvement).
(7) CO-S Linedevelopment (2002L)
The 76 § lines from each population were self-pollinatedptoduce &
The S ears in each line were selected based on eartaspetshelled in bulk within

each line.
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(8) CO-S; Linedevelopment (2003D)

The 76 $lines from each population were self-pollinatedotoduce &
The S ears in each line were selected based on eartamp@shelled in bulk within
each line.

(9) CO-Sg Linedevelopment (2003L)

The 76 $ lines from each population were self-pollinatedotoduce &
The S ears in each line were selected based on eartampeshelled in bulk within
each line.

(10) C1-S; Linedevelopment (2002E)

This step was the same step as the step (1@®ctios 3.2.1 Population
improvement as described above. The 522 and 3&1S for AC1 and BC1 were
maintained.

(11) C1-S; Linedevelopment (2003D)

This step was the same step as the step (12&ctios 3.2.1 Population
improvement as described above. The 522 A¢®® 538 BCl-Slines were
produced.

(12) C1-S; Line development (2004E)

A total of 100 $ lines from each population was maintained. Thedi
were the corresponding lines of the 100 testcroassish gave a top-yield ranking in
each yield trial in the step (13) in section 3.Pdpulation improvement. The lines
were self-pollinated to produce.SThe 3 ears in each line were selected based on
ear aspect and shelled in balanced seeds withinlieac

(13) C1-S, Line development (2005D)

The 100 &lines from each population were self-pollinategptoduce &
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The S ears in each line were selected based on eartaspmkshelled in balanced seeds
within each line.
(14) Selfing S; of the selected linesfrom COand C1 (2004E)

Seed quantity of the selected lines from CO ahav€re increased for testing
in the step (16): Inbred yield trial (2005E).

1. 13 ACO-gand 10 BCO-$

From the combined analysis of the Hybrid yieldltf2002L) in the step (3)
in section 3.2.2 Hybrid development, 10 testcrgsitls from ACO, 10 testcross hybrids
from BCO and 10 interpopulation hybrids were se&éctThe hybrids gave the top-yield
ranking in each hybrid group. The correspondimgdi of the selected hybrids, 13
ACO-S, and 10 BCO-§ were self-pollinated to produce.SThe $ ears in each line
were selected based on ear aspect and shellethimcbd seeds within each line.

2. 10 AC1-gand 10 BC1-$

Ten corresponding,3ines of the 10 testcrosses which gave the tojatyie
ranking in each yield trial from the C1L-$estcross yield trial (2003E) in the step (13)
in section 3.2.1 Population improvement were selfipated to producesS The 3
ears in each line were selected based on ear aspdcshelled in balanced seeds
within each line.

(15) Selfing S, of the selected linesfrom CO and C1 (2005D)

The selected lines from the CO and C1 populatj®8sACO0-S, 10 BCO-S,
10 AC1-S and 10 BC1-§ were self-pollinated to produce.SEach line was planted
in two-row plots, 5 m long with spacings of 0.7%oetween rows, and 0.20 m between
hills with one plant per hill. Thes,S®ars in each line were selected based on eartaspec

and shelled in balanced seeds within each line.
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(16) Inbred yield trial (2005E)
Yield evaluation of the selected CO lines andli@és was performed at
two locations (Suwan Farm and NSWFCRC). A totab0fentries, i.e., 13 AC0z5
10 BCO-3, 25 AC1-S, 25 BC1-9, seven ACO-§ four BCO-§ and six inbred lines,
was evaluated in a9 10 simple rectangular lattice design using two-pdats. The
six inbred lines included in the yield trials wefei 0102 or Ki 48, Kei 0303, Kei
0301, Ki 45, Ki 46 and Ki 47 from Suwan Farm. Argdhese inbred lines, both Ki 46
and Ki 47 were used as checks whereas others Wlers.f Each row was 5 m long
with spacings of 0.75 m between rows, and 0.20 mvdxn hills, approximately
66,666 plants hA Conventional fertilization and weed control firees were used at
the recommended application rates at each loc&diooptimum grain production (see
the details for practices in the step (18) in &&c8.2.1 Population improvement).
(17) C1-Ss Linedevelopment (2005E)
The 100 %lines from each population were self-pollinategptoduce &
The S ears in each line were selected based on eartaspmkshelled in balanced seeds

within each line.

Breeding schemes for the modified reciprocal nesurselection program and

for the part of population improvement are showfkigures 3.1 and 3.2, respectively.
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Suwan1(S)C11 KS6(S)C3
or ACO or BC0
300 S1 ears 300 S1 ears

/

50

\

2001D 300 S, 300 S, x Ki 47 300 S, x Ki 46 300 S,
2001L 250 S, Yield Trial of Yield Trial of 250 S,
250 TCs 250 TCs
A 4 v
2002D 100 S, 25 S, Recombine 25 S, Recombine 100 S,
to form AC1 to form BC1
A 4 A 4
2002E 76 S, 522 S, ears 538 S, ears 76 S,
o Advanced generations e Diallel crosses (6) ¢ Topcrosses
of 4 populations of 4 populations of 4 populations
1 1
o Lines x Tester (50) o Factorial crosses (100) ] /
(25 AC0-S, x Ki 47 and 25 BCO-S, x Ki 46) (10 AC0-S, x 10 BCO-S)
A 4 ‘ A 4
2002L 76 S Yield Trials at 2 locations 76 S,
oProgress from selection (14),
eHybrid yield trial (150)
eInbred yield trial (50)
(25 AC0-S, and 25 BC0-S,)
v v v
2003D 76 S, 522§, 522 S, x Ki 47 538 S, x Ki 46 538, 76 S,
2003E Yield Trial of Yield Trial of
250 TCs 250 TCs
v v
2003L 76 S, 76 S,
2004E 100 S, o Selfing 25 S, Recombine 25 S, Recombine o Selfing 100 S,
selected lines  to form AC2 to form BC2 selected lines for
for S3 (ACO (13), AC1 (10)) S3 (BCO (10), BC1 (10))
A 4 v
2005D 100 S, e Advanced generations e Diallel crosses (15) o Topcrosses 100 S,
of 6 populations of 6 populations of 6 populations
e Lines x Tester (70) o Factorial crosses (110)
(25 AC1-S, x Ki 47, 25 BC1-S, x Ki 46, (10 AC1-S, x 10 BC1-S, and
10 ACO-S, x Ki 47 and 10 BCO-S, X Ki 46) 10 crosses of C0-S,)
e Top 10 CO hybrids (10 Co-s, hybrids)
v v
13 AC0-S,, 10 ACI-S, l 10 BCO-S,, 10 BC1-S,
v v
2005E 100 S, Yield Trials at 2 locations 100 S,
Note: A =Suwanl(S)C11 B =population improvement| o Progress from selection (27)
B =KS6(S)C3 =hybrid devel el .
C ZCycloafulecton B —inbred development | ® Hybrid yield trial (190)

TC = Testcross

L =Late rainy

D =Dry season (Nov-Feb) = = cycle 1 of selection
E =Early rainy season (Mar-Jun)

= = cycle 0 of selection o Inbred yield trial (84)
(25AC1-S,, 25 BC1-S, 13 ACO-S,,
(Jul-Oct) 10 BCO-S,, 7 ACO-S; and 4 BCO0-S))

Figure 3.1 Breeding scheme for the modified reciprocal reznirselection program.
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Suwan1(S)C11 KS6(S)C3
or ACO or BCO
2000L 300 S ears 300 S ears
2001D 300 S, 300 S, x Ki 47 300 S, x Ki 46 300 S,
2001L Yield Trlal of Yield Trlal of
250 TCs 250 TCs
2002D 258, Recombine 258, Recombme
to form AC1 to form BC1
2002E 522 S, ears 538 S, ears
o Advanced generations e Diallel crosses (6) o Topcrosses
of 4 populations of 4 populations of 4 populations
2002L Progress from selection (14)
yield trial at 2 locations
A 4 v
2003D 522§, 5228, x Ki 47 538 S, x Ki 46 538,
2003E Yield Trlal of Yield Trial of
250 TCs 250 TCs
2004E 258, Recombine 25 S, Recombine
to form AC2 to form BC2
2005D o Advanced generations ¢ Diallel crosses (15) ¢ Topcrosses
of 6 populations of 6 populations of 6 populations
2005E Progress from selection (27)
yield trial at 2 locations
[Note: A =Suwanl(S)C11 =P = cycle 0 of selection
B =KS6(S)C3 =P = cycle 1 of selection

C =Cycle of selection

TC = Testcross

D =Dry season (Nov-Feb)

E =Early rainy season (Mar-Jun)
L =Late rainy (Jul-Oct)

Figure 3.2 Breeding scheme for the part of population improget.
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3.3 Locations of experiment

Testing of populations, inbred lines and singlessrhybrids were conducted
at two locations, i.e., Nakhon Ratchasima and NakBawan. The provinces are in
major areas in the Corn Belt of Thailand. The t@drareas were in the National Corn
and Sorghum Research Center, Nakhon Ratchasimalakitbn Sawan Field Crops
Research Center, Nakhon Sawan. Details of thestatmns are as follows:

3.3.1 National Corn and Sorghum Research Center (NCSRC; Suwan Farm)

— Suwan Farm is located on Mittraphap Road, Ampgtalechong, Nakhon Ratchasima,
Thailand, about 150 kilometers up Northeast froondkak. It has a latitude of

14.5°North and a longitude of 101°East with 360 bowe sea level. The soil

characteristic at the station is in a great saugrof Reddish Brown Lateritic soils in

Pak Chong series. It is well-drained clay loamhwéddish brown color and medium
to low pH. The climates at the station are asofedl: average temperature 30°C,
average lowest temperature 14°C, average highegter@ature 33°C, fresh breeze
through year, average relative humidity 85% anduahmainfall of about 1,000-1,200

mm with two peaks of heavy rain (Inseechandrastitgéitute for Crops Research and
Development, Online, 2006).

3.3.2 Nakhon Sawan Field Crops Resear ch Center (NSWFCRC) —
NSWFCRC is located on Phaholyothin Road, Amphoe-Hak Nakhon Sawan,
Thailand, about 200 kilometers up North from Barigkdakhon Sawan Field Crops
Research Center, 2002). The soil characteristibh®fplanted area is in a great soil
group of Rendzinas in Takhli series. The surfaxkis black, loamy and considerably
thick. The sub soil is marl. The pH of soil ighi(7.7-7.8) (Grudloyma, personal

communication, 2001; Grudloyma, personal commuignak004).
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3.4 Collection of data

In yield trial, data for agronomic traits were legted for seedling vigor, days
to 50% anthesis and silking, plant and ear heigtd$k and root lodging, foliar diseases,
husk cover, plant and ear aspects, number of had/gdants, number of total ears,
number of rotten ears, ears planfield weight, grain weight, grain type and color,
grain moisture, grain shelling and grain yield. akidition, 100-seed weight was also
collected for inbred yield trials. Corn borer isfation in the 2005E caused to collect
data for insect damage in the progress from selegtield trial (2005E) and hybrid
yield trial (2005E). The instructions for collewgi data on various traits of maize by
CIMMYT (1985) were followed. A brief descriptiorf each trait is provided as follows:

1. Seedling vigor (score 1-5): Data on this tveats taken at 7-14 days after
planting or before thinning. For each plot, chteex such as uniformity of plants,
disease and insect damage, and vigor of seedlirgsrated on a scale of 1 to 5,
where 1 is the best and 5 is the poorest.

2. Days to 50% anthesis and silking (d): To re¢prihe number of days from
planting until 50% of the plants in a plot had pallshedding and (ii) the number of
days from planting until 50% of the plants in atglad silk extruding.

3. Plant and ear heights (cm): For random 10 ceaithgeplants in each plot,
both plant and ear heights were measured in cetgimméom the plant base to the
node of flag leaf and to the node bearing the uppst ear for plant and ear heights,
respectively. Plant and ear heights can be medsumg time between 2 and 3 weeks
after flowering until just prior to harvest.

4. Number of stalk lodging: Data on stalk lodgimgs taken late in the season

just before harvest. The number of plants witliksthroken below the ears but not
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above the ears in each plot was recorded, and ¢bemert the data to % stalk lodging.
There may be some weak plants that have poor gtalkty, but which have not yet
lodged. To identify these push the stalks gerliants which then fall over are counted

as stalk-lodged plants.

numberof stalklodging
numberof harvesteglants

% Stalk lodging =

5. Root lodging (score 1-5): Data on root lodgivers taken late in the season
just before harvest. For each plot, plants thateweaning 30 degrees (°) or more
from the perpendicular at the base of the plantreviiee root zone starts were rated
on a scale of 1 to 5, where 1 indicates no pladrihg 30° and 5 indicates plants all
leaning 30° or more.

6. Foliar diseases (score 1-5): To get an accuedieg of disease severity,
notes were taken on damage late in the growingoseaisthe stay green stage before
the leaves begin turning brown. The damage in plthconcentrating on the diseases
that were important in each location and season mated. The diseases were
southern corn leaf blight or Maydis leaf bligi&igolaris maydig(Nisik.) Shoemaker
or Helminthosporium maydidisik.), northern corn leaf blight or Turcicum Idalfght
(B. turcica(Pass.) Shoemaker BIr turcicumPass.), southern rug®ccinia polysora
Underw.), etc. Infection by the foliar disease wagd on a scale of 1 to 5, where 1
indicates no diseases and 5 indicates very hedegtion. Record the score in whole
numbers or in halves.

7. Husk cover (score 1-5): For each plot, huskecavas rated on the 1 to 5

scale described below at stay green stage (1-3sMasfore harvest) when ears were
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fully developed and the husk was drying down.

1 = Excellent: Husk tightly covers ear tip andegxts beyond it.

2 = Fair: Covers ear tip tightly.

3 = Exposed tip: Loosely covers ear up to its tip.

4 = Grain exposed: Husk leaves do not cover thadsquately, leaving

its tip somewhat exposed.

5

Completely unacceptable: Poor husk cover,digarly exposed.

8. Plant aspect (score 1-5): Data on this tra# taken at the stay green stage,
when plants were still green and the ears weng fidi/eloped. For each plot, characters
such as plant and ear heights, uniformity of pladisease and insect damage, and
lodging were rated on a scale of 1 to 5, wheretlhadest and 5 is the poorest.

9. Ear aspect (score 1-5): After harvest, butredfiking a sample for moisture
determination, ears in each plot for characterd siscdisease and insect damage, ear
size, grain filling, grain type and color, and wmrhity of ears were rated on a scale of
1to 5, where 1 is the best and 5 is the poorest.

10. Number of harvested plants: The number oftplanthe two center rows
of each four-row plot or the number of plants peo-tow plot at harvest, regardless
whether plants bear one ear, two ears, or weremarere counted.

11. Number of total ears: The total number of émvested in each plot was
recorded, excluding secondary ears that were ertyesmall.

12. Number of rotten ears: The number of earsacheplot which had the
incidence of ear and kernel rots causedigylodia spp.,Fusariumspp.,Gibberella
spp., etc. for 20% infected kernels or more wasended, and then, convert the data to

% rotten ears.
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numberof rottenears
% Rotten ears = X
numberof total ears

100

13. Ears plant (%): The percentage of ears piarin each plot was calculated

using the formula illustrated below.

numberof totalears y
numberof harvesteglants

% Ears plant = 100

14. Field weight (kg plot): After harvesting all plants in each plot, theldi
weight of ears with cobs was recorded in kilogramsvo decimal place. At harvest,
grain moisture content was in a range of 20-30% Wull expression of stalk and root
lodging and of differences among families in eds.ro

15. Grain weight (kg plot): For the same plot whose field weight was reafrde
the ears were shelled and recorded the grain wigiddlbgrams to two decimal place.

16. Grain type and color: Grain type together vgthin color of ears in each
plot such as OYF (orange-yellow flint), YOF (yellewange flint), OYSF (orange-
yellow semi-flint), OF-SF (orange-yellow flint and semi-flint with yellocap;Y =
the top of grain is yellow), ORF (orange-red flirgjc. were recorded.

17. Grain moisture (%): For the same plot whosengweight was recorded,
a sample of mixed grains for 100 g or 250 g wasnakepended on the instruction of
moisture meter. The moisture percentage in the gvdh one or two decimal place
was determined.

18. Grain shelling (%): The grain shelling peregetin each plot was calculated

from the formula illustrated below.
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_grain weight y
field weight

% Grain shelling 100
19. Grain vield (kg hd): Grain vyield in each plot in kg Raat 15% grain

moisture was calculated from the formula illustdalbelow.

Grain yield (kg ha)

_ field weightx (100 % grain moisturex % grainshellingx 10,000
85x harvestedreax 100

Harvested area = No. of rowq(row length + distance between plant hills)

x distance between rows)

20. 100-Seed weight (g): This data was collectalgt tor inbred yield trials.
After shelling in each plot, five samples of 100reds were taken to measure seed
weight in grams to two decimal place and calculatet5% grain moisture.

100- %grainmoisture

100-Seed weight = 100-seed weight
ght (9) 100—15 X g

21. Insect damage: The damage was rated on aoddate 5, where 1 indicates
no damage and 5 indicates very heavy infestatiime score only in whole numbers
and list the pest’s scientific name were recordé&tis trait was focused only on corn
borer because of the heavy infestation of Asian borer Qstrinia furnacalis(Guenée))
in the 2005 early rainy season. The number ofteféplants and rating score of Asian
corn borer in each plot were recorded in the psgyfeom selection yield trial (2005E)

whereas only rating score of the corn borer wasrded in the hybrid yield trial (2005E).
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3.5 Statistical procedure and analysis

3.5.1 Yield trials

In this study, a number of designs including siijglttice design, simple
rectangular lattice design, triple rectangularidattdesign and randomized complete
block design were used where appropriated. Analydevariance for individual
location were done by using PROC LATTICE and PRQGA/A of SAS version 9.0,
respectively (SAS Institute, 2002).

The combined analysis of variance for data frotticka design combined
across two locations was made using entry meanstadj for block effects from each

individual location analysis and using the follogyilmear model:

Xik =p+ B+ T+ ETj + ax

where: X the ijK" observation;

u = the overall mean;
E = the effect of the'ilocation;
T, = the effect of thé'jentry;

ET; is the interaction effect between tfelocation and the"j entry; and
ejk (pooled error) is the error effect associated Wit ™ observation.

In the combined data analysis, entries, locatamd the entry location
interaction were considered as random sourcesradtiom. F-tests were computed to
determine significance among different sources afiation and their partitioned
effects within the combined analysis. The etrpcation interaction term was used
to test both the location and the entry sourcesnétion. Entryx location interaction

partitioned effects were used to test the corredipgnpartitioned entry effects. A
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pooled error mean squares term was used to tesntingx location interaction and
the interaction’s partitioned effects. Calculatiohthe pooled error mean squares
term was the sum of intra-block error mean squdigy or effective error mean
squaresk) from each location and divided by the numberogftions. Degrees of

freedom (df) for pooled error was the sum of edfirom each location.

3.5.2 Gardner-Eberhart Analysisll and Analysisi||
The data of populations per se and populationaliatrosses from each
cycle of selection (data from the progress fronec@n yield trial 2002L and 2005E;
the step (9) and (18) in section 3.2.1 Populatioprovement) were also analyzed to
obtain information on inheritance according to GardEberhart Analysis Il and
Analysis Il (Gardner and Eberhart, 1966). Theeéinmodels for Gardner-Eberhart

Analysis Il are as follows:

1Y = w+v+y) = (BGh

2. Yy = w+%M+v)+rh = (BG)

3. Y = w+%(M+v)+rh+rh+h) = (BG)

4. Yy = ut¥u+w)+rh+rh+h)+rg = (BG
In these models: r=0 where i=j, r=1 where#jjiand

2V =ih =25 =0
i#]
The 4" linear model is a complete model.

where: Y; = the mean of a trait obtained from the cross eetwparental varieties

i"™and |
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uw = the mean of all parental varieties included;

Vi, v = the variety effects of the parental varietféamd |", respectively;

h = the average heterosis of all crosses (or thexrobthe difference
between parents and their crosses);
h, iy = the variety heterosis of the parental varieitfesnd ]h, respectively
(measured from the deviation frot_n);
and $ = the specific heterosis of the crods(ineasured from the deviation

from h).
Analysis Il was used to estimate the following gfeneffects: variety effect
(vi), heterosis effect (i, average heterosisﬁq, variety heterosis (hand specific
heterosis (9. These parameters were described by Gardne7196e variety effect
(vi) is the difference between the mean of a parens@and the mean of all parents,
and is usually used to provide information of intpace of additive genetic effects.
The heterosis effect (his the heterosis parameter in the cross involyiogulation i

and j, which arises as consequence of differemcgene frequencies in two populations

and dominance of more favorable alleles. The @mmterosist_() contributed by a
particular set of parents used in crosses is ffereince between the mean of all crosses
and the mean of all parents. The variety heterdgiss the contribution to heterosis
by population i in its crosses measured as a demidtom average heterosis. The
specific heterosis {¥ occurs when populations i and j are mated andsaorea the
deviation between the observed performance of pleeic cross and its expected
performance based on the i and h effects.

The total sum of squares for population meansasfiGer-Eberhart Analysis i

are subdivided and shown in Table 3.1.
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Table3.1 Sum of squares of n parents and their-n{)/2 variety crosses for variety

and heterosis effects for Gardner-Eberhart Analy$Gardner and Eberhart,

1966).
Sour ce of variation df Sum of squares
Populations [n(n+1)/2]-1 S
Varieties () n-1 S,'=(B'G),-CF
Heterosis () n(n—1)/2 S, =(B'G) - (BG),
Average heterosiﬁ( ) 1 S, =(B'G), - (B'G),
Variety heterosis jh n-1 S,, = (B'G); - (B'G),
Specific heterosis (scg) s n(n—3)/2 S,s = (B'G),— (B'G),

Gardner-Eberhart Analysis Il was performed toambgeneral combining

ability (g) and specific combining ability jjseffects. The linear models for Analysis lII

are as follows:

and

where:

and

Yi = Ww+wv
Yi = Wwtgtgts

Y, = the mean of a trait obtained from the parental varfgty i

W = the mean of all parental varieties included;

Vi = the variety effects of the parental variély i

Yij = the mean of a trait obtained from the cross éetwparental varieties
i"™and |

Uu. = the mean of all crosses in the diallel set;

G, g = the general combining ability effect of parenatieties " and |,
respectively (or the variety effect in crosses);

$ = the specific combining ability effect of parentarieties‘f‘ and ]h.
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The sums of squares for crosses and its subdisio general and specific
combining ability can be done according to Griffs1¢l956) method 4 model 1 or by
the general least squares procedure indicated dymibdel for crosses, using the
restrictions > g, =0 and »'s; =0 foreachj.

i Py

The sum of squares for Gardner-Eberhart Analjisessd shown in Table 3.2.

Table3.2 Sum of squares of n parents and their-n{)/2 variety crosses for general

and specific combining ability for Gardner-Eberharnalysis Il (Gardner

and Eberhart, 1966).

Sour ce of variation df Sum of squares
Varieties n-1 S"
Varieties vs. Crosses 1 S"
Crosses [n(h-1)/2] -1 S"
General combining ability g n-1 3"
Specific combining ability {3 n(n— 3)/2 S,
1 4
where: A &
3 n-2 2V n(n-2) -
1 2
"= Y2 __— ) LT R VA
=2 z, I 24t T (n-1)(n-2)

The combined analysis of variance for data combamross two locations

according to Gardner-Eberhart Analysis Il and AsaIl (Gardner and Eberhart,

1966) was made using raw data from each indivithedtion and analyzed by using

DIALLEL-SASOS5 program (Zhang et al., 2005).
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3.5.3 Design || model analysis
The data of 1& 10 interpopulation hybrids (10 lines from A crodseith
10 lines from B) obtained from CO and C1 were aredyfor genetic effects according
to Design Il model (Comstock and Robinson, 194&2)9 The statistical model and

description for Design Il are as follows:

Yik = p+m+fi+(mxf);+ e

where: Y the K" observation on % j* progeny,

u = the general mean,

m; = the effect of thé'i male,

fi = the effect of the'j female,

(mxf); = the interaction effect between tHemale and the'jfemale,
and G = the error effect associated with'jbservation.

The combined analysis of variance for data combamross two locations
according to Design Il model was conducted using data from each individual
location. In the combined analysis, locations @&mdries were assumed random.
Locationsx (femalesx males) was used to test femalemales, locations females
and locationsx males, whereas pooled error was used to testidosat (femalesx
males). Direct F-tests can be made for all sountesriation except for females and
males. Satterthwaite’s (1946) approximate testqumare was used to synthesize mean
squares for F-tests of females and males (HallandrMiranda, 1988). For female,

MS(F) + MS(Lx FM) was tested with MS(k F) + MS(Lx M) with the following df:
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N = (MSe + MS . ) AMSE/(F — 1) + MSL . em/[(f — 1)(m— 1)(e— 1)]}

N2 = (MSL« 5 + MS ) AMS L« 1(F — 1)(e— 1)] + MSL«my/[(m - 1)(e— 1))}

For males, MS(M) + MS(Ix FM) was tested with MS(k F) + MS(L x M) with the

following df:

N1 = (MSu + MS <) AMSw/(M = 1) + MSLrm /[(F - 1)(m— 1)(e~ 1)]}

N2 = (MSL« 5 + MS ) AMS L« 51(F — 1)(e— 1)] + MSL«my/[(m - 1)(e— 1))}

Estimates of components of genetic variance waleulated as follows

(Laosuwan, 2007):

2 _ MS(F)- MSFM)
f | rL

=1/20i;F:l

, _ MS(M) — MS(FM)
- | ,rL

=1/20i;F:l

) _ MS(FM)L— MSE) _ 2. p =g
r

2 . 2

where: j and § are the number of lines derived from A and B pafioihs, respectively;
r is the number of replications; and L is the numifdocations.

Estimation of gca effects from femaleg @nd males {and sca effectsifs
using entry mean were calculated as described bg&kimgh and Chaudhary, 1979;

Laosuwan, 2007):
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g = X, X..
= -
lgrk  1,lgrL
g = X_j X..
YLl 1Ll
X X X
— i J
§ =

where: X, , X, x; andx.. are the totals of hybrids having tHefemale, ' male, 1"

female and"} male as used as parents, and the grand totabatessly. The estimates
of gca and sca effects were considered signifiaadthighly significant if they were

greater than two and three times, respectivelthaf standard error of meas,( SE).

The standard errors of mean for gca and sca effeete calculated according to
Singh and Chaudhary (1979); SE for gca effectddorales = (MSE/rld)Y?, SE for

gca effects for males = (MSE/W)F? and SE for sca effects = (MSE/H?)

3.5.4 Testsof significance for two means
In this study, tests of differences between twamsewhere necessary, were

made by using t-test (Snedecor and Cochran, 1967).



CHAPTER IV

RESULTSAND DISCUSSION

4.1 Population improvement

From the two cycles of MRRS, the results of eaathecof selection were divided
into three parts, i.e., (1) &stcross evaluation, (2) yield evaluation forydafions per se,
population crosses and population topcrosses gnelvéBuation of populations per se
and population crosses according to Gardner-EbeAralysis Il and Analysis Il.
The 10 traits collected were grain yield, days @865anthesis and silking, plant and
ear heights, stalk and root lodging, foliar dissaggain moisture and grain shelling.
Data for other six traits, including seedling vighusk cover, plant and ear aspects,
rotten ears and ears plahtare shown in Appendix Tables 1B-20B. For rasegre
and percentage of corn borer infestation are showAppendix Tables 15B-20B.
CycleO

4.1.1 CO-S; testcross evaluation

Analyses of variance

Testcrosses were made by crossing A¢C@d BCO-$ lines with the
respective inbred testers, Ki 47 and Ki 46. Th® Zbtestcrosses and six hybrids,
including BIG 919, BIG 949, PIONEER 30A33, KSX 4158uwan 3853 and Suwan
3851, were evaluated at Suwan Farm in the 2001rééty season using a X616
simple lattice design to select the top 25 yieldegjcrosses (10%) of each population

for C1 population formation.
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Mean squares from analyses of variance of 10stiHitthe testcrosses of
ACO-S and BCO-gare shown in Tables 4.1 and 4.2, respectivelgnifgiant differences
were observed among treatments of the A@@Stcross group for all traits except for
stalk lodging (Table 4.1). Grain yield, days t@®@nthesis and silking, plant and ear
heights, foliar diseases, grain moisture and gshalling were highly significan®(<
0.01), while root lodging was significai® € 0.05). For the group of BCQ-fstcrosses,
all traits were significant (Table 4.2). The difaces for grain moisture and grain
shelling, however, exceeded only the 5% probabgitel.

M eans of testcrosses

Means of 16 traits and grain type of the 25 tagdders of ACO-$ and
BCO-S testcrosses are shown in Appendix Tables 3B andrédpectively. Mean
grain yield of the 25 ACO-Stestcrosses was 8,703 kg haanging from 8,323 to
10,296 kg ha or 168.9% of the hybrid check, Suwan 3851 (Tab®.4Mean grain
yield of the 25 BCO-Stestcrosses was 8,859 kg heanging from 8,498 to 9,461 kg
ha' or 115.7% of the same check. The selected;28sEcrosses of each group gave
significantly higher mean grain yield than both reatected 225 Sestcrosses and six
hybrid checks aP < 0.01. The results indicated that the inbretktescan discriminate

among % genotypes for combining ability for grain yield.

4.1.2 Yidd evaluation for CO and C1 populations per se, their population
crosses and their population topcrosses
Combined analyses of variance
Twenty-five CO-3 lines, each corresponded to the 25 top-yieldeG0ag

testcrosses, were recombined to produce AC1 andoBfdlations. The four populations



Table4.1 Mean squares from analyses of variance of 10 wéitse testcrosses of ACQ-& Suwan Farm in the 2001 late rainy season.

Daysto 50% Height L odging Foliar Grain Grain

Sour ce of variation df Grain yield Ant.® Silk.? Plant Ear Stalk Root dis® moist.”)  shell.®

kg ha® d cm % (1-5) %
Replications (Rep.) 1 12935640.00 16.89 23.63 1492.63 0.921 5250.34 3.78 0.95 506.06 1.10
Blocks/rep. (adj.) 30 798259.00 4.12 4.43 422.28 260.42 4.81 0.40 0.10 5.67 2.23
Treatments (unadj.) 255 1231212.00 ** 3.70 ** 4.65 ** 172.1 117.83 222.85 0.30 0.21 ** 6.27 ** 3.57 **
Treatments (adj.) 255 - - - 129.60 ** 95.09 ** - 0.27 * - - -
Intra-block error 225 608444.00 2.17 2.90 77.32 45.50 3983. 0.19 0.08 3.60 2.03
CV (%) 10.74 2.99 3.39 4.07 551 103.48 20.53 10.80 7.75 1.79

* ** Significant at the 0.05 and 0.01 probabiligvels, respectively.
M@ pays to 50% anthesis and silkiffjfoliar diseases” grain moisture anf grain shelling.

Table4.2 Mean squares from analyses of variance of 10 wéitse testcrosses of BCQ-& Suwan Farm in the 2001 late rainy season.

Daysto 50% Height Lodging Foliar Grain Grain

Sour ce of variation df Grainyield Ant. Silk. Plant Ear Stalk Root dis. moist. shell.
kg ha' d cm % (1-5) %

Replications (Rep.) 1 4252755.00 9.57 28.13 22.53 1088.11 442.63 0.41 0.00 677.47 21.23
Blocks/rep. (adj.) 30 1802007.00 4.63 8.00 292.12 166.95 58.27 0.37 0.28 9.51 11.36
Treatments (unadj.) 255 1118994.00 2.24 3.33 119.43 82.05 133.72 0.31 0.16 4.59 11.91 *
Treatments (adj.) 255 1031052.78 ** 1.63 ** 2.56 ** 92.37 **  62.07 ** 121.26 ** 0.27 ** 0.13 ** 4.20 * -
Intra-block error 225 601327.00 0.83 1.53 48.55 30.82 &7.7 0.15 0.08 3.03 8.43
CV (%) 10.62 1.82 2.48 3.55 5.03 110.09 18.54 12.13 7.03 3.80

*, ** Significant at the 0.05 and 0.01 probabiligvels, respectively.
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Table4.3 Grain yield of CO-$testcrosses compared with Suwan 3851 (hybrid ¢heck

at Suwan Farm in the 2001 late rainy season.
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Grain yield Relative
Entry Number Range M ean to check
.................................... [ 1 R — %
Testcrosses of ACO-S,; x Ki 47
Total S testcrosses 250 5,204-10,296 7,427 144.1
Top 10 testcrosses 10 8,684-10,296 9,070 176.0
Top 25 testcrosses 25 8,323-10,296 8,703 168.9
Hybrid checks 6 4,503-7,570 6,196 120.2
Suwan 3851 (Check) 1 5,154 5,154 100.0
Testcrosses of BCO-S; x Ki 46
Total § testcrosses 250 5,351-9,461 7,595 99.2
Top 10 testcrosses 10 8,916-9,461 9,129 119.2
Top 25 testcrosses 25 8,498-9,461 8,859 115.7
Hybrid checks 6 5,557-7,897 7,092 92.6
Suwan 3851 (Check) 1 7,655 7,655 100.0

(ACO, AC1, BCO and BC1) were crossed among them dhallel cross and crossed
with respective inbred testers, Ki 47 and Ki 46ptoduce six population crosses and
four population topcrosses, respectively. Sixiggoulations, including four populations
per se, six population crosses, four populatiorcriogses and two population checks
(Suwan3(S)C4 and Suwan5(S)C3), were evaluatedodbtations in the 2002 late rainy
season using a randomized complete block desidgnfaiir replications to determine
progress from selection from both within and betwgemups of the populations.

Mean squares from combined analyses of variancE)dfaits of the 14
populations and two population checks are showmahble 4.4. Highly significant
differences were detected among locations forrailst except for stalk lodgindP(<
0.05). The CO vs. C1 populations per se were fsogmitly different for grain yieldR®

< 0.05), days to 50% silking?(< 0.01) and foliar diseaseB & 0.05). Population
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crosses were highly significant for grain yield doblar diseases, while days to 50%
silking and ear height were significant. Howeweo, significant differences were
detected for all traits evaluated for the CO vs.population topcrosses. Grain yield
were highly significant in the comparison betwednpapulations vs. checks, and
significant for the populations per se vs. popolattrosses and population topcrosses.
The results showed obvious responses to seleatiogréin yield of the populations
per se and population crosses. Interaction ofrtreqats with locations showed a highly
significant difference for plant height, and sigraht differences for days to 50% anthesis
and silking.

Means of populations

Means of 16 traits including grain yield and gripe of the 14 populations
and two population checks are shown in AppendiXd8&B. Table 4.5 shows higher
means for grain yield of C1 populations includinG}4 BC1, AC1x BC1, AC1x Ki 47
and BC1x Ki 46 than CO populations including ACO, BCO, A€BCO0, ACOx Ki 47
and BCOx Ki 46, for 5.3, 6.9, 10.3, 6.9 and 7.0%, respedyiv Importantly, the
population cross of ACk BC1 gave significantly higher yield than AGOBCO at
P < 0.05, and all populations, especially C1 popaoiet, gave higher yield than the
check, Suwan5(S)C3. The results indicated therpssgfrom selection for grain yield
for all C1 populations including populations pey gepulation crosses and population
topcrosses.

Mean grain yield of populations per se was natificantly different from
those of population crosses and the checks (SuB3@3(and Suwan5(S)C3), while
population topcrosses and population crosses ggnéicantly higher mean grain yield

than the checks &< 0.01 and® < 0.05, respectively. Population topcrosses gés@



Table4.4 Mean squares from analyses of variance of 10 taditsd populations and two population checks fraaadcombined over

two locations in the 2002 late rainy season.

Days to 50% Height L odging Foliar Grain Grain
Sour ce of variation df Grain yield Ant. Silk. Plant Ear Stalk Root dis. moist. shell.
kg ha™ d cm % (1-5) %
Locations (L) 1 321449272.02 ** 492.20 ** 381.57 **  47212.80 ** 4773.87 ** 4419 * 2.26 ** 15.13 ** 28.19 ** 916.33 **
Replications within location (R/L) 6 3134103.31 5.06 29. 178.07 262.49 11.56 0.42 0.26 2.34 19.53
Treatments (T) 15 3224083.51 ** 3.14 4.26 * 181.31 210.30 ** 7.56 0.26 0.11 * 4.36 5.02 *
Populations per se 257246.07 3.61 5.50 ** 320.25 176 12.54 0.24 0.19 * 7.26 2.45
CO populations per se 63577.62 1.56 6.25 ** 75.86 156.25 35.60 0.56 0.14 * 10.69 0.21
C1 populations per se 10998.62 2.25 2.25* .4@B5 13.14 0.41 0.14 0.14 * 5.45 0.65
CO vs. C1 populations per se 1 697161.96 * 037. 8.00 ** 649.80 59.13 1.59 0.01 0.28 * 5.64 6.50
Population crosses 1407122.87 ** 2.98 2.73 * 109.91 112.14 * 3.44 0.16 0.10 ** 2.33 3.04
Population topcrosses 1368347.64 1.36 2.75 229.90 389.74 * 6.31 0.13 0.09 2.25 9.84
CO population topcrosses 1296793.14 1.56 06 5. 435.77 689.06 * 1.42 0.14 0.14 1.05 11.51
C1 population topcrosses 1461074.64 1.00 06 3. 241.80 365.77 * 8.77 0.25 0.02 1.43 14.03
CO vs. C1 population topcrosses 1 1347475.1 1.53 0.13 12.13 114.38 8.74 0.01 0.13 4.28 3.98
Checks 1 932836.37 0.06 0.06 150.06 * 9.00 1.56 0.00 0.25 0.85 9.55
All populations vs. Checks 14741301.93 ** 0.70 7aL. 131.08 1118.98 10.82 * 0.07 0.04 7.72 2.73
per se vs. Crosses and topcrosses 10045832.37 B8.75 * 7.56 2.09 46.46 0.03 1.00 0.00 9.21 4.36
Population crosses vs. Topcrosses 10728886.53 .75 7 16.13 * 236.46 * 21.63 27.21 0.96 0.02 7.41 6.59
TxL 15 164566.62 1.36 * 1.49 * 132.45 ** 30.28 6.62 0.23 0.04 2.56 .022
Populations per seL 3 35744.82 1.20 0.17 112.05 16.15 7.48 0.17 0.01 3.14 3.83
Population crossesL 5 73188.17 0.68 0.40 176.27 * 15.20 8.19 0.16 0.01 2.18 0.90
Population topcrossed 3 387554.47 2.36 * 3.71 * 229.10 ** 35.15 7.76 0.03 0.05 2.36 971
Checkx L 1 309882.35 3.06 * 3.06 * 0.56 81.00 5.81 1.00 * 0.06 1.93 0.18
(All populations vs. Checks)L 1 3525.55 2.90 * 5.31 ** 25.01 133.84 0.02 0.59 * 0.02 8.58 * 2.0
(per se vs. Crosses and topcrossés) 1 3724.29 0.01 0.23 55.98 4.77 2.00 0.19 0.20 * 0.10 2.77
(Population crosses vs. Topcrosseks) 1 515528.41 0.35 0.08 0.40 4.58 4.72 0.23 0.05 0.38 3.34
Pooled error 90 237603.14 0.70 0.73 56.73 49.93 5.73 0.13 0.05 1.48 1.54
CV (%) 9.12 1.49 1.50 3.49 6.61 122.51 19.35 6.51 5.00 1.58

* ** Significant at the 0.05 and 0.01 probabiligvels, respectively.

[ A
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significantly higher mean grain yield than popwdas per se & < 0.01. The higher

yield of population topcrosses than population segsshould be due to high general
and specific combining ability of the inbred testdfi 46 and Ki 47, with the component
lines (Aekatasanawan et al., 1998; 2001a; 200105R20The results agreed with the
suggestions of Hull (1945), Horner et al. (1963) &orner et al. (1989) that the inbred
testers should have high general combining abilitiie results signified that testcross
hybrids should have higher potential for yield thaterpopulation hybrids developed

in the part of hybrid development.

Table4.5 Mean grain yield of CO and C1 populations comparéti Suwan5(S)C3
(population check) from data combined over two fmre in the 2002 late

rainy season.

Entry Grain yield Relativeto CO Relative to check
kg ha* %
ACO 4,918 100.0 104.8
AC1 5,176 105.3 110.3
BCO 4,792 100.0 102.1
BC1 5,124 106.9 109.2
ACO x BCO 5,313 100.0 113.3
AC1x BC1 5,860 110.3 124.9
ACOx Ki 47 6,193 100.0 132.0
AC1x Ki 47 6,621 106.9 141.1
BCOx Ki 46 5,624 100.0 119.9
BC1x Ki 46 6,017 107.0 128.3
Suwan5(S)C3 (Check) 4,691 - 100.0
LSD 0.05 484.20

LSD 0.01 641.37
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4.1.3 Evaluation of CO and C1 populations per se and their population
crosses according to Gardner-Eberhart Analysis|l and Analysisil|
Combined analyses of variance
Data for CO and C1 populations per se and thalleticrosses were analyzed
using Gardner-Eberhart Analysis Il and Analysistdllobtain the estimates of genetic

effects including variety effects ;jy variety heterosis effects;{haverage heterosis

(ﬁ) and gca and sca effects.

Mean squares from combined analyses of varianog @ardner-Eberhart
Analysis Il and Analysis Il for 10 traits of foypopulations per se and their six diallel
crosses are shown in Table 4.6. For Analysisdtieties were highly significant for
days to 50% silking, and significant for grain gietlays to 50% anthesis and ear height.
The partitioning of heterosis showed that variegyehosis was significant for grain
yield and foliar diseases, while specific heter@gs significant only for foliar diseases.
Mean squares for gca was highly significant forimgsaeld and days to 50% anthesis,
and significant for days to 50% silking. No sigeaint interactions were detected for
grain yield of varieties with locations, heterogigh locations and gca with locations.
Mean squares for sca was higher than that of gcgréin yield, days to 50% silking,
plant and ear heights, stalk lodging and foliaedses. Both analyses indicated that
variation for grain yield among diallel entries wadise to additive and nonadditive
genetic effects.

Estimates of variety effects

Estimates of variety effects;|\of 10 traits analyzed according to Gardner-
Eberhart Analysis Il are shown in Table 4.7. A@H &C1 populations gave positive

variety effects for grain yield, while ACO and B@0pulations gave negative variety



Table4.6 Mean squares from Gardner-Eberhart Analysis Il Aandlysis Il of 10 traits from four populations pge and their six diallel

crosses, from data combined over two locationkén2002 late rainy season.

Days to 50% Height L odging Foliar Grain Grain
Sour ce of variation df Grainyied Ant. Silk. Plant Ear Stalk Root dis. moist. shell.
kg ha® d cm % (1-5) %
Gardner-Eberhart Analysis Il
Varieties 3 697146.45 * 6.74 * 7.06 ** 422.14 142.92 * 3.84 D4 0.16 8.83 4.95
Heterosis 6 1058856.96 ** 0.96 1.28 47.91 58.82 7.78 0.06 00.1 1.59 1.14
Average heterosis 2543101.05 2.55 0.83 55.90 19.24 3.67 0.28 0.00 2.86 0.79
Variety heterosis 192197.62 * 0.29 0.61 4.94 10.07 2.01 0.01 0.06 * 1.39 2.53
Specific heterosis 2569660.16 2.33 3.58 114.55 1865 3.54 0.10 0.20 * 1.39 0.07
Varietiesx L 3 33403.47 0.69 0.06 197.86 * 5.65 6.59 0.13 0.02 5.62 * 4.42 *
Heterosisx L 6 68277.44 0.81 0.38 90.65 17.66 5.60 0.16 0.03 0.67 0.53
Average heterosisL 117740.51 0.10 0.30 50.57 1.31 4.68 0.04 0.25 * 0.29 0.63
Variety heterosis L 7637.36 0.59 0.28 41.33 22.36 5.25 0.30 0.00 0.98 0.65
Specific heterosis L 175026.40 1.58 0.75 249.97 ** 20.22 13.93 0.02 0.01 0.41 00.4
Gardner-Eberhart Analysis IlI
Varieties 3 257246.07 3.61 5.50 ** 320.26 76.17 12.54 0.24 190. 7.26 2.45
Varieties vs. Crosses 1 2543101.05 2.55 0.83 55.90 19.24 .67 3 0.28 0.00 2.86 0.79
Crosses 5 1407122.86 ** 2.98 273 * 109.91 112.14 * 3.44 0.16 .10 0* 2.33 3.04
GCA 632098.00 ** 3.42 ** 217 * 106.82 76.82 3.38 0.20 .0® 2.96 5.03
SCA 2569660.16 2.33 3.58 114.55 165.13 3.54 0.10 .20 1.39 0.07
Varietiesx L 3 35744.82 1.20 0.17 112.06 16.15 7.48 0.17 0.01 3.14 3.83*
(Varieties vs. Crosses)L 1 117740.51 0.10 0.30 50.57 1.31 4.68 0.04 0.25 * 0.29 0.63
Crossex L 5 73188.17 0.68 0.40 176.27 ** 15.20 8.19 0.16 0.01 2.18 0.90
GCAx L 3 5296.01 0.08 0.17 127.13 11.86 4.37 0.26 0.01 3.36 1.23
SCAXx L 175026.40 1.58 0.75 249.97 ** 20.22 13.93 0.02 0.01 0.41 004
SCA : GCA 4.07 0.68 1.65 1.07 2.15 1.05 0.50 6.50 0.47 0.01

* ** Significant at the 0.05 and 0.01 probabiligvels, respectively.

V.
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effects. The results indicated that grain yieldA@1 and BC1 were higher than the
average yield of all parental populations, anddatéid the improvement for grain yield
of populations per se. AC1 also gave positiveetgreffects for grain shelling, while
BC1 also gave negative variety effects for statkgiag and foliar diseases and gave
positive variety effects for grain shelling. Liks&, AC1 also showed the improvement
for grain shelling percentage, and BC1 also shalvedmprovement for stalk lodging

percentage, foliar diseases score and grain sggléncentage.

Table4.7 Estimates of variety effects;\yrom Gardner-Eberhart Analysis Il of 10 traits

from four populations per se and their six diatielsses, from data combined

over two locations in the 2002 late rainy season.

Populations Grain Daysto 50% Height Lodging Foliar Grain  Grain
yield Ant. Silk. Plant Ear Stalk Root dis. moist.  shell.
kg ha® d cm % (1-5) %
ACO -84.57 -0.16 0.13 -0.36 1.77 -1.27 0.17 0.00 0.40 -0.57
AC1 173.82 0.84 0.88 5.99 2.27 -0.06 0.11 0.00 1.00 * 0.25
BCO -210.64 -0.78 -1.13 -8.66 -4.48 1.71 * -0.20 0.19 -1.24 *0.34
BC1 121.38 0.09 0.13 3.02 0.45 -0.38 -0.08 -0.19 -0.16 0.65
SETt 565.76 0.71 0.66 6.78 3.02 0.83 0.13 0.13 0.44 0.95

T Standard error.

*, ** Significant at the 0.05 and 0.01 probabillgvels, respectively.

Estimates of variety heterosis effects and average heterosis

Table 4.8 shows estimates of variety heterosisctdf () and average
heterosis E) from Gardner-Eberhart Analysis Il for 10 traitfor grain yield, BC1
gave positive variety heterosis effects which weghér than that of BCO, whereas
AC1 gave negative variety heterosis effects whies vower than that of ACO. The
results indicated that AC1 and BC1 manifested meg@nd positive heterosis effects

for grain yield. The average heterosis is theedgiiice between the mean of all crosses
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and the mean of all parents, the positive and bgfimate for grain yield indicated

higher mean grain yield of all crosses than themudall parental populations.

Table4.8 Estimates of variety heterosis effects) @nd average heterosis ) from
Gardner-Eberhart Analysis Il of 10 traits from fqaopulations per se and
their six diallel crosses, from data combined dwer locations in the 2002

late rainy season.

Populations Grain Daysto 50% Height Lodging Foliar Grain  Grain

yield Ant. Silk. Plant Ear Stalk Root dis. moist.  shell.

kg ha® d cm % (1-5) %

ACO 10.89 0.14 0.19 0.52 -0.89 1.26 0.01 0.06 -0.04 0.00
AC1 -53.89 0.14 -0.06 -0.70 1.18 -0.09 0.04 -0.03 0.00 -0.68
BCO -136.78 -0.17 0.19 0.65 -0.70 -1.33 -0.02 -0.09 0.46 0.28
BC1 179.79 -0.11 -0.31 -0.46 0.40 0.16 -0.02 0.06 -0.42 0.41
h 363.94 -0.36 -0.21 1.71 1.00 0.44 -0.12 0.00 0.39 0.20
SET for h 489.97 0.62 0.57 5.87 2.62 0.72 0.11 0.12 0.38 0.82
SE for h 421.70 0.53 0.49 5.05 2.25 0.62 0.10 0.10 0.33 0.70

t Standard error.

Estimates of gca and sca effects

Estimates of gca and sca effects from GardnerHaoeAnalysis Il of 10
traits are shown in Table 4.9. For grain yield,1A&hd BC1 gave positive gca effects,
while ACO and BCO gave negative gca effects. Hsallts indicated higher frequency
of favorable alleles for grain yield in AC1 and B@hd the improvement of gca
effects for grain yield of the populations per sSehe improvement for gca effects in
AC1 were also found for stalk lodging percentagd &oliar diseases score, and in
BC1 for foliar diseases score, grain moisture araghgshelling percentage. Estimates
of sca effects for grain yield showed that four ylapon crosses of A B gave positive

sca effects, signifying the potential of interpaidn hybrids.
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Table4.9 Estimates of gca and sca effects from Gardner-EoeAnalysis 11l of 10
traits of four populations per se and their siXieliarosses, from data combined

over two locations in the 2002 late rainy season.

Traits Populations ACO AC1 BCO BC1 GCA effects
............................................ SCA effeCtS
Grain yield ACO -462.58 220.54 242.05 -31.40
(kg ha') AC1 242.05 220.54 33.02
BCO -462.58 -242.10
BC1 240.48
SET (gca effects) 400.06
SE (sca effects) 377.18
Days to 50% anthesis ACO 0.33 -0.42 0.08 0.06
(d) AC1 0.08 -0.42 0.56
BCO 0.33 -0.56
BC1 -0.06
SE (gca effects) 0.50
SE (sca effects) 0.48
Days to 50% silking ACO 0.33 -0.54 0.21 0.25
(d) AC1 0.21 -0.54 0.38
BCO 0.33 -0.38
BC1 -0.25
SE (gca effects) 0.47
SE (sca effects) 0.44
Plant height ACO -3.04 1.98 1.06 0.34
(cm) AC1 1.06 1.98 2.29
BCO -3.04 -3.68
BC1 1.05
SE (gca effects) 4.80
SE (sca effects) 452
Ear height ACO -3.22 0.02 3.20 0.00
(cm) AC1 3.20 0.02 2.32
BCO -3.22 -2.94
BC1 0.63
SE (gca effects) 2.14
SE (sca effects) 2.01
Stalk lodging ACO -0.32 0.54 -0.23 0.63
(%) AC1 -0.23 0.54 -0.12
BCO -0.32 -0.47
BC1 -0.03
SE (gca effects) 0.59
SE (sca effects) 0.56
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Traits Populations ACO AC1 BCO BC1 GCA effects
............................................ SCA effeCtS
Root lodging ACO -0.08 0.01 0.07 0.09
(1-5) AC1 0.07 0.01 0.09
BCO -0.08 -0.13
BC1 -0.06
SE (gca effects) 0.09
SE (sca effects) 0.09
Foliar diseases ACO -0.03 0.13 -0.09 0.06
(1-5) AC1 -0.09 0.13 -0.03
BCO -0.03 0.00
BC1 -0.03
SE (gca effects) 0.09
SE (sca effects) 0.09
Grain moisture ACO -0.11 0.33 -0.22 0.16
(%) AC1 -0.22 0.33 0.50
BCO -0.11 -0.16
BC1 -0.50
SE (gca effects) 0.31
SE (sca effects) 0.29
Grain shelling ACO -0.01 -0.06 0.07 -0.28
(%) AC1 0.07 -0.06 -0.56
BCO -0.01 0.11
BC1 0.73
SE (gca effects) 0.67
SE (sca effects) 0.63

T Standard error.

Cyclel

4.1.4 C1-S; testcross evaluation

Analyses of variance

Testcrosses were made by crossing A¢kisd BC1-$ lines with the
respective inbred testers, Ki 47 and Ki 46. Th@ Zbtestcrosses and six hybrids,
including KSX 4501, KSX 4505, KSX 4507, BIG 949, K8452 (Suwan 4452) and

Suwan 3851, were evaluated at Suwan Farm in th8 2@€ly rainy season using a
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16 x 16 simple lattice design to select the top 25dymeg testcrosses (10%) of each
population for C2 population formation.

Mean squares from analyses of variance of 10stdditthe testcrosses of
AC1-S, and BC1-$are shown in Tables 4.10 and 4.11, respectivelpm the group
of AC1-S testcrosses, all traits were highly significaihe group of BC1-Stestcrosses
also showed the same results, but days to 50%sastned silking were not significant.

M eans of testcr osses

Means of 15 traits and grain type of the 25 tagders of AC1-$ and
BC1-S testcrosses are shown in Appendix Tables 13B dBj tespectively. Mean
grain yield of the 25 AC1-Stestcrosses was 8,865 kg haanging from 8,588 to
9,415 kg ha" or 195.5% of the hybrid check, Suwan 3851 (Tabl®)} Mean grain
yield of the 25 BC1-Stestcrosses was 9,087 kg heanging from 8,787 to 9,975 kg
ha® or 130.7% of the same check. Mean grain yieldhef selected 25 AC1:S
testcrosses was significantly higher than thoseoofselected 225,3estcrosses and
six hybrid checks & < 0.01, while that of the 25 BC1-&stcrosses was significantly
higher than those of non-selected 225€Stcrosses and six hybrid check®at 0.01
andP < 0.05, respectively.

The comparison between mean grain yield of theA2B-S, testcrosses
and the 25 AC1-Stestcrosses showed that the AC1 testcrosses ggiver lyield than
the ACO testcrosses for 26.6% relative to the seimeek, Suwan 3851 (195.5% of the
check in Table 4.12 vs. 168.9% of the check in &abB). Similarly, the 25 BC1:S
testcrosses gave higher mean grain yield than $hBQ0-S testcrosses for 15.0%
relative to the same check (130.7% of the chediainle 4.12 vs. 115.7% of the check

in Table 4.3). The results indicated mean imprcamnfor grain yield of C1 populations.



Table4.10 Mean squares from analyses of variance of 10 wéifse testcrosses of ACL-& Suwan Farm in the 2003 early rainy season.

Daysto 50% Height L odging Foliar Grain Grain

Sour ce of variation df Grainyied Ant. Silk. Plant Ear Stalk Root dis. moist. shell.
kg ha® d cm % (1-5) %

Replications (Rep.) 1 11634967.00 7.03 6.57 141.33 1.42 2.218 0.56 2.32 7.71 0.76
Blocks/rep. (adj.) 30 892598.00 2.38 1.07 71.86 49.31 9.4 0.84 0.25 3.50 8.72
Treatments (unadj.) 255 1062758.00 ** 0.93 0.80 80.42 ** .084** 99.35 ** 0.39 0.32 3.09 16.73 **
Treatments (adj.) 255 - 0.68 ** 0.70 ** - - - 0.29 ** 0.28 ** 219** -
Intra-block error 225 674030.00 0.42 0.38 53.47 41.00 %25 0.19 0.10 121 9.75
CV (%) 10.97 1.20 1.13 2.98 4.40 68.41 31.61 12.62 452 3.75

** Significant at the 0.01 probability level.

Table4.11 Mean squares from analyses of variance of 10 wéifse testcrosses of BC1-& Suwan Farm in the 2003 early rainy season.

Daysto 50% Height Lodging Foliar Grain Grain

Sour ce of variation df Grain yield Ant. Silk. Plant Ear Stalk Root dis. moist. shell.
kg ha' d cm % (1-5) %

Replications (Rep.) 1 52288181.00 1.64 0.01 300.13 13325 951.72 3.36 0.06 6.92 64.80
Blocks/rep. (adj.) 30 1438220.00 1.10 112 192.11 96.22 425 0.71 1.38 1.95 13.91
Treatments (unadj.) 255 1343320.00 0.64 0.66 128.04 423.8 109.23 ** 0.48 0.39 2.50 14.60 **
Treatments (adj.) 255 1303736.28 ** 0.54 0.59 104.40 ** U3+ - 0.44 ** 0.22 ** 2.26 ** -
Intra-block error 225 732221.00 0.51 0.53 62.31 36.43 ®%4.1 0.23 0.14 0.92 7.55
CV (%) 11.45 1.31 1.34 3.44 4.53 84.09 30.32 15.21 436 3.57

** Significant at the 0.01 probability level.

08
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Table4.12 Grain yield of C1-$testcrosses compared with Suwan 3851 (hybrid ¢gheck

at Suwan Farm in the 2003 early rainy season.

Grain yield Relative
Entry Number Range M ean to check
.................................... [ 1 R— %
Testcrosses of AC1-S, x Ki 47
Total S testcrosses 250 5,899-9,415 7,652 168.7
Top 10 testcrosses 10 8,886-9,415 9,077 200.2
Top 25 testcrosses 25 8,588-9,415 8,865 195.5
Hybrid checks 6 4,535-7,700 6,507 143.5
KSX 4452 (Suwan 4452) 1 6,679 6,679 147.3
Suwan 3851 (Check) 1 4,535 4,535 100.0
Testerosses of BC1-S; x Ki 46
Total S testcrosses 250 5,776-9,975 7,706 110.8
Top 10 testcrosses 10 9,131-9,975 9,346 134.4
Top 25 testcrosses 25 8,787-9,975 9,087 130.7
Hybrid checks 6 4,940-8,838 6,969 100.2
KSX 4452 (Suwan 4452) 1 8,838 8,838 127.1
Suwan 3851 (Check) 1 6,952 6,952 100.0

4.1.5 Yidd evaluation for CO, C1and C2 populationsper se, their population

crosses and their population topcrosses

Combined analyses of variance

Twenty-five C1-$ lines, each corresponded to the 25 top-yieldeSlag
testcrosses, were recombined to produce AC2 andpdf@ations. The six populations
(ACO, AC1, AC2, BCO, BC1 and BC2) were crossed agnthrem in a diallel cross
and crossed with respective inbred testers, KimtV Ka 46, to produce 15 population
crosses and six population topcrosses, respectiviyrty populations, including six
populations per se, 15 population crosses, six|ptpn topcrosses and three population

checks (Suwan3(S)C4, Suwan1(S)C12 and Suwan5(Syew evaluated at two locations
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using a 5x 6 triple rectangular lattice design to determimegpess from selection
from both within and between groups of the popalai

Mean squares from combined analyses of variancE)dfaits of the 27
populations and three checks are shown in Tabl& 4Highly significant differences
were detected among locations for grain yield, days0% anthesis and silking, plant
and ear heights, stalk and root lodging and graiisture, and a significant difference
was detected for foliar diseases. The significhffiérence for grain yield was found
in the comparison between population crosses ysulpton topcrosses & < 0.05.
The CO vs. C1 and C2 populations per se was signififor foliar diseases. However,
no significant differences were observed for adlityr evaluated for the C1 vs. C2
populations per se. Population crosses were hgjghificant for ear height and grain
moisture, and significant for plant height. Thew®0C1 and C2 population topcrosses
was significant only for plant height, and no sfgmint differences were detected for
all traits evaluated for the C1 vs. C2 populatiopcrosses. Only plant height was
significant P < 0.01) for the comparisons between all populaties) checks. Interaction
of treatments with locations was not significantdd traits.

Means of populations

Means of 18 traits and grain type of the 27 pdputa and three population
checks are shown in Appendix Table 16B. AC1 and® AGpulations gave higher
grain yield than ACO population for 6.9% and 11.6%spectively (Table 4.14). In
contrast, BC1 and BC2 populations had grain yield’/% and 99.0% of the BCO,
respectively, but they were not significantly di#fat from BCO. Population A tended
to be improved for grain yield, but the improvemesas not found for population B.

Grain yield of population crosses of AGIBC1 and AC2< BC2 were 100.9% and



Table4.13 Mean squares from analyses of variance of 10 tw&i2¥ populations and three population checks fdata combined over

two locations in the 2005 early rainy season.

Daysto 50% Height L odging Foliar Grain Grain
Sour ce of variation df Grainyield Ant. Silk. Plant Ear Stalk Root dis. moist. shell.
kg ha® d cm [ S— (1-5) %
Locations (L) 1 18270053.87 ** 410.82 ** 315.87 ** 11731.74 ** 8393.62 ** BB3 * 21.40* 0.19 * 150.98 *  3.42
Treatments (T) 29 648187.39 ** 0.54 0.87 98.18 ** 52.92 »* 11 0.06 0.03 0.45 1.44
Populations per se 5 128992.98 0.28 0.49 64.24 12.08 22.92 0.10 0.06 * 0.55 0.50
CO populations per se 1 367702.77 0.22 0.12 4.913 14.63 81.83 0.17 0.08 * 0.01 0.57
C1 populations per se 1 23002.27 0.23 0.22 4310. 1.53 9.53 0.02 0.02 0.86 1.57
C2 populations per se 1 21957.31 0.14 0.15 20.0 4.56 7.91 0.16 0.00 0.67 0.01
CO vs. C1 and C2 populations per se 1 75853 0.54 1.73 78.12 1.13 10.20 0.03 0.14 * 0.08 0.01
C1 vs. C2 populations per se 1 154848.91 80.2 0.23 97.72 38.54 5.12 0.12 0.05 1.12 0.34
Population crosses 14 260630.80 0.43 0.44 70.03 *  353% 8.69 0.03 0.02 0.43 ** 1.00
Population topcrosses 5 331347.82 0.29 0.24 160.06 * 78.21 211 0.11 0.03 0.34 3.20
CO0 population topcrosses 1 95784.06 0.04 0.05 345.22* 142.68 * 3.84 0.06 0.03 0.00 4.45
C1 population topcrosses 1 4944.20 0.13 0.26 72.4D * 115.46 * 1.31 0.00 0.12 0.45 8.28 *
C2 population topcrosses 1 970885.06 0.29 6 0.0 93.70 53.58 3.54 0.43 0.00 0.06 3.07
CO0 vs. C1 and C2 population topcrosses 1 713872 0.82 0.81 187.27 * 79.10 0.28 0.00 0.01 1.18 0.09
C1 vs. C2 population topcrosses 1 197984.07 0.19 0.00 1.73 0.26 1.57 0.03 0.01 0.02 0.09
Checks 2 143659.73 0.31 0.69 6.56 14.68 5.44 0.04 0.00 0.13 1.22
All populations vs. Checks 1 1368261.34 0.02 0.24 74.@5 **  425.07 47.11 0.10 0.06 1.97 0.71
per se vs. Crosses and topcrosses 1 4757045.68 98 0. 0.80 63.18 155.18 0.01 0.01 0.01 0.01 4.93
Population crosses vs. Topcrosses 1 643427257 * .32 5 12.93 194.89 6.85 34.72 0.04 0.03 0.34 1.17
TxL 29 126167.41 0.48 0.82 23.66 10.82 9.67 0.09 0.03 0.30 121
Populations per « L 5 95721.46 0.28 0.46 30.82 15.68 15.53 0.12 0.01 0.31 1.25
Population crosse L 14 109704.55 0.26 0.34 23.41 7.88 8.44 0.06 0.03 0.11 0.98
Population topcrossx L 5 202597.86 0.24 0.24 23.56 15.61 3.82 0.09 0.08 0.82 0.80
Checksx L 2 154948.23 0.16 0.22 8.23 6.51 6.32 0.13 0.00 0.04 0.92
(All populations vs. Checkx L 1 61921.79 0.05 0.19 0.04 10.18 30.82 0.10 0.09 0.38 2.27
(per se vs. Crosses and topcrosx L 1 248863.39 247 * 2.79 * 66.46 23.20 0.42 0.05 0.02 0.86 3.89
(Population crosses vs. Topcrosx L 1 10713.07 4.88 **  12.01 ** 3.60 0.67 21.68 0.31 0.02 0.07 3.02
Pooled error 86 214014.72 0.51 0.53 55.87 35.78 26.22 0.15 0.05 0.48 2.34
CV (%) 5.18 1.36 1.74 2.04 2.41 67.89 12.32 6.65 2.83 1.33

* ** Significant at the 0.05 and 0.01 probabiligvels, respectively.

€8
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102.4%, respectively, of ACQ BCO. The population topcross of AGIKi 47 gave
significantly higher grain yield than ACO Ki 47 for 10.0% af < 0.05, but AC2

Ki 47 gave lower grain yield than ACOKIi 47 and AC1x Ki 47. However, BCIx

Ki 46 and BC2x Ki 46 gave higher grain yield than BGOKi 46. The results for
population crosses and population topcrosses itetiozertain degrees of grain yield
improvement for both groups of the populations exa&C2 x Ki 47. In addition,
AC2, BCO, population crosses of C0O, C1 and C2 dhgdagpulation topcrosses had
higher grain yield than the check, Suwan5(S)C4.

Means for grain yield of population crosses amttosses were significantly
higher than that of populations per sé?at 0.01. The results indicated the expression
of heterosis of population crosses and populatb@erosses to inbred testers. Mean
grain yield of population topcrosses was signiftbahigher than those of population
crosses and the checksRak 0.05 and® < 0.01, respectively. However, mean grain
yield of population crosses was not significantlifedent from that of the checks.
These results showed that population topcrosses gmher mean grain yield than
population crosses and indicated high potentiaksfcross hybrids. The population
topcrosses can be also used as varieigie hybrids for the developing countries as
suggested by Shlomi and Efron (1976).

The improvement for grain yield of populations per population crosses
and population topcrosses was similar to that teddoy Lambert (1984) who found
the significant response for grain yield in popuaas per se and population crosses
due to MRRS. However, only one population testcgiswed significant increase in
grain yield. Similarly, StojSin and Kannenberg 948; 1994b) reported significant

increase for yield in both populations per se. diaand Frascaroli (1995) reported
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that one population gave a highly significant gpar cycle for populations per se.
They also showed that C2 population cross yieldgaifscantly higher than C1 and

CO population crosses, although significant dififeee between C1 and CO population
crosses was not found. The response for graid gigbopulation crosses and population

testcrosses were also found by Menz Rademachér(2089).

Table4.14 Mean grain yield of CO, C1 and C2 populations caexgbavith Suwan5(S)C4
(population check) from data combined over two fmee in the 2005

early rainy season.

Entry Grain yield Relativeto CO Relative to check
kg ha' %
ACO 5,938 100.0 90.9
AC1 6,349 106.9 97.2
AC2 6,625 111.6 101.4
BCO 6,545 100.0 100.2
BC1 6,197 94.7 94.9
BC2 6,477 99.0 99.2
ACO x BCO 7,029 100.0 107.6
AC1x BC1 7,093 100.9 108.6
AC2x BC2 7,200 102.4 110.2
ACO x Ki 47 7,279 100.0 111.4
AC1x Ki 47 8,007 110.0 122.6
AC2 x Ki 47 7,165 98.4 109.7
BCOx Ki 46 7,589 100.0 116.2
BC1x Ki 46 7,937 104.6 121.5
BC2x Ki 46 8,150 107.4 124.8
Suwan5(S)C4 (Check) 6,532 - 100.0
LSD 0.05 726.47 - -

LSD 0.01 979.07 - -
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4.1.6 Evaluation of CO, C1 and C2 populations per se and their population
crosses according to Gardner-Eberhart Analysis|l and Analysisil|
Combined analyses of variance
Data for CO, C1 and C2 populations per se and thallel crosses were
analyzed using Gardner-Eberhart Analysis Il andlysia Il to obtain the estimates

of genetic effects including variety effects)(wariety heterosis effectsi{haverage

heterosis E) and gca and sca effects.

Table 4.15 shows mean squares from combined asabfssariance for 10
traits from six populations per se and their 13leli@rosses using Gardner-Eberhart
Analysis Il and Analysis Ill. Varieties from Anaig 1l were not significant for all
traits. The partitioning of heterosis showed #@ecific heterosis was significant for
grain yield, days to 50% anthesis and silking, le@ght and grain moisture, while
mean squares for gca were not significant for raits. Thus, variation among the
crosses for grain yield was due mainly to nonadeligffects. Mean squares of sca
were higher than those of gca for grain yield, dey$0% silking, ear height, root
lodging and foliar diseases. The ratio of scagfeavn in Tables 4.6 and 4.15 indicated
that sca effects were important for grain yieldysdéo 50% silking, ear height and
foliar diseases.

Estimates of variety effects

Estimates of variety effects;\Wrom Gardner-Eberhart Analysis Il for 10
traits are shown in Table 4.16. For grain yield;2Aand BC2 populations gave
positive variety effects which were higher thansta@f ACO and AC1, and BCO and
BC1, respectively. AC1 gave negative variety dffdaut it was still higher than that

of ACO, whereas BC1 gave negative variety effentsiawas lower than that of BCO.



Table4.15 Mean squares from Gardner-Eberhart Analysis IlAandlysis 11l of 10 traits from six populations pgz and their 15 diallel

crosses, from data combined over two locationken2005 early rainy season.

Daysto 50% Height Lodging Foliar Grain Grain
Sour ce of variation df Grainyield Ant. Silk. Plant Ear Stalk Root dis. moist. shell.
kg ha® % (1-5) %
Gardner-Eberhart Analysis Il
Varieties 5 645144.58 2.26 2.12 504.39 59.64 91.84 0.37 0.13 3.02 4.62
Heterosis 15 1095644.68 * 1.14 * 1.30 * 135.48 143.71 ** 23.61 0.13 0.07 1.11 2.44
Average heterosis 1 6003727.55 0.04 0.42 700.97 9679. 15.33 0.00 0.00 0.04 9.92
Variety heterosis 5 392885.87 1.12 1.12 44.31 3249 2.73% 0.14 0.06 1.88 2.17
Specific heterosis 9 940723.70 * 1.28 * 1.50 * 123.30 4592 * 13.91 0.13 0.09 0.80 * 1.75
Varietiesx L 5 837023.83 ** 2.67 ** 2,71 ** 110.63 21.85 68.25 * 0.50 * 0.06 12 ** 4.04
Heterosisx L 15 318661.04 0.39 0.52 116.58 39.09 22.56 0.17 0.06 0.64 3.80
Average heterosisL 1 743205.04 0.67 0.50 254.97 12.20 6.52 0.16 0.06 211 1707 *
Variety heterosis L 5 384702.70 0.47 0.64 119.21 56.76 40.81 0.16 0.02 1.06 2.40
Specific heterosis L 9 234799.68 0.31 0.45 99.75 32.25 14.21 0.17 0.09 0.24 3.10
Gardner-Eberhart Analysis IlI
Varieties 5 530301.53 1.96 2.25 152.36 25.08 72.78 0.39 0.16 2.22 1.50
Varieties vs. Crosses 1 6003727.55 0.04 0.42 700.97 679.9 15.33 0.00 0.00 0.04 9.92
Crosses 14 786082.71 1.33 1.32 220.81 117.75 ** 31.01 0.12 06 0. 1.47 3.01
GCA 5 507728.92 1.42 0.99 396.34 67.04 61.79 0.11 0.03 .68 2 5.29
SCA 9 940723.70 * 1.28 * 1.50 * 123.30 145.92 * 13.91 0.13 0.09 080 1.75
Varietiesx L 5 333829.19 2.05* 229 * 116.01 54.82 50.12 0.31 0.02 1.21 6 3.7
(Varieties vs. Crosses)L 1 743205.04 0.67 0.50 25497 12.20 6.52 0.16 0.06 2.11 1707 *
Crossex L 14 468048.84 * 0.59 0.67 104.78 29.23 30.18 0.23 0.07 0.87 529
GCAx L 5 887897.34 ** 1.09 1.05 113.83 23.80 58.94 0.35 0.05 1.99 ** .682
SCAx L 9 234799.68 0.31 0.45 99.75 32.25 14.21 0.17 0.09 0.24 3.10
SCA : GCA 1.85 0.90 1.51 0.31 2.18 0.23 1.16 3.07 0.30 0.33

* ** Significant at the 0.05 and 0.01 probabiligvels, respectively.

.8
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The results corresponded with the means of the lpbpns per se shown in Table

4.14. This indicated that the improved populatishewed the improvement of grain

yield, especially AC2. AC2 also gave negative etyreffects for ear height and foliar

diseases which were lower than those of ACO, irtsigathe lower ear height and

foliar diseases score of AC2. BC2 also gave negafariety effects for root lodging

and foliar diseases, and gave positive varietycefféor grain shelling, indicating the

lower root lodging and foliar diseases score amhdr grain shelling percentage of

BC2 than BCO.

Table4.16 Estimates of variety effectsjjirom Gardner-Eberhart Analysis Il of 10

traits from six populations per se and their 18leli@rosses, from data

combined over two locations in the 2005 early raagson.

Vi

Populations Grain Days to 50% Height L odging Foliar Grain  Grain
yield Ant. Silk. Plant Ear Stalk Root dis. moist. shell.
kg ha® d cm % (1-5) %
ACO -469.62 -0.69 -0.75 2.89 241 6.15* -0.11 0.26 * -0.16 4D.
AC1 -91.27 0.14 0.25 -0.19 -2.86 -3.14 0.22 -0.07 -0.03 -0.85
AC2 374.88 0.64 0.75 4.61 -0.39 1.23 0.14 -0.15 1.07 0.13
BCO 129.07 -0.19 -0.42 -8.28 -0.49 -2.74 0.22 0.01 -0.24 503
BC1 -136.20 -0.53 -0.42 -3.28 -1.02 0.43 -0.03 0.10 -0.77 004
BC2 193.13 0.64 0.58 4.26 2.34 -1.94 -0.44 -0.15 0.13 0.25
SET 313.04 1.19 1.09 6.56 5.27 2.63 0.29 0.09 0.87 0.61

t Standard error.

* ** Significant at the 0.05 and 0.01 probabiligvels, respectively.

Estimates of variety heterosis effects and average heterosis

Table 4.17 shows estimates of variety heterodecisf (h) and average

heterosis E) of 10 traits according to Gardner-Eberhart Aniglys For grain yield,

AC2 gave negative variety heterosis effects andas lower than those of ACO and
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AC1. AC1 also gave negative variety heterosisoeff@and it was lower than that of
ACO. However, BC2 gave positive variety heteradiects and it was higher than
that of BCO but was lower than that of BC1. Thsuits indicated that AC1 and AC2
contributed less than the average to the overakrbgis, while BC1 and BC2

contributed more than the average. In contraghéobase populations, ACO gave
positive variety heterosis effects, whereas BC(egagative variety heterosis effects.
The average heterosis for grain yield was posiéind highly significant, indicating

dominance of favorable alleles for grain yield.

Table4.17 Estimates of variety heterosis effecty @nd average heterosiE)(from
Gardner-Eberhart Analysis Il of 10 traits from pipulations per se and
their 15 diallel crosses, from data combined over tocations in the

2005 early rainy season.

Populations Grain Daysto 50% Height Lodging Foliar Grain  Grain
yield Ant. Silk. Plant Ear Stalk Root dis. moist. shell.
kg ha® d cm % (1-5) %
ACO 84.89 0.22 0.32 -0.82 -0.89 -0.62 -0.03 -0.10 -0.50 -0.05
AC1 -2.30 -0.24 -0.26 1.99 2.64 2.58 -0.11 0.03 -0.02 0.00
AC2 -302.63 -0.19 -0.26 0.44 -0.69 -2.41 -0.07 0.05 -0.36 770.
BCO -102.60 -0.24 -0.10 -1.98 -1.77 1.85 0.01 -0.06 0.01 0.35
BC1 195.46 0.51 0.44 -2.01 -0.62 -1.22 -0.01 -0.01 0.54 0.04
BC2 127.18 -0.07 -0.14 2.38 1.33 -0.19 0.20 0.09 0.33 0.43

=

483.20 **  0.04 0.13 5.22 5.14 0.77 0.01 0.00 0.04 0.62

SEt for h 221.35 0.84 0.77 4.64 3.73 1.86 0.21 0.06 0.62 0.43
SE for h 165.64 0.63 0.58 3.47 2.79 1.39 0.15 0.05 0.46 0.32

t Standard error.
** Significant at the 0.01 probability level.

Estimates of gca and sca effects

Estimates of gca and sca effects from GardnerHaoeAnalysis |1l of 10
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traits are shown in Table 4.18. For grain yiel€G22Agave negative gca effects which
was higher than that of ACO but lower than thafGfL, while BC2 gave positive gca
effects which was higher than those of BCO and BThe results indicated that AC1
and AC2, and BC1 and BC2 had higher frequency \adrible alleles for grain yield
than ACO and BCO, respectively. Also, the resuiticated that the MRRS with use
of inbred lines as testers was effective in impngwyca effects for grain yield of the
populations per se, especially for populations of @milar results were reported by
Zambezi et al. (1986) who compared estimates okffeats obtained by using inbred
lines and broad-base populations as testers. Tidwnd that inbred testers were as
effective as broad-base populations for the impreamt of gca as well as sca in
maize. AC2 also showed the improvement for goacesffor ear height, stalk lodging
percentage and foliar diseases score, while BGRshlswed the improvement for gca
effects for stalk lodging percentage, root lodgaegre and grain shelling percentage.
Estimates of sca effects for grain yield showed #ilapopulation crosses of A B
gave positive sca effects except the ACBC2 cross. In addition, BCOBCL1 cross
gave the highest positive sca effects. The resniated good combining ability
between A and B populations and signified the paakof interpopulation hybrids.

BCO x BC1 also gave significantly negative sca effeotddliar diseases & < 0.05.
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Table4.18 Estimates of gca and sca effects from Gardner-EBoeAnalysis Il of

10 traits of six populations per se and their 1dleli crosses, from data

combined over two locations in the 2005 early raagson.

Traits Populations ACO AC1 AC2 BCO BC1 BC2 GCA effects
SCA effects
Grain yield ACO -280.42 -321.15 257.50 390.42 -46.36 -029.
(kg ha) AC1 -434.67 232.47 166.49 316.14 -47.93
AC2 138.12 341.33 276.37 -115.19
BCO 490.09 -138.00 -38.07
BC1 -408.15 127.36
BC2 223.75
SET (gca effects) 156.52
SE (sca effects) 265.62
Days ACO -0.11 0.77 -0.28 0.14 -0.53 -0.13
to 50% AC1 0.14 0.10 -0.15 0.02 -0.17
anthesis AC2 -0.03 -0.44 -0.44 0.13
(d) BCO 0.15 0.35 -0.33
BC1 0.60 0.25
BC2 0.25
SE (gca effects) 0.59
SE (sca effects) 1.01
Days ACO -0.18 0.90 -0.18 -0.06 -0.48 -0.06
to 50% AC1 0.32 0.07 -0.14 -0.06 -0.14
silking AC2 -0.35 -0.39 -0.48 0.11
(d) BCO -0.03 0.44 -0.31
BC1 0.57 0.24
BC2 0.15
SE (gca effects) 0.55
SE (sca effects) 0.93
Plant ACO -4.55 -3.45 5.37 -1.62 4.26 0.62
height AC1 -2.44 141 4.15 1.43 1.90
(cm) AC2 -0.04 5.94 -0.01 2.74
BCO 4.76 -1.97 -6.12
BC1 -3.71 -3.65
BC2 451
SE (gca effects) 3.28
SE (sca effects) 5.56
Ear ACO -2.59 -5.86 5.52 -1.16 4.08 0.31
height AC1 -3.25 1.32 0.61 3.90 1.21
(cm) AC2 1.86 7.05 0.19 -0.88
BCO 3.52 -5.19 -2.01
BC1 -2.99 -1.13
BC2 251
SE (gca effects) 2.64
SE (sca effects) 4.47
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Traits Populations ACO AC1 AC2 BCO BC1 BC2 GCA effects
SCA effects
Stalk ACO 1.74 -2.17 0.69 0.19 -0.45 2.46
lodging AC1 0.05 -2.23 1.24 -0.80 1.01
(%) AC2 1.77 -0.71 1.06 -1.80
BCO 0.57 0.34 0.48
BC1 -0.15 -1.00
BC2 -1.15
SE (gca effects) 1.31
SE (sca effects) 2.23
Root ACO -0.03 -0.12 -0.08 0.15 0.07 -0.08
lodging AC1 0.05 0.01 -0.10 0.07 0.00
(1-5) AC2 -0.08 -0.01 0.15 0.00
BCO -0.20 -0.05 0.13
BC1 -0.24 -0.02
BC2 -0.02
SE (gca effects) 0.15
SE (sca effects) 0.25
Foliar ACO -0.02 0.00 -0.14 0.03 0.13 0.03
diseases AC1 0.13 -0.02 -0.02 -0.08 -0.01
(1-5) AC2 -0.08 -0.08 0.03 -0.03
BCO -0.19 * 0.05 -0.05
BC1 -0.12 0.03
BC2 0.01
SE (gca effects) 0.05
SE (sca effects) 0.08
Grain ACO -0.36 0.05 0.31 0.43 -0.43 -0.58
moisture AC1 -0.04 0.11 0.01 0.28 -0.03
(%) AC2 -0.23 0.24 -0.02 0.17
BCO 0.52 0.33 -0.11
BC1 -0.17 0.16
BC2 0.39
SE (gca effects) 0.44
SE (sca effects) 0.74
Grain ACO 0.80 -0.35 -0.19 -0.22 -0.04 0.15
shelling AC1 -0.71 -0.42 0.06 0.27 -0.43
(%) AC2 0.24 0.34 0.49 -0.70 *
BCO -0.46 -0.09 0.18
BC1 -0.63 0.25
BC2 0.56
SE (gca effects) 0.30
SE (sca effects) 0.52

t Standard error.

* Significant at the 0.05 probability level.
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4.2 Hybrid development

The results of each cycle of selection were duvioo two parts, i.e., (1) yield
evaluation for all hybrids developed from each eyamhd (2) estimation of components
of genetic variances and gca and sca effects fl@dnriterpopulation hybrids developed
from each cycle according to Design Il. The l@dreollected were grain yield, days
to 50% anthesis and silking, plant and ear heigtdsk and root lodging, foliar diseases,
grain moisture and grain shelling. Data for otbigrtraits, including seedling vigor,
husk cover, plant and ear aspects, rotten eargansdplant’, are shown in Appendix
Tables 1C-11C. For rating score of corn borerst#gon and degree of leaf angle are
shown in Appendix Tables 6C-11C.

Cycle O
4.2.1 Yield evaluation for all CO hybrids

Combined analyses of variance

Twenty-five CO-3 lines each, which corresponded to the 25 top-gisid
of CO-§ testcrosses and the lines used for recombinatidorin C1 populations, were
crossed with inbred tester (25 ACQ-8Ki 47 and 25 BCO-5x Ki 46) to produce a
total of 50 CO testcross hybrids. Ten CplBes each, which corresponded to the 10
top-yielders of CO-Stestcrosses and were included in the lines usegdéombination,
were crossed between groups in a factorial manb@rACO-S x 10 BCO-9) to
produce 100 CO interpopulation hybrids. The 15Ch@ifrids and six hybrids, including
KSX 4451, KSX 4453, BIG 949, PIONEER 30A30, KSX 24&uwan 4452) and
Suwan 3851, were evaluated at two locations in20@2 late rainy season using a
12 x 13 simple rectangular lattice design. The obyecbf the experiments was to

evaluate yield potential of CO hybrids developeauhfrthe selected 25 CO lines.
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Mean squares from combined analyses of variancEdfaits of the CO
hybrids are shown in Table 4.19. Highly significdifferences® < 0.01) were detected
among locations for all traits. Grain yield wagliy significant for both of CO-S
testcross hybrids and CQ-Bterpopulation hybrids. The comparisons betw&€g-S,
testcross hybrids vs. BCQ-&stcross hybrids were highly significant for gland ear
heights, grain moisture and grain shelling, andi@ant (P < 0.05) for grain yield.
The CO0-3 testcross hybrids vs. CQ-$iterpopulation hybrids was highly significant
for grain yield, days to 50% anthesis and silkplgnt height and stalk and root lodging,
and significant for foliar diseases. The comparssbetween CO hybrids vs. checks
showed a highly significant difference for root ¢aly, and significant differences for
stalk lodging and grain moisture. However, no sigant differences were detected
for all traits evaluated for interaction of treatmeewith locations.

Means of hybrids

Mean grain yield of the top 10 CO hybrids was 2,kg ha' or 122.2% of
the hybrid check, Suwan 3851 (Table 4.20). Meamngyield of the top 10 ACO
testcross hybrids, the top 10 BCO testcross hylanksthe top 10 CO interpopulation
hybrids were 6,984 kg hg 6,737 kg hd and 6,756 kg ha, or 119.5%, 115.3% and
115.6% of the check, respectively. No significdifiterences were detected between
mean grain yield of the top 10 ACO testcross hydride top 10 BCO testcross hybrids,
the top 10 CO interpopulation hybrids and the sirid checks.

Means of 10 traits of the top 10 CO hybrids offegcoup are shown in
Table 4.21. The top 10 yielding CO hybrids inclddize ACO testcross hybrids, two
BCO testcross hybrids and three CO interpopuldtigorids. The top 10 CO hybrids
showed that the testcross hybrids were predomieapgcially testcross hybrids from

ACO-S§, x Ki 47, indicating that superior lines developashirthe improved populations



Table 4.19 Mean squares from

rainy season.

analyses of variance of 10 toiG0 hybrids from data combined over two locasiam the 2002 late

Days to 50% Height Lodging Foliar Grain Grain
Source of variation df Grain yield Ant. Silk. Plant Ear Stalk Root dis. moist. shell.
kg ha’ d cm % (1-5) %
Locations (L) 503479238.55 ** 1447.39 ** 1163.48 ** 113210 ** 9538.32 **  62.07 ** 10.14 ** 22.62 ** 118.29 ** 735.31*
Treatments (T) 894880.60 ** 2.48 ** 3.22 ** 167.11 *  1PP ** 7.82 * 0.19 * 0.06 * 5.12 ** 9.67 **
CO0 hybrids 149 881538.64 ** 2.43 ** 3.15 ** 156.42 ** 118D ** 7.96 0.19 *  0.06 ** 4.45 ** 9.77 **
C0-g TCHsT 49 734505.74 ** 1.30 ** 1.57 ** 172.01 **  155.17 ** 2.78 0.11 o4 5.75 ** 6.59 **
ACO-3TCHs 24 744463.41 ** 1.35 ** 1.11 ** 88.38 * 95.71 ** 3.12 0.12 0.03 15 5.80 **
BCO-$TCHs 24 687824.12 ** 1.31 * 2.10 ** 123.73 ** 56.53 ** 2.49 0.10 050 5.09 ** 4.72 **
ACO0-3TCHs vs. BCO-3TCHs 1 1615880.80 * 0.12 0.09 3338.07 ** 3949.51 ** 1.79 0.01 0.02 08D7 ** 70.17 **
CO0-g IPHst 99 704326.22 ** 2.31 * 2.55 ** 129.99 ** 90.07 *  10.14 ** 0.2®* 0.07 ** 3.85 **  11.43 **
C0-3 TCHs vs. CO-gIPHs 1 25630180.12 ** 69.29 **  138.64 ** 2009.52 ** 3.37 45,95 ** @9 ** (25 * 0.05 1.00
Checks 5 829785.74 1.65 3.24 72.89 * 118.17 ** 121 0.16  040. 9.26 ** 8.04 *
CO0 hybrids vs. Checks 1 3208307.37 14.28 13.63 2B29.9 12547 19.35 * 0.37 * 0.15 84.57 * 3.42
TxL 281303.52 0.35 0.41 46.18 18.23 571 0.08 0.04 1.49 1.27
CO0 hybridsx L 149 282146.14 0.33 0.39 46.50 18.19 5.90 0.08 0.04 1.52 1.26
Checks L 5 291522.03 0.67 0.87 9.86 9.50 121 0.09 0.08 0.75 1.40
(CO hybrids vs. Checks)L 1 104661.29 0.90 0.38 180.00 67.38 0.06 0.00 0.06 0.19 2.70
Pooled error 245595.50 0.49 0.62 52.12 26.88 8.93 0.12 .05 0 1.92 1.49
CV (%) 8.99 1.04 112 3.15 3.97 135.94 15.48 6.40 4.73 142

t TCHs = testcross hybrids.
¥ IPHs = interpopulation hybrids.

* ** Significant at the 0.05 and 0.01 probabiligvels, respectively.

G6
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Table 4.20 Grain yield of CO hybrids compared with Suwan 3&B¢brid check)

from data combined over two locations in the 2Gfi2 rainy season.

Grain yield Relative
Entry Range Mean to check
................................. kg ha® %

Total CO hybrids 4,368-7,790 5,877 100.5
CO0 testcross hybrids (TCHs) 4,675-7,790 6,290 807

ACO-gx Ki 47 5,301-7,790 6,417 109.8

BCO-gx Ki 46 4,675-6,991 6,163 105.4

CO interpopulation hybrids (IPHs) 4,368-7,074 67%) 97.0

Top 10 CO-Zhybrids 6,873-7,790 7,144 122.2

Top 10 ACO-S TCHs 6,418-7,790 6,984 119.5

Top 10 BCO-$TCHs 6,378-6,991 6,737 115.3

Top 10 CO-3IPHs 6,437-7,074 6,756 115.6
Hybrid checks 5,845-7,618 6,404 109.6
KSX 4452 (Suwan 4452) 7,618 7,618 130.3
Suwan 3851 (Check) 5,845 5,845 100.0

of MRRS could be used immediately to produce hybviith the inbred testers if the
testers are elite lines being used in commerciafidyproduction (Horner et al., 1972;
Russell et al., 1992; Menz Rademacher et al., 19@3in yield of eight out of the

10 hybrids was significantly higher than the hylrfgeck, Suwan 3851. However, the
yield of top 10 CO hybrids was not significantlygher than Suwan 4452, a new
single-cross hybrid which had a higher yield tham&n 3851.

For other traits, the top 10 CO hybrids had sigaiitly higher means for
plant and ear heights than the checlPat 0.01. The top 10 ACO testcross hybrids
had higher means for plant and ear heights thanhtbek af < 0.01, while only mean
for plant height of the top 10 BCO testcross hybmdas higher than that of the check
(P <0.01). For the top 10 CO interpopulation hybricheans for days to 50% anthesis

and plant height were higher than those of thelchéle < 0.01.
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Table 4.21 Means of 10 traits of the top 10 CO hybrids of egadup compared with

Suwan 3851 (hybrid check) from data combined owerlbcations in the

2002 late rainy season.

Grain yield Relat. Days to 50% Height Lodging Foliar Grain Grain
Entry at 15% moist. tocheck Ant. Silk. Plant Ear Stalk Root dis. moist. shell.
kg ha® Y [ fos P— Y (<) — [y—

Top 10 CO hybrids
ACO0-5-88x Ki 47 7,790 133 56 56 223 119 1 12 31 28.11 80.57
ACO0-§-72x Ki 47 7,471 128 57 57 235 132 1 21 31 27.76 82.06
ACO0-5-96 x Ki 47 7,410 127 57 57 224 111 0 19 31 26.41 83.12
ACO0-S;-180x Ki 47 7,105 122 56 57 206 111 0 19 3.0 27.63 80.93
ACO0-5-159x BC0-5-250 7,074 121 57 57 229 115 1 19 34 26.28 81.75
BCO0-$-90x Ki 46 6,991 120 56 56 221 110 4 22 33 26.70 80.33
ACO0-5,-228x Ki 47 6,927 119 56 56 221 111 3 1.8 32 26.09 81.94
ACO0-5,-204x BCO-§-47 6,923 118 56 57 225 111 3 20 3.2 2556 78.99
ACO0-S-159x BCO-S-47 6,878 118 56 57 222 107 12 13 3.2 27.37 80.40
BC0-5-296x Ki 46 6,873 118 57 58 217 103 0 16 31 2569 80.01

Mean 7,144 122 56 57 222 113 2 18 32 26.76 81.01
Top 10 ACO testcross hybrids
ACO0-5-88x Ki 47 7,790 133 56 56 223 119 1 12 31 28.11 80.57
ACO0-§-72x Ki 47 7,471 128 57 57 235 132 1 21 31 27.76 82.06
ACO0-5-96 x Ki 47 7,410 127 57 57 224 111 0 19 31 26.41 83.12
ACO0-S;-180x Ki 47 7,105 122 56 57 206 111 0 19 3.0 27.63 80.93
ACO0-5,-228x Ki 47 6,927 119 56 56 221 111 3 1.8 32 26.09 81.94
ACO0-$-159x Ki 47 6,760 116 56 56 218 115 0 15 2.8 2838 7891
ACO0-5-86 x Ki 47 6,666 114 55 56 213 107 2 1.8 32 26.84 81.85
ACO0-$-136x Ki 47 6,652 114 56 57 222 113 3 21 33 2506 82.25
ACO0-S-14x Ki 47 6,639 114 57 57 226 117 1 1.7 3.2 27.83 80.60
ACO0-§-57 x Ki 47 6,418 110 56 56 223 120 0 16 31 2811 79.33

Mean 6,984 119 56 56 221 116 1 1.8 31 2722 81.16
Top 10 BCO testcross hybrids
BCO0-$-90x Ki 46 6,991 120 56 56 221 110 4 22 33 26.70 80.33
BC0-5-296x Ki 46 6,873 118 57 58 217 103 0 16 31 2569 80.01
BCO0-$-250x Ki 46 6,870 118 57 57 209 108 1 20 33 2411 81.12
BC0-5-184x Ki 46 6,828 117 56 56 201 95 0 15 3.1 2496 80.88
BCO-S-71x Ki 46 6,805 116 55 55 205 105 0 20 29 27.34 78.44
BCO0-$-140x Ki 46 6,775 116 57 58 211 103 0 15 29 2583 79.47
BCO0-S-115x Ki 46 6,681 114 57 57 216 109 0 1.6 3.2 2449 75.07
BCO0-$-47 x Ki 46 6,646 114 56 58 207 103 3 1.8 3.3 24.45 78.56
BCO0-S-186x Ki 46 6,521 112 56 57 211 98 2 21 3.1 23.96 80.97
BCO0-$-49x Ki 46 6,378 109 57 56 215 109 2 15 32 2761 76.95

Mean 6,737 115 56 57 211 104 1 1.8 31 2551 79.18
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Table 4.21 (continued)

Grain yield Relat. Days to 50% Height Lodging Foliar Grain Grain
Entry at 15% moist. tocheck Ant. Silk. Plant Ear Stalk Root dis. moist. shell.
kg ha® L S I fos P— S ) Y 7 S—
Top 10 CO interpopulation hybrids
ACO0-5-159x BCO-§-250 7,074 121 57 57 229 115 1 19 34 26.28 81.75
ACO0-5,-204x BCO-§-47 6,923 118 56 57 225 111 3 20 3.2 2556 78.99

ACO0-5,-159x BCO-$-47 6,878 118 56 57 222 107 12 1.3 3.2 27.37 80.40
ACO0-S,-159x BC0-5,-296 6,864 117 56 56 220 110 1 15 29 2785 81.11
ACO0-5,-159x BC0-$-90 6,803 116 57 57 230 115 1 1.8 3.2 27.22 82.44
ACO0-S-146x BC0-5-184 6,734 115 57 58 218 101 0 19 31 23.88 83.16
ACO0-5,-159x BC0-$-140 6,725 115 57 58 224 113 1 1.7 27 26.60 81.67
ACO0-S-159x BC0-5-184 6,648 114 57 57 213 100 0 1.6 29 2599 82.76
ACO0-5-4 x BC0-§-250 6,474 111 57 57 211 106 1 20 3.6 24,95 81.25
ACO0-S,-146x BC0-5,-296 6,437 110 57 58 225 113 3 1.7 31 2531 79.92
Mean 6,756 116 57 57 222 109 2 1.7 3.1 26.10 81.34
Hybrid checks
KSX 4451 6,090 104 55 56 208 111 1 20 3.1 29,53 78.80
KSX 4453 6,477 111 56 57 206 106 0 19 31 26.49 77.94
BIG 949 5,975 102 56 57 204 96 0 1.6 29 3190 80.62
PIONEER 30A30 6,419 110 54 54 197 97 0 1.3 3.1 27.08 83.47
KSX 4452 (Suwan 4452) 7,618 130 56 57 206 115 0 1.5 29 288627
Suwan 3851 (Check) 5,845 100 55 56 193 101 2 1.9 3.2 26.42079.
Mean 6,404 110 55 56 202 104 1 1.7 3.1 2840 80.22
LSD 0.05 1,047.70 116 1.26 13.42 843 4.72 057 040 24123 2.
LSD 0.01 1,383.20 153 166 17.72 11.13 6.23 0.76 0.53 3.1894 2

4.2.2 Analyses for genetic variances and gca andaseffects from 100 CO

interpopulation hybrids according to Design Il

Combined analyses of variance

Data of 100 CO interpopulation hybrids (10 AC0>510 BCO0-3) were
analyzed according to Design Il to obtain estimafesomponents of genetic variances
and gca and sca effects.

Mean squares from combined analyses of variandd dfaits of 100 CO
interpopulation hybrids are shown in Table 4.22r §rain yield, general combining

ability (gca) effects for females (A) and males (B3re not significantly different,
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while specific combining ability (sca) effects whaghly significant, indicating that
sca was important for this trait. Interaction alagof both females and males with
locations were highly significant, but interactiohsca with locations was not. Mean
squares for gca for female lines were highly sigaiit for days to 50% anthesis and
silking, ear height and grain shelling, and sigmafit for plant height, while those of
gca for male lines were highly significant for dags50% anthesis and grain shelling,
and significant for ear height and root lodging.ea squares for sca showed highly
significant differences for days to 50% silking,r deeight and grain shelling, and
significant differences for days to 50% anthesianpheight and foliar diseases. The
data indicated that female (ACO) was more importaah male (BCO) in contributing
genetic variation of gca for many traits, such agsdto 50% anthesis and silking,
plant and ear heights and grain shelling. In @olditsca was also important for the
expression of many traits such as days to 50% siathad silking, plant and ear heights,
foliar diseases and grain shelling. Interactiorgod with locations was significant,
while no significant differences were observed dbrtraits evaluated for interaction
of sca with locations.

Estimates of components of genetic variances

Estimates of components of genetic variances oftralis of 100 CO

interpopulation hybrids are shown in Table 4.2%r §rain yield, variance for gca for
females ¢7) was greater than that for males’() indicating that the higher additive

gene effect was provided by female parents. Fersme trait, variance for gca for

females was about 1.53 and 2.20 times greatendugances for gca for males and for
sca (62,), showing that in the base populations, additieregeffect was predominant

especially in ACO population. In terms of genetaciances, it was found that in the



Table 4.22 Mean squares from analyses of variance of 10 w&it®0 CO interpopulation hybrids from data congdirover two locations

in the 2002 late rainy season.

Days to 50% Height Lodging Foliar Grain Grain
Source of variation df Grain yield Ant. Silk. Plant Ear Stalk Root dis. moist. shell.
kg ha® d cm % (1-5) %

Locations (L) 1 710929707.68 1693.32 1421.29 156183.04 5483317 81.31 14.44 26.52 122.14 914.19
Replications/L 2 787828.67 3.36 3.38 573.21 1022.27 7.36 510. 0.11 11.44 28.43
Varieties (V) 99 1375993.69 4.96 5.45 264.64 204.54 21.06 410 0.16 7.77 23.23

Females (A) 9 6234780.45 38.19 ** 35.36 ** 1303.63 * a®**  50.81 1.43 0.29 36.07 104.56 **

Males (B) 9 4237459.92 5.90 ** 6.21 852.91 800.20 * 50.41 1.68 * 0.86 22.12 114.46 **

AxB 81 518187.80 ** 1.17 * 2.04 ** 83.84 * 61.06 ** 14.50 0.15 0.07 * 3.03 4.06 **
LxV 99 590733.42 0.84 111 93.63 56.84 16.16 0.23 0.09 3.79 2.49

LxA 9 2052045.95 ** 1.59 * 2.40 ** 328.52 ** 261.79 * 2475 0.55** 0.24 ** 10.31 ** 3.56

LxB 9 1892008.45 ** 0.63 2.04 * 219.68 ** 67.87 * 35.31* 0.26 0.37 9.42 ** 7.61 **

L x (AB) 81 283779.24 0.78 0.86 53.53 32.84 13.08 0.19 0.05 2.44 1.80
Pooled error 198 259053.96 0.61 0.83 69.52 43.20 12.17 0.15 0.07 2.07 1.46

* ** Significant at the 0.05 and 0.01 probabiligvels, respectively.

00T
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base populations, ratio ef2/c5 was about 0.27. For other traits, variance fa gc
for females was greater than variance for gca falemand sca except root lodging,

foliar diseases and grain shelling.

Table 4.23 Estimates of components of genetic variances otrdils of 100 CO

interpopulation hybrids from data combined over tlwoations in the

2002 late rainy season.

Grain Days to 50% Height Lodging Foliar Grain  Grain
Variance yield Ant. Silk. Plant Ear Stalk  Root dis. moist.  shell.

kg ha® d cm % (1-5) %
of 142914.82 0.93 0.83 30.49 20.98 0.91 0.03 0.01 0.83 2.51
o 92981.80 0.12 0.10 19.23 18.48 0.90 0.04 0.02 0.48 2.76
i 64783.46 0.14 0.30 3.58 4.46 0.58 0.00 0.00 0.24 0.65
oA 235896.62 1.04 0.94 49.72 39.46 1.81 0.07 0.03 1.30 5.27
o3 64783.46 0.14 0.30 3.58 4.46 0.58 0.00 0.00 0.24 0.65
o3loh 0.27 0.13 0.32 0.07 0.11 0.32 0.00 0.02 0.18 0.12

Estimates of gca and sca effects

Table 4.24 presents the estimates of gca andffexdseof 10 traits of 100
CO interpopulation hybrids. For grain yield, thi@é female lines (A7, A4 and A6)
gave significantly positive gca effectsRak 0.01. In the group of CO male lines, two
lines (B2 and B9) and three lines (B8, B10 and g4ye significantly positive gca
effects atP < 0.01 and® < 0.05, respectively. Among 100 CO interpopulatiybrids,
two hybrids (A8x B2 and Alx B9) and four hybrids (A4 B3, A8x B5, A6 x B8 and
A5 x B9) gave significantly positive sca effectdat 0.01 and® < 0.05, respectively.

In addition, the CO lines and hybrids also gageicant gca and sca effects,
respectively, for other traits. A7 line gave sfgiaintly negative gca effects for days
to 50% anthesis and silking « 0.01; Table 4.24) and root lodging € 0.01), and

significantly positive gca effects for grain shadji® < 0.01). A4 line gave significantly
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negative gca effects for ear height< 0.01), and significantly positive gca effects fo
grain shelling P < 0.01). A6 line gave significantly negative geifects for grain
moisture P < 0.01).

B2 line gave significantly negative gca effectsdays to 50% anthesi® (
< 0.01; Table 4.24). B9 line gave significantlygagve gca effects for grain moisture
(P < 0.01), and significantly positive gca effects ¢pain shelling < 0.01). B8 line
gave significantly negative gca effects for plamt @ar heightsH < 0.01), stalk lodging
(P < 0.01) and foliar diseaseP & 0.01), and significantly positive gca effects fo
grain shelling P < 0.01). B10 line gave significantly negative gttects for days to
50% anthesis and silkindg? (< 0.05), ear height}(< 0.05) and stalk and root lodging
(P < 0.05), and significantly positive gca effects gpain shelling® < 0.01). B4 line
gave significantly positive gca effects for graieing (P < 0.01).

Al x B9 gave significantly negative sca effects forgday 50% silking P
< 0.05; Table 4.24), and significantly positive gffects for grain shelling(< 0.01).
A6 x B8 gave significantly positive sca effects forigrshelling f < 0.05).

From the results, A& B2 or AC0-S-204 x BC0-S-47 was the one
included in the top 10 CO hybrids and yielded highan the check, Suwan 3831 <
0.05). It had higher plant and ear heights thandeck aP < 0.01 andP < 0.05,
respectively (Table 4.21). A& B8 or AC0-3-146 x BC0-S-184 and Alx B9 or
ACO0-5-4 x BC0-§-250 were included in the top 10 CO interpopulatiofrids.
A6 x B8 had more days to 50% anthesis and silking aglaeh plant height than the
check atP < 0.01, but lower grain moisturé® (< 0.05) and higher grain shelling
percentageR < 0.01). Alx B9 had more days to 50% anthe$ls<(0.01), higher plant

height P < 0.01) and higher foliar diseases scé& (.05) than the check. In addition,
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one female line (A6) and three male lines (B2, B8 B9) which were components of
the three hybrids also gave significantly posityea effects for grain yield (Table 4.24).
Among the four lines, B8 and B9 also had high yieddich were not significantly

different from Ki 47 (Table 4.32).

Cycle 1
4.2.3 Yield evaluation for all C1 hybrids and the slected CO hybrids

Combined analyses of variance

Twenty-five C1-3 lines each, which corresponded to the 25 top-grslof
C1-S testcrosses and the lines used for recombinabidarin C2 populations, were
crosses with inbred tester (25 AC1-5Ki 47 and 25 BC1-$x Ki 46) to produce a
total of 50 C1 testcross hybrids. Ten GlliSes each, which corresponded to the 10
top-yielders of C1-Stestcrosses and were included in the lines ugecéombination,
were crossed between groups in a factorial mard®eAC1-S x 10 BC1-3) to produce
100 C1 interpopulation hybrids. For CO hybrid® tbp 10 ACO testcross hybrids, the
top 10 BCO testcross hybrids and the top 10 COpofaulation hybrids were selected
and reproduced in the same generation as the Qidhylwhile the top 10 CO hybrids
were also produced ingQeneration. The 150 C1 hybrids, 40 CO hybrids sird
hybrids, including NK 40, PAC 999, BIG 919, DK 8885X 4601 and Suwan 4452,
were evaluated at two locations in the 2005 eailyyrseason using a 3414 simple
lattice design to evaluate yield potential of tHedhd selected CO hybrids.

Mean squares from combined analyses of variancdfaits of the CO
and C1 hybrids are shown in Table 4.25. Highly#igant differences were detected

among locations for all traits, except for graireking which was not significant.



Table 4.24 Estimates of gca and sca effects of 10 traits 6f@0 interpopulation hybrids from data combinedrdwe locations in the

2002 late rainy season.

Traits Femalest Malest GCA effects
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 of females
SCA effects
Grain Al 192.84 -426.75 -121.12 -14.54 -106.51 -131.86 2:20 -163.30 816.10 ** 157.14 -328.48 **
yield A2 -248.16 42.30 150.19 -105.77 241.77 335.81 132.19 48585 429.13 -491.62 -72.59
(kgheh) A3 72.15 -60.42 41.98 97.93 -151.35 -59.83 -131.20 495.12 27.68 * 423.25 -37.37
A4 151.41 -329.67 564.98 * -3.66 -88.40 138.16 64.85 38.18 4087 * 105.02 422.78 **
A5 13.63 -369.17 -289.54 284.16 -174.73 287.99 310.54 6386. 513.54 * -289.73 -597.26 **
A6 116.42 -277.52 104.82 -663.85 * 117.38 -115.94 422.46 .HB20 -293.78 69.90 386.10 **
A7 -213.66 -14.54 -363.96 136.45 -43.57 -239.93 326.18 3B6. 313.52 185.88 714.92 **
A8 78.96 922.83 *  -301.06 -254.80 543.11 * -40.64 -107.38 175 -1046.24 ** 57.48 -76.37
A9 -29.38 482.20 269.93 142.64 -293.03 -159.02 -494.19 50 407.31 134.28 -237.66 *
A10 -134.22 30.74 -56.23 381.44 -44.67 -14.73 -321.47 281.8 228.92 -351.60 -174.07 *
GCA effects -634.55 ** 376.68 **  -356.89 ** 207.24 * -93.67 -208.96 * -31.16 238.09 * 282.09 ** 221.13 *
of males
SES§ (gca effects) 80.48
SE (sca effects) 254.49
Days Al -0.72 0.85 * -0.90 * 0.53 0.15 -0.25 0.25 0.43 -0.70 .350 0.27 *
to 50% A2 1.08 * 0.40 -0.10 -0.17 0.45 0.05 -0.20 -1.02 * -0.40 -0.10 -0.03
anthesis A3 0.05 -0.62 0.38 0.05 -0.57 0.78 0.53 -0.30 0.08 .37-0 0.75 **
(d) A4 -0.07 -0.25 -0.25 -0.82 * 0.80 * 0.65 -0.85 * -0.42 0.70 .50 0.37 **
A5 -0.40 0.43 -0.07 0.10 -0.52 -0.42 0.58 0.25 -0.62 0.68 525
A6 0.78 -0.65 0.35 0.28 0.15 -0.25 -0.75 -0.32 0.80 * -0.40 2055
A7 -0.15 0.43 -0.32 0.10 -0.27 -0.42 0.08 0.50 0.38 -0.32 505
A8 0.28 -0.40 0.60 0.53 0.15 0.00 -0.25 0.18 0.05 -1.15 * 0.52 *
A9 -0.12 -0.05 0.20 -0.37 -0.25 0.35 0.85 * -0.22 -0.35 -0.05 670
Al10 -0.72 -0.15 0.10 -0.22 -0.10 -0.50 -0.25 0.93 * 0.05 0.85* 0.02
GCA effects 0.02 -0.55 ** 0.20 0.27 * -0.35 * -0.20 0.80 ** v 0.00 -0.30 *
of males
SE (gca effects) 0.12
SE (sca effects) 0.39

0T



Table 4.24 (continued)

Traits Females Males GCA effects
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 of females
SCA effects
Days Al -1.02 * 1.06 * -1.29 * 0.76 0.48 -0.57 0.34 1.36 * -1.29 0.16 0.62 **
to 50% A2 1.79 ** -0.14 0.26 0.06 0.78 -0.27 -0.62 -0.84 0.4 -0.54 0.07
silking A3 -0.47 -0.89 -0.24 0.56 -0.47 0.98 * 0.63 -0.34 0.76 -0.54 0.57 **
(d) A4 0.36 -0.57 -0.41 -0.62 0.86 0.56 -0.79 -0.02 0.59 0.03 .240
A5 -0.54 1.04 * 0.19 -0.52 -0.54 -0.59 0.56 0.34 -0.56 0.63 362¢*
A6 0.09 -0.59 0.81 -0.39 0.34 -0.22 -0.81 -0.54 1.06 * 0.26 20.0
A7 0.31 0.88 -0.22 -0.42 -0.19 -0.49 0.16 0.43 0.03 -0.52 1-0%
A8 -0.16 -0.84 0.81 0.61 0.09 0.03 -0.56 -0.04 0.81 -0.74 052
A9 0.68 0.26 -0.09 -0.54 -0.82 0.88 1.04 * -0.94 * -0.59 0.11 920**
A10 -1.04 * -0.22 0.19 0.48 -0.54 -0.34 0.06 0.59 -0.31 1.14 * .140
GCA effects 0.62 ** -0.21 -0.61 ** 0.09 -0.38 * -0.08 0.52 ** 0.24 14 -0.31 *
of males
SE (gca effects) 0.14
SE (sca effects) 0.46
Plant Al -3.03 -3.84 2.92 1.05 0.70 -0.12 1.26 3.80 -7.54 94.7 -3.91 *
height A2 -0.96 2.85 -1.51 -7.18 4.65 4.70 -5.29 5.04 0.40 712. 0.65
(cm) A3 -6.65 2.04 -2.94 8.78 * 2.51 0.79 -0.88 6.53 -8.79 * 4al. 0.96
Ad 6.45 -6.26 4.28 0.51 2.61 2.24 -1.60 -11.54 * 3.82 -0.52 643
A5 1.02 -0.61 3.48 5.33 -1.46 -0.81 3.94 2.78 -6.34 -7.35 995
A6 2.14 -4.42 0.47 -3.97 3.68 -0.19 -1.74 -1.03 5.01 0.05 8792
A7 1.40 -3.04 3.23 1.45 -3.32 -6.94 3.32 -2.23 4.61 1.52 291 *
A8 -2.72 1.72 -0.89 -8.66 * 0.19 0.81 4.20 -0.69 452 1.53 541
A9 -4.66 5.60 -7.18 0.39 -0.38 2.87 1.01 1.22 -1.30 2.44 -403
A10 7.02 5.93 -1.88 2.30 -9.19 * -3.35 -4.21 -3.88 5.61 1.65 685
GCA effects -2.56 0.88 6.49 ** 7.14 ** -0.47 -5.09 ** 0.77 AB ** 2.58 -2.56
of males
SE (gca effects) 1.32
SE (sca effects) 4.17
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Table 4.24 (continued)

Traits Females Males GCA effects
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 of females
SCA effects
Ear Al -0.16 -0.63 -0.46 1.00 2.00 -2.65 1.03 4.07 -5.44 1.24 1.85
height A2 -1.76 0.02 -5.44 -7.47 * 2.85 9.98 ** -4.07 4.42 4.09 -2.61 2.57 *
(cm) A3 0.96 1.24 -0.97 3.37 2.99 -0.43 -3.73 2.26 -5.74 0.04 231
Ad 1.91 -2.06 3.63 1.07 3.44 3.40 -1.53 -10.86 ** 4.83 -3.84 .353**
A5 1.10 -1.78 0.30 1.89 -0.59 -0.79 2.66 0.45 0.02 -3.25 -8%54
A6 3.13 -0.70 1.07 -0.84 291 -4.64 -1.49 0.10 -2.83 3.28 3*19
A7 -1.40 -3.62 6.17 -0.86 -4.37 -4.79 2.34 -0.92 3.57 3.88 790.
A8 -3.05 2.35 -6.10 -3.51 -0.77 0.56 8.51 * 4.30 0.25 -2.52 628
A9 -6.34 0.74 -1.97 1.75 -1.06 2.32 1.65 -1.71 0.13 4.49 710 *
A10 5.59 4.46 3.76 3.60 -7.40 * -2.95 -5.37 -2.09 1.11 -0.71 136+
GCA effects -1.14 -0.54 6.54 ** 6.08 ** -1.79 -0.12 1.43 29 ** 1.32 -2.54 *
of males
SE (gca effects) 1.04
SE (sca effects) 3.29
Stalk Al -0.26 -2.63 1.71 -0.07 -0.60 1.98 -0.46 0.47 -1.28 121 -0.85
lodging A2 -0.04 -1.22 -1.06 2.01 -2.85 -2.00 0.96 1.29 2.63 .280 0.12
(%) A3 -2.38 1.80 1.84 3.17 2.55 1.60 -1.95 -2.24 -2.20 -2.19 .87
Ad 0.49 -0.69 -1.75 -2.33 3.06 0.27 0.26 0.00 1.23 -0.54 -0.37
A5 1.26 -1.95 0.45 -1.80 -1.23 -1.58 2.39 1.88 0.00 0.58 -0.90
A6 -1.17 1.36 0.35 1.54 1.47 1.21 -1.27 -2.22 -1.59 0.31 184 *
A7 0.94 8.70 ** -0.67 -1.84 -2.46 -2.22 -0.44 -0.11 -1.86 0.0 -0.27
A8 -0.54 -1.18 -1.62 0.18 -1.49 1.78 0.99 -0.45 2.76 -0.41 90.6
A9 0.99 -1.95 -1.21 0.65 1.16 -0.38 -0.39 0.54 0.59 0.00 -0.91
A10 0.71 -2.25 1.95 -1.49 0.37 -0.67 -0.08 0.84 -0.28 0.90 22°F.
GCA effects -1.00 1.36 * 0.01 1.19 * 1.21 * 0.37 -0.81 -1 * 0.61 -1.20 *
of males
SE (gca effects) 0.55
SE (sca effects) 1.74
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Table 4.24 (continued)

Traits Females Males GCA effects
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 of females
SCA effects
Root Al -0.08 0.16 0.01 0.12 0.29 0.11 -0.05 -0.15 -0.28 30.1 -0.02
lodging A2 0.16 0.15 -0.13 0.24 -0.10 -0.28 -0.19 0.09 -0.04 110 -0.01
(2-5) A3 -0.17 -0.43 * 0.05 0.16 0.07 0.15 -0.14 0.26 0.14 90.0 0.32 **
Ad -0.04 -0.18 -0.08 0.03 0.45 * -0.10 -0.14 -0.12 0.01 0.16 190
A5 -0.18 0.06 0.29 -0.10 -0.32 -0.12 0.22 0.25 -0.13 0.02 0.1
A6 0.02 0.26 0.11 -0.03 -0.24 -0.04 -0.20 -0.05 0.32 -0.15 00.0
A7 0.32 -0.19 0.04 -0.10 -0.06 0.14 0.10 -0.13 -0.13 0.02 003
A8 0.24 -0.15 -0.30 -0.19 -0.28 0.17 0.14 -0.09 0.29 0.19 0.17
A9 -0.25 0.11 -0.04 0.07 -0.01 0.06 0.27 0.17 -0.08 -0.30 0.03
A10 -0.03 0.21 0.06 -0.20 0.21 -0.09 0.00 -0.23 -0.10 0.17 20:6*
GCA effects -0.35 ** -0.09 -0.06 0.20 ** 0.17 * 0.09 -0.12 .2 0.35 ** -0.17 *
of males
SE (gca effects) 0.06
SE (sca effects) 0.19
Foliar Al 0.12 -0.26 0.13 -0.07 -0.30 * 0.16 -0.09 0.04 0.17 110 -0.12 *
diseases A2 -0.15 0.11 -0.13 -0.08 -0.18 0.02 0.14 0.16 0.16 0.03- 0.02
(2-5) A3 -0.02 0.11 -0.01 0.04 0.19 -0.11 0.02 -0.10 -0.10 030. 0.02
Ad -0.04 0.08 -0.03 0.02 0.04 -0.01 0.12 -0.12 -0.12 0.07 0.04
A5 0.08 -0.17 0.09 0.02 0.04 0.12 -0.13 0.00 0.00 -0.06 0.17 **
A6 -0.16 -0.03 0.11 0.03 0.18 0.01 -0.12 0.14 -0.11 -0.04 0.03
A7 0.06 -0.07 0.07 0.12 0.14 -0.16 -0.28 * 0.11 0.11 -0.08 60.0
A8 0.11 0.11 -0.01 -0.21 -0.18 0.02 0.02 0.03 0.03 0.09 -0.11 *
A9 -0.07 -0.07 -0.18 -0.01 0.14 -0.03 0.22 0.11 -0.02 -0.08 .060
A10 0.08 0.21 -0.03 0.14 -0.08 -0.01 0.12 -0.37 * -0.12 0.07 040.
GCA effects 0.04 0.04 0.16 ** -0.02 0.08 -0.12 * -0.12 * -6.2¢ 0.25 ** -0.07
of males
SE (gca effects) 0.04
SE (sca effects) 0.13
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Table 4.24 (continued)

Traits Females Males GCA effects
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 of females
SCA effects
Grain Al -0.14 0.06 -1.00 -0.02 -0.21 -0.34 0.35 0.78 0.06 460. 0.29
moisture A2 0.55 0.97 0.65 -0.62 1.17 -0.55 0.06 -0.89 -1.08 0.26 0.80 **
(%) A3 -1.10 -0.74 -1.57 * 0.94 -0.56 -0.10 0.28 155 * 1.43 1D. -0.46 *
A4 -0.19 -0.09 -0.15 0.96 0.41 0.30 -0.55 -0.97 -0.25 0.53 330.
A5 -0.38 0.07 -0.35 0.36 -0.90 0.07 0.51 0.05 -0.24 0.80 -¥410
A6 0.32 -0.45 -0.78 -0.15 0.32 -1.08 0.20 0.08 1.04 0.51 -¥%69
A7 0.60 -0.23 3.44 ** 0.15 -0.83 -0.80 -1.28 -1.10 0.18 -0.12 .601**
A8 0.73 -0.36 0.68 -0.47 0.49 0.95 -0.52 0.67 -0.45 -1.72 * 10.3
A9 0.14 0.35 0.52 -1.12 0.81 0.45 -0.05 0.62 -0.46 -1.26 0.02
Al10 -0.53 0.43 -1.43 -0.02 -0.68 1.11 0.99 -0.81 -0.24 1.18 57G.
GCA effects 0.15 -0.04 1.14 ** -0.22 -1.12 ** 0.28 0.54 * 16. -1.23 ** 0.66 *
of males
SE (gca effects) 0.23
SE (sca effects) 0.72
Grain Al 0.85 -1.27 * -0.58 0.53 -0.85 0.85 -2.04 ** -1.50 * 48.** 1.56 * -2.61 **
shelling A2 -2.41 * 0.37 -0.22 1.50 * -2.23 ** 0.75 0.45 0.34 .99 0.46 -1.84 **
(%) A3 0.79 0.09 0.08 -0.57 1.16 -1.74 * -0.72 0.70 -0.40 0.61 750
A4 0.20 0.82 0.16 0.13 0.35 -0.62 -0.16 -0.07 -0.75 -0.05 225
A5 134 * -0.98 0.17 -0.16 0.90 0.35 -0.68 -0.53 -0.13 -0.26 181%*
A6 -0.73 0.31 -0.06 -0.89 0.35 0.92 0.34 1.44 * -1.23 * -0.44 .0e0
A7 0.21 -0.13 0.31 0.48 0.81 -0.60 1.12 -0.61 -0.95 -0.64 ¥:38
A8 -0.63 0.63 -0.78 -0.77 -0.43 0.93 0.94 1.10 -1.83 ** 0.83 .540*
A9 -0.09 0.94 0.58 0.23 -0.58 -1.86 ** 0.73 -0.39 0.52 -0.09 151%
Al10 0.47 -0.78 0.35 -0.46 0.53 1.02 0.02 -0.49 1.33 % -1.98 **  1.67 **
GCA effects -2.03 ** -0.66 ** -3.18 ** 0.98 ** 0.06 0.15 -o81* 2.42 ** 1.76 ** 0.96 **
of males
SE (gca effects) 0.19
SE (sca effects) 0.60

t A= ACO0-S,, £ B=BCO0-S,, § Standard err.
* ** Exceeds its standard error by two and thiieges, respectively.
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Grain yield was not significant for CO hybrids butvas significant for C1 hybrids.
The comparisons between AC@iBstcross hybrids vs. BCQ-stcross hybrids showed
highly significant differences for plant and eardigs, and a significant difference for
grain shelling. The COsSestcross hybrids vs. CQ-Bterpopulation hybrids was highly
significant for plant and ear heights and stallgiad, and significant for days to 50%
silking and grain moisture. The CQ-Bybrids vs. CO-Shybrids showed a highly
significant difference for grain shelling, and grsficant difference for plant height.

The comparisons between AC1-48stcross hybrids vs. BCL-&estcross
hybrids showed highly significant differences fdamt and ear heights and grain
shelling, and significant differences for stalkday, foliar diseases and grain moisture.
The C1-$ testcross hybrids vs. Ck-$iterpopulation hybrids was highly significant
for grain yield, days to 50% anthesis and silkipigint and ear heights, root lodging
and grain shelling. Only grain shelling was sigraiht for the comparisons between
CO and C1 hybrids vs. checks. Interaction of ineatts with locations was significant
only for days to 50% silking.

Means of hybrids

The comparison between mean grain yield of CO@ndybrids in each
group revealed that C1 hybrids yielded significaritigher than CO hybrids for all
hybrid groups (Table 4.26). The top 10 C1 hyb(®l$45 kg ha') had higher mean
grain yield than the top 10 CO hybrids (7,878 kg-hfor 9.7% atP < 0.01. The top
10 AC1 testcross hybrids (8,315 kg Haand the top 10 BC1 testcross hybrids (8,396
kg ha') had higher mean grain yield than the top 10 A€fcross hybrids (7,927 kg
ha') and the top 10 BCO testcross hybrids (7,674 k) far 4.9% P < 0.05) and 9.4%

(P < 0.01), respectively. Mean grain yield of thp ) C1 interpopulation hybrids



Table 4.25 Mean squares from analyses of variance of 10 tohitS0 and C1 hybrids from data combined over tacations in the

2005 early rainy season.

Days to 50% Height Lodging Foliar Grain Grain
Source of variation df Grain yield Ant. Silk. Plant Ear Stalk Root dis. moist. shell.
kg ha™ d cm % (1-5) %
Locations (L 1 78891998.3 ** 692.4f **  602.5¢ ** 113461.1 **  77478.7(*  628.17** 745 ** 941*  825.9¢ ** 0.21
Treatments (1 19t 587956.8. 2.1E ** 2.14 ** 181.4( ** 145.62 ** 15.9C * 0.28 ** 0.0t * 1.92 ** 8.71**
CO hybrid 39 422807.2 1.8:* 2.0z 151.87 ** 141.5¢ ** 23.7¢& ** 0.2¢ 0.0€ * 1.44 7.217
(0-S; TCHs1 19 463785.4 1.17 1.7C 127.37 ** 93.3( ** 14.6¢ * 0.4 * 0.0t 1.0¢ 7.2%
A(0-S; TCHs 9 470527.5 0.5¢€ 1.57 57.7¢ ** 36.6¢ * 23.0% ** 0.57 * 0.04 0.8C 4.65
B(0-S; TCHs 9 437357.3 1.7z 1.8€ 132.4¢ ** 88.87 ** 5.5¢ 0.3: 0.07 1.3 8.1z
A(0-S; TCHs vs. BCO-S; TCHs 1 640960.6: 1.7¢ 1.4C 706.3¢ ** 642.5¢ ** 20.8¢ 0.0€ 0.0z 0.47 2242 *
(0-S; IPHs1 9 275339.0 0.8¢ 1.37 70.4¢ ** 208.9: ** 50.62 ** 0.1z 0.04 1.6€ 6.4z
(0-Sg hybrids 9 539429.8. 4,24 ** 3.0t 158.4¢ ** 170.4. ** 12.0z 0.1¢ 0.11 ** 1.88* 3.3¢
(0-S; hybrids vi. CO-Sg hybrids 1 90994.6( 0.1z 0.7¢ 78.9C * 5.27 3.3¢ 0.3t 0.0z 0.7¢ 50.2% **
(0-S;3 TCHSs ve. CO-S; IPHs 1 253644.0: 2.7 6.0% * 1362.6: ** 330.0: ** 81.71* 0.11 0.0C 4.4€* 7.94
C1 hybrid 14¢ 609431.3 * 2.21 ** 2.1EF ** 162.6¢ ** 135.2¢ ** 13.7¢ 0.24* 0.04 2.0t ** 7.8 **
(1-S3 TCHs 49 575898.8. 1.44 1.31 142.5¢ ** 129.3( ** 9.91 0.21 0.0z 228 7.01**
A(1-S; TCHs 24 738088.41 * 1.3t 1.3€ 57.3¢* 33.9¢ * 15.9¢ 0.24* 0.0z 2.6 ** 4.0z *
B(1-S; TCHs 24 403859.2; 1.57 1.27 136.5¢ ** 139.2° ** 1.94 0.17 0.0z 1.74* 5.9¢€ **
A(1-S3 TCHs vs. BC1-S; TCHs 1 812298.4. 0.1¢ 1.0¢ 2329.9¢ ** 2178.1¢ ** 56.52 * 0.41 0.2 * 4.71* 103.3¢ **
(1-S; IPHs 99 588019.5 * 2.17 ** 1.7% * 128.9° ** 133.2¢ ** 15.6¢ 0.24* 0.04 1.98 ** 7.92 **
(1-S3 TCHs v C1-S3 IPHs 1 4372287.7 ** 44,97 ** 84.6¢€ ** 4487.3. ** 628.4¢ ** 8.47 1.41* 0.01 2.2t 41.57 **
Check 5 795703.11 3.5¢4 3.65 361.9¢ * 418.7. ** 8.9t 0.2¢ 0.0¢ 2.0¢ 12.2¢
CO0 and C1 hybrids vs. Che 1 2634409.3 0.81 0.0¢ 3067.2° 489.4: 3.27 0.5¢ 0.01 1.5t 105.97 *
CO hybrids vs. C1 hybri 1 743906.5! 0.04 0.04 334.6: 132.7¢ 77.4¢ 0.01 0.3t 1.3t 77.7€
TxL 19t 467970.1 1.0t 1.21* 29.61 18.5¢ 10.77 0.1€ 0.0z 0.97 2.82
CO hybridsx L 39 465218.4. 1.0z 1.4t * 17.1¢ 15.3:2 7.4¢ 0.21 0.0z 0.87 4.67
C1 hybridsx L 14¢ 422202.4 1.01 1.0€ 32.4¢ 19.62 11.6(C 0.1t 0.0z 0.9¢ 2.3C
Checksx L 5 956828.1' * 1.32 2.21* 37.9¢ 16.2¢ 9.6¢ 0.2C 0.04 1.5t 4.3C
(CO and (1 hybrids v.. Checky) x L 1 4454049.9 ** 6.75 ** 6.77 ** 70.4¢ 3.6( 3.14 0.01 0.0C 2.6¢ 0.2C
(CO hybrids v.. C1 hybrids) x L 1 964309.1! 1.0¢ 2.7¢ 5.31 7.72 29.2¢ 0.11 0.0z 2.64 3.61
Pooled errc 33¢€ 417066.5! 0.8¢ 0.8t 32.4¢ 27.2( 13.27 0.1¢ 0.04 0.97 3.3¢
CV (%) 8.8¢ 2.01 2.1z 2.2( 3.0¢ 95.8:  17.1¢ 6.52 4.8 2.0%

T TCHs = testcross hybrids, ¥ IPHs = interpopufatigbrids

* ** Significant at the 0.05 and 0.01 probabiligvels, respectivel
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(8,415 kg ha') was higher than that of the top 10 CO interpojpaehybrids (7,662
kg ha?) for 9.8% atP < 0.01. In addition, mean grain yield of eachugrof the top 10
hybrids from CO, including the top 10 CO hybridsSygeneration, were not significantly
different from each other, and the results werelamo C1.

Grain yield of nine, nine, eight and eight hybridsm the top 10 CO hybrids
in Sg generation, the top 10 ACO testcross hybridstopel0 BCO testcross hybrids
and the top 10 CO interpopulation hybrids, respebtj were not significantly different
from the hybrid check, Suwan 4452 (Table 4.27).weleer, grain yield of all hybrids
from the top 10 ACL1 testcross hybrids, the top IXlBestcross hybrids and the top
10 C1 interpopulation hybrids were not significgrdifferent from the check. Mean
grain yield of the top 10 CO hybrids was 92% of ¢theck, while that of the top 10 C1
hybrids was 101% of the check. In addition, ot@é&rhybrids which had high yield
as the check were 10 AC1 testcross hybrids, 15 8Gtcross hybrids and 65 C1
interpopulation hybrids. Means of 18 traits, graipe and colors of stalk and midrib
of the other high-yielding C1 hybrids are showAppendix Table 8C. These results
showed that grain yield of the hybrids were nohsgigantly different from the check,
because Suwan 4452 was used as hybrid check exprexriments instead of Suwan
3851 whose seed production was terminated. How&emvan 4452 had higher grain
yield than Suwan 3851 for 47.3% (Table 4.12), 27(T#ble 4.12) and 30.3% (Table
4.20), therefore, Suwan 4452 had higher grain yiletch Suwan 3851 about 34.9%.
As a result, all of the top 10 C1 hybrids also gesl significantly higher than Suwan
3851 atP < 0.01.

The top 10 yielding C1 hybrids which had high mgeid as the check,

Suwan 4452, included three AC1 testcross hybrioigy BC1 testcross hybrids and
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three C1 interpopulation hybrids (Table 4.27). Tyy@es of hybrids were similar to
that of the top 10 CO hybrids. This confirms tpatential hybrids are mostly the
crosses of the selected line with inbred testestdtess hybrids) rather than the crosses
between the selected lines (interpopulation hyprid$he potential of testcross hybrids
is probably due to the increase of sca betweetirthe and the inbred testers. Also,
the inbred testers, Ki 46 and Ki 47 were well deped and are commercial inbred
lines included in commercial hybrids (Aekatasanaetal., 2001a; 2001b). However,
among the top 10 C1 hybrids, the testcross hylmiddC1-S x Ki 46 were of larger
proportion than AC1-$x Ki 47, whereas among the top 10 CO hybrids, te&ctess
hybrids of ACO-3 x Ki 47 were of larger proportion than BCQ-& Ki 46. It was
found previously that population topcrosses yielthgher than population crosses
(Tables 4.5 and 4.14). These results signifiedrtigrovement for combining ability
of both the selected lines and populations peritetiveir inbred tester.

The comparisons between means of other traitedf @dybrid group and
the check, Suwan 4452, showed that the top 10 Gfds/had higher plant heigh® (
< 0.05) and foliar diseases scoRe< 0.05) than the check, but lower grain moisture
(P < 0.05). The top 10 C1 hybrids, the top 10 AC&iaess hybrids and the top 10
ACL1 testcross hybrids had only higher plant he{§ 0.05) than the check. The top
10 BCO testcross hybrids had lower ear heigh& (0.05) than the check, but lower
grain shelling percentag®  0.05). The top 10 BC1 testcross hybrids hacelosar
height P < 0.05) and lower grain moisturE € 0.05) than the check, but lower grain
shelling percentageP(< 0.05). The top 10 CO interpopulation hybridsl tagher
plant height P < 0.01) than the check, while the top 10 C1 irdgprpation hybrids

had higher plant heighP(< 0.01) than the check, but lower grain moistite (0.05).
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Table 4.26 Grain yield of CO and C1 hybrids compared with Sudé52 (hybrid check)

from data combined over two locations in the 208@8yerainy season.

Grain yield Relative
Entry Range Mean to check
............................ PO 11 S — %
Total CO and C1 hybrids 5,877-8,878 7,688 89.6
CO0 hybrids 6,697-8,651 7,774 90.6
CO-Gtestcross hybrids (TCHSs) 6,737-8,651 7,800 91.0
ACO-$x Ki 47 7,129-8,651 7,927 92.4
BCO-$x Ki 46 6,737-8,214 7,674 89.5
CO-3 interpopulation hybrids (IPHSs) 7,038-8,086 7,662 89.3
CO0-$ hybrids 6,697-8,389 7,832 91.3
C1 hybrids 5,877-8,878 7,665 89.4
C1-§TCHs 6,478-8,878 7,836 91.4
AC1-$x Ki 47 6,478-8,878 7,746 90.3
BC1-$x Ki 46 7,251-8,797 7,926 92.4
C1-SIPHs 5,877-8,736 7,580 88.4
Hybrid checks 7,169-8,978 8,164 95.2
Suwan 4452 (Check) 8,576 8,576 100.0
Relative to CO
%
Top 10 CO-$hybrids 7,184-8,450 7,878 100.0
Top 10 C1-$hybrids 8,477-8,878 8,645 109.7
Top 10 ACO-§TCHs 7,129-8,651 7,927 100.0
Top 10 AC1-§TCHs 7,964-8,878 8,315 104.9
Top 10 BCO-§$TCHSs 6,737-8,214 7,674 100.0
Top 10 BC1-§TCHs 8,174-8,797 8,396 109.4
Top 10 CO-§IPHs 7,038-8,086 7,662 100.0
Top 10 C1-§IPHs 8,249-8,736 8,415 109.8
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Table 4.27 Means of 10 traits of the top 10 CO and C1 hylwidsach group compared
with Suwan 4452 (hybrid check) from data combinedrdawo locations

in the 2005 early rainy season.

Grain yield Relat.  Days to 50% Height Lodging Foliar Grain Grain
Entry at 15% moist. tocheck Ant. Silk. Plant Ear Stalk Root dis. moist. shell.
kg ha® % d cm % e ) — Ly —

Top 10 CO hybrids
AC0-S,-228x Ki 47 8,450 99 50 50 249 141 4 3.2 3.1 21.24 85.82
AC0-S,-88x Ki 47 8,317 97 51 51 247 145 1 21 29 2056 84.30
ACO-S,-96 x Ki 47 8,296 97 50 51 250 142 3 26 3.0 2041 81.15
BCO-S-90x Ki 46 8,189 95 51 52 249 142 3 29 2.8 20.36 8345
AC0-S,-159x BCO-§-47 7,971 93 51 51 263 156 17 26 3.0 2186 84.80
BCO-S-296x Ki 46 7,727 90 51 52 239 137 1 20 3.0 2154 83.60
AC0-S,-180x Ki 47 7,655 89 51 52 237 144 12 26 28 20.79 84.57
ACO-S;-159x BCO-S-250 7,509 88 51 51 251 144 13 27 3.1 2047 81.65
ACO-S,-72x Ki 47 7,482 87 51 50 255 146 7 21 29 2158 82.69
ACO-S;-204x BCO-§-47 7,184 84 50 51 255 155 7 26 3.1 2035 8154

Mean 7,878 92 51 51 249 145 7 25 3.0 2091 83.36
Top 10 CO hybrids in § generation
AC0-S;-159x BC0-S-250 8,389 98 49 50 245 132 9 1.9 3.1 19.14 86.16
AC0-S-72x Ki 47 8,363 98 50 51 262 153 7 24 2.8 2187 84.75
BCO-$-296x Ki 46 8,126 95 52 53 236 133 1 22 26 19.39 84.14
BCO-$-90x Ki 46 8,087 94 53 54 251 151 5 27 29 19.70 82.85
AC0-S,-88x Ki 47 7,983 93 50 51 247 145 3 21 25 2149 8347
AC0-5,-228x Ki 47 7,876 92 50 50 245 140 1 28 3.0 20.63 86.32
AC0-S,-180x Ki 47 7,851 92 52 53 240 146 4 21 3.1 2021 85.64
AC0-S,-96 x Ki 47 7,713 90 53 52 249 147 2 23 3.1 2032 86.54
AC0-5,-204x BCO-§-47 7,236 84 51 53 238 134 3 19 3.1 20.62 83.89
ACO-S;-159x BCO-5-47 6,697 78 49 52 231 126 5 21 3.1 2177 8561

Mean 7,832 91 51 52 244 141 4 22 29 2051 84.94
Top 10 C1 hybrids
AC1-S,-86-1x Ki 47 8,878 104 50 51 244 147 1 24 28 2325 82.75
BC1-S;-186-16x Ki 46 8,797 103 52 52 252 139 1 22 26 19.33 8248
AC1-S,-86-10x BC1-§-222-20 8,736 102 52 53 259 150 2 2.5 2.9 20.58 84.38
BC1-S,-71-22x Ki 46 8,690 101 50 50 239 127 2 20 26 19.80 81.01
AC1-S,175-13x Ki 47 8,647 101 50 51 246 151 2 25 26 2217 85.60
AC1-S,-180-2x Ki 47 8,614 100 50 51 249 146 4 27 28 20.90 85.10
BC1-S-184-16x Ki 46 8,605 100 52 51 243 132 2 19 29 2112 8297
BC1-S-71-1x Ki 46 8,526 99 51 51 238 139 2 19 26 21.25 80.90
AC1-S;-175-13x BC1-S-90-7 8,478 99 51 52 257 156 4 2.7 2.6 20.60 83.49
AC1-S,-57-12x BC1-§-222-20 8,477 99 52 52 259 158 4 28 29 19.75 84.56

Mean 8,645 101 51 52 249 144 2 24 27 20.87 83.32




Table 4.27 (continued)
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Grain yield Relat.  Days to 50% Height Lodging Foliar Grain Grain
Entry at 15% moist. tocheck Ant. Silk. Plant Ear Stalk Root dis. moist. shell.
kg ha® % d cm [ — [ I— (YA

Top 10 ACO testcross hybrids
AC0-S,-86x Ki 47 8,651 101 51 52 241 139 2 3.2 29 20.08 83.89
AC0-S,-228x Ki 47 8,450 99 50 50 249 141 4 32 31 2124 8582
AC0-S,-88x Ki 47 8,317 97 51 51 247 145 1 21 29 2056 84.30
AC0-S,-96 x Ki 47 8,296 97 50 51 250 142 3 26 3.0 2041 81.15
AC0-S,-136x Ki 47 7,866 92 50 50 248 135 4 20 3.0 19.88 83.86
AC0-S;-159x Ki 47 7,825 91 51 51 249 149 6 18 29 2158 85.29
AC0-S,-180x Ki 47 7,655 89 51 52 237 144 12 26 28 20.79 8457
AC0-S;-57 x Ki 47 7,596 89 51 52 246 149 3 21 2.8 2052 81.56
ACO-S,-72x Ki 47 7,482 87 51 50 255 146 7 21 29 2158 82.69
ACO-S;-14x Ki 47 7,129 83 51 53 253 145 0 1.7 3.1 1995 82.87

Mean 7,927 92 51 51 248 144 4 23 29 20.66 83.60
Top 10 ACL1 testcross hybrids
AC1-S,-86-1x Ki 47 8,878 104 50 51 244 147 1 24 28 2325 82.75
AC1-S;-175-13x Ki 47 8,647 101 50 51 246 151 2 25 26 2217 85.60
AC1-S,-180-2x Ki 47 8,614 100 50 51 249 146 4 27 2.8 20.90 85.10
AC1-S;-86-10x Ki 47 8,430 98 51 51 254 145 2 25 2.8 2115 83.76
AC1-S,-245-17x Ki 47 8,234 96 50 50 244 144 3 2.1 2.9 20.89 84.49
AC1-S;-228-13x Ki 47 8,226 96 50 51 253 150 4 25 3.0 1867 86.61
AC1-S,-88-13x Ki 47 8,142 95 50 51 246 138 8 20 2.8 19.19 84.06
AC1-S,-204-14x Ki 47 8,044 94 49 50 245 145 9 26 2.8 2114 8497
AC1-S,-228-3x Ki 47 7,974 93 50 51 257 146 4 25 3.0 19.70 85.67
AC1-S,-57-12x Ki 47 7,964 93 51 51 252 150 4 27 28 2129 85.80

Mean 8,315 97 50 51 249 146 4 24 28 20.84 84.88
Top 10 BCO testcross hybrids
BCO-5-140x Ki 46 8,214 96 53 53 242 141 2 27 3.0 20.08 82.83
BCO-S-90x Ki 46 8,189 95 51 52 249 142 3 29 2.8 20.36 8345
BCO-5-184x Ki 46 7,991 93 51 52 231 124 3 19 2.8 20.28 83.89
BCO-S-71x Ki 46 7,878 92 52 52 233 133 1 22 25 2138 8151
BCO-5-47 x Ki 46 7,771 91 50 50 237 137 5 3.0 3.1 20.61 81.89
BCO-S-115x Ki 46 7,731 90 52 53 254 147 4 27 2.8 2054 77.76
BC0-5,-296x Ki 46 7,727 90 51 52 239 137 1 20 3.0 2154 83.60
BCO-S-49x Ki 46 7,330 85 51 51 232 131 2 20 3.0 2118 79.59
BC0-5,-250x Ki 46 7,166 84 50 51 230 131 6 24 3.0 1898 8274
BCO-S-186x Ki 46 6,737 79 50 52 243 132 3 21 29 1947 83.78

Mean 7,674 89 51 52 239 135 3 24 29 2044 82.10
Top 10 BC1 testcross hybrids
BC1-5-186-16x Ki 46 8,797 103 52 52 252 139 1 22 26 19.33 82.48
BC1-§-71-22x Ki 46 8,690 101 50 50 239 127 2 20 26 19.80 81.01
BC1-5-184-16x Ki 46 8,605 100 52 51 243 132 2 19 29 2112 8297
BC1-S-71-1x Ki 46 8,526 99 51 51 238 139 2 19 26 21.25 80.90
BC1-5-47-9x Ki 46 8,291 97 49 50 225 122 2 21 3.0 19.64 8231
BC1-5,-246-11x Ki 46 8,273 96 51 51 243 143 0 25 29 19.75 81.68
BC1-5-90-2x Ki 46 8,217 96 50 50 232 134 2 20 2.8 2042 8271
BC1-5,-186-3x Ki 46 8,213 96 50 50 247 142 4 25 2.6 1941 84.29
BC1-5-90-7x Ki 46 8,176 95 51 51 247 141 3 22 2.8 19.74 80.19
BC1-5,-296-2x Ki 46 8,174 95 51 51 239 139 2 1.8 2.8 21.02 84.32

Mean 8,396 98 50 51 241 136 2 21 28 20.15 82.29
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Table 4.27 (continued)

Grain yield Relat.  Days to 50% Height Lodging Foliar Grain Grain
Entry at 15% moist. tocheck Ant. Silk. Plant Ear Stalk Root dis. moist. shell.
kg ha® % d cm Ly — [ FLS) — [y —

Top 10 CO interpopulation hybrids
AC0-S,-159x BC0-5-90 8,086 94 52 53 261 148 5 25 2.8 2156 8249
ACO-S;-146x BCO-S-184 8,051 94 51 52 249 125 3 23 2.8 20.70 85.75
AC0-S,-159x BCO-§-47 7,971 93 51 51 263 156 17 26 3.0 2186 84.80
ACO-S;-159x BCO-S-140 7,942 93 53 54 260 155 1 27 29 2166 86.36
AC0-S;-159x BC0-S-184 7,842 91 52 52 249 138 3 2.3 2.9 22.13 84.80
ACO-S;-146x BCO-S-296 7,555 88 51 52 247 133 3 22 2.8 2057 8352
AC0-S;-159x BC0-S-250 7,509 88 51 51 251 144 13 2.7 3.1 20.47 81.65
ACO-S;-159x BCO-S-296 7,442 87 51 52 253 142 3 19 28 2239 83.83
AC0-S,-204x BCO-§-47 7,184 84 50 51 255 155 7 26 3.1 2035 8154
ACO-S;-4 x BCO-§-250 7,038 82 52 53 247 149 5 26 29 1959 8149

Mean 7,662 89 51 52 253 144 6 24 29 2113 83.62
Top 10 C1 interpopulation hybrids
AC1-S,-86-10x BC1-§-222-20 8,736 102 52 53 259 150 2 2.5 2.9 20.58 84.38
AC1-S;-175-13x BC1-§-90-7 8,478 99 51 52 257 156 4 27 2.6 20.60 83.49
AC1-S,-57-12x BC1-§-222-20 8,477 99 52 52 259 158 4 2.8 2.9 19.75 84.56
AC1-S;-180-2x BC1-§-222-20 8,424 98 52 53 242 160 3 26 3.0 17.71 83.88
AC1-S,-57-12x BC1-S5-186-16 8,421 98 52 53 263 148 1 2.6 2.9 20.58 83.05
AC1-S,-204-14x BC1-§-222-20 8,392 98 52 53 256 154 7 20 3.0 1871 83.14
AC1-S;-21-2x BC1-§-71-1 8,367 98 51 51 250 145 2 24 28 20.82 82.10
AC1-S,-204-14x BC1-5-186-16 8,355 97 52 53 268 151 2 29 29 2167 8290
AC1-S;-175-13x BC1-S-186-16 8,255 96 53 53 267 158 5 3.1 2.8 20.40 84.00
AC1-S;-21-9x BC1-§-71-1 8,249 96 51 53 253 147 2 24 24 2093 81.16

Mean 8,415 98 52 52 257 153 3 26 28 20.17 83.27
Hybrid checks
NK 40 8,978 105 49 50 226 123 1 21 26 2161 83.74
PAC 999 8,075 94 51 52 229 130 3 1.7 29 2152 89.21
BIG 919 7,169 84 50 51 210 116 1 1.7 3.0 20.21 86.95
DK 888 7,819 91 53 54 245 150 5 25 28 20.63 82.15
KSX 4601 8,366 98 50 51 246 149 2 21 3.0 1945 86.19
Suwan 4452 (Check) 8,576 100 51 52 235 146 6 25 26 22.19086.

Mean 8,164 95 51 52 232 136 3 21 28 2093 8571

LSD 0.05 1,349.20 202 217 10.73 849 647 0.79 0.37 1.9531 3.

LSD 0.01 1,779.50 267 286 14.16 11.20 8.54 1.04 0.48 25737 4
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4.2.4 Analyses for genetic variances and gca andaseffects from 100 C1
interpopulation hybrids according to Design I

Combined analyses of variance

Data of 100 C1 interpopulation hybrids (10 ACL>510 BC1-3) were
analyzed according to Design Il to obtain estimafesomponents of genetic variances
and gca and sca effects.

Mean squares from combined analyses of variancg&(fdraits of 100 C1
interpopulation hybrids are shown in Table 4.28r §rain yield, results were similar
to CO interpopulation hybrids which gca effectsfeanales and males were not significant,
but sca effects was significantRi< 0.05. For other traits, mean squares for gca fo
female lines were highly significant for plant hieigwhile those of gca for male lines
were highly significant for plant and ear heightsl grain shelling. Mean squares for
sca were highly significarfor ear height, and significant for days to 50%kisi.
The data indicated that, in C1 interpopulation id&rmale (BC1) was more important
than female (AC1) in contributing genetic variatiohgca for plant and ear heights
and grain shelling. The contributions of sca @fdo the expression of days to 50%
silking and ear height were found to be predomindnteraction of gca with locations
was significant, while interaction of sca with ltioas was not significant similar to
CO interpopulation hybrids.

Estimates of components of genetic variances

Estimates of components of genetic variances oftralis of 100 C1

interpopulation hybrids are shown in Table 4.2%he Thagnitude of variance for gca

for females 67) for grain yield tended to be higher than thatrfales ¢2). For the

same trait, variance for scaj{,) was 1.58 and 1.70 times greater than those \@$an



Table 4.28 Mean squares from analyses of variance of 10 w&it®0 C1 interpopulation hybrids from data congdirover two locations

in the 2005 early rainy season.

Days to 50% Height Lodging Foliar Grain Grain
Source of variation df Grain yield Ant. Silk. Plant Ear Stalk Root dis. moist. shell.
kg ha® d cm % (1-5) %

Locations (L) 1 89509466.45 989.10 1008.06 125677.34 81190 225.66 98.01 10.40 706.90 0.41
Replications/L 2 15190763.88 23.53 22.81 55.34 115.81 0.8326.03 0.06 17.70 4.63
Varieties (V) 99 1232476.75 4.15 3.57 263.36 267.47 3340 .580 0.09 3.91 16.64

Females (A) 9 3157964.06 10.48 9.91 1060.32 ** 452.63 .0Z0 1.77 0.42 16.53 44.42

Males (B) 9 2993846.36 24.08 16.00 1297.80 **  1924.36 **114.77 2.16 0.22 14.15 90.12 **

AxB 81 822825.98 * 1.23 1.48 * 59.88 62.80 ** 20.29 0.27 0.04 1.37 .395
LxV 99 836681.06 2.22 2.32 69.90 50.24 25.00 0.44 0.06 171 5.90

LxA 9 1884005.17 ** 4.05 ** 7.32 ** 173.15 ** 133.69 ** 31.80 1.66** 0.27 ** 476 * 9.38 *

LxB 9 2501409.21 **  11.39 ** 9.69 ** 213.16 ** 157.55 ** 48.07 * 0®* 0.05 5.46 ** 16.14 **

L x (AB) 81 535341.92 1.00 0.94 42.51 29.05 21.68 0.26 0.03 0.95 4.37
Pooled error 198 453527.93 0.86 1.01 38.77 38.75 16.19 0.22 0.04 0.90 3.97

* ** Significant at the 0.05 and 0.01 probabiligvels, respectively.

8rT
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for gca for females and males, respectively. tmgeof genetic variances, the ratio of
o2 /o5 was 0.82 which was higher than that of CO integtaton hybrids (Table

4.23). The results indicated that the selectiorgfain yield of the testcross progenies
in the MRRS program was effective for increasingiarece for sca and dominance
variance, which resulted in development of higHeyjrey interpopulation hybrids

(Table 4.26). Mean grain yield of the top 10 C@ dne top 10 C1 interpopulation
hybrids were high and not significantly differenbrh mean grain yield of the top 10
CO and the top 10 C1 testcross hybrids, respegtivalhe estimates of variance
components for other traits showed that variancegfa for males was generally
greater than that for females and both were greéhtar sca for all traits except for
foliar diseases and grain moisture. Additive vac@still had a major role for days to
50% anthesis and silking, plant and ear heighadk sind root lodging, foliar diseases,

grain moisture and grain shelling.

Table 4.29 Estimates of components of genetic variances ofrdils of 100 C1
interpopulation hybrids from data combined over twoations in the

2005 early rainy season.

Grain Days to 50% Height Lodging Foliar Grain  Grain
Variance yield Ant. Silk. Plant Ear Stalk  Root dis. moist.  shd.

kg ha® d cm % (1-5) %
of 58378.45 0.23 0.21 25.01 9.75 1.24 0.04 0.01 0.38 0.98
o 54275.51 0.57 0.36 30.95 46.54 2.36 0.05 0.00 0.32 2.12
i 92324 .51 0.09 0.12 528 6.01 1.02 0.01 0.00 0.12 0.35
oA 112653.96 0.80 0.57 55.96 56.28 3.61 0.09 0.01 0.70 3.09
oh 9232451 0.09 0.12 5.28 6.01 1.02 0.01 0.00 0.12 0.35
oblof 0.82 0.12 0.21 0.09 0.11 0.28 0.13 -0.09 0.17 0.11

Estimates of gca and sca effects

Table 4.30 presents the estimates of gca andfeciseof 10 traits of 100
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C1 interpopulation hybrids. For grain yield, twd €&male lines (A4 and A7) gave
significantly positive gca effects Bt< 0.01 and® < 0.05, respectively. In the group of
C1 male lines, two lines (B9 and B3) gave signiftbapositive gca effects & < 0.01
andP < 0.05, respectively. Among 100 C1 interpopulatiybrids, four hybrids (A%
B3, A7x B4, A2x B3 and A6x B9) gave significantly positive sca effect$at 0.05.

In addition, the C1 lines also gave significana gdfects for other traits.
A4 line gave significantly negative gca effects $tailk lodging P < 0.05; Table 4.30).
A7 line gave significantly negative gca effects tlays to 50% silkingR < 0.01),
plant height P < 0.01) and foliar diseaseR & 0.01), and significantly positive gca
effects for grain shellingq(< 0.01).

B9 line gave significantly negative gca effects doain moisture® < 0.01;
Table 4.30), and significantly positive gca effefds grain shelling P < 0.01). B3
line gave significantly negative gca effects foysléo 50% silking P < 0.05), plant
height P < 0.01), stalk and root lodging® & 0.05) and foliar diseasel € 0.01).

From the results, the crosses of AB9 or AC1-3-86-10x BC1-$-222-20
and A7x B4 or AC1-$-175-13x BC1-$-90-7 were included in the top 10 C1 hybrids
(Table 4.27). A6< B9 gave higher plant heigh® & 0.01) than the check, Suwan 4452,
while A7 x B4 gave higher both plant and ear heights tharchieek atP < 0.01 and
P < 0.05, respectively. A% B3 or AC1-$-21-2 x BC1-$-71-1 and A2x B3 or
AC1-$-21-9x BC1-$-71-1 were included in the top 10 C1 interpopulatiybrids.
The two hybrids had higher plant heighRt< 0.01) and lower grain shelling percentage
(P < 0.05 and® < 0.01) than the check. In addition, one femiale (A7) and two male
lines (B3 and B9) which were components of the foylirids also gave significantly
positive gca effects for grain yield (Table 4.3@hd had high yield which were not

significantly different from Ki 47 (Table 4.34).



Table 4.30 Estimates of gca and sca effects of 10 traits 6f@0 interpopulation hybrids from data combinedrdwe locations in the

2005 early rainy season.

Traits Femalest Malest GCA effects
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 of females
SCA effects
Grain Al 276.10 -546.97 929.61 * -260.52 199.47 -83.85 878 331.31 -141.53 -424.95 -98.01
yield A2 51.90 492.94 745.13 * -954.34 * -353.49 -356.35 B64. 657.14 -584.47 137.20 -273.96 *
(kgheh) A3 -42.55 -292.30 -32.56 -733.95 * 337.58 -77.05 42.57 4.94 75.83 417.90 -319.47 **
A4 -71.34 -459.94 -268.60 -13.79 309.59 -16.67 137.86 368.8 -17.55 41.62 468.84 **
A5 -342.22 490.59 209.93 341.78 53.18 -285.01 -148.43 ®1.4 -225.60 -215.65 145.22
A6 535.28 447.72 -200.65 124.57 -750.29 * 167.53 560.12 3135 ** 728.57 * -469.29 27.09
A7 40.20 -354.25 -887.79 * 915.07 * 210.15 337.57 -636.01 .6o1 -326.78 310.84 249.09 *
A8 -77.83 -184.89 -269.59 251.91 -262.44 293.31 -128.86 850 84.02 43.76 70.27
A9 -394.61 -214.87 -153.32 139.67 349.35 -107.50 28.03 061. -93.07 -4.73 164.63
A10 25.08 621.97 -72.17 189.62 -93.09 128.02 259.04 -142%7  200.98 163.30 -433.70 **
GCA effects -311.29 * 70.69 287.89 * -119.63 -249.29 * -B3b -151.25 44.53 599.80 ** -4.90
of males
SES§ (gca effects) 106.48
SE (sca effects) 336.72
Days Al -0.61 0.64 0.07 0.02 0.77 -1.18 * 0.39 -0.06 0.17 210. -0.24
to 50% A2 0.09 0.09 -0.23 -0.28 -0.03 0.27 0.34 -0.11 -0.13 .01-0 0.31 *
anthesis A3 0.14 -0.11 0.07 -0.48 -0.23 0.82 -0.36 -0.06 0.17 0.04 0.51 **
(d) A4 -0.76 -0.01 0.67 -0.13 0.12 0.67 0.24 -0.46 -0.98 * 0.64 0.41 *
A5 0.27 0.02 -0.56 0.14 -0.86 0.94 * 0.27 -1.18 * 0.79 0.17 21*1
A6 0.49 0.74 0.42 -0.13 -0.63 -0.33 -0.76 0.04 0.02 0.14 -0.34
A7 -0.56 -0.31 -0.13 -0.43 0.32 -0.38 0.19 0.49 0.47 0.34 0.21
A8 -0.06 -0.06 0.12 0.82 -0.43 -1.13 * -0.06 0.49 -0.03 0.34 .040
A9 0.14 -0.11 0.32 0.27 0.52 -0.18 -0.86 0.94 * 0.17 -1.21 * 240.
Al10 0.84 -0.91 -0.73 0.22 0.47 0.52 0.59 -0.11 -0.63 -0.26 6 0%
GCA effects 0.76 ** -1.49 ** 0.08 -0.12 -0.12 0.33 * -0.99 ** 0.71 ** 0.98 ** -0.14
of males
SE (gca effects) 0.15 =
SE (sca effects) 0.46 N




Table 4.30 (continued)

Traits Females Males GCA effects
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 of females
SCA effects
Days Al -0.62 0.18 -0.87 0.23 0.10 -0.70 0.88 0.23 0.83 -0.25 -0.58 **
to 50% A2 0.25 0.05 0.00 -0.15 0.23 0.18 0.00 -0.15 -0.05 37-0. 0.80 **
silking A3 -0.27 0.03 -0.02 -0.67 0.20 0.40 0.23 -0.42 -0.07 .600 0.32 *
(d) A4 -0.65 0.15 0.85 -0.30 0.33 0.78 0.10 -0.55 -1.20 * 0.48 .200
A5 -0.32 -0.02 -0.57 0.78 -1.10 * 0.60 -0.32 -0.97 0.88 1.05 * 0.63 **
A6 0.50 0.55 0.00 -0.65 0.23 -0.07 -0.25 -0.15 -0.55 0.38 0.30
A7 -0.42 -0.62 0.33 0.18 -0.70 -1.00 0.33 0.43 1.03 * 0.45 305
A8 0.10 -0.10 0.35 0.45 -0.17 -0.97 -0.15 0.95 -0.20 -0.27 050.
A9 0.38 0.18 0.63 -0.02 0.35 0.05 -1.12 * 0.73 0.08 -1.25 * 30*3
Al10 1.05 * -0.40 -0.70 0.15 0.53 0.73 0.30 -0.10 -0.75 -0.82 500
GCA effects 0.67 ** -0.63 ** -0.33 * 0.07 -0.80 ** 0.00 -0.58 0.82 ** 0.97 ** -0.20
of males
SE (gca effects) 0.16
SE (sca effects) 0.50
Plant Al 1.74 0.27 4.47 2.80 -0.21 -4.63 -4.13 -1.38 0.25 30.8 -0.06
height A2 -4.36 2.74 3.27 -0.90 1.77 -3.98 0.54 4.59 -1.28 402. 4.29 **
(cm) A3 -1.61 -3.13 0.00 0.78 0.90 2.10 1.70 -3.18 0.40 2.03 170
A4 1.26 2.06 0.64 0.90 -1.04 0.72 4.39 -3.09 -0.01 -5.83 402 *
A5 -1.28 3.98 1.98 -2.04 -0.85 -0.29 -0.62 -3.55 1.13 1.54 608>
A6 -2.24 2.29 2.93 -8.08 * -2.64 2.51 2.51 -0.54 2.29 0.97 319
A7 1.69 -6.26 * -3.28 5.88 -7.81 * 5.70 -1.01 7.32 * -3.18 0.95 3.46 **
A8 3.42 -4.80 -4.83 8.11 * -2.45 -1.80 5.82 -1.00 -3.57 1.11 048+
A9 1.19 1.87 -7.41 % -4.67 7.87 * 6.32 * -6.53 * 3.77 -1.08 -1.32 2.41 *
A10 0.20 0.98 2.25 -2.77 4.45 -6.65 * -2.65 -2.95 5.03 2.11 35%2
GCA effects -3.66 ** -9.64 ** -5.04 ** 3.35 ** -0.17 0.46 -36 * 11.23 ** 3.03 ** 2.80 *
of males
SE (gca effects) 0.98
SE (sca effects) 3.11

et



Table 4.30 (continued)

Traits Females Males GCA effects
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 of females
SCA effects
Ear Al 3.89 -0.30 5.48 1.62 0.56 -7.06 * -6.18 1.70 -1.15 1.44 -1.24
height A2 -9.78 ** -1.05 4,52 1.75 -0.76 1.15 0.33 3.65 -2.11 .32 1.50
(cm) A3 -0.47 2.51 0.65 -5.59 -0.85 5.36 0.46 -0.74 -3.43 2.11 0.85
Ad 3.21 -1.06 -1.77 2.41 3.36 0.54 1.29 -2.28 0.45 -6.14 3569 *
A5 -0.84 0.44 2.98 -3.99 1.33 -1.57 2.79 -3.29 -0.65 2.81 3675
A6 -1.70 2.78 -1.10 -3.99 3.35 3.03 3.36 -3.19 1.92 -4.45 3472
A7 -0.10 -1.47 -5.34 6.00 -7.78 * 1.90 -0.30 9.25 * -2.22 0.07 713*
A8 -0.33 -1.88 -2.97 3.54 -4.81 -3.18 6.02 -1.20 6.40 -1.58 1.26
A9 0.82 -0.50 -4.66 -2.25 5.69 4.35 -8.90 3.90 -1.89 3.45 30.8
A10 5.30 0.53 2.22 0.50 -0.08 -4.50 1.13 -7.79 * 2.69 0.00 Z.68
GCA effects -1.54 -14.22 ** -1.94 5.48 ** -2.01 * -3.79 ** 20 * 2.58 * 10.69 ** 7.06 **
of males
SE (gca effects) 0.98
SE (sca effects) 3.11
Stalk Al 1.53 -0.20 -2.07 5.63 * -3.12 -1.54 0.89 0.38 -4.57 3.08 2.31 *
lodging A2 -0.81 0.36 -0.91 5.79 * -1.99 3.43 -1.45 -0.19 0.36 -4.59 * 1.29 *
(%) A3 -1.13 -0.12 1.95 -2.49 -0.59 -0.49 1.98 -0.93 1.48 0.34 -1.18
Ad 2.08 0.06 0.19 -4,18 * 1.56 -0.79 -0.70 -0.73 -0.40 2.92 381*
A5 -2.02 -2.68 0.01 1.47 -0.14 -0.67 2.80 -1.09 1.13 1.20 0.42
A6 -0.14 -0.57 0.50 -0.95 3.47 -0.96 2.05 -0.90 -1.44 -1.05 69T
A7 0.41 -1.52 0.56 -2.85 0.10 2.94 -0.83 3.53 -1.34 -1.00 80.2
A8 1.23 -0.75 -0.15 -1.46 1.35 -0.59 -0.99 2.81 -0.73 -0.72 .051
A9 -1.95 7.07 ** -0.91 -0.80 0.02 -2.85 -0.84 -1.33 1.71 -0.11 0.68
A10 0.82 -1.66 0.84 -0.16 -0.64 1.52 -2.92 -1.54 3.81 -0.07 870.
GCA effects -0.11 -0.14 -1.70 * 4,16 ** -1.61 * -0.73 -0.33 0.78 1.32 * -0.08
of males
SE (gca effects) 0.64
SE (sca effects) 2.01

YA



Table 4.30 (continued)

Traits Females Males GCA effects
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 of females
SCA effects
Root Al 0.04 0.04 0.38 0.16 0.16 -0.33 -0.28 -0.01 0.06 -0.23 -0.23 **
lodging A2 -0.53 * 0.10 0.19 -0.02 -0.02 -0.01 0.04 0.18 0.00 .090 -0.04
(1-5) A3 -0.05 0.08 -0.09 -0.05 -0.30 -0.29 0.14 -0.10 0.23 440. -0.39 **
A4 0.16 0.04 0.00 -0.34 -0.09 0.18 -0.40 -0.14 0.56 * 0.02 015
A5 0.23 0.10 -0.06 -0.02 -0.28 -0.01 0.04 0.30 -0.25 -0.04 040.
A6 -0.19 0.19 0.02 -0.06 -0.19 -0.30 0.50 * -0.36 0.09 0.30 30.1
A7 -0.19 -0.31 -0.10 0.06 -0.06 0.45 0.50 * 0.14 -0.29 -0.20 250+
A8 -0.07 -0.07 -0.36 0.05 -0.07 0.19 0.11 0.25 -0.05 0.04 026
A9 0.51 * 0.01 0.10 0.14 0.26 -0.10 -0.30 0.09 -0.46 -0.25 0.05
Al10 0.09 -0.16 -0.08 0.09 0.59 * 0.23 -0.35 -0.34 0.11 -0.18 150
GCA effects -0.35 ** 0.15 * -0.19 * 0.15 * -0.23 ** -0.24 ** @1~ 0.33 ** 0.00 0.16 *
of males
SE (gca effects) 0.07
SE (sca effects) 0.24
Foliar Al -0.10 0.09 0.04 0.07 -0.05 0.01 -0.10 0.00 -0.05 100. -0.01
diseases A2 -0.09 -0.03 -0.20 0.09 -0.04 0.02 0.04 0.01 0.09 110 -0.15 **
(1-5) A3 -0.23 * 0.09 0.04 -0.05 0.07 0.01 -0.10 0.12 -0.05 00.1 -0.01
A4 0.09 0.02 -0.03 0.01 0.01 -0.05 -0.04 -0.06 0.01 0.04 0.05
A5 -0.01 -0.08 0.00 0.04 0.16 0.10 -0.01 0.09 -0.21 * -0.06 160+
A6 0.00 -0.06 0.01 -0.08 0.05 -0.01 0.00 0.10 0.05 -0.05 0.01
A7 0.11 0.05 0.00 -0.09 0.04 -0.03 0.24 * -0.04 0.04 -0.31 ** 1@**
A8 0.09 0.02 -0.03 0.01 -0.11 0.07 0.09 -0.19 0.01 0.04 0.18 **
A9 0.02 -0.04 0.04 -0.05 -0.05 -0.11 0.02 0.00 0.20 -0.03 1-0.0
Al10 0.12 -0.06 0.14 0.05 -0.08 -0.01 -0.13 -0.03 -0.08 0.07 14G*
GCA effects -0.10 ** 0.09 * -0.11 ** -0.02 0.10 ** 0.04 0.03 .@6 -0.02 -0.05
of males
SE (gca effects) 0.03
SE (sca effects) 0.10

T



Table 4.30 (continued)

Traits Females Males GCA effects
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 of females
SCA effects
Grain Al 0.53 0.81 0.26 -0.15 -0.40 -0.39 0.00 0.11 -0.20 570. -0.57 **
moisture A2 -0.68 -1.02 * -0.75 130 * 0.36 0.63 0.56 -0.35 810. 0.76 0.55 **
(%) A3 0.52 -0.13 0.76 -0.76 0.26 -0.23 -0.11 -0.81 0.53 -0.04 0.54 **
A4 -0.13 0.34 0.81 -0.85 0.72 -0.64 0.27 -0.10 0.18 -0.61 6-0.0
A5 -0.14 -0.56 -0.15 0.23 -0.69 0.59 0.15 -0.11 0.55 0.14 306.3
A6 0.09 0.12 -1.31 * -0.04 -0.29 0.72 0.41 0.21 0.23 -0.13 073
A7 0.05 0.24 0.17 -0.56 -0.46 0.36 -0.50 -0.42 0.66 0.47 0.09
A8 -0.04 0.38 0.34 0.50 -0.44 -0.56 -0.37 0.95 * -0.58 -0.19 .331**
A9 0.56 -0.14 -1.12 * 0.08 0.54 -0.12 -0.34 113 * -0.71 0.13 .20
Al10 -0.76 -0.05 0.98 * 0.24 0.40 -0.35 -0.06 -0.60 0.16 0.03 590
GCA effects 0.58 ** -0.84 ** 0.53 ** 0.48 ** -0.54 ** 0.54 ** .15 0.14 -0.98 ** 0.24
of males
SE (gca effects) 0.15
SE (sca effects) 0.47
Grain Al 1.73 -1.59 0.37 -0.36 1.17 -1.58 -0.09 0.68 -0.19 .140 1.52 **
shelling A2 2.68 * 0.40 0.82 -0.64 -2.52 * 1.41 -0.40 -1.01 540. -0.21 -0.19
(%) A3 -1.23 -1.00 2.14 * -0.33 0.35 -0.71 0.53 1.34 -0.20 00.9 -1.99 **
A4 -0.40 -0.18 0.40 0.32 -0.41 -0.79 0.57 -0.13 0.13 0.49 0.19
A5 0.47 0.72 0.15 -1.67 0.09 -1.16 1.44 -0.44 0.78 -0.37 -0.05
A6 -0.01 0.37 -0.78 0.64 0.12 -0.93 0.87 -0.64 0.16 0.20 0.55
A7 0.27 -0.53 -2.44 * 1.63 1.03 -0.51 -0.75 0.15 1.56 -0.41 310
A8 1.27 1.02 -0.52 -0.83 -0.40 1.95 -1.70 -1.38 -0.44 1.02 00.4
A9 -1.69 1.04 0.52 0.40 1.07 0.18 -1.65 -0.03 -0.88 1.03 -0.01
Al10 -3.08 ** -0.25 -0.67 0.84 -0.52 2.14 * 1.19 1.46 -0.38 .7 -1.46 **
GCA effects -2.46 ** -0.28 -1.48 ** -1.19 ** -0.17 1.51 ** Pl ** 0.63 * 1.89 ** -0.47
of males
SE (gca effects) 0.32
SE (sca effects) 1.00

t A= AC1-S;, £ B=BCl1-S;, § Standard err.

* ** Exceeds its standard error by two and thiieges, respectively.

1A
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4.3 Inbred line development

Lines of each cycle were developed by using pedigrelection. The lines
selected on the basis of testcross performance evataated for grain yield and other
agronomic traits. The 11 traits collected werengygeld, 100-seed weight, days to 50%
anthesis and silking, plant and ear heights, statkroot lodging, foliar diseases, grain
moisture and grain shelling. Data for other 1Rgyancluding seedling vigor, husk cover,
plant and ear aspects, rotten ears, ears planimary and secondary branches of tassel,
ear lengths, ear width and kernel rows, are shovAppendix Tables 1D-4D. For degree
of leaf angle, tassel lengths and tassel widtlslaogvn in Appendix Tables 3D and 4D.
CycleO

4.3.1 Yield evaluation for the selected CO lines

Combined analyses of variance

Twenty-five CO-§ lines each, which corresponded to the 25 top-grslof
CO0-S testcrosses and the lines used for recombinadidarin C1 populations, were
selected. The 50 COs8nes (25 ACO-$and 25 BCO-§ and six inbred lines, including
Kei 0101, Kei 0102 (Ki 48), Ki 44, Ki 45, Ki 46 (ekk) and Ki 47 (check), were
evaluated at two locations in the 2002 late raggssn using a ¥ 8 triple rectangular
lattice design to assess yield potential of thdi@$s selected on the basis of testcross
performance.

Mean squares from combined analyses of variancEl dfaits of the CO
lines are shown in Table 4.31. Highly significdifferencesP < 0.01) were detected
among locations for all traits except for stalkdody and grain shelling which were
not significant. Treatments were significant farteaits except stalk lodging. Grain

yield was highly significant among CO lines. Themparisons between ACGQ;-8nes
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vs. BCO-S lines were significant for grain yield, days to%@nthesis and silking,
plant and ear heights, root lodging and grain mest No significant differences were
detected for all traits evaluated for the CO limeschecks. Interaction of treatments
with locations was highly significant for grain kde100-seed weight and plant height.

Means of lines

Mean grain yield of the 25 ACOs8nes ranged from 1,054 to 3,693 kgha
with mean of 2,015 kg hor 64% of the inbred check, Ki 47 (Table 4.32)wdTout
of the 25 lines yielded comparatively higher thiaa theck. The 25 BCGOs8nes had
mean grain yield ranging from 460 to 3,280 kg'haith mean of 1,703 kg haor
54% of the check. Out of the 25 lines, only ome lyielded comparatively higher
than the check. The results showed that the seldices developed from population A
had higher mean grain yield than the selected la®sloped from population B,
although the difference was not significant. Thes®y be due to the broad genetic
base of population A, Suwan1(S)C11, and the saldotes from population A were
developed after 11 cycles ofi $ecurrent selection, while the selected lines from
population B, KS6(S)C3, were developed after thopdes of $ recurrent selection.
The results also corresponded to grain yield oupatons per se (Table 4.5).

Each group of the selected lines was comparedtf@r agronomic traits
with the inbred check of their group (Table 4.32)leans of other traits of the 25
ACO-S lines were compared with Ki 46, an inbred linealeped from Suwanl1(S)C10
population, while the 25 BCOsSines were compared with Ki 47, an inbred line
developed from KS6(S)C3 population. The 25 AGQkEes gave more days to 50%
anthesis and silking®(< 0.01), higher plant and ear heigh’s< 0.05 andP < 0.01)

and higher root lodging scorf & 0.05) than Ki 46. The 25 BCG:8#nes gave more
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days to 50% anthesis and silkigj€ 0.05 and® < 0.01) than Ki 47. The comparisons
between means of other traits of the 25 AGOHEs and the 25 BCOs3ines showed
no significant differences for all traits.

For the ACO-§ lines, 13 out of the 25 lines were componentshef 30
high-yielding CO hybrids (Table 4.32), i.e., thgp tbO ACO testcross hybrids, the top
10 BCO testcross hybrids and the top 10 CO intaradipn hybrids (data of the hybrids
were shown in Table 4.21). The 13 lines had meam gield ranging from 1,054 to
3,693 kg ha or 34 to 118% of the check, Ki 47. Grain yieldeight of the 13 lines
were not significantly different from the checkmang these eight lines, ACG-$59
(or A7) and ACO0-§96 (or A4) also gave significantly positive gcdeets for grain
yield (Table 4.24). For the BCOs8nes, 10 out of the 25 lines were components of
the 30 high-yielding CO hybrids. The 10 lines maglan grain yield ranging from 571
to 2,969 kg hd or 18 to 95% of the check. Grain yield of fivetb® 10 lines were
not significantly different from the check. Amotigese five lines, BC0=51L84 (or
B8), BC0O-$-296 (or B10), BCO-$90 (or B4) and BCO0-s250 (or B9) also gave
significantly positive gca effects for grain yie{@able 4.24). Furthermore, most of
the lines which were components of the top 10 Gérpopulation hybrids were also
components of the top 10 CO testcross hybrids. rébelts indicated that the selected
lines can be used in both testcross and interpbpnlaybrids.

Most of the lines which were components of the 3gh-yielding CO
hybrids, eight of 13 ACO-Slines and five of 10 BCOsSines, also had high yield.
The results indicated the simultaneous developminigh-yielding hybrids and their
parental lines. In addition, other high-yieldingds were also obtained from CO.

El-Lakany and Russell (1971), who found a positieerelation between inbred and
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hybrid yields, also concluded that selecting orhkygelding inbred lines will increase

yield potential of the hybrids. The suggestioroaisrresponded to Tokatlidis (2000)
who also found a positive correlation between patdmes and their single crosses
for potential yield per plant. He suggested tredéction within lines for yield per

plant seems to be effective for hybrid potential¢iper plant. Betran et al. (2003)
concluded that high-yielding inbred lines increabeth grain yield of hybrid and the
inbred line per se at a greater rate than obsénvedor inbred lines when environmental

conditions improved.

Cyclel
4.3.2 Yield evaluation for the selected C1 and CO lines

Combined analyses of variance

Twenty-five C1-3lines each from populations A and B, which coroesjed
to the 25 top-yielders of Cl:Sestcrosses and the lines used for recombination t
form C2 populations, were selected. For CO lidiSsACO and 10 BCO lines, which
were components of the 30 high-yielding CO hybridere reproduced in the same
generation as the C1 lines. Seven ACO and four B@8 included in the top 10 CO
hybrids were also produced i §eneration to assess their yield potential anéroth
agronomic traits compared withy 8nes. The 50 C1-Slines (25 AC1-% and 25
BC1-S), 23 C0-3 lines, 11 CO-glines and six inbred lines, including Kei 0102
(Ki 48), Kei 0303, Kei 0301, Ki 45, Ki 46 (checkh@Ki 47 (check), were evaluated
at two locations in the 2005 early rainy seasomgusi 9x 10 simple rectangular
lattice design to assess yield potential of thea@0 C1 lines selected on the basis of

testcross performance.



Table4.31 Mean squares from analyses of variance of 11 tcditS0 lines from data combined over two locatiamghe 2002 late

rainy season.

100-Seed Daysto 50% Height L odging Foliar Grain Grain
Sour ce of variation df Grainyield weight Ant. Silk. Plant Ear Stalk Root dis. moist. shell.
kg ha® g d cm % (1-5) %
Locations (L) 1 133190791.08 ** 2758.99 ** 484.72 * 726.92 49275.73 ** 5967.50 **  41.76 1.29 **  6.83* 27247 * 2755
Treatments (T) 55 989735.40 ** 2260 * 11.21 * 10.80 ** S5@3B **  228.72 ** 32.60 0.30 *  0.09 ** 10.75 **  91.11 **
CO0 lines 49 941795.23 ** 23.19 =  11.43 ** 9.21 ** 4259+  228.05 *  34.51 0.29 *  0.10 ** 9.56 **  02.43 **
ACO-§ 24 803853.41 22.63 **  14.66 ** 8.21 ** 363.78 **  275.44 ** 2805 0.30 *  0.08 8.56 * 60.41 **
BCO-$ 24 1017629.47 * 23.97 ** 7.63 * 10.20 ** 350.22 *  162.58 ** 491 0.25 *  0.12 ** 9.51 ** 128.21 **
ACO-§vs. BCO-3 1 2432377.11 * 18.20 25.35 ** 9.51 * 3588.49 **  662.09 ** 1.39 .90 *  0.15 34.57 ** 2.19
Checks 5 600083.26 * 11.82 5.73 14.16 * 263.46 ** 72.95 * 16.44 0.23 * 0.04 24.48 * 78.25 **
CO lines vs. Checks 1 5287064.19 47.15 27.66 7177 99851 1040.18 19.59 1.12 0.00 0.35 90.56
TxL 55 435711.07 ** 5.78 ** 2.06 2.44 97.92 ** 38.16 26.06 0.08 9.0 3.93 23.61
CO linesx L 49 465845.89 ** 5.88 ** 2.06 2.33 91.25 * 40.07 28.15 0.09 0.05 4.05 25.49
Checks L 74011.46 2.98 2.06 1.83 491 3.99 10.38 0.03 0.04 2.83 3.23
(CO lines vs. Checks)L 767603.00 * 15.06 * 2.05 10.79 * 889.68 **  115.16 * 1.88 0.04 .0® 3.74 33.53
Pooled error 178 171783.50 3.00 1.53 1.98 57.15 29.48 23.96 0.14 0.04 4.49 18.35
CV (%) 34.13 10.13 2.42 2.54 6.41 8.84 141.89 15.44 5.88 10.64 6.50

* ** Significant at the 0.05 and 0.01 probabiligvels, respectively.
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Table4.32 Means of 11 traits of the selected 25 AGQa8d 25 BCO-§lines compared with the inbred checks from datalwoed

over two locations in the 2002 late rainy season.

Grainyield Relat. 100-Seed weight Daysto 50% Height L odging Foliar Grain Grain
Entry at 15% moist. toKi 47 at 15% moist. Ant. Silk. Plant Ear Stalk Root moist. shell.
kg ha® % g cm (1-5) %

The selected 25 ACO-S; lines
AC0-$-180 3,693 118 27.40 62 63 145 72 2 17 3.3 21.35 83.13
ACO-S-72 3,160 101 25.53 60 62 192 95 1 21 3.7 19.35 75.86
ACO0-S-117 2,909 93 19.36 59 61 158 67 4 13 35 20.42 73.96
ACO0-5-159 2,785 89 31.23 60 62 158 66 3 14 3.4 23.05 74.49
ACO0-S;-145 2,365 75 23.53 49 55 144 61 1 17 35 18.12 81.93
ACO0-5-86 2,312 74 28.17 60 60 150 61 2 21 3.6 19.99 76.24
ACO0-5;-212 2,199 70 19.19 62 63 145 79 2 19 3.6 17.15 82.82
ACO0-5-204 2,198 70 20.70 62 63 173 85 3 2.6 3.6 22.21 75.09
AC0-5-139 2,136 68 21.54 59 63 152 71 3 19 3.0 18.45 73.99
ACO0-5-83 2,105 67 17.60 60 63 165 68 11 2.9 3.6 16.11 68.93
ACO0-S-96 2,053 66 20.41 62 64 162 59 5 2.1 3.8 18.23 78.01
ACO0-5-240 2,016 64 20.03 59 61 143 57 4 21 3.7 17.08 73.38
ACO0-S-14 1,992 64 24.05 60 64 171 75 2 15 3.8 19.72 72.91
ACO-S-4 1,989 63 22.28 61 64 178 95 4 1.9 3.6 21.12 71.92
ACO0-S-16 1,952 62 22.27 57 59 147 65 4 2.0 3.8 15.38 83.26
ACO0-5-175 1,806 58 27.63 61 62 174 86 19 2.6 3.7 19.06 79.75
ACO0-S;-228 1,711 55 20.24 61 61 160 64 2 2.0 3.6 18.84 72.83
ACO0-5-136 1,693 54 24.50 61 62 163 71 4 15 3.7 15.72 76.90
ACO0-5;-198 1,633 52 24.00 58 62 162 64 2 2.3 3.6 21.44 64.98
ACO-S-57 1,530 49 26.66 62 64 162 7 2 18 3.6 21.84 69.90
ACO0-S;-146 1,450 46 27.41 62 63 183 82 3 2.2 3.7 18.55 68.54
ACO0-5;-245 1,225 39 23.22 61 63 174 89 2 21 3.9 17.36 62.34
ACO0-S-55 1,202 38 22.56 62 64 184 88 7 1.8 3.3 20.13 74.40
ACO-S§-21 1,196 38 22.47 60 63 166 58 1 18 3.7 21.11 79.78
ACO0-S-88 1,054 34 26.21 62 65 163 83 3 15 3.6 19.61 68.95

Mean 2,015 64 23.53 60 62 163 74 4 2.0 3.6 19.26 74.57

TET



Table4.32 (continued)

Grainyield Relat. 100-Seed weight Daysto 50% Height L odging Foliar Grain Grain
Entry at 15% moist. toKi 47 at 15% moist. Ant. Silk. Plant Ear Stalk Root moist. shell.
kg ha® % g cm (1-5) %

The selected 25 BCO-S; lines
BCO0-S-246 3,280 105 28.79 55 56 165 77 7 18 35 18.73 81.10
BC0-S$-184 2,969 95 25.94 61 63 142 58 1 1.9 3.2 21.79 82.96
BCO0-S-296 2,786 89 30.28 57 60 158 70 2 15 35 21.37 78.11
BCO0-S-6 2,488 79 25.90 57 57 152 68 2 15 3.8 17.23 82.62
BCO0-S-90 2,287 73 20.30 60 62 168 81 1 17 3.2 18.34 77.43
BC0-S$-140 2,076 66 21.49 61 62 163 80 1 15 3.4 19.55 73.06
BCO0-S-93 2,065 66 26.45 58 60 156 69 4 1.8 3.6 17.84 76.41
BC0-§-222 1,985 63 23.61 56 57 163 76 3 1.9 3.8 14.25 79.23
BCO0-S-45 1,982 63 18.57 59 61 149 60 1 2.1 3.6 16.66 79.22
BC0-S-250 1,863 59 28.54 60 63 149 72 2 2.0 3.9 17.01 80.33
BCO0-S-37 1,758 56 22.13 57 59 136 64 14 21 3.8 15.33 72.78
BC0-5-280 1,751 56 25.91 60 62 145 55 2 14 3.7 20.34 68.16
BCO0-S-44 1,684 54 20.09 59 61 157 71 1 1.9 3.7 15.26 77.34
BCO0-§-19 1,590 51 21.91 58 61 156 73 1 11 3.7 18.27 66.40
BCO0-S-200 1,566 50 21.33 59 63 142 67 5 1.9 3.8 19.47 84.34
BCO-S-71 1,468 a7 30.36 60 61 138 70 0 1.9 3.3 19.92 76.57
BCO0-S-49 1,439 46 22.35 61 62 154 72 1 1.6 3.8 19.89 72.05
BCO0-§-122 1,429 46 27.78 59 62 149 68 5 1.6 3.7 19.54 77.24
BCO0-S-165 1,290 41 22.51 60 63 151 72 7 2.3 3.7 17.34 78.21
BC0-§-232 987 31 19.61 58 62 126 58 21 2.7 4.2 14.64 74.43
BCO-S-47 948 30 27.15 60 64 147 62 1 1.8 3.9 19.58 56.24
BCO0-S$-115 928 30 28.06 64 65 183 91 1 18 35 20.22 55.71
BCO0-S§-32 915 29 21.92 57 64 123 56 5 1.0 3.8 17.24 75.75
BC0-S-186 571 18 25.17 60 64 140 52 3 15 3.7 18.20 74.57
BCO0-§-172 460 15 23.38 59 63 162 69 0 17 41 13.96 56.62

Mean 1,703 54 24.38 59 61 151 68 4 1.8 37 18.08 74.28

CET



Table4.32 (continued)

Grainyield Relat. 100-Seed weight Daysto 50% Height Lodging Foliar Grain Grain
Entry at 15% moist. toKi 47 at 15% moist. Ant. Silk. Plant Ear Stalk Root dis. moist. shell.
kg ha' % g d cm % (1-5) %
Inbred checks
Kei 0101 1,642 52 21.68 59 63 140 66 0 1.9 3.3 24.58 71.50
Kei 0102 (Ki 48) 2,866 91 25.60 58 60 140 61 1 1.4 3.7 1790 .0®8
Ki 44 2,374 76 20.51 58 59 118 53 2 1.2 3.8 15.60 81.76
Ki 45 2,380 76 18.89 60 61 119 61 4 2.0 3.6 17.02 83.66
Ki 46 (Check) 2,970 95 23.74 56 56 141 56 0 1.3 3.7 15.41 77.93
Ki 47 (Check) 3,134 100 20.72 56 56 142 70 7 1.4 3.7 20.42 81.1
Mean 2,561 82 21.86 58 59 133 61 2 15 3.6 18.49 77.33
LSD 0.05 1,322.80 4.82 2.88 3.13 19.83 12.38 10.23 0.56 0.43 3.97 9.74
LSD 0.01 1,761.20 6.41 3.83 4.17 26.40 16.48 13.62 0.75 0.57 5.29 12.97

|:| = lines which were components of the 30 highding CO hybrids, i.e., the top 10 ACO testarbgbrids, the top 10 BCO testcross hybrids andapd 0 CO interpopulation
hybrids (Table 4.21).

€ET
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Mean squares from combined analyses of variancEl dfaits of the CO
and C1 lines are shown in Table 4.33. Highly digant differences were detected
among locations for all traits except for 100-se&ight and stalk lodging which were
not significant. Grain yield of CO lines and Chds were highly significant. The
comparisons between ACOQO-fhes vs. BCO-glines were highly significant for grain
yield and plant height, and significant for earditi The ACO-glines vs. BCO-&
lines was highly significant for grain yield, dais 50% silking, plant height, foliar
diseases, grain moisture and grain shelling, agwifsiant for 100-seed weight. The
CO0-S lines vs. CO-glines was highly significant for grain yield, datgs50% anthesis
and silking and plant and ear heights. For Clslitlee AC1-%lines vs. BC1-glines
was highly significant for plant and ear heightsd aignificant for root lodging and
grain shelling. The comparisons between CO andiné% vs. checks showed a highly
significant difference for ear height, and a sigaift difference for grain shelling.
Interaction of treatments with locations was higsilgnificant for grain yield and stalk
lodging, and significant for foliar diseases.

Means of lines

Mean grain yield of the 25 AC1;8nes ranged from 2,013 to 4,721 kgha
with mean of 3,307 kg hor 87% of the inbred check, Ki 47 (Table 4.34)gHE out
of the 25 lines yielded comparatively higher thiaa theck. The 25 BC1;8nes had
mean grain yield ranging from 1,182 to 4,804 kg'leith mean of 3,121 kg h&or
82% of the check. Six out of the 25 lines yieldedparatively higher than the check.
The results of the C1 lines showed that average gield of the selected lines developed
from population A was higher than that of the sielédines developed from population

B, however, the difference was not significant.e Thsults also corresponded to grain
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yield of populations per se (Table 4.14).

The comparison between mean grain yield of th&@%-S, lines and the
25 ACO-$S lines showed that the ACL1 lines yielded highenttree ACO lines for 23%
relative to the check, Ki 47 (87% of the check mble 4.34 vs. 64% of the check in
Table 4.32). Similarly, the 25 BC18nes yielded higher than the 25 BC@1Bes
for 28% relative to the check, Ki 47 (82% of theeck in Table 4.34 vs. 54% of the
check in Table 4.32). The results indicated thprowement for grain yield of C1
lines from both populations which were higher ti@&hlines.

Means of other agronomic traits of the AC1 and Bi@ds were compared
with the inbred check of their group (Table 4.34)he 25 AC1-$ lines had lower
100-seed weightR < 0.05), more days to 50% anthesis and silkiag<(0.01) and
higher plant and ear height® € 0.01) than Ki 46. The 25 BCL-8nes had more
days to 50% anthesis and silkifg< 0.05 and® < 0.01), higher plant and ear heights
(P < 0.01) and lower grain shelling percentage<(0.05) than Ki 47. The comparisons
between means of other traits of the 25 AG1#&s and the 25 BC1,3ines showed
no significant differences for all traits.

For the AC1-% lines, 12 out of the 25 lines were componentshef 30
high-yielding C1 hybrids (Table 4.34), i.e., the th0 AC1 testcross hybrids, the top
10 BCL1 testcross hybrids and the top 10 C1 interfatipn hybrids (data of the hybrids
were shown in Table 4.27). The 12 lines had meam gield ranging from 2,013 to
4,540 kg ha or 53 to 120% of the check, Ki 47. Grain yieldeight of the 12 lines
were not significantly different from the check.mAng these eight lines, ACL-S
175-13 (or A7) also gave significantly positive geféects for grain yield (Table 4.30).

For the BC1-%lines, 11 out of the 25 lines were component$hef30 high-yielding
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C1 hybrids. The 11 lines had mean grain yield irrmfrom 2,284 to 4,804 kg Raor
60 to 127% of the check. Grain yield of nine of thl lines were not significantly
different from the check. Among these nine liBE€1-$-222-20 (or B9) and BC1-
S-71-1 (or B3) also gave significantly positive geféects for grain yield (Table 4.30).
Moreover, the results were similar to CO lines thaist of the lines which were
components of the top 10 C1 interpopulation hybwese also components of the top
10 C1 testcross hybrids. The results indicatet ttieselected lines can be parental
lines in both testcross and interpopulation hybritigh-yielding lines obtained from
C1 which were parental lines of the high-yieldindphids revealed the simultaneously
development of potential hybrids and their parelimak. In addition, other high-yielding
lines were also obtained from C1.

The 13 ACO-3 lines, which were components of the 30 high-yedCO
hybrids, had mean grain yield ranging from 1,795,@21 kg ha or 47 to 159% of
the check, Ki 47 (Table 4.34). Two out of the i@$ yielded significantly higher than
the check P < 0.01). For means of other traits, the 13 AGOx&s had lower 100-
seed weight® < 0.01), more days to 50% anthesis and silking (0.01) and higher
plant and ear height®(< 0.01) than Ki 46. The 10 BCQ-3$ines, which were
components of the 30 high-yielding CO hybrids, Inaekan grain yield ranging from
1,241 to 4,231 kg haor 33 to 112% of the check. Only one line yieldechparatively
higher than the check. For means of other trties,10 BCO-g lines had more days
to 50% anthesis and silking € 0.05), higher plant and ear heigh®s<0.01), higher
root lodging scoreR < 0.05) and lower grain shelling percentage<(0.01) than Ki 47.

The seven ACO-ines, which were components of the top 10 CO iaghr

had mean grain yield ranging from 1,691 to 4,08 h&g or 45 to 108% of the check,
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Ki 47 (Table 4.34). Only one line yielded compawalty higher than the check. The
four BCO-S lines, which were components of the top 10 CO iaghihad mean grain
yield ranging from 651 to 3,714 kg Heor 17 to 98% of the check. Among the CO
lines, AC0-96, AC0-180 and BCO0-90 had high yieldalngenerations tested 4S5
and S), although AC0-180 was not tested ig g&neration because itg Seeds was
not available (Tables 4.32 and 4.34). AC0-96 (d) And BC0-90 (or B4) also gave
significantly positive gca effects for grain yig(dable 4.24). For other traits, ACO-
S6-180 had lower 100-seed weighR € 0.01) and more days to 50% anthesis and
silking (P < 0.01) than Ki 46, but lower foliar diseases scfr < 0.01). AC0-$96
had lower 100-seed weighP < 0.01), more days to 50% anthesis and silkPgs (
0.01), higher plant heighP(< 0.01) and higher root lodging scoie € 0.01) than
Ki 46, but higher grain shelling percentage< 0.05). BCO0-&90 had lower 100-
seed weight® < 0.01), more days to 50% anthesis and silkiag<(0.01), higher

plant and ear height® « 0.01) and higher root lodging score< 0.05) than Ki 47.



Table4.33 Mean squares from analyses of variance of 11 w&i®0 and C1 lines from data combined over twalmns in the 2005

early rainy season.

100-Seed Daysto 50% Height L odging Foliar  Grain Grain
Sour ce of variation df Grainyied weight Ant. Silk. Plant Ear Stalk Root dis. moist. shell.
kg ha' g d cm % (1-5) %
Locations (L) 1 10926746.04 **  0.26 817.07 ** 855.87 ** 42B62 * 13936.48 ** 0.26 0.87 ** 294 * 49.72 **  77.30 **
Treatments (T) 89 2077684.13 ** 22.12 ** 3.07 ** 4.10 ** 6AIL ** 222.29 ** 6.20 0.29 * 0.16 ** 2.31* 90.60 **
CO lines 33 2884008.85 ** 23.30 ** 2.35 ** 3.47 ** 582.69* 24587 *  13.12 0.27 ** 0.19*  0.89 136.80 **
0-S, 22 3011085.0 ** 19.11** 2.41** 1.92 * 498.1( ** 251.4¢ ** 18.11 0.2¢**  0.14** 0.8C 115.4% **
AC0-S, 12 3373899.4 **  22.0¢ ** 2.37 ** 2.82 ** 388.8: ** 142,28 ** 26.2t * 0.1€ ** 0.17* 112 73.07 **
B(O-S, 9 1564472.4 ** 17.2z ** 2.72** 0.81 517.5( ** 407.72 ** 9.0C 0.4€* 0.1z* 0.24 182.3¢ **
AC0-S, vs. BCO-S, 1 11676825.7 **  0.27 0.0¢ 1.2¢ 1634.6¢ ** 155.57 * 2.3¢ 0.1€ 0.1z 1.92 21.6:
0-Sg 1C 2409912.8 ** 34.31** 1.8¢* 5.0% ** 677.1% ** 189.9¢ ** 2.2¢ 0.2¢*  0.3C** 1.1€ 193.0¢ **
A0-Sg 6 1293928.5 *  35.4Z7 ** 2.82 ** 4.6€ ** 726.97 ** 183.67 ** 0.9C 0.3e ** 0.2z ** 0.2¢ 62.5¢ **
B(0-Sg 3 3386885.2 **  38.3¢ ** 0.3: 2.6€ 367.0¢ * 249.5¢ ** 2.2¢ 0.0z 0.32 ** 0.7¢ 427.2¢ **
AC0-Sg vs. BCO-Sg 1 6174901.0 ** 15.4¢* 0.9¢ 14.21 ** 1308.7¢ ** 48.91 10.6¢ 0.1¢ 0.72 ** 7.61*  273.0¢ **
C0-S; vs. CO-Sg 1 4829293.3 ** 5.27 5.9C ** 21.7¢ ** 1499.0° ** 682.3% ** 11.5¢ 0.0¢ 0.04 0.0t 44.6¢
C1 lines 49 1445784.09 ** 22.82 ** 3.08 ** 3.67 ** 506.89*  198.56 ** 1.37 0.27 ** 0.13* 271* 57.40 **
Al-S, 24 1314843.4 **  17.9% ** 2.5€ ** 3.5C ** 343.7¢ ** 137.9¢ ** 1.1€ 0.2¢ **  0.14** 3.4z * 50.4¢€ **
B(-S, 24 1600988.2 **  28.57 ** 3.7C ** 4.0C ** 605.47 ** 249.8: ** 1.5¢ 0.27* 0.1&* 2.01 65.1% **
A(1-S, vs. BC1-S, 1 863459.11 3.65 0.64 0.24 2057.50** 423.67 ** 0.3¢ 0.5% * 0.0C 2.3 38.61*
Checks 5 1076778.51 11.19 * 6.70 *  11.35 ** 592.48 ** 165. 0.95 0.53 0.18 * 5.62 48.67 **
CO0 and C1 lines vs. Checks 1 11064954.89 4.07 10.22 3.921 7119.84 677.98 ** 4.88 0.68 0.58 0.07 435.48 *
CO lines vs. C1 lines 1 2449327.00 21.79 1.06 0.04 581% 383.97 42.11 0.26 0.66 15.49 57.05
TxL 89 363969.55 *  1.75 0.69 0.97 61.78 29.57 456 * 0.09 0.05* .28 9.69
COlinesx L 33 390044.43 *»*  2.10 0.76 1.00 84.25 30.80 10.56 *  0.05 0.05 * 0.68 16.27 **
Cllinesx L 49 289057.75 * 1.59 0.72 1.03 48.06 26.39 0.94 0.10 0.05 156 426
Checksx L 5 1042091.85 **  1.49 0.13 0.58 42.43 62.39 0.95 0.12 0.03 191 0.99
(COand (1 lines vs. Checky) x L 1 86013.52 0.28 0.59 0.12 86.81 0.05 2.80 0.95* 0.02 1.25 1.07
(COlines v« Cllines) x L 1 61520.67 0.62 0.48 0.08 64.00 10.06 4.00 0.01 0.07 441 * 346
Pooled error 142 192455.00 1.46 1.14 1.11 65.25 39.12 272 .17 0 0.03 1.13 8.66
CV (%) 18.97 4.62 1.48 1.73 441 5.83 204.33 15.98 7.62 6.73 4.15

* ** Significant at the 0.05 and 0.01 probabiligvels, respectively.
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Table4.34 Means of 11 traits of the selected 25 AGla8d 25 BC1-$lines and the selected CO lines compared withnived checks

from data combined over two locations in the 208%yerainy season.

Grainyield Relative to 100-Seed weight Daysto 50% Height L odging Foliar Grain Grain
Entry at 15% moist. Ki 46 Ki 47 at 15% moist. Ant. Silk. Plant Ear Stalk Root dis. moist. shell.
kg ha® Y g cm % (1-5) %

The selected 25 AC1-S, lines
AC1-S,-72-17 4,721 101 124 29.09 54 55 189 94 1 1.8 25 17.62 76.49
AC1-S-175-13 4,540 97 120 29.43 56 56 174 93 0 2.3 2.4 17.55 80.70
AC1-S-146-17 4,328 93 114 29.13 55 56 195 94 0 1.8 2.9 17.90 75.64
AC1-5,-83-18 4,276 92 113 33.88 57 57 166 93 0 18 2.8 18.54 78.78
AC1-$;-204-14 4,258 91 112 26.59 56 57 185 100 0 1.8 2.6 17.05 71.92
AC1-S,-86-1 4,174 90 110 38.46 57 57 175 97 0 2.7 2.2 19.90 75.33
AC1-S-21-2 3,923 84 103 28.47 56 57 188 98 0 1.6 3.1 15.82 84.29
AC1-5,-88-15 3,899 84 103 29.75 56 55 173 91 1 2.0 3.1 16.30 78.95
AC1-S-72-5 3,717 80 98 25.60 54 55 190 101 1 1.9 2.6 17.25 69.58
AC1-$;-245-17 3,592 77 95 29.28 55 55 176 94 0 15 2.9 16.58 68.66
AC1-S,-88-13 3,505 75 92 30.74 56 56 187 83 1 1.7 2.7 15.04 73.06
AC1-5,-86-13 3,371 72 89 29.77 57 57 167 87 0 1.6 2.8 18.12 82.07
AC1-S,-180-2 3,272 70 86 33.58 56 57 190 103 1 1.9 3.2 15.28 76.08
AC1-5,-204-6 3,223 69 85 24.54 57 56 191 108 1 2.1 2.8 16.01 76.93
AC1-S-57-4 3,110 67 82 28.13 56 57 181 94 0 1.6 2.8 17.36 75.42
AC1-5;-245-20 2,878 62 76 26.25 56 57 180 97 1 2.3 3.0 17.38 64.47
AC1-$;-228-3 2,788 60 73 28.65 55 57 209 90 0 2.0 3.1 16.47 77.70
AC1-5,-55-9 2,676 57 71 29.24 57 59 191 102 3 2.0 2.6 15.91 77.99
AC1-5-159-19 2,643 57 70 27.92 58 57 216 110 1 1.8 25 20.98 71.90
AC1-5-57-12 2,473 53 65 28.49 58 58 182 103 0 1.9 3.2 16.98 68.21
AC1-S,-86-10 2,454 53 65 28.04 57 58 183 85 0 1.9 2.9 16.54 73.25
AC1-5;-228-8 2,359 51 62 25.90 56 57 195 99 2 2.0 3.1 17.01 71.62
AC1-S5-14-11 2,315 50 61 27.10 58 60 218 121 1 3.0 3.0 17.48 64.73
AC1-5,-228-13 2,177 a7 57 32.87 58 60 184 100 1 2.0 3.0 16.94 70.70
AC1-S-21-9 2,013 43 53 28.30 57 59 184 89 1 2.4 25 17.66 76.58

Mean 3,307 71 87 29.17 56 57 187 97 1 2.0 2.8 17.19 74.44
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Table4.34 (continued)

Grainyield Relative to 100-Seed weight Daysto 50% Height L odging Foliar Grain Grain
Entry at 15% moist. Ki 46 Ki 47 at 15% moist. Ant. Silk. Plant Ear Stalk Root dis. moist. shell.
kg ha' s Y g cm % (1-5) %

The selected 25 BC1-S, lines
BC1-$-186-16 4,804 103 127 29.56 56 57 213 106 1 2.0 2.9 17.77 80.07
BC1-5-184-16 4,508 97 119 26.63 56 56 183 94 1 1.9 2.6 18.13 82.64
BC1-§-172-19 4,160 89 110 31.74 56 56 177 91 1 2.4 2.8 16.03 83.94
BC1-§-90-12 3,993 86 105 32.48 57 57 183 91 2 25 2.7 16.97 80.08
BC1-$-32-20 3,983 86 105 28.93 54 55 148 73 0 1.3 3.0 14.94 83.64
BC1-§-222-20 3,895 84 103 35.18 59 60 181 104 0 1.9 2.3 16.36 75.48
BC1-$-186-3 3,704 80 98 27.18 54 56 184 95 0 1.8 3.1 17.24 83.14
BC1-§-90-7 3,520 76 93 29.54 54 55 198 108 0 2.0 3.0 15.94 73.05
BC1-$-280-3 3,449 74 91 25.61 56 57 180 98 0 1.9 2.8 16.88 76.28
BC1-§-71-1 3,310 71 87 24.37 55 55 160 84 0 13 2.6 18.04 79.04
BC1-$-184-9 3,271 70 86 25.73 56 57 145 81 1 1.8 2.7 16.23 76.73
BC1-§-90-2 3,171 68 84 35.44 55 56 140 75 0 14 2.8 17.14 75.89
BC1-$-184-4 3,131 67 83 25.84 57 58 175 99 0 2.4 25 17.21 81.77
BC1-§-47-9 3,111 67 82 27.63 55 57 164 78 0 2.3 3.2 16.61 77.08
BC1-$-186-20 3,086 66 81 27.95 57 58 183 94 0 2.1 2.7 18.52 74.69
BC1-§-71-22 3,057 66 81 28.15 57 56 185 84 1 2.0 2.8 16.23 77.46
BC1-$-115-7 2,974 64 78 30.84 57 58 191 115 2 17 2.8 17.68 69.93
BC1-§-115-6 2,955 63 78 28.01 55 56 193 99 3 1.9 2.8 18.62 73.59
BC1-$-246-11 2,521 54 66 27.60 57 57 195 106 1 17 2.7 16.73 68.55
BC1-§-115-9 2,354 51 62 26.96 55 56 179 88 0 17 3.2 15.91 70.62
BC1-$-32-19 2,347 50 62 26.61 58 59 176 95 1 15 2.6 17.26 67.33
BC1-§-296-2 2,284 49 60 36.64 56 57 171 85 1 14 2.8 16.25 80.37
BC1-$-296-19 1,878 40 50 32.42 57 58 168 85 0 2.3 2.9 16.02 67.88
BC1-§-115-19 1,389 30 37 29.18 57 58 202 109 3 13 3.3 18.23 64.50
BC1-$-37-6 1,182 25 31 19.46 59 60 167 84 1 15 3.4 15.11 68.42

Mean 3,121 67 82 28.79 56 57 178 93 1 1.8 2.8 16.88 75.69

orT



Table4.34 (continued)

Grainyield Relative to 100-Seed weight Daysto 50% Height L odging Foliar Grain Grain
Entry at 15% moist. Ki 46 Ki 47 at 15% moist. Ant. Silk. Plant Ear Stalk Root moist. shell.
kg ha' s Y g cm (1-5) %

The 13 ACO-S, lineswhich wer e components of the 30 high-yielding CO hybrids
ACO0-5,-96 6,021 129 159 23.56 53 54 199 96 1 1.8 2.8 17.06 81.80
ACO0-5,-86 5,467 117 144 31.23 56 56 168 85 1 2.0 2.6 16.88 84.32
ACO0-S,-180 4,725 101 125 30.49 57 57 156 85 0 1.9 25 17.93 82.74
ACO0-5,-204 4,443 95 117 23.85 56 56 200 108 1 2.3 2.6 16.15 79.70
ACO-S5-4 4,037 87 106 29.42 56 56 185 111 2 2.0 2.7 17.11 74.34
ACO0-S-146 3,629 78 96 29.87 57 56 200 99 2 2.3 2.7 16.51 76.76
ACO0-S-159 3,511 75 93 33.51 57 57 174 90 1 1.6 2.7 17.51 76.79
ACO0-S-57 3,151 68 83 27.55 57 57 184 103 0 1.6 3.1 16.18 65.08
ACO0-S,-72 2,816 60 74 30.01 56 57 201 99 0 2.1 3.0 16.52 71.86
ACO0-5-136 2,695 58 71 26.99 56 57 194 89 14 1.9 3.1 14.87 66.00
ACO0-S5-14 2,323 50 61 23.20 57 58 185 98 0 1.6 3.3 16.11 72.73
ACO0-5,-88 2,121 46 56 29.62 58 59 178 93 1 15 3.2 16.58 72.00
ACO0-5-228 1,791 38 a7 24.49 56 57 184 89 1 2.3 3.3 16.56 71.37

Mean 3,595 77 95 27.98 56 57 185 96 2 1.9 2.9 16.61 75.04
The 10 BCO-S, lines which wer e components of the 30 high-yielding CO hybrids
BCO0-S-90 4,231 91 112 29.42 56 57 174 90 3 3.2 2.9 16.33 82.73
BCO0-$-250 3,576 77 94 29.92 55 56 165 90 7 2.2 3.4 16.12 84.91
BCO0-§-140 3,016 65 79 23.96 57 57 189 104 2 1.9 2.8 16.05 72.90
BCO0-$-47 2,628 56 69 28.63 56 56 180 100 2 2.2 3.2 16.49 69.51
BCO0-§-184 2,602 56 69 23.71 56 57 143 63 1 1.6 2.9 16.35 80.48
BCO0-$-186 2,553 55 67 28.90 54 55 176 79 0 2.1 2.8 16.20 79.48
BCO0-§-296 2,333 50 61 31.91 56 56 173 88 2 14 3.0 16.20 72.13
BCO0-$-49 1,976 42 52 24.63 58 57 164 94 4 2.0 3.4 16.84 71.24
BCO0-§-71 1,626 35 43 30.37 57 56 165 96 2 21 2.8 15.86 71.92
BCO0-$-115 1,241 27 33 29.94 57 57 203 116 1 17 2.8 15.57 51.25

Mean 2,578 55 68 28.14 56 56 173 92 2 2.0 3.0 16.20 73.66

T



Table4.34 (continued)

Grainyield Relative to 100-Seed weight Daysto 50% Height L odging Foliar Grain Grain
Entry at 15% moist. Ki 46 Ki 47 at 15% moist. Ant. Silk. Plant Ear Stalk Root dis. moist. shell.
kg ha' s Y g cm % (1-5) %
The 7 ACO-S; lines which wer e components of the top 10 CO hybrids
ACO0-%-180 4,087 88 108 28.05 57 59 149 81 0 2.1 2.2 16.91 80.24
ACO0-5-96 3,662 79 96 28.49 58 57 179 86 0 2.6 3.3 16.98 84.46
ACO-S-72 3,361 72 89 30.93 56 57 210 103 1 2.1 2.8 16.41 73.58
ACO0-S-204 2,967 64 78 25.43 56 56 171 87 0 25 2.8 16.28 75.98
ACO0-S-228 2,685 58 71 23.42 56 56 165 86 1 2.4 2.9 17.35 73.50
ACO0-$-159 2,433 52 64 33.43 55 56 170 77 0 15 2.8 16.75 72.63
ACO0-5;-88 1,691 36 45 35.20 58 60 186 99 2 1.6 3.0 17.06 67.19
Mean 2,984 64 79 29.28 57 57 176 88 1 21 2.9 16.82 75.37
The 4 BCO-S; lines which wer e components of the top 10 CO hybrids
BCO0-$-90 3,714 80 98 21.96 57 58 179 101 3 1.9 2.7 16.12 78.55
BCO0-S,-296 1,698 36 45 31.94 57 58 159 81 1 2.0 3.3 15.61 71.22
BCO0-$-250 1,465 31 39 26.33 58 60 154 85 3 1.9 3.6 14.71 75.82
BCO-S-47 651 14 17 29.92 57 60 148 74 1 1.8 3.4 15.94 46.60
Mean 1,882 40 50 27.54 57 59 160 85 2 1.9 3.2 15.60 68.04
Inbred checks
Kei 0102 (Ki 48) 4,245 91 112 28.71 57 59 170 102 0 13 2.2 349. 7311
Kei 0303 4,202 90 111 26.37 54 54 177 90 1 14 2.9 16.75 85.32
Kei 0301 2,839 61 75 25.66 57 58 154 84 2 25 2.6 15.85 83.53
Ki 45 4,917 106 130 28.24 56 57 130 85 0 2.1 25 18.45 84.43
Ki 46 (Check) 4,656 100 123 32.32 53 53 156 78 0 17 2.9 15.48 6.367
Ki 47 (Check) 3,795 81 100 27.16 54 54 143 77 0 1.2 2.9 15.31 .12
Mean 4,109 88 108 28.08 55 56 155 86 0 1.7 2.6 16.86 80.82
LSD 0.05 1,198.70 2.63 1.66 1.96 15.62 10.80 4.24 0.61 043 252 6.19
LSD 0.01 1,588.00 3.48 2.19 2.60 20.69 14.31 5.62 0.81 057 982 819

|:| = lines which were components of the 30 highding C1 hybrids, i.e., the top 10 AC1 testarbgbrids, the top 10 BC1 testcross hybrids andapd 0 C1 interpopulation

hybrids (Table 4.27).
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CHAPTER V

CONCLUSIONS

The MRRS program was used to improve Suwanl(S)C11 (population A) and
KS6(S)C3 (population B) using respective inbred testers of Ki 47 and Ki 46 for two
cycles. The population improvement showed that the selected S; testcrosses from
AC1 and BC1 yielded higher than the selected S; testcrosses from ACO and BCO for
26.6% and 15.0%, relative to the hybrid check, Suwan 3851. After one cycle of MRRS,
all C1 populations including populations per se, population crosses and population
topcrosses were improved for grain yield, particularly significant improvement was
found in population cross. AC1 x BCL1 yielded higher than ACO x BCO for 10.3%
(P <0.05). Variety effects (vi) and gca effects for grain yield were improved for both
populations, while variety heterosis effects (h;)) was improved only for BC1. However,
after two cycles of MRRS, populations per se tended to be improved for grain yield
especialy population A. Slight increases for grain yield of population crosses were
observed. Population topcrosses were also improved for grain yield except AC2 x
Ki 47. The order of populations arranged by grain yield was population topcrosses >
population crosses > populations per se. AC2 and BC2 were improved for variety
effects and gca effects for grain yield. Population B contributed more than population A
in population cross for heterosis of grain yield. Average heterosis (ﬁ) was highly
significant. Also, sca effects seemed to be improved for AC2 x BC2.

The hybrid development showed significant improvement for grain yield of all
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C1 hybrid groups compared with CO hybrid groups. Mean grain yield of the top 10
C1 hybrids, the top 10 ACL1 testcross hybrids, the top 10 BCL1 testcross hybrids and
the top 10 C1 interpopulation hybrids were higher than that of the top 10 CO hybrids,
the top 10 ACO testcross hybrids, the top 10 BCO testcross hybrids and the top 10 CO
interpopulation hybrids for 9.7% (P < 0.01), 4.9% (P < 0.05), 9.4% (P < 0.01) and
9.8% (P < 0.01), respectively. Thetop 10 C1 hybrids also had high yield which were
not significantly different from the single-cross hybrid, Suwan 4452, a new hybrid
which yielded higher than Suwan 3851. The top 10 hybrids from both CO and C1
revealed that testcross hybrids had higher potential for high-yielding hybrids than
interpopulation hybrids. For other agronomic traits, the top 10 AC1 testcross hybrids
had only higher plant height (P < 0.05) than the check, Suwan 4452. The top 10 BC1
testcross hybrids had lower ear height (P < 0.05) and lower grain moisture (P < 0.05)
than the check, but lower grain shelling percentage (P < 0.05). The top 10 C1
interpopulation hybrids had higher plant height (P < 0.01) than the check, but lower
grain moisture (P < 0.05).

For grain yield of interpopulation hybrids, sca effects was important. In terms

of genetic variances, ratio of ¢2/c% increased from 0.27 in CO to 0.82 in C1. The

selection for grain yield in the MRRS program showed that dominance variance of
this trait increased while additive variance decreased. As a result, the top 10 CO and
the top 10 C1 interpopulation hybrids had mean grain yield as high as the top 10 CO
and the top 10 C1 testcross hybrids, respectively. For other traits of interpopulation
hybrids, additive variance had a mgjor role for days to 50% anthesis and silking, plant
and ear heights, stalk and root lodging, foliar diseases, grain moisture and grain shelling.

Among 100 C1 interpopulation hybrids, four hybrids (A1 x B3, A7 x B4, A2 x B3
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and A6 x B9) gave significantly positive sca effects at P < 0.05. The crosses of A6 x
B9 or AC1-S;3-86-10 x BC1-S3-222-20 and A7 x B4 or AC1-S3-175-13 x BC1-S;-90-7
were included in the top 10 C1 hybrids. A6 x B9 had higher plant height (P < 0.01)
than the check, Suwan 4452, while A7 x B4 had higher both plant and ear heights
than the check at P < 0.01 and P < 0.05, respectively. Al x B3 or AC1-S3-21-2 x
BC1-S5-71-1 and A2 x B3 or AC1-$3-21-9 x BC1-S3-71-1 were included in the top
10 C1 interpopulation hybrids. The two hybrids had higher plant height (P < 0.01) and
lower grain shelling percentage (P < 0.05 and P < 0.01) than the check. In addition,
one female line (A7) and two male lines (B3 and B9) which were components of the
four hybrids also gave significantly positive gca effects for grain yield, and had high
yield which were not significantly different from Ki 47.

The line development showed the improvement for grain yield of C1 lines from
both populations which were higher than CO lines. Mean grain yield of the selected
25 lines from AC1 and BC1 were higher than that of the selected 25 lines from ACO
and BCO for 23% and 28%, respectively, relative to the same check, Ki 47. Average
grain yield of the 25 lines developed from population A tended to be higher than that
of the 25 lines developed from population B for both cycles. Eight out of the 25 AC1
lines and six out of the 25 BC1 lines yielded comparatively higher than the check.
However, significant increases in C1 lines were found for days to 50% anthesis and
slking. Twelve out of the 25 AC1 linesand 11 out of the 25 BC1 lines were components
of the 30 high-yielding C1 hybrids, i.e., the top 10 AC1 testcross hybrids, the top 10
BC1 testcross hybrids and the top 10 C1 interpopulation hybrids. Furthermore, most
of the lines which were components of the top 10 interpopulation hybrids were also

components of the top 10 testcross hybrids. The selected lines can be used in both
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testcross and interpopulation hybrids.

The MRRS program was effective in improving grain yield of both populations
and lines per se and hybrid combinations (popul ation crosses, popul ation topcrosses to
inbred testers, testcross hybrids and interpopulation hybrids). These suggested that
the selection acted on both additive and nonadditive effects. High-yielding hybrids of
both testcross and interpopulation hybrids and their potential parental lines can be

devel oped simultaneously from the program.
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Appendix Table 1A Germplasms assembled in Thai Composite #1.t

Sour ce Group Material
Caribbean Islands  Argentino Cuba Gr.1
(16) Argentino Cuba 11J
Argentino Puerto Rico Gr.1
Tuson Cuba 40

Argentino-Canilla-Criollo-Tuson ~ Cuba 1J

Argentino-Canilla-Criollo-Tuson  Cuba V59

Argentino-Canilla-Criollo-Tuson  Antigua Gr.1
Argentino-Canilla-Criollo-Tuson  Antigua Gr.2
Argentino-Canilla-Criollo-Tuson ~ Puerto Rico Gr.2
Argentino-Canilla-Criollo-Tuson  Barbados Gr.1
Argentino-Canilla-Criollo-Tuson  Cupurico

Argentino-Canilla-Criollo-Tuson  Caribbean Flint Compes
Argentino-Canilla-Criollo-Tuson  Flint Composite Ami
Argentino-Canilla-Criollo-Tuson ~ Composite Caribbeanakiiio
Argentino-Canilla-Criollo-Tuson Tiquisate Golden Yellow Caribbean Composite
Argentino-Canilla-Criollo-Tuson Tiquisate Golden Yellow Guadalupe 12D-14D

Mexico and Tuxpefio Veracruz 163

Central America Tuxpefio Veracruz 181

(6) Tuxpefio Veracruz Gr.48
Tuxpefio Tamaulipas 8
Salvadorefio Salvadorefio Amarillo
Argentino-Criollo Tiquisate Golden Yellow

South America Northern Catato Guyana Francesca Il

(5) Cuban Yellow Dent Bahia Ill BCO
Cuban Yellow Dent Dentado Amarillo
Argentino-Criollo-Tuson Narifio 330-Peru 330
Argentino-Criollo-Tuson DV 103

India Caribbean-Tuxpefio-India-USA Composite Al

(5) Caribbean-Tuxpefio-India-USA Multiple Cross 2

Caribbean-Tuxpefio-India-USA Multiple Cross 4
Caribbean-Tuxpefio-India-USA Synthetic A3B
Caribbean-Tuxpefio-India-USA Synthetic A11

Other Tuxpefio-Caribbean-USA Tuxpantigua

(4) Tuxpefio-Caribbean-USA Veracruz 181 Antigua Gr.2
Tuxpefio-Caribbean-USA Usatigua
Tuxpefio-Caribbean-USA Florida Synthetic

Remark tFrom Composites, synthetics and inbreds developetieba 1969 and 1993 by the Corn Breeding
Project Kasetsart Universitfp. 36), by S. Jampatong, comp., 1994, Kasetsaivdisity: National
Corn and Sorghum Research Center (Suwan Farm).
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Appendix Table2A Germplasms assembled in KS 6.

Composite name

Developed source

Description

Caripeno DMRT

Amarillo Dentado DMR*

Suwan DMR Source 111

Suwan DMR Source 12

Kasetsart University This composite was originated from a cross betédnDMR 1
Corn Breeding Project, and 5 to Caripeno. Caripeno is a heterogeneoutagiop resulting

Thailand

CIMMYT, Mexico

from a cross between CIMMYT’s synthesized Caribteeah
Tuxpefio composites. Five cycles gfrScurrent selection for
downy mildew resistance and grain yield have beempieted.

Developed Year: 1971-1973

Yellow dent gra late maturity and relatively tall plant type.
High yield and good performance in lowland tropiastas
of Mexico, Central America, South America and paftafrica.

It has undergone 4 cycles of improvement throudi $2with
special attention to reduced plant height. Sirg&0481, it has
undergone selection for downy mildew resistancEIMMYT's
Asian Regional Maize Program, in cooperation withv& Station,
Kasetsart University, Thailand.

Breeding procedur emethodology
Full-Sib (FS)

Genetic material/components
Tuxpefio, Caribbean, Brazilian germplasm, ETO afoaaid
9 families from the tropical late yellow dent p@@bol 26).

Tropical late yellow dent (TLYD); Pool 26
Relatively tall plant type, more tolerant to stantl good yield
potential. Being improved for resistance to fall gworm.

Breeding procedur emethodology
Modified Half-Sib (MHS), alternate;3S, and MHS

Genetic material/components
Materials from Mexico, Colombia, the Caribbean and
Central America. A small fraction of US Corn Bgdirmplasm.

Kasetsart University This composite made from bulked pollination among
Corn Breeding Project, CIMMYT populations. These populations are:

Thailand

1. (Tuxpefio-k DMR) BC2-S

2. (Mezcla Tropical BlancaDMR) BC1-S
3. (Mix.1 x Col.Gpo.1) ETG DMR) BC1-S
4. (Amarillo Cristalinac DMR) BC1-S

5. (Amarillo Dentadx DMR) BC1-S

Developed Year: 1977

Kasetsart University This composite made from bulked pollination amogeh
Corn Breeding Project, populations from CIMMYT collaborative research piang.

Thailand

These populations are:

1. Population 1 TLWD(C2) (stunt, streak and dpw
mildew selection)

2. Population 2 TLWD(C2) (downy mildew seleci

3. Population 4 TIWF(C2) (stunt, streak and dpw
mildew selection)

4. Population 5 TIWF(C2) (downy mildew selendio

5. Population 7 TYFD(C2) (stunt, streak and dgw
mildew selection)

6. Population 8 TYFD(C2) (downy mildew selenfio

Developed Year: 1977

Remark 1 From Composites, synthetics and inbreds developesieba 1969 and 1993 by the Corn Breeding

Project Kasetsart Universi{pp. 5, 13), by S. Jampatong, comp., 1994, Kagdtkaversity: National

Corn and Sorghum Research Center (Suwan Farm).
1 From Maize Germplasm Listindgpy CIMMYT, Online, 2007, Available:

http://www.cimmyt.org/Research/Maize/GermplasmListifGermplasmList.htm
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Appendix Table 1B Mean squares from analyses of variance of sixstrait the

testcrosses of ACO:&t Suwan Farm in the 2001 late rainy season.

Seed. Husk Aspect Rotten Ears

Source of variation df vigor® cover Plant Ear ears Plant™
(1-5) %

Replications (Rep.) 1 3.53 0.82 0.11 1.76 170.91 137.66
Blocks/rep. (adj.) 30 0.26 0.04 0.31 0.10 9.04 64.27
Treatments (unadj.) 255 0.10 0.08 ** 0.20 0.11 ** 11.98 [s¢hae]
Treatments (adj.) 255 0.09 - 0.19 **
Intra-block error 225 0.07 0.04 0.11 0.07 11.01 48.24
CV (%) 19.61 14.72 12.20 11.59 200.08 7.32

* ** Significant at the 0.05 and 0.01 probabiligvels, respectively.
® seedling vigor.

Appendix Table 2B Mean squares from analyses of variance of sixstraft the

testcrosses of BCO:&t Suwan Farm in the 2001 late rainy season.

Seed. Husk Aspect Rotten Ears

Source of variation df vigor cover Plant Ear ears Plant™
(1-5) %

Replications (Rep.) 1 0.00 0.00 0.07 2.67 0.32 138.50
Blocks/rep. (adj.) 30 0.12 0.07 0.34 0.16 14.06 74.46
Treatments (unadj.) 255 0.08 0.09 ** 0.23 0.08 12.75 70.06
Treatments (adj.) 255 - - 0.19 ** 0.07 * - -
Intra-block error 225 0.08 0.04 0.11 0.05 9.82 54.79
CV (%) 24.30 16.45 13.46 9.22 233.69 7.85

* ** Significant at the 0.05 and 0.01 probabiligvels, respectively.



Appendix Table 3B Means of 16 traits and grain type of the 25 topegies of the testcrosses of ACQ-& Suwan Farm in the 2001 late

rainy season.

Grain yield Relat. Seed. Days to 50% Height Lodging Foliar Husk Aspect Rotten Ears Grain Grain Grain
Entry at 15% moist. to check  vigor Ant. Silk. Plant Ear Stalk Root dis. cover Plant Ear ears Plant™  moist. shell. typet
kg ha' % (1-5) cm % (1-5)
ACO0-S;-159x Ki 47 10,29¢ 20C 1.¢ 54 53 237 137 5 2.7 2.2 1.t 2.t 2.2 0 10C 26.8¢ 80.1: OYFSF
ACO0-S;-212x Ki 47 9,24¢ 17¢ 1.2 52 51 217 13C 10 2.1 2. 1t 2. 2.2 0 114 24.3t 81.1% OYF
ACO0-S;-240x Ki 47 9,23( 17¢ 1.2 52 52 22¢ 12t 5 1.7 2.C 1.t 1.€ 1.6 0 10C 27.3¢ 77.72 OYF
ACO0-S;-96 x Ki 47 9,17¢ 17¢ 14 51 50 241 13t 17 2.t 2.C 1€ 2.€ 2.2 0 10z 24.3: 81.0¢ OYFSF
ACO0-S;-4 x Ki 47 8,89: 172 1.2 51 51 22z 12¢ 5 2.1 2. 2.C 3.C 2.2 0 107 23.9C 78.0% OYF
ACO0-S;-146x Ki 47 8,85¢ 172 1.2 53 51 227 131 5 2.C 2. 1.c 2.€ 2.C 0 95 22.5¢ 81.6¢€ OYFSF
ACO-S,-57 x Ki 47 8,83: 171 1.1 51 50 22¢ 134 14 2.2 2.€ 1.2 2. 2.t 2 10z 25.4¢ 80.0¢ OYFSF
ACO0-S;-83x Ki 47 8,77¢ 17¢ 11 52 51 22€ 132 7 2.2 2.t 1t 2.t 2.2 0 10C 24.23 80.3¢ OYFSF
ACO0-S,-204x Ki 47 8,71¢ 16¢ 1.t 50 49 23t 12¢ 7 2.1 2.t 1.t 2.€ 2.2 0 98 24.12 79.5% OYFSF
ACO0-S;-145x Ki 47 8,68¢ 16¢ 1.2 53 54 22¢ 12t 7 2.2 3.C 1t 2. 2.t 0 10C 27.7: 80.0¢ OYF
ACO0-S;-136x Ki 47 8,64+ 16¢ 1.2 52 53 22¢ 12z 14 2.C 2.2 1.2 2.2 2.2 2 107 23.3¢ 81.3¢ OYF
ACO0-S;-175x Ki 47 8,61¢ 167 1.7 51 50 23C 134 10 2.2 2.t 1t 2.t 2.C 3 93 26.8¢ 81.7¢ OYFSF
ACO0-S;-86 x Ki 47 8,60¢ 167 1.t 53 54 22t 122 0 2.C 2.t 1.t 2.t 1.6 0 97 26.1:% 78.3( OYFSF
ACO-S;-72x Ki 47 8,551 16€ 1€ 53 53 23¢ 134 7 2.2 2.2 1€ 2.€ 2.2 0 95 26.3¢ 79.5¢ OYFSF
ACO-S;-16 x Ki 47 8,54¢ 16€ 1.2 52 53 234 13¢ 0 2.2 3.C 1.6 3.1 2.t 0 10C 23.5( 80.2: OYF
ACO0-S;-228x Ki 47 8,517 16& 14 53 51 23¢ 137 10 2.t 2.t 1t 2.t 2.2 0 10¢ 27.02 82.3: OYFSF
ACO-S;-14 x Ki 47 8,49t 165 1.2 53 53 24¢ 14z 17 2.C 2. 1.6 2.7 1.6 0 10C 27.2¢ 79.3¢ OYF
ACO0-S;-55x Ki 47 8,41: 162 1.2 54 54 242 13¢ 10 2.2 2. 1.c 2.7 2.2 7 10% 24.7¢ 79.57 OYFSF
ACO0-S;-88x Ki 47 8,39« 162 1.2 53 51 22¢ 131 5 1.6 2. 1.C 2. 1.6 0 10z 25.8: 79.62 OYFSF
ACO0-S;-245x Ki 47 8,38¢ 162 1.2 52 51 231 137 3 2.C 2. 1t 2. 2.2 0 98 27.0% 79.4¢ OYFSF
ACO0-S,;-180x Ki 47 8,36t 162 1.4 54 54 22¢ 12¢ 5 2.C 2. 1.6 2.t 2.2 4 107 26.67 78.2¢ OYFSF
ACO0-S;-139x Ki 47 8,33t 162 1€ 54 53 22€ 127 10 1€ 2.t 1t 2.t 1€ 0 10C 23.8¢ 81.1¢ OYF
ACO-S;-21 x Ki 47 8,33t 162 1.2 51 50 241 13C 18 2.2 2.t 1.C 2.7 2.C 0 98 25.1¢ 81.0¢ OYFSF
ACO0-S;-117x Ki 47 8,331 162 14 52 53 22€ 134 2 1€ 2. 1€ 2. 2.t 5 10z 28.0¢ 80.0( OYFSF
ACO0-S;-198x Ki 47 8,32: 161 1.4 52 53 22¢ 121 14 2.€ 2.t 1.t 2.€ 1.6 0 98 27.61 77.1¢ OYFSF
BIG 91¢ 4,50t 87 14 54 54 20z 10€ 71 2.¢ 3. 1€ 3.7 3.2 7 98 21.9( 78.4¢ OYFSF
BIG 94¢ 6,157 11¢ 1.t 53 53 20¢€ 112 2 2.1 1.t 1.C 1.€ 2. 0 83 29.0¢ 80.4: OYFSF
PIONEER 30A3: 7,57( 147 14 49 49 202 11& 50 1t 2.t 1t 24 2. 0 10C 22.3( 83.1: OYFSF
KSX 415¢ 6,994 13€ 1.€ 52 51 231 12¢€ 18 2.2 3.C 1.C 3.C 2.C 3 98 24.3( 81.1Z OYFSF
Suwan 385 6,79¢ 132 1.2 52 50 20¢ 12t 3 1€ 3. 2.C 3. 2.t 3 98 25.3¢ 81.9¢ OYASF
Suwan 3851 (Chec 5,15¢ 10C 2.C 54 53 20¢ 12¢€ 21 34 2.t 1.t 3.1 2. 11 86 28.0¢ 79.4¢4 OY/FSF
Mear 8,21¢ 15¢ 14 52 52 227 12¢ 12 2.2 2.€ 1t 2.7 2.2 2 10C 25.5¢ 80.11
LSD 0.0t 1,536.1: 0.5¢ 2.9C 3.3t 18.1¢ 13.92 25.1¢ 0.8¢ 0.5€ 0.4z 0.67 0.5 6.54 13.6¢ 3.74 2.8C
LSD 0.0! 2,024.3( 0.7¢ 3.8t 4.42 23.9: 18.3¢ 33.1¢ 1.1¢ 0.74 0.5¢ 0.8¢ 0.7C 8.61 18.0z 4.92 3.7C

t OYF = orange-yellow flint, OYFSF = OYF-SF (orangéigw flint and semi-flint), OYASF = ¥SF (orange-yellow semi-flint with yellow cap), OYAFSFO¥ F-SF (orange-yellow flint and semi-flint with yellowyge

T



Appendix Table 4B Means of 16 traits and grain type of the 25 topeges of the testcrosses of BCQ& Suwan Farm in the 2001 late

rainy season.

Grain yield Relat. Seed. Days to 50% Height Lodging Foliar Husk Aspect Rotten Ears Grain Grain Grain
Entry at 15% moist.  to check  vigor Ant. Silk. Plant Ear Stalk Root dis. cover Plant Ear ears Plant™  moist. shell. type
kg ha' % (1-5) d cm % (1-5) %
BCO-S;-184x Ki 46 9,461 124 1.c 52 49 21C 102 0 1t 2.1 1t 2.1 24 0 11C 26.9( 80.7( OYF
BCO-S;-49x Ki 4€ 9,40z 12z 1.2 52 51 20C 107 0 1.7 2.C 1.t 2.C 2.4 0 10C 26.8¢ 77.8¢ OYFSF
BCO-S;-296 x Ki 46 9,29¢ 121 1.2 52 52 20¢ 124 1 2.2 2.2 1.c 2.t 2.2 0 10z 28.7: 79.5¢ OYF
BCO-S;-122x Ki 46 9,19¢ 12C 1.C 52 53 211 11£ 1 2.1 2.2 1.C 2.2 2.1 3 10C 26.4¢ 79.9¢ OYF
BCO-S;-44 x Ki 46 9,07¢ 11¢ 1.c 53 51 21¢ 114 -1 2.C 2.7 1t 2.€ 2.€ 0 10C 25.4¢ 77.9¢ OYFSF
BCO0-S;-250x Ki 46 9,04« 11¢ 1.C 53 52 20¢€ 11z 1 2.1 2.1 1.t 2.2 2.t 5 10C 27.12 79.0% OYF
BCO-S;-140x Ki 46 8,98¢ 117 1.c 54 53 21z 117 0 2.2 2.2 1.2 2.2 2.2 2 98 25.8¢ 78.4¢ OYF
BCO-S;-47 x Ki 4€ 8,97¢ 117 1.2 53 52 218 12t 7 1.¢ 2.2 1.t 2.2 2.2 0 10C 26.6¢€ 76.9¢ OYFSF
BCO-S;-93x Ki 46 8,92: 117 1.2 53 53 19¢ 10% 5 1¢ 2.2 1.2 2.2 2.t 0 93 25.97 80.7¢ OYF
BCO0-S;-90x Ki 4€ 8,91¢ 11€ 1.C 53 50 221 12¢ 15 2.2 2.2 1.C 2.2 2.2 0 98 27.8¢ 81.57 OYFSF
BCO-S;-45x Ki 46 8,890 11€ 1.c 52 52 21€ 11¢ 19 3.C 2.t 1t 2.¢ 2.t 0 10z 26.4¢ 78.7¢ OYF
BCO-S;-246x Ki 46 8,89: 11€ 1.C 53 51 20¢€ 11z 1 2.C 2.2 1.C 2.4 2.t 2 10z 23.7:2 78.3¢ OYFSF
BCO-S;-32x Ki 46 8,85¢ 11€ 1.2 51 51 20C 111 2 2.1 24 1t 24 2.2 0 10C 24.2¢ 76.7: OYF
BCO0-S;-232x Ki 46 8,76 114 1.t 53 51 21€ 12z 9 1.€ 2.4 1.t 2.2 2.2 0 90 27.4C 81.51 OYF
BCO-S;-222x Ki 46 8,74: 114 1t 53 53 21¢ 12C 6 2.2 2.2 1.2 2.2 2.2 0 10z 23.7¢ 77.1¢ OYF
BCO-S;-71x Ki 4€ 8,731 114 1.C 54 52 21C 112 0 2.C 2.C 1.2 2.C 2.4 0 95 26.7¢ 79.4:2 OYFSF
BCO-S;-19x Ki 46 8,71¢ 114 1.c 53 52 21C 11E 5 2.1 2.2 1.2 2.2 2.2 0 98 25.52 75.81 OYFSF
BCO-S;-186x Ki 46 8,66¢ 11z 1.2 52 53 21C 11C -1 2.4 2.C 1.2 2. 2.2 0 95 27.21 78.9¢ OYF
BCO-S;-200x Ki 46 8,641 11z 1.2 53 53 20¢ 117 15 2.2 1¢ 1.c 2.2 2.t 3 98 26.91 80.0¢ OYF
BCO0-S;-37 x Ki 4€ 8,62¢ 11z 1.2 52 52 21C 112 8 2.C 2.€ 1.2 2. 2.2 0 98 25.12 78.0¢ OYFSF
BCO-S;-172x Ki 46 8,62: 11z 1€ 54 54 207 11¢ 4 2.C 24 1t 2.t 1¢ 0 93 23.4% 78.1( OYF
BCO0-S;-280x Ki 46 8,531 112 1.C 52 51 21z 11¢€ 3 1.€ 2.C 1.C 2.1 2.€ 0 10z 26.9¢ 74.9¢ OYF
BCO-S;-115x Ki 46 8,504 111 1.c 53 55 22C 124 8 1€ 2.2 1.c 2.2 2.1 0 95 27.1¢ 77.5] OYF
BCO-S;-6 x Ki 46 8,50z 111 1.C 52 51 20¢ 11€ 10 2.2 2.t 1.t 2. 2.t 0 93 24.9¢ 92.6¢ OYF
BCO-S;-165x Ki 46 8,49¢ 111 1.c 54 52 21¢ 121 9 2.2 24 1.c 2.t 2.t 0 98 25.9¢ 78.67 OYFSF
BIG 91¢ 5,557 73 1.C 52 52 184 101 16 2.t 3.2 1.t 3.2 2. 0 98 24.2: 79.61 OYSF
BIG 94¢ 7,891 102 1.c 55 54 202 10¢ 21 2.1 1€ 1t 1¢ 2.2 2 10C 29.1¢ 81.1¢ OYFSF
PIONEER 30A3 7,76¢€ 101 1.t 52 51 20¢€ 11z 36 2.C 2.€ 1.t 2. 2.2 3 10C 24.1% 82.7¢ OY/FSF
KSX 415¢ 7,13( 93 1.2 53 53 21C 117 3 2.1 2.€ 1.c 2.€ 1.7 0 95 25.1¢ 82.17 OYASF
Suwan 385 6,54 86 1.6 52 53 218 12¢ 1 2.€ 3.€ 1.6 34 2.t 0 93 25.01 80.7(C OYFSF
Suwan 3851 (Chec 7,65¢ 10C 1.2 51 50 20t 11¢ 10 2.t 24 1€ 2.t 2.t 0 95 27.7¢ 81.0¢ OY"F
Mear 8,517 111 1.2 53 52 20¢ 11€ 7 2.1 2.4 1.2 2.4 2.2 1 98 26.1(C 79.5¢
LSD 0.0t 1,586.8: 0.5¢ 1.8¢ 2.5¢ 14.3¢ 11.4¢ 16.7¢ 0.8C 0.5¢ 0.41 0.6¢ 0.4£ 6.17 14.5¢ 3.5€ 5.72
LSD 0.0: 2,091.9: 0.7z 2.4¢ 3.3¢€ 18.97 15.1C 22.0¢ 1.0€ 0.7€ 0.54 0.8¢ 0.6 8.12 19.21 4.7C 7.54

99T
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Appendix Table 5B Mean squares from analyses of variance of sixstraft 14
populations and two population checks from datalmoed over two locations in the

2002 late rainy season.

Seed. Husk Aspect Rotten Ears
Source of variation df vigor cover Plant Ear ears Plant
(1-5) %
Locations (L) 1 1.22 ** 0.03 14.78 ** 239 * 62257 ** 303153**
Replications within location (R/L) 6 0.14 0.01 0.25 0.35 17.17 194.17
Treatments (T) 15 0.07 0.01 0.10 * 0.51 * 2475 94.33 *
Populations per se 3 0.02 0.03 0.19 * 0.05 27.90 44.01
CO populations per se 1 0.06 0.02 0.14 * 0.02 21.0 36.65
C1 populations per se 1 0.00 0.06 0.14 * 0.02 40.8 63.21
CO vs. C1 populations per se 1 0.00 0.01 0.28 * 1130 51.81 32.18
Population crosses 5 0.03 0.01 0.10 * 0.18 13.13 44.85
Population topcrosses 3 0.05 0.00 0.09 0.36 4.50 35.14
CO population topcrosses 1 0.06 0.00 0.14 0.14 11 6. 9.95
C1 population topcrosses 1 0.02 0.00 0.02 0.56 79 5. 60.13
CO vs. C1 population topcrosses 1 0.07 0.00 301 0.38 1.60 35.34
Checks 1 0.14 0.00 0.14 0.39 74.22 118.59
All populations vs. Checks 1 0.00 0.00 0.01 0.91 25.53 277.03
per se vs. Crosses and topcrosses 1 0.01 0.04 0.00 65 1. 61.13 326.70
Population crosses vs. Topcrosses 1 0.57 0.00 0.02 48 2. 47.59 230.91
TxL 15 0.07 0.01 0.03 0.10 10.87 32.01
Populations per seL 3 0.05 0.03 * 0.01 0.01 11.85 22.39
Population crossesL 5 0.03 0.01 0.01 0.14 9.86 10.27
Population topcrossed_ 3 0.15* 0.00 0.05 0.13 2.00 40.23
Checksx L 1 0.02 0.00 0.02 0.14 8.93 34.39
(All populations vs. Checks)L 1 0.00 0.00 0.00 0.01 6.14 98.91
(per se vs. Crosses and topcrossés) 1 0.15 0.04 * 0.20 * 0.07 10.34 20.23
(Population crosses vs. Topcrossek) 1 0.04 0.00 0.05 0.09 46.75 * 87.43
Pooled error 90 0.04 0.01 0.05 0.08 10.55 33.92
CV (%) 16.82 8.00 6.62 12.23 106.78 6.35

* ** Significant at the 0.05 and 0.01 probabiligvels, respectively.



Appendix Table 6B Means of 16 traits and grain type of 14 populatiand two population checks from data combined twerlocations

in the 2002 late rainy season.

Grain yield Relat. Seed. Days to 50% Height Lodging Foliar  Husk Aspect Rotten Ears Grain Grain  Grain
Entry at 15% moist. to check vigor Ant. Silk. Plant Ear Stalk  Root dis. cover Plant Ear ears Plant? moist. shell. type
kg ha® % (1-5) d cm % (1-5) %
AC1 5,176 110 1.2 58 58 222 109 2 2.1 3.3 11 3.3 2.4 2 93 24.97 2678. OYF
BC1 5,124 109 1.2 57 58 219 107 1 1.9 3.1 1.0 3.1 25 4 89 23.806678.0YFSF
ACO 4,918 105 1.1 57 58 216 109 1 2.2 3.3 11 3.3 2.6 4 90 24.37 4477. OYF
BCO 4,792 102 1.3 56 56 207 103 4 1.8 3.4 1.0 3.4 2.6 6 87 22.736777.0YFSF
AC1xBC1 5,860 125 11 56 57 223 111 3 1.9 3.3 11 3.3 2.2 4 93 24.69 78.3¥FSE
ACOx BC1 5,817 124 11 56 57 220 112 3 2.0 3.2 1.0 3.2 2.3 2 95 23.78 78.7YFSE
AC1x BCO 5,399 115 11 56 57 217 111 1 1.9 3.1 1.0 3.1 2.4 3 91 24.48 77.8YFSE
ACOx BCO 5,313 113 1.0 55 57 216 105 3 1.9 3.4 1.0 3.4 25 2 92 24.69 77.99FSE
AC1x ACO 4,905 105 11 57 58 217 107 2 2.0 3.3 1.0 3.3 2.6 5 93 2490 77.36YF O
BC1x BCO 4,902 104 1.2 56 57 212 102 1 1.6 3.2 1.0 3.2 25 3 88 23.58 79.04FSe
AC1x Ki 47 6,621 141 1.2 56 56 217 112 1 1.8 3.2 1.0 3.2 18 2 98 25.64 80.08YF O
ACO X Ki 47 6,193 132 13 55 56 220 118 1 1.8 3.4 1.0 3.4 21 2 95 2487 79.29YF O
BC1x Ki 46 6,017 128 13 56 57 210 102 2 1.6 3.3 1.0 3.3 2.1 1 95 25.04 78.21YF O
BCOx Ki 46 5,624 120 14 56 57 210 104 0 1.6 3.3 1.0 3.3 2.3 1 94 2435 77.59YF O
Suwan3(S)C4 4,208 90 1.3 56 57 210 98 2 1.9 3.4 1.0 3.4 2.8 6 85 .452377.10 OYF
Suwan5(S)C3 (Check) 4,691 100 1.1 57 57 216 100 3 1.9 3.2 1.0.2 3 24 2 91 2391 78.65 OYF
Mean 5,348 114 1.2 56 57 216 107 2 1.9 3.3 1.0 3.3 2.4 3 92 24.332678
LSD 0.05 484.20 0.20 0.83 0.85 7.48 7.02 2.38 0.36 0.21 0.08.21 0 0.29 3.23 5.79 1.21 1.23
LSD 0.01 641.37 0.26 1.10 1.12 9.91 9.30 3.15 0.48 0.28 0.11.28 0 0.38 4.27 7.66 1.60 1.63

89T
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Appendix Table 7B Mean squares from Gardner-Eberhart Analysis Il Aamalysis ||

of six traits from four populations per se andrtiset diallel crosses, from data combined

over two locations in the 2002 late rainy season.

Seed. Husk Aspect Rotten Ears
Source of variation df vigor cover Plant Ear ears Plant
(1-5) %
Gardner-Eberhart Analysis Il
Varieties 3 0.03 0.02 0.16 0.16 7.61 79.82
Heterosis 6 0.04 0.01 0.10 0.08 23.02 35.06
Average heterosis 1 0.17 0.03 0.00 0.30 19.42 * 109.99
Variety heterosis 3 0.00 0.01 0.06 * 0.08 37.04 25.49
Specific heterosis 2 0.06 0.01 0.20 * 0.19 7.70 20.19
Varietiesx L 3 0.05 0.02 0.02 0.02 4.79 13.99
Heterosisx L 6 0.04 0.01 0.03 0.13 11.75 * 8.38
Average heterosisL 1 0.08 0.03 0.25 * 0.13 0.05 0.15
Variety heterosis L 3 0.02 0.01 0.00 0.05 21.97 ** 21.55
Specific heterosis L 2 0.06 0.01 0.01 0.27 * 2.28 5.95
Gardner-Eberhart Analysis IlI
Varieties 3 0.02 0.03 0.19 * 0.05 27.90 44.01
Varieties vs. Crosses 1 0.17 0.03 0.00 0.30 19.42 * 109.99 *
Crosses 5 0.03 0.01 0.10 ** 0.18 13.13 44.85
GCA 3 0.02 0.01 0.03 0.18 16.75 61.29
SCA 2 0.06 0.01 0.20 * 0.19 7.70 20.19
Varietiesx L 0.05 0.03 0.01 0.01 11.85 * 22.39
(Varieties vs. Crosses)L 1 0.08 0.03 0.25 * 0.13 0.05 0.15
Crossex L 5 0.03 0.01 0.01 0.14 9.86 10.27
GCAx L 3 0.02 0.01 0.01 0.06 1491 * 13.15
SCAx L 2 0.06 0.01 0.01 0.27 * 2.28 5.95
SCA : GCA 4.00 1.00 6.50 1.03 0.46 0.33

* ** Significant at the 0.05 and 0.01 probabiligvels, respectively.
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Appendix Table 8B Estimates of variety effects;\yrom Gardner-Eberhart Analysis Il
of six traits from four populations per se andrtiset diallel crosses, from data combined

over two locations in the 2002 late rainy season.

Populations Seed. Husk Aspect Rotten Ears
vigor cover Plant Ear ears Plant™
(1-5) %

ACO -0.06 0.02 0.00 0.03 0.13 0.51
AC1 0.00 0.08 * 0.00 -0.09 -2.10 2.99
BCO 0.06 -0.05 0.19 0.09 242 * -2.52
BC1 0.00 -0.05 -0.19 -0.03 -0.45 -0.98
SEt 0.07 0.03 0.13 0.10 1.18 2.77

T Standard error.
* Significant at the 0.05 probability level.

Appendix Table 9B Estimates of variety heterosis effecty @nd average heterosis

(h) from Gardner-Eberhart Analysis Il of six traiterh four populations per se and

their six diallel crosses, from data combined dwey locations in the 2002 late rainy

season.
hi
Populations Seed. Husk Aspect Rotten Ears
vigor cover Plant Ear ears Plant™
(1-5) %

ACO -0.02 -0.02 0.06 0.03 -0.41 2.10
AC1 0.02 -0.02 -0.03 0.03 257 * -1.18
BCO -0.02 0.01 -0.09 0.06 -1.89 -1.14
BC1 0.02 0.04 0.06 -0.13 -0.27 0.22
h -0.09 -0.04 0.00 -0.13 -1.01 2.39
SEft for h 0.06 0.03 0.12 0.09 1.02 2.40
SE for h 0.05 0.02 0.10 0.08 0.88 2.06

t Standard error.
* Significant at the 0.05 probability level.
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Appendix Table 10B Estimates of gca and sca effects from Gardner-Bfvekhalysis |l

of six traits of four populations per se and tiseir diallel crosses, from data combined

over two locations in the 2002 late rainy season.

Traits Populations ACO AC1 BCO BC1 GCA effects
............................................ SCA effeCtS
Seedling vigor ACO 0.06 -0.06 0.00 -0.05
(1-5) AC1 0.00 -0.06 0.02
BCO 0.06 0.02
BC1 0.02
SET (gca effects) 0.05
SE (sca effects) 0.05
Husk cover ACO -0.01 0.02 -0.01 -0.02
(1-5) AC1 -0.01 0.02 0.02
BCO -0.01 -0.02
BC1 0.02
SE (gca effects) 0.02
SE (sca effects) 0.02
Plant aspect ACO -0.03 0.13 -0.09 0.06
(1-5) AC1 -0.09 0.13 -0.03
BCO -0.03 0.00
BC1 -0.03
SE (gca effects) 0.09
SE (sca effects) 0.09
Ear aspect ACO 0.13 -0.06 -0.06 0.05
(1-5) AC1 -0.06 -0.06 -0.02
BCO 0.13 0.11
BC1 -0.14
SE (gca effects) 0.07
SE (sca effects) 0.07
Rotten ears ACO 0.70 -0.01 -0.69 -0.35
(%) AC1 -0.69 -0.01 1.52
BCO 0.70 -0.68
BC1 -0.49
SE (gca effects) 0.84
SE (sca effects) 0.79
Ears plant' ACO -1.28 0.49 0.80 2.36
(%) AC1 0.80 0.49 0.31
BCO -1.28 -2.40
BC1 -0.28
SE (gca effects) 1.96
SE (sca effects) 1.85

t Standard error.
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Appendix Table 11B Mean squares from analyses of variance of fivastrai the

testcrosses of AC1:&t Suwan Farm in the 2003 early rainy season.

Husk Aspect Rotten Ears

Source of variation df cover Plant Ear ears Plant™
(1-5) %

Replications (Rep.) 1 0.31 2.32 8.38 0.21 376.85
Blocks/rep. (adj.) 30 0.18 0.49 0.62 0.70 49.16
Treatments (unadj.) 255 0.31 * 0.60 0.26 0.81 47.33
Treatments (adj.) 255 - 0.56 ** 0.23 **
Intra-block error 225 0.15 0.21 0.15 0.87 52.64
CV (%) 24.13 20.69 20.69 611.81 7.70

** Significant at the 0.01 probability level.

Appendix Table 12B Mean squares from analyses of variance of fivastrai the

testcrosses of BC1:&t Suwan Farm in the 2003 early rainy season.

Husk Aspect Rotten Ears

Source of variation df cover Plant Ear ears Planf®
(2-5) %

Replications (Rep.) 1 0.60 0.00 0.60 7.39 3306.82
Blocks/rep. (adj.) 30 0.54 0.72 0.40 1.92 63.98
Treatments (unadj.) 255 0.31 0.75 0.45 1.09 64.43
Treatments (adj.) 255 0.28 ** 0.64 ** 0.40 ** 1.02
Intra-block error 225 0.17 0.27 0.20 0.93 51.24
CV (%) 27.44 21.31 19.58 407.94 7.82

** Significant at the 0.01 probability level.



Appendix Table 13B Means of 15 traits and grain type of the 25 topelges of the testcrosses of AC1-& Suwan Farm in the 2003

early rainy season.

Grain yield Relat. Days to 50% Height Lodging Foliar Husk Aspect Rotten Ears Grain Grain Grain
Entry at 15% moist. tocheck  Ant. Silk. Plant Ear Stalk Roat dis. cover Plant Ear ears Plant™  moist. shell. type
kg ha' % d cm % (1-5) %
AC1-S;-18C-2 x Ki 47 9,41¢ 20¢ 56 57 23€ 137 16 0.¢ 2.C 1€ 2.C 1€ 0 104 25.9¢ 84.6( OYASF
AC1-S,-21-9 x Ki 47 9,173 20z 56 57 24¢ 147 4 1.C 2.2 1.t 1.2 1.€ 0 92 28.2¢ 87.4% OY"F
AC1-S;-8€-10x Ki 47 9,17¢ 20z 56 57 244 13€ 16 1€ 2.2 1.c 2.2 2.1 2 104 25.6( 83.5( YOSF
AC1-S,-21-2 x Ki 47 9,15¢ 20z 56 57 25C 154 8 1.2 2.2 1.2 1.2 1.t 0 94 25.9¢ 84.1¢ OY"F
AC1-S;-204-14 x Ki 47 9,07¢ 20C 56 56 23¢ 14C 18 14 2.C 2.C 1.7 1.7 0 98 26.32 85.7¢ OY"F
AC1-S,-72-17 x Ki 47 9,07(¢ 20C 56 57 25¢ 151 4 1.C 2.C 1.2 1.t 1.6 0 104 28.1¢ 81.0% OY"F
AC1-S;-22¢€-8 x Ki 47 9,01¢ 19¢ 56 56 261 16C 6 1.c 3.1 1t 1€ 1.2 0 92 25.01 86.7¢ OY"F
AC1-S,-57-12x Ki 47 8,911 197 56 57 252 14€ 8 1.2 2.2 1.C 2.2 1.6 0 10C 26.7C 81.4¢ OYF
AC1-S;-57-4 x Ki 47 8,89( 19€ 57 57 25¢ 152 6 1.1 2.1 1€ 1.7 1.c 0 96 26.52 83.2¢ OYF
AC1-S;-175-13x Ki 47 8,88¢ 19¢ 58 57 25E 157 10 1.4 2.1 2.C 2.C 2.C 0 90 26.8¢ 83.6¢ OY"F
AC1-S;-72-5x Ki 47 8,88¢ 19€ 56 57 252 15C 21 1.2 2.1 2.2 2.2 1¢ 0 96 25.77 87.2% OY"F
AC1-S,-22€-13x Ki 47 8,86t 19t 56 56 237 15z 22 2.2 2. 2.C 2.7 2.1 0 98 24.6¢ 81.97 OY~™F
AC1-S;-14€-17 x Ki 47 8,85¢ 19t 58 58 25C 14z 17 14 2.1 1.c 1.7 1.7 0 92 27.91 83.6¢ OYASF
AC1-S,-14-11x Ki 47 8,84¢ 19t 56 57 24¢ 14z 10 1.€ 2.2 1.6 1.€ 1.€ 0 10C 26.3: 83.3( OYF
AC1-S;-15¢-19x Ki 47 8,81¢ 194 57 57 25€ 15C 8 2.C 1¢ 2.C 1t 1t 0 99 26.7¢ 83.7¢ OYF
AC1-S,-22€-3 x Ki 47 8,75( 19z 57 57 262 151 2 2.2 2.1 1.2 2.1 1.6 0 98 24.3% 82.2% OY"F
AC1-S;-245-20x Ki 47 8,72¢ 19z 56 56 24¢€ 14¢ 6 1.c 2.t 1.2 2.€ 1€ 0 96 25.7¢ 83.1( OYF
AC1-S,-55-9 x Ki 47 8,701 19z 57 57 25€ 14¢ 6 1.¢ 2.€ 1.C 1.€ 1.€ 0 96 27.0¢ 84.4:% OY~™F
AC1-S;-86-1 x Ki 47 8,67¢ 191 58 58 24% 14z 6 1.c 2.2 1t 14 1€ 0 90 26.3¢ 87.7( OY"F
AC1-S,-204-6 x Ki 47 8,66¢ 191 57 58 25€ 15C 4 2.2 3.C 1.t 2.€ 1.7 0 92 25.0¢ 84.6: OF
AC1-S;-8€-13x Ki 47 8,64¢ 191 56 56 24z 13€ 20 14 2. 2.C 2.€ 1¢ 0 10z 23.41 84.5¢ OY"F
AC1-S,-245-17 x Ki 47 8,617 19C 57 57 25€ 14¢ 6 1.t 2.4 1.t 1.€ 1.4 0 98 25.0¢ 79.1¢ OY"F
AC1-5;-83-18x Ki 47 8,61( 19C 57 56 262 15¢ 14 2.2 2.1 1t 2.2 2.2 0 92 22.9¢ 87.52 YOSF
AC1-S,-88-15x Ki 47 8,59¢ 19C 57 57 251 14¢ 13 1.1 1.¢ 1.2 1.2 1.6 0 92 27.4¢ 86.9¢ OY"F
AC1-S;-88-13x Ki 47 8,58¢ 18¢ 57 57 25¢ 14¢ 22 1.2 3. 1.2 3.C 2.2 0 10z 24.27 85.2¢ OY"F
KSX 4501 6,38¢ 141 56 56 23¢ 141 24 1.7 3.C 1.6 3.2 3.2 0 10C 22.3¢ 80.5¢ YOF
KSX 450¢ 7,59¢ 16¢ 56 57 251 152 45 1.7 3.2 1€ 3.7 14 0 96 23.67 82.8¢ OYF
KSX 4507 7,70C 17¢ 58 58 24t 15C 22 1.4 3.C 2.2 3.1 2.2 0 10C 23.11 86.3¢ OY"F
BIG 94¢ 6,141 13t 56 58 23t 134 4 2. 2. 2.C 3.C 2.1 0 94 28.0¢ 79.42 OY"F
KSX 4452 (Suwan 445 6,67¢ 147 56 57 24¢ 14¢ 56 1.t 2.€ 1.t 2.7 2.4 0 10C 23.41 78.4¢ OYF
Suwan 3851 (Chec 4,53t 10C 56 56 23¢ 13¢ 21 1.2 34 2.2 3.¢ 3.t 0 88 26.11 82.7¢ YOF
Mear 8,40¢ 18t 57 57 24¢ 147 14 1.t 2.t 1.€ 2.2 1.€ 0 97 25.6¢€ 83.8(
LSD 0.0¢ 1,616.7! 1.3t 1.27 14.4( 12.61 15.5¢ 0.8¢ 0.62 0.7¢ 0.92 0.8C 1.84 14.2¢ 2.2¢ 6.1£
LSD 0.0: 2,130.6¢ 1.7€ 1.67 18.9¢ 16.62 20.5: 1.17 0.8 0.9¢ 1.2¢ 1.0€ 2.4z 18.8: 2.97 8.1C

ELT



Appendix Table 14B Means of 15 traits and grain type of the 25 topeges of the testcrosses of BC1& Suwan Farm in the 2003

early rainy season.

Grain yield Relat. Days to 50% Height Lodging Foliar Husk Aspect Rotten Ears Grain Grain Grain
Entry at 15% moist. tocheck  Ant. Silk. Plant Ear Stalk Roat dis. cover Plant Ear ears Plant™  moist. shell. type
kg ha' % d cm % (1-5) %
BC1-S;-184-16 x Ki 46 9,97t 14z 57 57 24¢ 14C 4 1.2 1¢ 1.2 1.2 1€ 0 93 22.7¢ 83.27 OYF
BC1-S;-18€-16 x Ki 4€ 9,63 13¢ 56 56 242 14C 8 2.4 2.1 1.2 2.2 2.C 2 10€ 22.3% 81.67 OYF
BC1-S;-71-1 x Ki 4€ 9,40¢ 13t 56 57 241 13¢ 0 1.2 2.1 1.2 1.7 2. 0 96 24.27 82.1: OY"F
BC1-S;-47-9 x Ki 4€ 9,27( 13z 56 56 237 131 10 1.2 2.4 1.4 2.€ 2.C 2 10z 23.0C 84.61 OYF
BC1-S;-9C-7 x Ki 4€ 9,25¢ 132 57 58 25¢ 15¢ 6 1€ 2.t 14 1€ 1€ 0 92 23.7¢ 82.3¢ OYF
BC1-S;-18€-3 x Ki 46 9,23¢ 13z 56 56 24t 147 12 2.2 2.4 1.1 2.2 2. 0 10C 22.7( 87.3¢ OYF
BC1-S;-115-9 x Ki 46 9,22¢ 132 57 57 24t 141 0 1.2 2.2 14 1.2 1.7 0 94 23.7: 81.4: OYF
BC1-S;-222-20 x Ki 4€ 9,167 132 57 57 24z 14¢ 10 1.€ 2.4 1.t 2.4 2.2 0 98 24.4% 78.5¢ OYF
BC1-S;-24€-11x Ki 46 9,16¢ 132 57 57 23t 141 6 1.c 2.2 1€ 1€ 1¢ 0 94 23.3( 78.91 OY"F
BC1-S;-32-19x Ki 46 9,131 131 56 56 241 142 4 1.1 2.t 1.6 1.€ 1.2 0 98 24.0% 78.4¢ OYF
BC1-S;-29€-19x Ki 46 9,09t 131 56 56 23t 141 16 1t 2.t 1¢ 1€ 1¢ 0 96 23.52 81.2¢ OYF
BC1-S;-32-20 x Ki 46 9,03¢ 13C 56 56 22¢ 132 12 1.C 2.t 1.t 1.4 2.4 0 92 25.0¢ 83.1Z OYF
BC1-S;-18€-20x Ki 46 9,03¢ 13C 56 56 247 147 8 1¢ 2.2 1t 2.C 1€ 3 92 23.5( 83.1¢ OYF
BC1-S;-184-9 x Ki 46 9,02: 13C 57 57 23€ 13¢€ 2 1.2 2.2 1.6 1.6 2.1 0 10z 22.4¢ 79.7¢ OYF
BC1-S;-28(-3 x Ki 46 8,97¢ 12¢ 57 57 241 141 12 1¢ 2.t 1t 24 2.C 0 98 21.52 77.0C OYF
BC1-S;-11E5-7 x Ki 46 8,96( 12¢ 57 57 247 14€ 8 1.7 2.2 1.C 1.4 1.€ 0 94 24.4¢ 78.4¢ OYF
BC1-S;-37-6 x Ki 4€ 8,92¢ 12¢ 57 56 24¢ 141 6 1.2 2.7 1.2 3.1 2.7 0 98 24.8( 83.2¢ OYF
BC1-S;-172-19x Ki 4€ 8,90¢ 12¢ 56 56 24¢ 137 4 1.2 2.t 1.€ 2.4 3.C 0 10C 22.5% 82.8¢ OYF
BC1-S;-9C-12 x Ki 46 8,87« 12¢ 56 56 24t 13¢ 2 1.2 2.1 1.2 1€ 2.t 0 10z 23.2¢ 79.21 OY"F
BC1-S;-115-19x Ki 4€ 8,84¢ 127 57 57 24¢€ 144 17 1.t 2.1 1.4 1.4 1.€ 0 96 23.3:¢ 82.9¢ OYF
BC1-S;-115-6 x Ki 46 8,83 127 57 56 24z 13¢ 18 1€ 24 1.1 1€ 1t 0 10z 24.1¢ 82.9¢ OYF
BC1-S;-90-2 x Ki 4€ 8,81¢ 127 57 57 23z 127 12 1.1 2.1 0.€ 1.4 1.t 0 98 23.67 81.1« OYF
BC1-S;-184-4 x Ki 46 8,79¢ 127 56 57 24¢€ 127 6 1€ 2.2 2.2 1.2 1.2 0 94 24.7¢ 79.4( OYF
BC1-S;-71-22 x Ki 46 8,79¢ 127 56 56 22¢ 12¢€ 4 1.4 2.2 1.1 1.t 1.7 0 10z 23.67 82.6¢ OYF
BC1-S;-29€-2 x Ki 46 8,781 12€ 57 57 25C 14¢ 4 1€ 2.€ 1.2 1¢ 2.C 0 10C 24.7¢ 80.31 OYF
KSX 4501 6,60( 95 56 56 23¢ 14z 24 1.t 2.2 1.4 3.C 2.2 0 10€ 21.7: 73.7¢ OY"F
KSX 450¢ 6,95¢ 10C 57 57 24¢€ 154 57 1.7 3.2 1t 3. 1.7 0 104 21.0¢ 79.4% OYF
KSX 4507 7,528 10¢ 57 57 251 14¢ 18 2.C 3.1 1.6 3.2 2.€ 0 96 21.1% 83.5¢ OY"F
BIG 94¢ 4,94( 71 58 58 234 12¢ 34 3.2 2.7 1€ 3.€ 3.1 0 85 24,9t 78.1¢ OF
KSX 4452 (Suwan 445 8,83¢ 127 57 57 23¢ 152 29 1.2 2.2 1.1 2.1 1.6 0 10C 24.3: 80.97 OF
Suwan 3851 (Chec 6,957 10C 56 56 24% 144 6 1.2 2.¢ 14 34 2.2 0 88 22.52 81.9( OF
Mear 8,67 12t 57 57 24z 141 12 1.€ 2.4 1.4 2.1 2.C 0 97 23.41 81.1(
LSD 0.0¢ 1,734.2; 1.48 1.4¢ 16.1¢€ 12.32 15.7¢ 0.9¢ 0.77 0.84 1.07 0.91 1.9t 14.1C 1.9t 5.41
LSD 0.0: 2,286.2° 1.91 1.9€ 21.31 16.2¢ 20.7¢ 1.3C 1.01 1.1C 1.41 1.2C 2.5¢ 18.5¢ 2.57 7.1%
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Appendix Table 15B Mean squares from analyses of variance of eighstoh 27 populations and three population checemfdata

combined over two locations in the 2005 early raagson.

Seed. Husk Aspect Rotten Ears
Source of variation df vigor cover Plant Ear ears Plant™ Corn borer
(1-5) % (1-5) %
Locations (L) 1 0.57 ** 0.90 ** 0.19 * 0.20 * 87.72 ** 1.15ns 77.07 *  10771786**
Treatments (T) 29 0.03 * 0.01 ns 0.03 ns 0.06 ns 3.50 ns 15.21 ns 0.14 ns 10.09 ns
Populations per se 5 0.03 * 0.02 ns 0.06 * 0.03 ns 1.28 ns 37.85 ns 0.18 ns 20.06 ns
CO populations per se 1 0.06 ** 0.01 ns 0.08 * 0.03 ns 0.37 ns 0.00 ns 0.00 ns 39.08 ns
C1 populations per se 1 0.06 ** 0.03 ns 0.02 ns 0.09 ns 297 ns 12475 * 0.30 ns 1.50 ns
C2 populations per se 1 0.00 ns 0.03 ns 0.00 ns 0.00 ns 2.88 ns 1.40 ns 0.00 ns 54.54 ns
CO vs. C1 and C2 populations per se 1 0.01 ns 0.00 ns 0.14 * 0.00 ns 0.06 ns 5.71 ns 0.02 ns 0.09 ns
C1 vs. C2 populations per se 1 0.03 * 0.06 ns 0.05 ns 0.01 ns 0.13 ns 57.40 * 0.57 ns 5.12 ns
Population crosses 14 0.03 ns 0.01 ns 0.02 ns 0.04 ns 3.39 ns 5.48 ns 0.04 ns 5.74 ns
Population topcrosses 5 0.01 ns 0.02 ns 0.03 ns 0.04 ns 2.30 ns 24.30 ns 0.38 ns 12.69 ns
CO population topcrosses 1 0.01 ns 0.01 ns 0.03 ns 0.05 ns 0.19 ns 12.68 ns 0.31 ns 3.84 ns
C1 population topcrosses 1 0.03 ns 0.06 ns 0.12 ns 0.04 ns 1.26 ns 0.11 ns 0.01 ns 50.62 ns
C2 population topcrosses 1 0.01 ns 0.01 ns 0.00 ns 0.00 ns 3.36 ns 46.80 ns 1.53 ns 8.90 ns
CO0 vs. C1 and C2 population topcrosses 1 00 @s 0.02 ns 0.01 ns 0.10 ns 0.93 ns 5.53 ns 0.02 ns 0.08 ns
C1 vs. C2 population topcrosses 1 0.00 ns 0.00 ns 0.01 ns 0.02 ns 5.77 ns 56.39 * 0.01 ns 0.00 ns
Checks 2 0.04 ns 0.02 ns 0.00 ns 0.00 ns 0.23 ns 0.73 ns 0.19 ns 0.49 ns
All populations vs. Checks 1 0.00 ns 0.00 ns 0.06 ns 0.36 * 0.90 ns 6.36 ns 0.00 ns 31.30 ns
Population per se vs. Population crosses @patasses 1 0.01 ns 0.00 ns 0.01 ns 0.21 * 20.97 ** 2.70 ns 024 n 1.98 ns
Population crosses vs. Population topcrosses 1 12 s 0.01 ns 0.03 ns 0.34 * 13.69 ns 43.23 ns 0.01 ns 14.24 ns
TxL 29 0.01 ns 0.01 ns 0.03 ns 0.03 ns 3.84 ns 10.26 ns 0.14 ns 18.32 n
Populations per «x L 5 0.00 ns 0.01 ns 0.01 ns 0.02 ns 7.22 ns 7.87 ns 0.18 ns 19.16 ns
Population crosse L 14 0.02 ns 0.01 ns 0.03 ns 0.03 ns 3.77 ns 9.92 ns 0.04 ns 9.96 ns
Population topcrossx L 5 0.02 ns 0.02 ns 0.08 ns 0.09 ns 1.73 ns 7.51 ns 0.38 ns 11.35 ns
Checksx L 2 0.00 ns 0.02 ns 0.00 ns 0.00 ns 3.79 ns 20.09 ns 0.19 ns 4.35 ns
(All populations vs. Checkx L 1 0.01 ns 0.00 ns 0.09 ns 0.00 ns 2.95 ns 2.82 ns 0.00 ns 57.87 ns
(Population per se vs. Population crosseg@mztossesx L 1 0.00 ns 0.00 ns 0.02 ns 0.00 ns 0.00 ns 0.30 ns 0.24 ns 25.73 ns
(Population crosses vs. Population topcrosx L 1 0.00 ns 0.01 ns 0.02 ns 0.00 ns 3.16 ns 38.50 ns 0.01 ns 2.06 ns
Pooled error 86 0.05 0.03 0.05 0.09 9.18 32.10 0.28 46.58
CV (%) 9.79 9.35 6.65 10.71 45.14 3.22 17.37 8.18

*, ** Significant at the 0.05 and 0.01 probabiligvels, respectively; ns, not significant.
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Appendix Table 16B Means of 18 traits and grain type of 27 populatiand three population checks from data combined twe

locations in the 2005 early rainy season.

Grain yield Relat. Seed. Days to 50% Height Lodging Foliar Husk Aspect Rotten Ears Grain Grain Grain
Entry at 15% moist.  to check  vigor Ant. Silk. Plant Ear Stalk Root dis. cover Plant Ear ears Plant™  moist. shell. type Corn borer

kg ha' % (1-5) d cm % (1-5) % (15 %

AC2 6,62¢ 101 11 52 53 24z 13t 6 2.t 2.€ 1.2 2.€ 1.8 6 10z 20.0¢ 82.2% OYF 2.C 39
BCOC 6,54¢ 10C 11 51 52 22¢ 13z 1 2.8 2.8 11 2.8 1.7 6 98 19.1¢ 81.7¢ OY”"FSF 2.2 41
BC2 6,47 99 11 52 52 24< 137 3 2.1 2.€ 1.C 2.€ 1.8 5 10z 19.2% 82.3t  OY”"FSF 2.C 47
AC1 6,34¢ 97 1.3 52 52 237 131 1 2.€ 2.7 1.3 2.7 1.7 5 91 19.3¢ 81.2¢ OYF 2.2 44
BC1 6,197 95 11 51 52 234 132 4 2.t 2.8 1.2 2.8 2.C 6 10z 18.4¢ 82.5( OY”"FSF 2.8 45
ACO 5,93¢ 91 1.3 51 51 23¢ 13€ 1C .3 3.C 1.2 3.C 1.6 5 98 19.0¢ 82.5] OYF 2.2 47
BC2 x AC1 7,32¢ 11z 1.2 52 52 24¢ 144 3 24 2.€ 1.3 2.€ 1.€ 3 10z 19.9¢ 83.1 OY”"FSF 2.2 46
AC2x BC2 7,20C 11C 1.C 51 52 247 13¢ 4 2.t 2.7 1.C 2.7 1.7 2 101 19.9: 83.0¢ OY”"FSF 1.8 45
AC2x BC1 7,13¢ 10¢ 11 51 52 24¢ 144 1 24 2.7 11 2.7 1.7 3 10C 19.8¢ 82.6( OY”"FSF 2.C 45
AC1x BCO 7,12 10¢ 1.2 51 52 23¢ 13¢ 3 2.€ 2.€ 1.2 2.€ 1kt 6 10C 19.5¢ 82.0¢  OY”"FSF 1.6 43
AC1xBC1 7,09: 10¢ 11 51 52 24< 13¢ 6 .3 2.7 1.2 2.7 1.€ 6 10C 19.5% 82.6( OYFSF 2.C 45
ACOx BCO 7,02¢ 10¢ 11 51 52 24C 141 7 2.t 2.€ 11 2.€ 1kt 4 98 19.2( 82.8¢ OY"FSF 2.2 47
BC1 x ACO 6,997 107 1.C 51 52 23¢ 13¢ 8 .3 2.¢ 11 2.¢ 1.7 3 10z 18.8% 82.9C OY”"FSF 2.2 43
AC2x BCO 6,937 10€ 1.2 51 52 237 13€ 5 2.t 2.€ 1.2 2.€ 1.7 4 98 19.41 82.4: OY"FSF 2.2 48
BC2 x ACO 6,79¢ 104 11 51 52 24¢ 144 6 24 2.¢ 11 2.¢ 1.8 4 101 18.6% 83.3¢  OY”"FSF 2.1 45
BC2 x BCO 6,72% 10z 11 52 53 234 13z 5 .3 2.7 1.C 2.7 1.8 5 98 19.72 83.37 OY”"FSF 2.2 45
BC2x BC1 6,58% 101 1.2 53 53 241 13¢ 4 .3 2.7 1.2 2.7 1.7 4 101 19.3¢ 82.8¢ OY”"FSF 2.1 44
BC1x BCO 6,49( 99 1.2 51 52 227 132 4 2.€ 2.¢ 1.2 2.¢ 1.8 4 9¢ 18.8¢ 83.6( OY”"FSF 2.2 46
AC1x ACO 6,47 99 1.2 51 52 23¢ 137 9 24 2.8 1.2 2.8 2.C 4 10z 18.5¢ 83.2¢ OYF 2.1 41
AC2x AC1 6,30z 96 14 52 53 244 13t 5 2.t 2.8 11 2.8 1.7 6 98 19.52 80.8¢ OYF 2.C 46
AC2x ACO 6,11: 94 11 52 53 24< 13z 5 2.2 2.8 11 2.8 1.6 6 10C 18.8¢ 81.82 OYFSF 1.6 44
Ki 46x BC2 8,15( 12t 1.2 51 51 23t 13t 2 2.2 2.€ 11 2.€ 1kt 3 92 19.52 82.1% OY"F 14 42
Ki 47x AC1 8,007 12z 1.2 51 51 24t 14& 3 2.t 2.¢ 1.2 2.¢ 1kt 4 101 19.6% 84.6¢ OY"FSF 2.2 47
Ki 46 x BC1 7,937 12z 1.2 51 51 23z 134 4 24 2.t 1.C 2.t .3 3 101 18.9¢ 81.82 OY"F 2.1 40
Ki 46 x BCO 7,58¢ 11€ 1.2 5C 5C 22z 12¢ 4 .3 2.€ 1.2 2.€ 1.8 3 95 18.6¢ 81.91 OY"F 1.6 42
Ki 47x ACO 7,27¢ 111 1.2 5C 51 24C 14C 2 2.€ 2.8 1.2 2.8 1kt 4 9¢ 18.7(C 84.0: OY”"FSF 2.t 44
Ki 47x AC2 7,16 11C 1.2 5C 51 24t 142 3 2.¢ 2.7 1.2 2.7 1kt 1 9¢ 19.2% 83.9:. OY”"FSF 2.7 45
Suwan3(S)C 6,58¢ 101 11 51 51 23z 13C 5 24 2.8 1.2 2.8 1.6 4 10C 18.4¢ 82.1% OYF 2.C 47
Suwarl(S)C12-F, 6,09¢ 93 1.2 51 52 22¢ 12t 9 .3 2.8 1.2 2.8 2.C 4 101 18.5¢ 83.2% OYF 2.t 47
Suwai5(S)C4-F, (Checl) 6,532 10C 11 52 52 23C 13C 8 2.2 2.8 1.C 2.8 2.C 4 10C 18.9¢ 83.7(C OYFSF 1.6 46
Mear 6,86( 10t 1.2 51 52 23¢ 13€ 5 24 2.7 11 2.7 1.7 4 10C 19.2( 82.7( 2.1 45

LSD 0.0t 726.4 0.2¢ 1.4z 1.8t 9.9t 6.7% 6.3€ 0.61 0.37 0.2z 0.37 0.3¢ 4.01 6.58 1.11 2.2t 0.7¢ 7.4¢€

LSD 0.01 979.07 0.32 1.91 2.4¢ 13.41 9.07 8.57 0.8% 0.5C 0.2¢ 0.5C 0.51 5.4C 8.8% 1.5C 3.0 1.0z 10.0¢
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Appendix Table 17B Mean squares from Gardner-Eberhart Analysis IlAamalysis I

of eight traits from six populations per se andrth®& diallel crosses, from data combined

over two locations in the 2005 early rainy season.

Seed. Husk Aspect Rotten Ears
Source of variation df vigor cover Plant Ear ears Plant® Corn borer
(1-5) % (1-5) %
Gardner-Eberhart Analysis Il
Varieties 5 0.14 0.09 0.13 0.09 4.65 54.94 1.27 128.03
Heterosis 15 0.08 0.03 0.07 0.11 11.44 37.27 0.54 179.85
Average heterosis 1 0.00 0.02 0.00 0.24 33.28 35.79 54 0. 0.02
Variety heterosis 5 0.10 0.03 0.06 0.07 6.61 86.52 **810  305.27
Specific heterosis 9 0.08 0.03 0.09 0.12 11.69 10.07 .400 130.16
Varietiesx L 5 0.04 0.05 0.06 0.09 5.32 38.94 1.27 211.21
Heterosisx L 15 0.04 0.02 0.06 0.09 16.06 23.74 0.54 153.85
Average heterosisL 1 0.00 0.00 0.06 0.00 0.74 15.91 0.54 110.72
Variety heterosis L 5 0.03 0.02 0.02 0.13 23.48 * 5.47 0.81 318.50 *
Specific heterosis L 9 0.05 0.02 0.09 0.07 13.64 34.76 0.40 67.18
Gardner-Eberhart Analysis IlI
Varieties 5 0.10 * 0.07 0.16 * 0.07 3.85 113.57 1.31 158.48
Varieties vs. Crosses 1 0.00 0.02 0.00 0.24 33.28 3579 4 05 0.02
Crosses 14 0.10 0.03 0.06 0.11 10.16 16.44 0.53 181.82
GCA 5 0.13 0.04 0.03 0.08 7.41 27.89 0.77 274.82
SCA 9 0.08 0.03 0.09 0.12 11.69 10.07 0.40 130.16
Varietiesx L 0.01 0.03 0.02 0.10 21.66 * 23.61 1.31 160.59
(Varieties vs. Crosses)L 1 0.00 0.00 0.06 0.00 0.74 15.91 0.54 110.72
Crossex L 14 0.05 0.03 0.07 0.09 11.32 29.77 0.53 175.01
GCAx L 5 0.06 0.04 0.05 0.13 7.15 20.80 0.77 369.12 *
SCAx L 9 0.05 0.02 0.09 0.07 13.64 34.76 0.40 67.18
SCA:GCA 0.60 0.79 3.07 1.55 1.58 0.36 0.52 0.47

* ** Significant at the 0.05 and 0.01 probabiligvels, respectively.
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Appendix Table 18B Estimates of variety effects;\from Gardner-Eberhart Analysis I

of eight traits from six populations per se andrth®& diallel crosses, from data combined

over two locations in the 2005 early rainy season.

Vi

Populations Seed. Husk Aspect Rotten Ears
vigor cover Plant Ear ears Plant™ Corn borer
(1-5) % (1-5) %

ACO 0.17 0.01 0.26 ** 0.10 -0.20 -0.95 -0.11 3.50
AC1 0.17 0.18 * -0.07 -0.07 -1.04 -7.78 ** 0.22 1.92
AC2 -0.08 0.01 -0.15 -0.07 0.93 3.76 -0.61 -9.59
BCO -0.08 -0.07 0.01 -0.07 0.41 -1.00 0.39 0.73
BC1 -0.08 0.01 0.10 0.18 0.68 3.39 0.56 4.69
BC2 -0.08 -0.15 -0.15 -0.07 -0.77 2.57 -0.44 -1.25
SEtT 0.09 0.08 0.09 0.12 1.32 2.09 0.57 18.24

t Standard error.
* ** Significant at the 0.05 and 0.01 probabiligvels, respectively.

Appendix Table 19B Estimates of variety heterosis effecty @nd average heterosis

(ﬁ) from Gardner-Eberhart Analysis Il of eight traiitsm six populations per se and

their 15 diallel crosses, from data combined ower bcations in the 2005 early rainy

season.
hi
Populations Seed. Husk Aspect Rotten Ears
vigor cover Plant Ear ears Plant™ Corn borer
(1-5) % (1-5) %

ACO -0.16 *  -0.03 -0.10 0.05 0.29 1.35 -0.03 -5.35
AC1 0.03 -0.03 0.03 0.01 1.20 4.76 ** 0.01 1.47
AC2 0.07 -0.06 0.05 0.07 -0.72 -2.79 0.26 5.88
BCO 0.09 0.05 -0.06 -0.01 0.31 -1.25 0.10 3.76
BC1 -0.01 0.03 -0.01 -0.14 -0.68 -1.25 -0.49 -6.83
BC2 -0.01 0.05 0.09 0.03 -0.39 -0.82 0.14 1.06
h -0.01 -0.03 0.00 -0.10 -1.14 1.18 -0.14 -0.03
SET forh 0.06 0.06 0.06 0.09 0.93 1.48 0.40 12.90
SE for h 0.05 0.04 0.05 0.06 0.70 111 0.30 9.65

T Standard error.
** Significant at the 0.01 probability level.
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Appendix Table 20B Estimates of gca and sca effects from Gardner-Bfvekhalysis |l
of eight traits of six populations per se and thié&irdiallel crosses, from data combined

over two locations in the 2005 early rainy season.

Traits Populations ACO AC1 AC2 BCO BC1 BC2 GCA effects
SCA effects

Seedling ACO 0.05 -0.03 -0.05 -0.03 0.05 -0.08

vigor AC1 0.12 0.01 -0.13 -0.05 0.11 *

(1-5) AC2 0.10 -0.05 -0.13 0.03
BCO -0.01 -0.07 0.05
BC1 0.20 ** -0.06
BC2 -0.06
SET (gca effects) 0.04
SE (sca effects) 0.07

Husk ACO 0.02 0.04 -0.03 -0.05 0.02 -0.03

cover AC1 -0.05 -0.03 -0.05 0.10 0.06

(1-5) AC2 0.08 -0.03 -0.05 -0.05
BCO -0.08 -0.11 0.01
BC1 0.04 0.03
BC2 -0.03
SE (gca effects) 0.04
SE (sca effects) 0.07

Plant ACO -0.02 0.00 -0.14 0.03 0.13 0.03

aspect AC1 0.13 -0.02 -0.02 -0.08 -0.01

(1-5) AC2 -0.08 -0.08 0.03 -0.03
BCO -0.19 * 0.05 -0.05
BC1 -0.12 0.03
BC2 0.01
SE (gca effects) 0.05
SE (sca effects) 0.08

Ear ACO 0.21 * 0.06 -0.19 -0.10 0.02 0.10

aspect AC1 0.02 -0.15 -0.06 -0.02 -0.03

(1-5) AC2 0.04 -0.04 -0.08 0.03
BCO -0.21 * 0.08 -0.05
BC1 0.00 -0.05
BC2 -0.01
SE (gca effects) 0.06

SE (sca effects) 0.10
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Appendix Table 20B (continued)

Traits Populations ACO AC1 AC2 BCO BC1 BC2 GCA effects
SCA effects
Rotten ACO -0.97 2.09 -0.73 -0.85 0.45 0.18
ears AC1 0.87 0.07 1.15 -1.12 0.68
(%) AC2 -0.22 -0.94 -1.80 -0.26
BCO 0.47 1.35 0.51
BC1 1.11 -0.34
BC2 -0.78
SE (gca effects) 0.66
SE (sca effects) 1.12
Ears ACO 0.90 -0.51 -0.91 1.27 -0.74 0.87
plant* AC1 -1.75 1.07 -1.14 0.92 0.87
(%) AC2 0.87 -0.07 1.45 -0.91
BCO -0.26 -1.30 -1.75
BC1 -0.32 0.44
BC2 0.47
SE (gca effects) 1.04
SE (sca effects) 1.77
Corn ACO -0.01 -0.18 0.33 -0.34 0.20 -0.08
borer AC1 -0.05 -0.22 0.28 -0.01 0.13
(1-5) AC2 0.12 -0.05 0.16 -0.04
BCO -0.12 -0.34 0.29
BC1 -0.01 -0.21
BC2 -0.08
SE (gca effects) 0.29
SE (sca effects) 0.49
Corn ACO -2.81 -2.61 4.19 -5.06 6.29 -3.60
borer AC1 1.61 -3.41 4.40 0.21 2.43
(%) AC2 -0.49 -0.52 2.02 1.08
BCO -4.71 -5.00 4.12
BC1 -3.52 -4.48
BC2 0.44
SE (gca effects) 9.12
SE (sca effects) 15.48

T Standard error.
*, ** Significant at the 0.05 and 0.01 probabillgvels, respectively.
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ACO x BCO AC1 x BC1 AC2 x BC2

ACO x Ki 47

BCO0 x Ki 46 BC1 x Ki 46 BC2 x Ki 46

Suwan1(S)C12 Suwan3(S)C4 Suwan5(S)C4
Note: A =Suwanl(S)C11 and B =KS6(S)C3.

Appendix Figure 1B Sample ears of C0O, C1 and C2 populations per eie pibpulation
crosses and their population topcrosses to inlestdris compared with three population
checks (Suwanl1(S)C12, Suwan3(S)C4 and Suwan5(S)C4).
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ADDITIONAL DATA FOR HYBRID DEVELOPMENT
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Appendix Table 1C Mean squares from analyses of variance of sistcdiCO hybrids

from data combined over two locations in the 2G02 fainy season.

Seed. Husk Aspect Rotten Ears
Source of variation df vigor cover Plant Ear ears Plant®
(1-5) %
Locations (L) 1 0.23 ** 0.00 21.55* 344 * 1067.02 * 15184 **
Treatments (T) 155 0.05 * 0.05* 0.06 * 0.09 ** 6.53 19.93
CO0 hybrids 149 0.05 * 0.05* 0.06 * 0.08 ** 6.64 19.10
CO-g TCHst 49 0.05 0.05 *  0.04 0.10 ** 2.59 16.08
ACO-3$TCHs 24  0.04 0.10 ** 0.03 0.13 ** 3.32 18.82
BCO-3TCHs 24 0.05 * 0.00 0.05 0.05 1.92 13.90
ACO0-3TCHs vs. BCO-$TCHs 1 0.16* 0.15 * 0.02 0.53 ** 121 2.37
CO-g IPHs?t 99 0.05 * 0.05** 0.06 * 0.05 7.24 20.21
C0-3 TCHs vs. CO-$IPHs 1 0.11 0.01 0.50 * 2.83 ** 144.65 ** 56.69
Checks 5 0.06 0.02 0.05 0.16 3.16 2.30
CO0 hybrids vs. Checks 1 0.01 0.00 0.20 0.60 7.29 231.35
TxL 155 0.03 0.03 * 0.04 0.05 6.44 17.37
CO0 hybridsx L 149 0.03 0.03 * 0.03 0.05 6.58 17.31
Checks< L 5 0.02 0.02 0.08 0.06 2.71 3.23
(CO hybrids vs. Checks)L 1 0.02 0.04 0.07 0.01 4.15 97.82 *
Pooled error 262 0.06 0.02 0.05 0.06 8.37 24.99
CV (%) 14.97 15.14 5.99 9.89 113.29 4.36

T TCHs = testcross hybrids.
¥ IPHs = interpopulation hybrids.
*, ** Significant at the 0.05 and 0.01 probabiligvels, respectively.
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Appendix Table 2C Means of six traits and grain type of the top 10hy0rids of
each group compared with Suwan 3851 (hybrid ch&ok) data combined over two

locations in the 2002 late rainy season.

Seed. Husk Aspect Rotten Ears Grain
Entry vigor cover Plant Ear ears Plant™ type
(1-5) %

Top 10 CO hybrids
ACO0-S,-88x Ki 47 1.0 1.0 3.1 1.5 0 96 OYFSF
ACO0-§-72x Ki 47 1.0 1.2 3.1 2.0 1 94 OYFSF
ACO0-S,-96 x Ki 47 1.0 1.2 3.1 2.0 0 93 OYF
ACO0-S;-180x Ki 47 11 1.0 3.0 21 4 99 YOF
ACO0-5,-159x BC0-$-250 1.0 1.0 34 2.2 2 98 OYFSF
BCO0-$-90x Ki 46 1.0 1.0 3.3 2.3 0 96 YOF
ACO0-S,-228x Ki 47 1.1 1.0 3.2 2.3 2 99 OYFSF
AC0-$-204x BCO-S§-47 11 11 3.3 21 0 98 OYFSF
ACO0-5,-159x BCO-$-47 1.0 1.0 3.2 25 3 93 OYF
BCO0-5-296x Ki 46 11 1.0 3.1 2.0 2 96 OYF

Mean 1.1 1.1 3.2 2.1 1 96
Top 10 ACO testcross hybrids
ACO0-S,-88x Ki 47 1.0 1.0 3.1 1.5 0 96 OYFSF
ACO0-§-72x Ki 47 1.0 1.2 3.1 2.0 1 94 OYFSF
ACO0-S,-96 x Ki 47 1.0 1.2 3.1 2.0 0 93 OYF
ACO0-S;-180x Ki 47 11 1.0 3.0 21 4 99 YOF
ACO0-S,-228x Ki 47 1.1 1.0 3.2 2.3 2 99 OYFSF
ACO0-$-159x Ki 47 1.0 1.0 2.8 1.7 1 98 OYFSF
ACO0-S,-86 x Ki 47 1.0 1.0 3.2 1.9 1 97 OYF
ACO0-$-136x Ki 47 1.0 1.0 3.3 2.2 3 96 OYF
ACO0-S,-14x Ki 47 1.1 1.0 3.2 1.9 1 97 OYF
ACO0-§-57 x Ki 47 11 1.0 3.1 21 1 96 OYF

Mean 1.1 1.0 3.1 2.0 1 97
Top 10 BCO testcross hybrids
BCO0-S-90x Ki 46 1.0 1.0 3.3 2.3 0 96 YOF
BC0-5-296x Ki 46 11 1.0 3.1 2.0 2 96 OYF
BCO0-5-250x Ki 46 1.4 1.0 3.3 2.2 1 93 OYFSF
BC0-$-184x Ki 46 1.0 1.0 3.1 2.0 1 100 OYF
BCO0-S-71x Ki 46 1.0 1.0 29 2.0 1 96 OYF
BC0-$-140x Ki 46 14 1.0 2.9 2.2 2 94 OYF
BCO0-S-115x Ki 46 1.5 1.0 3.2 2.0 0 96 OYF
BCO0-$-47 x Ki 46 11 1.0 3.2 24 0 98 OYF
BCO0-5-186x Ki 46 1.1 1.1 3.1 2.3 1 96 OYF
BCO0-$-49x Ki 46 1.0 1.0 3.2 24 2 95 OYF

Mean 1.2 1.0 3.1 2.2 1 96
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Seed. Husk Aspect Rotten Ears Grain
Entry vigor cover Plant Ear ears Plant™ type
(1-5) %
Top 10 CO interpopulation hybrids
ACO0-5,-159x BC0-$-250 1.0 1.0 3.4 2.2 2 98 OYFSF
AC0-$-204x BCO-S§-47 11 11 3.3 2.1 0 98 OYFSF
ACO0-5,-159x BCO-$-47 1.0 1.0 3.2 25 3 93 OYF
ACO0-§-159x BCO-5-296 11 1.0 3.0 2.2 2 99 OYF
ACO0-5,-159x BC0-$-90 1.1 1.0 3.2 2.2 4 96 OYF
ACO0-§-146x BCO-S-184 11 1.0 3.1 2.4 5 94 OYFSF
ACO0-5,-159x BC0-$-140 1.0 1.0 3.0 2.2 5 93 OYF
ACO0-$-159x BCO-S-184 1.0 1.0 3.0 2.3 1 94 OYFSF
ACO0-5-4 x BC0-§-250 1.1 1.0 34 2.6 1 95 OYFSF
AC0--146x BCO-5-296 11 1.0 3.1 1.9 1 100 OYFSF
Mean 1.1 1.0 3.2 2.3 2 96
Hybrid checks
KSX 4451 1.4 1.0 3.2 2.0 1 99 OYFSF
KSX 4453 1.0 1.0 3.1 21 99 YOF
BIG 949 1.3 1.1 29 2.1 99 OYF
PIONEER 30A30 13 1.0 3.1 24 3 100 OYFSF
KSX 4452 (Suwan 4452) 1.0 1.0 29 1.6 1 102 OYF
Suwan 3851 (Check) 1.0 1.3 3.3 2.3 99 YOFSF
Mean 1.1 1.1 3.1 2.1 1 100
LSD0.05 0.35 0.32 0.38 0.45 5.01 8.23
LSD 0.01 0.46 0.42 0.50 0.60 6.62 10.87
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Appendix Table 3C Mean squares from analyses of variance of sixsti@itLl00 CO

interpopulation hybrids from data combined over tacations in the 2002 late rainy

season.
Seed. Husk Aspect Rotten Ears
Source of variation df vigor cover Plant Ear ears Planf®
(1-5) %
Locations (L) 0.23 0.00 24.50 6.00 2118.71 1948.34
Replications/L 0.01 0.02 0.06 0.51 19.36 149.50
Varieties (V) 99 0.10 0.10 0.14 0.09 14.49 40.43
Females (A) 9 0.15 0.39 * 0.25 0.33 24.12 52.99
Males (B) 9 0.05 0.17 0.73 0.05 34.26 102.08
AxB 81 0.09 * 0.05 0.07 * 0.07 11.22 32.18
LxV 99 0.06 0.06 0.08 0.08 14.97 37.62
LxA 0.13 * 0.07 0.19 * 0.13* 22.94 * 52.51
LxB 9 0.03 0.12 * 0.33 ** 0.21 ** 48.13 ** 117.12 **
L x (AB) 81 0.06 0.05 ** 0.04 0.06 10.41 27.13
Pooled error 198 0.07 0.02 0.06 0.06 11.89 25.05

*, ** Significant at the 0.05 and 0.01 probabillgvels, respectively.

Appendix Table 4C Estimates of components of genetic variances diraits of 100

CO0 interpopulation hybrids from data combined dwey locations in the 2002 late rainy

season.

Seed. Husk Aspect Rotten Ears
Variance vigor cover Plant Ear ears Plant™

(1-5) %

of 0.00 0.01 0.00 0.01 0.32 0.52
o 0.00 0.00 0.02 0.00 0.58 1.75
i 0.01 0.01 0.00 0.00 -0.17 1.78
oA 0.00 0.01 0.02 0.01 0.90 2.27
o 0.01 0.01 0.00 0.00 -0.17 1.78
oplo} 18.11 0.72 0.06 0.11 -0.19 0.79




Appendix Table 5C Estimates of gca and sca effects of six traitsO9f €O interpopulation hybrids from data combinedrdwo locations

in the 2002 late rainy season.

Traits Femalest Males} GCA effects
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 of females
SCA effects
Seedling Al -0.01 0.04 -0.10 0.04 -0.08 -0.15 0.16 -0.05 060. 0.22 0.04
vigor A2 0.02 0.07 0.44 ** -0.05 -0.16 -0.24 -0.05 -0.14 -0.15 0.26 * 0.00
(1-5) A3 0.01 -0.06 -0.08 0.06 0.20 0.00 -0.06 -0.15 0.09 0.00 0.01
A4 0.06 -0.14 -0.15 -0.14 -0.13 0.05 -0.01 0.15 0.39 * -0.08 .040
A5 0.01 0.06 0.17 0.06 -0.30 * -0.13 -0.06 0.10 -0.04 0.12 014
A6 0.06 -0.01 0.10 -0.01 0.00 0.05 -0.14 0.02 0.01 -0.08 -0.04
A7 0.00 -0.08 -0.09 0.05 0.31 * -0.01 -0.08 -0.04 -0.05 -0.01 0.10 *
A8 0.04 -0.04 -0.18 -0.04 -0.03 0.27 * 0.09 0.00 0.11 -0.23 010.
A9 0.05 -0.03 -0.04 -0.03 0.24 -0.21 0.22 0.14 -0.13 -0.21 020.
Al10 -0.24 0.19 -0.08 0.06 -0.05 0.37 * -0.06 -0.03 -0.16 0.00 .010
GCA effects 0.04 -0.01 0.00 -0.01 -0.02 0.05 -0.01 -0.05 .040 0.05
of males
SES§ (gca effects) 0.04
SE (sca effects) 0.13
Husk Al -0.22 ** 0.03 0.13 -0.29 ** 0.51 ** -0.17 * 0.25 ** -0® -0.27 ** 0.07 0.27 **
cover A2 0.00 0.00 -0.03 0.05 -0.15 * 0.05 -0.04 0.03 0.07 0.03 -0.07 **
(1-5) A3 -0.03 -0.03 -0.05 0.02 -0.18 * 0.02 0.06 0.13 0.05 10.0 -0.05 *
A4 0.13 0.01 -0.02 -0.07 0.23 ** -0.07 -0.03 -0.08 -0.04 -0.08 0.04
A5 -0.04 -0.04 -0.07 0.01 0.06 0.13 -0.08 0.00 0.03 0.00 -0.03
A6 -0.02 -0.02 -0.04 0.03 -0.04 0.03 -0.05 0.02 0.06 0.02 603.0
A7 -0.02 -0.02 0.08 0.03 -0.17 * 0.03 -0.05 0.02 0.06 0.02 60:0
A8 0.05 0.05 0.15 * -0.03 0.02 -0.03 -0.12 -0.04 0.00 -0.04 00.0
A9 0.07 0.07 -0.08 0.25 ** -0.20 * 0.00 -0.09 -0.02 0.02 -0.02 0.02
Al10 0.07 -0.05 -0.08 0.00 -0.08 0.00 0.16 * -0.02 0.02 -0.02 .020
GCA effects 0.00 0.00 0.03 -0.05 * 0.15 ** -0.05 * 0.04 -0.03 -0.07 ** -0.03
of males
SE (gca effects) 0.02 [
SE (sca effects) 0.07 <




Appendix Table 5C (continued)

Traits Females Males GCA effects
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 of females
SCA effects
Plant Al 0.12 -0.26 * 0.13 -0.10 -0.10 0.23 -0.14 -0.01 0.03 .100 -0.12 *
aspect A2 -0.12 0.13 -0.11 -0.09 -0.21 -0.01 0.13 0.13 0.17 .01-0 0.00
(2-5) A3 -0.05 0.08 -0.03 -0.01 0.12 -0.06 -0.05 0.08 -0.01 .060 0.05
Ad -0.06 0.06 -0.05 -0.02 0.23 -0.07 0.06 -0.06 -0.15 0.05 60.0
A5 0.10 -0.15 0.12 0.02 0.02 0.09 -0.15 -0.02 0.02 -0.04 045 *
A6 -0.16 -0.04 0.10 0.13 0.13 0.08 -0.16 0.09 -0.12 -0.05 0.04
A7 0.05 -0.07 0.07 0.09 0.09 -0.21 -0.07 0.05 0.09 -0.09 -0.05
A8 0.08 0.08 -0.03 -0.14 -0.26 * 0.06 0.08 -0.05 0.12 0.06 80.0
A9 -0.06 -0.06 -0.17 -0.02 0.10 -0.07 0.19 0.19 -0.02 -0.07 .060
A10 0.10 0.23 -0.01 0.14 -0.11 -0.04 0.10 -0.40 ** -0.11 0.09 .020
GCA effects 0.02 0.02 0.14 ** -0.02 0.11 * -0.09 * -0.10 * 2Q. ** 0.24 ** -0.09 *
of males
SE (gca effects) 0.04
SE (sca effects) 0.12
Ear Al -0.11 -0.06 0.03 -0.25 0.26 * 0.01 -0.06 0.14 0.04 10.0 0.07
aspect A2 0.02 0.07 0.03 0.26 * -0.25 -0.12 -0.18 0.14 -0.08 120. -0.06
(2-5) A3 -0.02 0.03 -0.01 -0.16 0.22 -0.16 0.16 -0.02 0.13 170. 0.11 *
Ad -0.01 0.04 -0.12 0.23 -0.15 0.11 0.04 -0.13 -0.11 0.09 0.09
A5 0.08 0.01 -0.03 0.07 -0.06 0.07 0.01 -0.17 -0.02 0.06 0.01
A6 -0.02 0.16 -0.01 -0.03 -0.03 0.09 -0.09 0.11 0.00 -0.17 140*
A7 0.02 0.19 0.03 -0.12 0.01 0.01 -0.06 0.02 -0.08 -0.01 -0.06
A8 0.17 -0.28 * 0.06 -0.09 -0.09 0.03 0.09 -0.08 0.07 0.14 0.04
A9 -0.16 -0.23 -0.02 0.08 0.08 0.08 0.14 0.22 -0.01 -0.18 301
A10 0.03 0.08 0.04 0.02 0.02 -0.11 -0.04 -0.22 0.05 0.13 0.06
GCA effects 0.02 -0.03 0.01 0.03 0.03 0.03 -0.03 0.02 0.00 0.08
of males
SE (gca effects) 0.04
SE (sca effects) 0.13

83T



Appendix Table 5C (continued)

Traits Females Males GCA effects
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 of females
SCA effects
Rotten Al -0.65 -1.00 4.04 * -2.39 0.78 0.98 1.09 -0.19 -3.29 0.62 111 *
ears A2 0.18 -0.63 -0.23 1.23 0.71 -0.19 -2.70 2.89 -0.41 5-0.8 -0.52
(%) A3 -0.47 0.10 -1.59 0.72 221 -1.26 0.73 -0.42 -0.42 0.39 .030
A4 -3.14 -0.78 -0.83 1.03 1.01 0.73 1.91 -1.21 1.71 -0.43 0.21
A5 -0.58 1.02 -0.28 0.35 1.24 2.71 0.27 -1.47 -2.08 -1.18 10.8
A6 -1.10 -0.04 0.76 1.18 -0.26 -2.07 -3.34 2.74 2.45 -0.32 480.
A7 -0.65 2.51 -2.45 0.39 -0.83 0.69 0.58 -0.53 0.01 0.27 -0.44
A8 3.03 -1.48 0.94 -0.43 -2.32 0.42 -1.15 -0.82 0.01 1.81 0.33
A9 -0.13 0.30 0.11 -0.42 -1.15 -0.28 -0.33 2.04 -0.17 0.04 840.
Al10 3.51 * 0.00 -0.46 -1.66 -1.39 -1.75 2.94 -3.05 2.21 -0.35 A1
GCA effects 0.17 -1.61 * 0.13 1.06 -0.16 -0.21 1.74 ** -0.48 0.13 -0.77
of males
SE (gca effects) 0.55
SE (sca effects) 1.72
Ears Al 2.15 0.24 -3.25 0.77 0.93 0.52 -0.82 -0.58 1.59 -1.56 -0.01
plani™ A2 -4.29 -1.53 -1.78 1.97 -0.36 2.94 3.49 0.04 0.88 -1.35 51.2
(%) A3 2.45 0.98 4.74 -2.66 -3.63 1.83 0.55 0.16 -5.40 * 0.97 .750
A4 1.04 -0.94 -0.34 1.33 -1.37 -0.75 1.05 -0.06 -2.57 2.61 191.
A5 0.15 -1.91 0.31 -1.10 -3.02 1.21 2.80 0.29 2.18 -0.90 1.72 *
A6 2.48 1.58 2.89 -5.73 * 2.47 1.14 2.32 -1.64 -6.57 * 1.05 0.42
A7 1.96 -3.67 1.29 0.49 1.26 -0.43 -1.68 -2.23 3.67 -0.65 0.87
A8 1.01 -0.34 -6.48 * 1.36 1.09 -0.11 1.05 4.26 -0.89 -0.95 77
A9 1.09 3.18 2.89 0.66 -0.57 -2.53 -5.81 * -3.60 3.34 1.34 60.5
Al10 -8.04 ** 2.39 -0.27 2.92 3.20 -3.82 -2.95 3.36 3.77 -0.55 1.03
GCA effects -0.90 1.17 -1.94 * 0.05 0.93 -0.89 -0.83 0.21 371 3.57 **
of males
SE (gca effects) 0.79
SE (sca effects) 2.50

t A= ACO0-S,, £ B=BCO0-S,, § Standard err.

* ** Exceeds its standard error by two and thiieges, respectively.
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Appendix Table 6C Mean squares from analyses of variance of eigits whCO and C1 hybrids from data combined over lecations

in the 2005 early rainy season.

Seed. Husk Aspect Rotten Ears Corn Leaf
Source of variation df vigor cover Plant Ear ears Plant™ borer angle
(1-5) % (1-5) °)
Locations (L 1 0.54 ** 0.92 ** 9.9¢€ ** 0.41 ** 2865.2¢ ** 10.0¢ 452.1¢ ** 0.3t
Treatments (1 19t 0.0z * 0.0% ** 0.0t * 0.11 ** 8.3: 31.68 ** 0.3¢ 15.9C **
CO0 hybrid 39 0.0z 0.0z 0.0¢€ * 0.1% ** 6.2¢ 17.8* 0.47 16.1Z2 **
(0-S; TCHst 19 0.0z 0.0z 0.0t 0.1€ ** 5.41 17.9¢ 0.3¢ 16.5¢ **
A(0-S; TCHs 9 0.0z 0.04 0.04 0.0t 4.97 10.4¢ 0.1¢€ 13.4¢ **
B(0-S; TCHs 9 0.01 0.0C 0.07 0.2z ** 6.1: 27.3¢* 0.3t 6.0Z
A(0-S; TCHs ve. BCO-S; TCHs 1 0.01 0.1z * 0.01 1.0F ** 2.92 0.52 1.9C 138.8¢ **
(0-S; IPHs1 9 0.0z 0.0z 0.0€ 0.0€ 7.2¢ 17.9¢ 0.2t 21.07 **
(0-Sg hybrids 9 0.01 0.0 0.11 ** 0.11 6.9: 19.5Z 0.7t 12.21 **
(0-S; hybrids vi. CO-Sg hybrids 1 0.0z 0.0€ 0.04 0.0t 14.3¢ 2.1z 257 * 2.82
(0-S; TCHs ve. CO-S; IPHs 1 0.1z * 0.04 0.0C 0.0z 0.2¢ 15.7¢ 0.0¢ 11.9¢
C1 hybrid 14¢ 0.0z ** 0.0z ** 0.0t 0.1C ** 9.1: 29.27 ** 0.3: 15.5E **
(1-S; TCHs 49 0.0z * 0.0z 0.04 0.1% ** 9.3: 10.51 0.3¢ 15.7¢& **
A(1-S; TCHs 24 0.0z 0.0z * 0.04 0.0¢ 9.7t 11.4¢ 0.3C 9.6€ **
B(1-S; TCHs 24 0.04 * 0.01 0.0z 0.14 ** 9.31 9.74 0.24 12.6¢ **
A(1-S; TCHs ve. BC1-S;3 TCHs 1 0.0C 0.0t 0.32 * 0.87 ** 0.0c 6.4: 6.0Z ** 236.97 **
(1-S; IPHs 99 0.0z ** 0.0¢ ** 0.0t * 0.0¢ * 8.9 38.71** 0.2¢ 15.3€ **
(1-S; TCHs ve. C1-S; IPHs 1 0.0z 0.0z 0.0¢ 0.17 19.51 5.42 0.9 22.6€ *
Check 5 0.0€ 0.0¢ 0.0€ 0.0t 2.64 166.07 ** 0.64 8.11
CO0 and C1 hybrids vs. Che 1 0.14 0.04 0.01 0.2C 5.4¢ 284.3¢ 1.6C 108.2:
CO0 hybrids vs. C1 hybri 1 0.0C 0.11 0.2t 0.1€ 0.14 10.0C 2.2z 5.67
TxL 19t 0.0z 0.0z * 0.04 0.0€ 7.9¢ 11.7¢ 0.3¢ 4.04
CO hybridsx L 39 0.0z 0.0z ** 0.04 0.0t 7.3¢€ 10.01 0.47 3.34
C1 hybridsx L 14¢ 0.0z 0.01 0.04 0.0€ 8.3t 12.5( 0.3: 4.2
Checkx L 5 0.0 0.0z 0.0€ 0.0¢ 2.32 7.0: 0.64 2.8C
(CO and (1 hybrids v:. Check) x L 1 0.0¢ 0.0cC 0.0C 0.41* 7.97 8.2€ 1.6C 1.6t
(CO hybrids v:. C1 hybrids) x L 1 0.0¢ 0.1% ** 0.0z 0.1C 1.1z 1.0¢ 2.2z* 11.7¢
Pooled errc 33¢ 0.04 0.01 0.0t 0.0¢ 7.3 27.6¢ 0.4¢€ 5.67
CV (%) 13.0C 12.31 6.6€ 12.9¢ 81.1¢ 3.5¢ 29.7( 6.14

t TCHs = testcross hybrids, F IPHs = interpopufatigbrids
*, ** Significant at the 0.05 and 0.01 probabiligvels, respectivel
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Appendix Table 7C Means of eight traits, grain type and stalk andriimicdolor of the
top 10 CO and C1 hybrids of each group compardd Satvan 4452 (hybrid check) from

data combined over two locations in the 2005 eilyy season.

Seed. Husk  Aspect Rotten Ears  Grain Corn Leaf Colort
Entry vigor cover Plant Ear ears Plant™ type  borer angle Stalk Midrib
(1-5) % 15 ©

Top 10 CO hybrids

ACO0-$;-228x Ki 47 11 13 3.1 1.8 7 95 OYMFSF 2.3 339 G G
ACO0-S;-88x Ki 47 1.0 1.0 2.9 1.7 3 100 OY"MFSF 2.2 336 G G
ACO0-$;-96 x Ki 47 1.0 13 3.0 15 5 93 OY/F 24 326 G G
BCO0-$-90x Ki 46 1.1 10 2.8 2.1 5 91 OY~F 20 284 G G
AC0-$-159x BCO-$-47 1.3 13 3.1 1.8 4 93 OYMFSF 2.2 343 G G
BC0-$-296x Ki 46 1.1 11 30 1.9 5 98 OYF 1.7 317 G G
ACO0-$;-180x Ki 47 11 14 2.8 15 3 99 OY/F 24 334 G G
ACO0-$-159x BC0-§-250 1.1 11 31 2.0 7 99 OY"F 21 36.7 G G
ACO-S3-72x Ki 47 11 13 2.9 1.9 2 95 OYMFSF 2.6 329 G G
ACO0-$-204x BCO-S§-47 1.1 13 31 2.0 2 98 OYMFSF 2.4 36.8 G G

Mean 1.1 1.2 3.0 1.8 4 96 22 334

Top 10 CO hybrids in § generation

ACO0-$-159x BCO-$-250 1.1 1.3 3.1 1.5 2 99 OY?FSF 3.0 34.2 G G
ACO0-S-72x Ki 47 11 13 28 19 6 96 OYMFSF 16 342 G G
BC0-%-296x Ki 46 1.0 1.0 2.6 1.4 3 98 OYF 1.3 308 G G
BCO0-$-90x Ki 46 11 10 30 23 0 98 OYF 29 276 G G
ACO0-S,-88x Ki 47 1.0 1.0 2.5 1.8 3 98 OYF 25 349 G G
ACO0-S-228x Ki 47 11 13 30 18 5 97 OYMSF 26 341 G G
ACO0-S,-180x Ki 47 1.1 1.3 3.1 1.9 3 97 OYMFSF 2.7 3438 G G
ACO0-S-96 x Ki 47 13 13 31 17 3 100 OYMFSF 3.1 328 G G
ACO0-$-204x BCO-S$-47 1.0 1.3 3.1 1.8 0 99 OY"FSF 24 299 G G
ACO0-S-159x BCO-§-47 10 10 31 19 3 89 OYMSF 31 342 G G
Mean 1.1 1.2 3.0 1.8 3 97 25 328

Top 10 C1 hybrids

AC1-S;-86-1x Ki 47 1.1 1.0 2.8 1.5 5 100 OY"F 1.8 34.2 G G
BC1-$-186-16x Ki 46 10 10 26 22 3 98 oY 17 278 G G
AC1-5;-86-10x BC1-$-222-20 1.1 1.1 29 1.4 4 98 OY"FSF 21 33.0 G G
BC1-$-71-22x Ki 46 11 10 26 19 6 94 OYF 15 333 G G
AC1-S;-175-13x Ki 47 1.1 1.0 2.6 1.7 4 101 OY”FSF 24 349 G G
AC1-5;-180-2x Ki 47 10 13 28 16 6 96 OYMFSF 23 308 G G
BC1-5-184-16x Ki 46 1.1 1.0 29 1.9 4 98 OYF 1.8 31.0 G G
BC1-$-71-1x Ki 46 10 10 26 19 1 100 OYF 1.7 30.6 G G
AC1-5;-175-13x BC1-§-90-7 1.4 1.0 2.6 1.6 2 97 OY"F 24 36.2 G G
AC1-S,-57-12x BC1-§-222-20 11 10 29 17 5 94 OYMSF 18 381 G G

Mean 1.1 1.0 2.7 1.7 4 98 20 33.0
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Appendix Table 7C (continued)

Seed. Husk Aspect Rotten Ears Grain  Corn Leaf Color
Entry vigor cover Plant Ear ears Plant™ type  borer angle Stalk Midrib
(1-5) % -5 ©

Top 10 ACO testcross hybrids

ACO0-S;-86 x Ki 47 1.0 1.0 29 1.6 3 97 OYF 22 370 G G
ACO0-S;-228x Ki 47 1.1 1.3 3.1 1.8 7 95 OYMFSF 2.3 339 G G
ACO0-S;-88x Ki 47 1.0 1.0 29 1.7 3 100 OYAFSF 2.2 336 G G
ACO0-S;-96 x Ki 47 1.0 1.3 3.0 15 5 93 OY"F 24 326 G G
ACO0-S;-136x Ki 47 1.4 1.0 3.0 1.6 4 99 OYF 21 345 G G
ACO0-S;-159x Ki 47 1.0 1.0 29 1.9 5 96 OYMFSF 2.1 40.7 G G
ACO0-S;-180x Ki 47 1.1 1.4 2.8 15 3 99 OY/F 24 334 G G
ACO0-S;-57 x Ki 47 1.0 1.0 2.8 1.8 2 98 OYF 1.8 36.3 G G
ACO0-S;-72x Ki 47 1.1 1.3 29 1.9 2 95 OYMFSF 2.6 329 G G
ACO0-S;-14 x Ki 47 1.0 1.1 3.1 15 4 97 OYF 29 323 G G

Mean 1.1 1.1 2.9 1.7 4 97 23 347

Top 10 ACL1 testcross hybrids

AC1-S;-86-1x Ki 47 1.1 1.0 2.8 1.5 5 100 OY"F 1.8 34.2 G G
AC1-S;-175-13x Ki 47 11 10 26 17 4 101 OYMFSF 24 349 G G
AC1-S;-180-2x Ki 47 1.0 1.3 2.8 1.6 6 96 OY"FSF 2.3 30.8 G G
AC1-5;-86-10x Ki 47 11 10 28 16 3 97 OYMSF 16 341 G G
AC1-S,-245-17x Ki 47 1.0 1.0 29 2.0 3 100 OYF 20 341 G G
AC1-5;-228-13x Ki 47 10 10 31 18 1 99 OYMSF 25 336 G G
AC1-S;-88-13x Ki 47 1.1 1.0 2.8 1.6 3 97 OY"F 1.7 347 G G
AC1-S,-204-14x Ki 47 11 13 28 21 3 100 OYMF 14 38.0 G G
AC1-S,-228-3x Ki 47 1.4 1.1 3.0 1.8 1 97 OYMFSF 21 354 G G
AC1-S,-57-12x Ki 47 10 10 28 18 2 99 OYMSF 24 332 G G
Mean 1.1 1.1 2.8 1.7 3 98 20 343
Top 10 BCO testcross hybrids
BCO0-S-140x Ki 46 1.1 1.0 3.0 2.1 3 100 OY"F 22 317 G G
BCO0-$-90x Ki 46 11 10 28 21 5 91 OY" 20 284 G G
BCO0-S-184x Ki 46 1.1 1.0 2.8 1.8 1 100 OYF 1.6 287 G G
BCO-$-71x Ki 46 11 10 25 20 1 95 OYF 13 292 G G
BCO0-$-47 x Ki 46 1.0 1.0 3.1 2.0 2 97 OY"FSF 24 30.7 G G
BCO0-$-115x Ki 46 10 10 29 12 3 103 OYF 12 337 G G
BCO0-$-296 x Ki 46 1.1 1.1 3.0 1.9 5 98 OYF 1.7 317 G G
BCO0-$-49x Ki 46 11 10 30 23 6 94 OY" 16 316 G G
BCO0-$-250x Ki 46 1.1 1.0 3.0 2.3 3 93 OYF 23 327 G G
BCO0-$-186x Ki 46 13 10 29 24 4 99 OYF 23 318 G G
Mean 1.1 1.0 29 2.0 3 97 19 310
Top 10 BC1 testcross hybrids
BC1-S,-186-16x Ki 46 1.0 1.0 2.6 2.2 3 98 OY"F 1.7 278 G G
BC1-$-71-22x Ki 46 11 10 26 19 6 94 OYF 15 333 G G
BC1-S-184-16x Ki 46 1.1 1.0 29 1.9 4 98 OYF 1.8 31.0 G G
BC1-$-71-1x Ki 46 10 10 26 19 1 100 OYF 1.7 30.6 G G
BC1-S-47-9x Ki 46 1.1 1.0 3.0 2.2 1 97 OYF 1.3 289 G G
BC1-$-246-11x Ki 46 10 10 29 17 4 100 OYMFSF 11 332 G G
BC1-5-90-2x Ki 46 1.3 1.0 2.8 2.2 4 97 OYF 19 29.2 G G
BC1-$-186-3x Ki 46 10 10 26 24 3 100 OYF 21 295 G G
BC1-S$-90-7x Ki 46 1.0 1.0 2.8 1.4 6 99 OYF 1.8 29.2 G G
BC1-$-296-2x Ki 46 10 10 28 20 1 98 OYF 17 310 G G
Mean 1.1 1.0 2.8 2.0 3 98 1.7 304




Appendix Table 7C (continued)
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Seed. Husk  Aspect Rotten Ears  Grain  Corn Leaf Color
Entry vigor cover Plant Ear ears Plant™ type  borer angle Stalk Midrib
(1-5) % 15 ©

Top 10 CO interpopulation hybrids
ACO0-$-159x BCO-S$-90 1.3 1.0 2.8 2.0 2 97 OYMFSF 2.7 326 G G
ACO0-$-146x BC0-§-184 13 11 2.8 1.7 4 98 OYF 1.8 28.0 G G
ACO0-$-159x BCO-S$-47 1.3 13 3.1 1.8 4 93 OYMFSF 2.2 343 G G
AC0-$-159x BC0-§-140 11 11 2.8 2.1 3 94 OYF 21 349 G G
ACO0-$-159x BC0-S$-184 1.3 1.0 2.9 2.2 1 99 OYF 24 355 G G
ACO0-$-146x BC0-$-296 1.3 1.0 2.8 1.9 4 97 OYF 15 310 G G
ACO0-$-159x BCO-$-250 1.1 11 3.1 2.0 7 99 OY"F 21 36.7 G G
ACO0-$-159x BC0-§-296 1.0 1.0 2.8 1.8 4 92 OYF 19 381 G G
ACO0-$-204x BCO-S-47 11 13 3.1 2.0 2 98 OYMFSF 2.4 36.8 G G
ACO0-$-4 x BC0-§-250 13 14 2.9 1.6 7 91 OYF 24 303 G G

Mean 12 1.1 2.9 1.9 4 96 22 338
Top 10 C1 interpopulation hybrids
AC1-5;-86-10x BC1-$-222-20 11 11 2.9 1.4 4 98 OYMFSF 2.1 33.0 G G
AC1-5-175-13x BC1-$-90-7 14 1.0 2.6 1.6 2 97 OY"F 24 36.2 G G
AC1-S,-57-12x BC1-$-222-20 11 1.0 2.9 1.7 5 94 OYMFSF 1.8 38.1 G G
AC1-5-180-2x BC1-$-222-20 1.3 10 30 1.6 6 99 OY"F 25 325 G G
AC1-S,-57-12x BC1-$-186-16 1.0 1.0 2.9 1.7 2 99 OYMFSF 2.8 31.0 G G
AC1-S,-204-14x BC1-$-222-20 1.1 11 31 15 4 104 OYF 21 36.9 G G
AC1-5-21-2x BC1-$-71-1 1.3 1.0 2.8 1.8 3 101 OY"F 25 323 G G
AC1-S,-204-14x BC1-$-186-16 1.0 1.0 2.9 15 1 96 OYF 22 312 G G
AC1-5;-175-13x BC1-$-186-16 1.4 1.0 2.8 1.9 4 97 OY"F 21 36.2 G G
AC1-5-21-9x BC1-§-71-1 1.0 1.0 2.4 1.6 3 104 OYF 1.8 27.7 G G

Mean 1.2 1.0 2.8 1.6 3 99 22 335
Hybrid checks
NK 40 1.3 10 26 15 3 99 OYMFSF 1.6 294 G G
PAC 999 1.3 13 2.9 1.8 2 98 OYMFSF 3.1 30.1 G G
BIG 919 11 15 3.0 1.9 4 96 OYMFSF 2.1 29.1 G G
DK 888 15 10 29 1.8 4 120 OYMFSF 2.6 334 G G
KSX 4601 1.0 1.0 3.0 1.9 1 102 OY"F 3.0 272 G G
Suwan 4452 (Check) 1.3 1.0 2.6 1.6 3 97 OYF 22 295 G G

Mean 12 1.1 2.8 18 3 102 24 298

LSD0.05 0.29 0.26 0.38 0.48 556 6.77 121 3.97
LSD0.01 0.38 0.34 050 0.64 7.34 8.93 1.60 5.23

t G =green.



Appendix Table 8C Means of 18 traits, grain type and colors of stall midrib of other high-yielding C1 hybrids witbtrsignificantly

different from Suwan 4452 (hybrid check) from detenbined over two locations in the 2005 early raagson.

Grain yield Relat. Seed. Days to 50% Height Lodging Foliar  Husk Aspect Rotten Ears  Grain  Grain Grain Comn  Leaf Colort
Entry at 15% moist.  to check vigor  Ant. Silk. Plant Ear Stak  Root dis. cover  Plant Ear ears Plant™ moist.  shell. type borer angle Stalk Midrib
kg ha' % (1-5) cm % (1-5) % @5 ©
Other 10 high-yielding AC1 testcross hybrids
AC1-S,-228-8x Ki 47 7,936 93 1.3 50 51 253 145 4 2.1 29 1.0 2.9 1.9 6 98 21.85.158 OYF 25 364 G G
AC1-S;-146-17x Ki 47 7,896 92 1.1 51 51 252 143 12 2.2 3.0 1.3 3.1 1.6 5 98 198331 OYAFSF 2.7 316 G G
AC1-S;-88-15x Ki 47 7,826 91 1.3 50 51 258 154 3 2.0 2.8 1.0 2.8 1.6 1 98 20.26.288 OYF 31 378 G G
AC1-S;-159-19x Ki 47 7,825 91 1.3 51 51 239 140 8 2.7 2.9 1.0 2.9 2.1 4 99 20.86.18 OYAFSF 2.6 34.1 G G
AC1-S;-72-17x Ki 47 7,674 89 1.0 50 51 248 145 2 2.7 29 1.0 2.9 1.6 4 97 20.31.278 OY"FSF 1.8 33.2 G G
AC1-S;-83-18x Ki 47 7,521 88 1.3 50 51 241 145 2 2.4 2.9 1.3 2.9 1.9 4 94 21.14.288 OY"FSF 2.2 36.1 G G
AC1-S;-204-6x Ki 47 7,428 87 1.0 51 51 246 144 2 1.9 29 1.3 2.9 1.9 2 99 19.04.548 OY~F 21 352 G G
AC1-S,-245-20x Ki 47 7,369 86 1.1 50 51 245 150 2 1.7 3.1 1.1 3.1 2.0 4 100 198124 OYF 22 319 G G
AC1-S;-72-5x Ki 47 7,262 85 1.0 49 50 240 144 2 2.0 3.0 1.3 3.0 1.9 2 101 208948 OYMFSF 24 37.1 G G
AC1-S;-55-9x Ki 47 7,243 84 1.0 51 53 254 143 7 3.0 2.8 1.0 3.0 2.1 7 98 20.4058 OY"F 24 381 G G
Mean 7,598 89 1.1 50 51 248 145 4 2.3 29 1.1 29 1.8 4 98 20.323383. 24 351
Other 15 high-yielding BC1 testcross hybrids
BC1-$-32-19x Ki 46 7,926 92 1.0 52 52 236 139 4 2.0 2.6 1.0 2.6 1.7 1 94 21.67.777 OYF 1.3 335 G G
BC1-$-37-6x Ki 46 7,895 92 1.1 50 51 245 143 2 1.9 2.9 1.1 2.9 2.2 5 98 19.25.028 OYF 1.7 284 G G
BC1-S-280-3x Ki 46 7,841 91 1.3 50 51 236 131 3 2.6 29 1.0 2.9 2.2 1 95 19.94.947 OYF 1.8 30.3 G G
BC1-$-184-9x Ki 46 7,838 91 1.0 51 52 226 134 1 2.0 2.6 1.0 2.6 2.1 3 99 18.95.228 OYF 1.8 30.7 G G
BC1-$-222-20x Ki 46 7,825 91 1.0 51 52 244 151 3 2.3 2.8 1.0 2.8 1.8 3 96 21.04.578 OYF 1.3 356 G G
BC1-$-32-20x Ki 46 7,664 89 1.0 48 49 219 118 1 1.9 2.9 1.1 2.9 2.2 1 98 18.786.818 OYF 25 3038 G G
BC1-$-115-9x Ki 46 7,622 89 1.0 50 50 240 127 2 2.0 2.8 1.0 2.8 1.8 5 100 19.85.68 OYF 21 347 G G
BC1-$-90-12x Ki 46 7,610 89 1.0 51 52 238 134 1 2.0 2.8 1.0 2.8 2.3 9 94 20.12.038 OYF 1.0 282 G G
BC1-$-296-19x Ki 46 7,571 88 1.1 51 51 233 133 3 2.0 29 1.0 2.9 2.1 8 93 20.78.108 OY"F 1.7 337 G G
BC1-S$-186-20x Ki 46 7,539 88 1.0 50 51 229 125 1 2.0 2.8 1.4 2.8 1.7 5 97 19.68.018 OYF 1.6 329 G G
BC1-$-115-7x Ki 46 7,503 87 1.4 50 52 252 153 4 25 29 1.0 2.9 1.5 4 98 21.49357 OYF 1.6 351 G G
BC1-S-184-4x Ki 46 7,399 86 1.0 50 50 237 143 3 3.2 2.8 1.0 2.8 2.1 4 97 21124568 OYF 1.9 36.2 G G
BC1-$-172-19x Ki 46 7,364 86 1.3 50 50 230 129 2 2.2 2.8 1.0 2.8 2.3 5 96 19.03.698 OY~F 1.7 30.2 G G
BC1-$-115-6x Ki 46 7,337 86 15 50 51 245 139 1 2.3 2.8 1.0 2.8 2.2 3 93 22.10078 OYF 22 350 G G
BC1-$-115-19x Ki 46 7,251 85 1.3 51 51 237 136 2 2.3 3.0 1.0 3.0 2.4 6 100 19.86.47 OYF 1.8 317 G G
Mean 7,612 89 1.1 50 51 237 136 2 2.2 2.8 1.0 2.8 2.0 4 96 20.237581. 1.7 325

6T



Appendix Table 8C (continued)

Grain yield Relat. Seed. Days to 50% Height Lodging Foliar  Husk Aspect Rotten Ears  Grain  Grain Grain Corn  Leaf Color
Entry at 15% moist.  to check  vigor  Ant. Silk. Plant Ear Stak  Root dis. cover  Plant Ear ears Plant™ moist.  shell. type borer angle Stalk Midrib
kg ha' % (1-5) cm % (1-5) % @5 ©

Other 65 high-yielding C1 interpopulation hybrids
AC1-$-72-17x BC1-§-71-1 8,242 96 1.0 50 51 239 138 1 2.2 2.6 1.4 2.6 1.4 4 98 20.6465800YMFSF 2.0 29.3 G G
AC1-$-72-17x BC1-$-47-9 8,197 96 11 49 51 236 123 2 25 2.8 1.3 2.8 1.7 1 101 18.87638 OYAFSF 1.7 29.3 G G
AC1-$;-86-10x BC1-$-47-9 8,190 95 1.1 50 53 247 128 0 29 2.9 1.0 2.9 1.8 2 98 20.6190820YMFSF 1.2 29.9 G G
AC1-$-72-17x BC1-$-222-20 8,179 95 1.0 52 53 248 149 5 2.1 25 1.0 25 1.8 3 96 198191 OY"F 1.3 322 G G
BC1-$-222-20x AC1-S-57-4 8,160 95 1.0 53 54 253 152 5 2.1 2.8 1.1 2.9 1.7 2 98 20.698381 OYF 1.1 355 G G
AC1-$,-175-13x BC1-$-222-20 8,145 95 1.3 53 54 247 154 3 2.3 2.8 1.0 2.8 1.8 4 99 208758 OY/F 21 382 G G
AC1-$-175-13x BC1-$-246-11 8,125 95 1.1 52 52 251 153 2 2.6 2.4 1.0 2.4 1.9 3 94 218MW18 OYMFSF 15 36.9 G G
AC1-S,-204-14x BC1-§-71-1 8,111 95 1.0 51 52 242 139 2 2.3 2.8 14 2.8 1.9 2 98 19.802681 OYF 24 309 G G
AC1-S,-57-12x BC1-$-115-9 8,094 94 1.0 52 52 255 150 2 2.0 3.0 1.0 3.0 1.6 2 98 20.712988 OYMFSF 1.8 36.1 G G
AC1-$,-175-13x BC1-$-184-16 8,049 94 1.3 52 51 253 144 5 2.8 2.8 1.0 2.8 1.9 5 96 218018 OYAFSF 2.1 379 G G
AC1-$-72-17x BC1-$-90-7 8,037 94 1.0 50 52 243 138 9 25 2.8 1.3 2.9 1.5 3 98 20.981779 OYF 1.7 29.6 G G
AC1-$-86-10x BC1-$-186-3 8,020 94 1.0 50 52 255 139 3 3.2 2.9 1.0 3.0 2.0 1 95 21.89358 OYAFSF 1.7 32.2 G G
AC1-$-21-9x BC1-§-186-16 8,016 93 1.0 52 54 273 153 4 3.0 2.8 1.0 2.8 1.7 6 96 208413 OYF 1.5 270 G G
AC1-S-57-12x BC1-§-71-1 8,009 93 1.0 52 53 252 145 1 2.2 2.8 14 2.8 1.8 1 97 21.883581 OYF 26 2838 G G
AC1-$;-180-2x BC1-$-184-16 8,001 93 1.1 50 51 243 136 2 25 3.1 1.3 3.1 2.0 5 98 198%18 OY"F 22 281 G G
AC1-S-57-12x BC1-$-246-11 7,996 93 1.0 52 52 253 148 5 2.6 2.9 1.0 2.9 2.0 1 98 208760 OY/F 23 333 G G
AC1-$;-180-2x BC1-$-186-16 7,988 93 1.1 52 54 255 145 5 3.1 29 1.1 29 1.9 5 99 208680 OYMFSF 24 264 G G
AC1-S,-204-14x BC1-$-115-9 7,967 93 1.0 51 51 261 148 2 2.5 2.9 1.3 2.9 1.6 2 102 208W91 OYF 21 332 G G
AC1-$;-180-2x BC1-$-90-7 7,967 93 1.3 52 52 256 154 5 2.7 3.0 1.3 3.0 1.5 4 94 20.257280 OY"F 25 282 G G
AC1-S,-204-14x BC1-$-90-7 7,944 93 1.0 51 52 254 149 8 2.6 2.8 1.3 2.8 1.7 4 102 20.96358 OYF 26 325 G G
AC1-$-72-17x BC1-$-186-16 7,941 93 1.1 50 52 249 136 1 3.0 29 1.0 29 1.7 3 97 208044 OYMFSF 25 284 G G
AC1-$,-180-2x BC1-$-246-11 7,927 92 11 51 51 248 150 2 2.7 3.0 1.0 3.0 2.0 4 99 198223 OYAFSF 2.4 305 G G
AC1-S,-228-8x BC1-$-222-20 7,921 92 1.1 53 53 264 159 10 2.5 29 1.0 2.9 1.6 3 93 7208.42 OYMFSF 1.7 375 G G
AC1-S,-204-14x BC1-$-246-11 7,889 92 1.0 49 50 254 154 4 2.4 2.8 11 2.8 2.0 4 102 72082.84 OY"F 26 36.1 G G
AC1-S,-57-12x BC1-$-90-7 7,870 92 1.1 51 52 259 154 3 2.2 2.9 1.0 2.9 1.6 1 94 20.187181 OYF 23 343 G G
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Appendix Table 8C (continued)

Grain yield Relat. Seed. Days to 50% Height Lodging Foliar  Husk Aspect Rotten Ears  Grain  Grain Grain Corn  Leaf Color
Entry at 15% moist.  to check  vigor  Ant. Silk. Plant Ear Stak  Root dis. cover  Plant Ear ears Plant™ moist.  shell. type borer angle Stalk Midrib
kg ha' % (1-5) cm % (1-5) % @5 ©

Other 65 high-yielding C1 interpopulation hybrids (continued)
AC1-S,-57-12x BC1-$-186-3 7,857 92 1.1 51 52 255 145 1 2.3 29 1.0 29 1.9 0 100 20&%87 OY"F 21 339 G G
AC1-S,-228-8x BC1-$-47-9 7,812 91 11 49 51 248 132 3 2.2 3.0 11 3.0 1.8 4 101 20.30128 OYAFSF 1.8 324 G G
AC1-$;-180-2x BC1-$-47-9 7,800 91 1.3 49 51 229 127 2 2.6 3.1 1.1 3.3 2.2 1 99 18.8124830Y~FSF 1.9 245 G G
AC1-S,-204-14x BC1-$-47-9 7,779 91 11 49 51 248 132 11 2.5 2.9 1.3 3.0 2.3 1 101  198R07 OYAFSF 2.2 325 G G
AC1-$;-86-10x BC1-$-32-19 7,747 90 1.0 52 54 247 135 1 2.1 2.8 1.0 2.8 1.8 3 102  228m09 OYF 20 320 G G
AC1-$-21-9x BC1-$-47-9 7,726 90 1.3 50 52 249 130 4 2.7 2.8 1.0 2.9 1.9 2 97 19.280282 OYF 1.3 319 G G
AC1-$;-21-2x BC1-§-222-20 7,708 90 1.5 53 54 252 150 2 2.4 2.8 1.0 2.8 1.7 3 93 18&%03 OYF 19 36.8 G G
AC1-$-175-13x BC1-$-115-9 7,691 90 1.4 52 51 238 134 1 2.4 2.9 1.1 2.9 2.0 3 100 198R79 OYF 22 397 G G
BC1-$-246-11x AC1-$-57-4 7,668 89 1.3 52 53 254 153 3 25 2.9 1.0 2.9 2.0 3 97 21.3482780YMFSF 1.3 354 G G
AC1-S,-204-14x BC1-$-184-16 7,664 89 11 51 52 259 144 1 2.2 2.8 1.6 2.8 2.1 4 98 20875 OYF 23 320 G G
AC1-$-180-2x BC1-§-71-1 7,658 89 1.1 51 52 234 139 2 2.0 2.9 1.1 2.9 1.9 1 100 20.14318 OYAFSF 2.6 27.9 G G
AC1-S-57-12x BC1-$-184-16 7,639 89 1.0 52 53 257 143 1 2.3 2.9 1.0 2.9 2.1 1 98 2088114 OYF 20 327 G G
AC1-$-86-10x BC1-§-71-1 7,635 89 1.1 51 52 253 136 0 2.2 2.8 1.0 2.8 1.8 3 100 20.35548 OY"FSF 2.0 324 G G
AC1-$,-180-2x BC1-$-186-3 7,624 89 1.1 50 51 249 149 1 2.8 3.1 1.0 3.1 2.2 2 101 188&%01 OY/F 1.7 288 G G
AC1-$;-86-10x BC1-$-90-7 7,617 89 1.0 51 52 250 141 4 2.7 2.8 1.0 2.9 1.7 1 97 21.773082 OY"F 1.7 34.0 G G
AC1-$-86-10x BC1-$-184-16 7,613 89 1.0 51 53 257 139 -1 2.0 2.9 11 2.9 2.1 3 101 582283.27 OY"AFSF 24 334 G G
AC1-$;-175-13x BC1-$-47-9 7,580 88 1.0 50 51 231 129 1 2.4 2.9 1.1 2.9 1.9 1 99 20.0940820YMFSF 2.4 340 G G
AC1-$-175-13x BC1-$-32-19 7,579 88 1.1 52 52 247 145 3 2.0 2.8 1.3 2.8 1.9 2 97 21.31888 OYF 22 365 G G
AC1-$;-21-2x BC1-$-186-16 7,578 88 1.1 52 53 261 145 5 25 29 1.0 29 2.0 4 97 208875 OY"F 20 326 G G
AC1-S-57-12x BC1-$-47-9 7,575 88 1.0 50 52 247 133 2 2.6 3.0 1.0 3.0 2.0 2 99 20.0415820YMFSF 1.9 33.7 G G
AC1-S,-204-14x BC1-$-186-3 7,541 88 1.1 49 50 244 133 3 2.4 29 1.0 29 1.9 1 104 198223 OY/F 23 318 G G
AC1-$-21-9x BC1-$-246-11 7,486 87 1.3 51 53 257 154 1 2.7 2.8 1.0 2.8 2.1 5 95 22815681 OYF 1.6 30.6 G G
AC1-$;-72-17x BC1-$-186-3 7,462 87 1.0 49 51 240 139 5 2.6 2.8 1.0 3.0 2.0 3 100 208555 OY~F 15 311 G G
AC1-$,-180-2x BC1-$-32-19 7,454 87 1.1 52 53 244 142 4 2.1 3.0 1.0 3.0 2.1 2 99 19.81268 OYF 22 313 G G
BC1-$-71-1x AC1-$-57-4 7,430 87 1.1 52 53 246 142 3 2.0 2.8 1.1 2.8 1.7 1 97 22.430581 OY"F 1.9 30.2 G G
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Appendix Table 8C (continued)

Grain yield Relat. Seed. Days to 50% Height Lodging Foliar  Husk Aspect Rotten Ears  Grain  Grain Grain Corn  Leaf Color
Entry at 15% moist.  to check  vigor  Ant. Silk. Plant Ear Stak  Root dis. cover  Plant Ear ears Plant™ moist.  shell. type borer angle Stalk Midrib
kg ha' % (1-5) d cm % (1-5) % @5 ©
Other 65 high-yielding C1 interpopulation hybrids (continued)
AC1-S,-228-8x BC1-$-186-3 7,416 86 1.3 51 52 250 145 1 2.2 29 1.0 29 2.0 2 98 20.98938 OY"F 20 318 G G
AC1-S-57-12x BC1-$-32-19 7,387 86 1.0 51 52 252 149 5 2.2 2.9 1.0 2.9 1.9 2 97 20.99317 OYF 20 332 G G
AC1-S,-228-8x BC1-$-90-7 7,384 86 1.3 52 53 256 152 8 25 3.0 1.0 3.0 1.4 5 90 21.914380 OYF 1.8 333 G G
AC1-S,-228-8x BC1-$-71-1 7,382 86 1.0 51 52 251 145 3 2.2 3.0 11 3.0 1.9 4 98 22.703978 OY"F 23 325 G G
AC1-$;-72-17x BC1-§-246-11 7,374 86 1.0 50 52 247 146 4 25 2.6 1.0 2.8 2.1 3 96 208625 OYMFSF 1.7 325 G G
AC1-$-21-9x BC1-§-222-20 7,355 86 1.0 52 54 260 155 7 25 2.8 1.0 2.8 1.9 3 95 198569 OY"F 24 324 G G
AC1-S,-228-8x BC1-$-246-11 7,349 86 1.1 52 52 260 152 4 2.3 3.0 1.0 3.0 1.9 5 94 2174677 OYMFSF 2.1 357 G G
AC1-$,-180-2x BC1-$-115-9 7,349 86 1.3 50 51 243 138 3 2.2 3.0 1.3 3.0 2.0 4 101 188000 OYF 22 270 G G
AC1-$;-72-17x BC1-$-115-9 7,345 86 1.0 49 50 241 136 2 1.9 3.0 1.0 3.0 1.8 10 99 198476 OY"F 1.7 314 G G
AC1-$-21-2x BC1-§-115-9 7,320 85 1.3 52 51 251 142 0 2.1 2.9 1.1 2.9 1.8 6 98 19.4458 OYF 21 338 G G
AC1-$-21-2x BC1-§-32-19 7,317 85 1.0 52 52 249 144 7 1.9 2.6 1.0 2.6 1.7 4 92 21.124618 OYF 19 342 G G
BC1-$-186-16x AC1-S-57-4 7,313 85 1.3 53 53 261 147 1 2.3 3.0 1.0 3.0 15 9 93 20.474982 OYF 20 329 G G
AC1-$-175-13x BC1-$-71-1 7,294 85 1.0 52 52 240 140 1 2.2 2.6 1.1 2.6 2.1 3 98 21.382879 OYF 27 344 G G
BC1-$-115-9x AC1-S-57-4 7,287 85 15 51 52 254 142 1 14 3.0 1.0 3.0 1.8 3 99 20.8781800Y"FSF 2.4 33.3 G G
AC1-$;-72-17x BC1-$-184-16 7,285 85 1.1 51 52 242 132 1 2.1 29 1.3 29 2.2 6 95 218m62 OYF 26 314 G G
Mean 7,724 90 1.1 51 52 250 143 3 2.4 2.8 1.1 2.9 1.9 3 98 20.522782. 20 324
Hybrid checks
NK 40 8,978 105 13 49 50 226 123 1 2.1 2.6 1.0 2.6 15 3 99 21.61748 OYAFSF 16 294 G G
PAC 999 8,075 94 1.3 51 52 229 130 3 1.7 2.9 1.3 29 1.8 2 98 218221 OYAFSF 3.1 30.1 G G
BIG 919 7,169 84 1.1 50 51 210 116 1 1.7 3.0 15 3.0 1.9 4 96 208895 OYAFSF 2.1 29.1 G G
DK 888 7,819 91 1.5 53 54 245 150 5 25 2.8 1.0 29 1.8 4 120 208315 OY"FSF 2.6 334 G G
KSX 4601 8,366 98 1.0 50 51 246 149 2 2.1 3.0 1.0 3.0 1.9 1 102 451986.19 OY/F 3.0 272 G G
Suwan 4452 (Check) 8,576 100 1.3 51 52 235 146 6 2.5 2.6 106 2.1.6 3 97 22.19 86.00 OYF 22 295 G G
Mean 8,164 95 1.2 51 52 232 136 3 2.1 2.8 1.1 2.8 1.8 3 102 20.937185 24 298
LSD 0.05 1,349.20 029 202 217 10.73  8.49 6.47 0.79 0.3726 0.0.38 0.48 556 6.77 195 331 1.21 3.97
LSD 0.01 1,779.50 0.38 2.67 286 14.16 11.20 8.54 1.04 0.48340 050 0.64 734 893 257 437 1.60 5.23

T G =green.
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Appendix Table 9C Mean squares from analyses of variance of eigitstcd 100

C1 interpopulation hybrids from data combined dwer locations in the 2005 early rainy

season.
Source of Seed. Husk Aspect Rotten Ears Corn Leaf
variation df vigor cover Plant Ear ears Plant™ borer angle
(1-5) % (1-5) 0
Locations (L) 0.25 0.56 10.40 0.25 2724.41 1.12 490.62 022.
Replications/L 0.08 0.06 0.10 2.00 30.55 41.81 34.22 16.29
Varieties (V) 99 0.07 0.06 0.10 0.20 17.86 77.41 0.69 34.23
Females (A) 9 017 0.17 0.35 0.14 43.46 124.18 1.57 2188
Males (B) 9 0.03 0.14 0.27 1.12 51.50 182.92 * 1.59 88.13
AxB 81 0.06 0.03 * 0.06 0.10 11.28 60.49 ** 0.49 7.96
LxV 99 0.04 0.03 0.06 0.12 16.34 31.49 0.69 9.64
LxA 0.09* 0.03 0.25 * 0.35 ** 31.05 * 43.39 157 ** 36.20 **
LxB 9 0.02 0.07 * 0.04 0.32 ** 37.32 % 44.20 159 ** 1577 *
L x (AB) 81 0.04 0.02 0.04 0.07 12.38 *»**  28.76 0.49 6.00
Pooled error 198 0.04 0.02 0.05 0.08 7.54 34.20 0.54 6.27

*, ** Significant at the 0.05 and 0.01 probabillgvels, respectively.

Appendix Table 10C Estimates of components of genetic variances ditdrgits

of 100 C1 interpopulation hybrids from data combimeer two locations in the 2005

early rainy season.

Seed. Husk Aspect Rotten Ears Corn Leaf

Variance vigor cover Plant Ear ears Plant™ borer angle
(1-5) % (1-5) )

of 0.00 0.00 0.01 0.00 0.80 1.59 0.03 5.22
on 0.00 0.00 0.01 0.03 1.01 3.06 0.03 2.00
i 0.00 0.00 0.00 0.01 0.93 6.57 -0.01 0.42
oA 0.00 0.01 0.01 0.03 181 4.65 0.05 7.23
G 0.00 0.00 0.00 0.01 0.93 6.57 -0.01 0.42
oploi 1.84 0.69 0.08 0.23 0.52 1.41 -0.24 0.06




Appendix Table 11C Estimates of gca and sca effects of eight trait$08f C1 interpopulation hybrids from data combioeédr two

locations in the 2005 early rainy season.

Traits Femalest Malest GCA effects
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 of females
SCA effects
Seedling Al -0.22 * -0.06 0.12 -0.19 0.01 0.04 0.15 -0.06 802 -0.07 0.07 *
vigor A2 0.32 ** 0.10 -0.10 -0.15 -0.07 0.08 0.06 -0.15 -0.19 .09 0.04
(1-5) A3 0.05 -0.16 0.01 -0.04 0.29 * 0.06 -0.20 0.09 -0.20 80.0 0.05
A4 -0.06 -0.02 0.03 0.10 -0.07 -0.05 0.06 -0.02 0.06 -0.04 090
A5 0.28 * 0.06 -0.01 -0.06 -0.11 0.04 -0.10 0.06 -0.10 -0.07 .050
A6 -0.10 0.06 0.12 -0.06 0.01 -0.09 -0.10 -0.06 0.03 0.18 50.0
A7 -0.11 -0.20 -0.15 0.18 0.13 0.03 0.02 0.18 0.02 -0.09 0.09 *
A8 -0.07 0.09 0.01 0.09 0.04 -0.06 -0.07 -0.04 0.05 -0.05 0.05
A9 -0.07 0.09 0.01 -0.04 -0.09 0.06 0.05 -0.04 0.05 -0.05 80.0
Al10 -0.01 0.03 -0.05 0.15 -0.15 -0.12 0.12 0.03 -0.01 0.01 01-0.
GCA effects 0.02 -0.01 -0.06 -0.01 0.04 0.01 0.02 -0.01 20.0 0.00
of males
SES§ (gca effects) 0.03
SE (sca effects) 0.10
Husk Al 0.02 -0.05 -0.11 -0.02 0.11 -0.11 0.05 0.04 0.02 0.04 -0.05 *
cover A2 0.03 -0.03 -0.10 -0.01 -0.01 -0.10 0.07 0.05 0.03 50.0 -0.07 **
(1-5) A3 -0.05 0.02 -0.05 -0.08 -0.08 0.21 ** -0.01 -0.02 0.08 -0.02 0.01
A4 -0.01 -0.07 0.24 ** -0.05 -0.05 -0.13 0.03 0.02 -0.01 0.02 0.03
A5 -0.08 0.11 0.17 * 0.13 -0.12 0.04 -0.05 -0.06 -0.08 -0.06 050%
A6 0.00 -0.06 -0.12 -0.03 -0.03 0.00 0.04 0.03 0.13 0.03 -0.04
A7 0.22 ** 0.03 -0.03 -0.07 0.05 -0.16 * 0.00 -0.01 -0.03 -0.01 0.00
A8 -0.08 -0.02 -0.08 0.13 0.13 0.04 -0.05 0.07 -0.08 -0.06 50.0
A9 -0.06 0.00 0.07 0.03 0.03 0.32 ** -0.15 * -0.16 * -0.06 -0.03 0.15 **
Al10 0.00 0.07 0.00 -0.03 -0.03 -0.12 0.04 0.03 0.00 0.03 -0.04
GCA effects -0.03 0.03 0.10 ** 0.01 0.01 0.10 ** -0.07 ** a5 * -0.03 -0.05 *
of males
SE (gca effects) 0.02

SE (sca effects) 0.07
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Appendix Table 11C (continued)

Traits Females Males GCA effects
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 of females
SCA effects
Plant Al -0.10 0.05 0.04 0.22 -0.05 0.01 -0.15 -0.01 -0.08 070. -0.01
aspect A2 -0.13 0.02 -0.24 * 0.32 * -0.08 -0.01 0.07 -0.04 0.02 0.05 -0.11 **
(2-5) A3 -0.23 0.05 0.04 -0.03 0.07 0.01 -0.15 0.11 0.05 0.07 0.0%-
Ad 0.11 0.01 0.00 -0.06 0.04 -0.03 -0.06 -0.05 0.01 0.04 0.03
A5 -0.04 -0.14 -0.03 0.04 0.14 0.07 0.16 0.05 -0.26 * 0.01 00
A6 -0.01 -0.11 0.00 -0.06 0.04 -0.03 0.06 0.07 0.01 0.04 0.03
A7 0.14 0.04 0.02 -0.16 0.06 0.00 0.21 -0.03 0.04 -0.31 * -0M2
A8 0.10 0.12 -0.01 -0.08 -0.10 0.09 0.05 -0.19 0.00 0.02 046 *
A9 0.02 0.05 0.04 -0.15 -0.05 -0.11 -0.03 -0.01 0.30 * -0.05 .010
A10 0.14 -0.09 0.15 -0.04 -0.06 0.00 -0.16 0.10 -0.09 0.06 3071
GCA effects -0.12 ** 0.10 * -0.14 ** 0.05 0.08 * 0.01 0.05 @.0 -0.02 -0.05
of males
SE (gca effects) 0.04
SE (sca effects) 0.11
Ear Al -0.21 0.15 -0.09 -0.01 -0.06 -0.09 0.21 0.23 0.00 30.1 -0.02
aspect A2 -0.09 -0.10 -0.21 0.11 0.06 -0.21 0.09 -0.03 0.25 13 0. -0.02
(2-5) A3 0.05 0.04 -0.08 0.25 -0.05 0.05 -0.02 -0.26 0.01 0.01 -0.04
Ad -0.05 0.06 0.08 0.02 -0.15 0.08 -0.13 0.01 0.04 0.04 -0.06
A5 0.08 -0.31 * -0.30 * -0.10 -0.02 0.20 0.00 0.01 0.29 * 0.16 .08
A6 -0.10 -0.11 0.02 0.10 0.30 * 0.03 -0.05 -0.04 -0.26 0.11 010.
A7 -0.05 -0.06 0.33 * -0.10 0.10 -0.18 0.13 0.01 0.04 -0.21 60.0
A8 0.14 0.13 0.01 -0.16 0.04 -0.11 0.06 0.08 -0.15 -0.02 0.13 *
A9 0.13 0.36 * 0.13 0.08 -0.23 0.00 -0.20 -0.19 -0.16 0.09 0.01
A10 0.11 -0.15 0.11 -0.19 0.01 0.24 -0.09 0.18 -0.05 -0.18 20.0
GCA effects -0.01 0.13 * -0.14 ** -0.21 ** -0.04 0.24 ** 0.1% -0.08 -0.23 ** 0.15 **
of males
SE (gca effects) 0.04
SE (sca effects) 0.14
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Appendix Table 11C

(continued)

Traits Females Males GCA effects
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 of females
SCA effects
Rotten Al 1.01 0.60 -0.11 1.17 1.29 -0.66 -0.13 -1.87 -1.36 .040 0.48
ears A2 -3.30 * -0.41 -0.15 4.06 * -1.86 1.56 0.20 0.03 -0.68 550. 0.62
(%) A3 0.29 -0.43 -0.60 -0.29 -0.19 -2.90 * -0.43 5.08 ** -0.62 0.08 -0.89 *
Ad 1.09 1.74 0.17 -1.23 -0.72 -2.15 0.29 -1.51 2.67 -0.36 216
A5 1.91 -1.35 0.17 -1.26 5.09 ** -0.18 0.64 -2.58 -1.05 -1.39 .9*
A6 0.84 0.79 0.26 -2.77 * 0.19 -1.14 -0.60 2.20 0.11 0.14 -0.15
A7 -0.60 -0.29 0.97 -1.31 -0.83 0.42 0.78 -0.10 0.90 0.05 40.5
A8 -0.95 -0.53 -1.19 0.19 -0.01 0.19 0.41 -0.29 1.83 0.35 0.19
A9 -0.73 0.06 0.87 1.36 -1.41 0.16 0.54 -3.02 * 0.97 1.21 -0.94
A10 0.43 -0.18 -0.40 0.08 -1.55 4,71 ** -1.70 2.06 -2.77 * ®.6 1.91 *
GCA effects -0.65 -1.50 ** -0.84 0.11 0.95 * 1.45 ** -1.563 ** 1.68 ** 0.22 0.11
of males
SE (gca effects) 0.43
SE (sca effects) 1.37
Ears Al -2.73 4.05 3.33 -2.33 0.28 4.94 -7.98 * 5.49 -2.34 702. -1.40
plani™ A2 3.29 -2.86 4.67 -1.08 -1.21 -2.36 0.13 3.20 -2.35 -1.42 10.1
(%) A3 2.25 -1.03 -2.09 -4.84 0.59 -0.96 3.49 0.51 1.89 0.19 .330
Ad 0.04 -1.27 -2.78 -0.84 -1.05 0.25 1.31 6.55 * -3.22 1.01 90.3
A5 -5.56 1.54 -0.59 3.02 -0.23 -2.29 1.60 4.48 -1.33 -0.64 70.0
A6 5.89 * -0.89 1.36 2.98 -2.66 4.03 -3.24 -11.09 ** 1.56 2.08 0.43
A7 0.10 -1.19 -1.33 2.29 0.93 -2.13 -1.61 4.15 1.73 -2.93 0.36
A8 0.16 -2.21 -0.84 -2.27 0.54 -1.07 0.43 458 0.23 0.44 1.86 *
A9 -6.92 * -1.34 -3.92 4.25 0.82 -2.31 2.54 0.07 3.98 2.83 298
A10 3.49 5.22 2.19 -1.18 1.98 1.91 3.34 -17.93 ** -0.16 1.15 613+
GCA effects -0.40 2.38 * 2.01* -2.57 * 1.69 0.40 1.32 -4.44 *  -0.08 -0.33
of males
SE (gca effects) 0.92
SE (sca effects) 2.92
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Appendix Table 11C (continued)

Traits Females Males GCA effects
B1 B2 B5 B6 B7 B8 B9 B10 of females
SCA effects
Corn Al -0.17 0.13 -0.17 0.33 0.41 -0.57 -0.19 390.0 0.04
borer A2 -0.17 -0.37 0.33 0.33 -0.09 -0.32 0.81* 0.09 -0.21
(2-5) A3 -0.19 -0.14 0.56 -0.19 0.38 0.16 -0.72 .620 -0.18
Ad -0.09 0.21 -0.34 -0.59 -0.02 0.51 -0.12 0.23 030.
A5 -0.07 0.23 -0.32 0.68 -0.24 0.53 -0.34 -0.24 3100
A6 0.18 -0.52 0.43 0.18 -0.24 0.03 0.16 0.51 -0.06
A7 0.18 0.48 -0.07 -0.32 0.26 -0.22 0.16 -0.49 0.19
A8 0.18 -0.02 -0.07 -0.32 -0.49 -0.22 0.41 0.26 0.19
A9 0.06 0.11 -0.19 -0.19 -0.12 -0.09 0.03 0.38 0.32
A10 0.08 -0.12 -0.17 0.08 0.16 0.18 -0.19 0.16 0.04
GCA effects -0.23 -0.28 * 0.02 0.27 -0.06 0.17 .210 -0.06
of males
SE (gca effects) 0.12
SE (sca effects) 0.37
Leaf Al 0.24 -1.11 0.24 0.00 -2.40 0.96 1.04 1.00 800.
angle A2 1.25 2.32 1.87 1.64 0.71 -2.38 -1.40 6-2.3 -0.94 *
) A3 -0.25 2.70 * -1.01 -1.02 1.51 1.10 -1.28 0.53 291%*
Ad -1.14 1.50 1.53 -1.46 0.71 -0.45 1.95 -1.08 6079
A5 1.03 0.00 -0.20 0.51 1.01 -0.88 -1.50 -0.01 624
A6 -1.44 -1.17 -0.82 0.50 -0.01 1.71 -2.17 -0.90 370.
A7 -0.63 -1.71 2.19 1.36 -0.67 1.87 -0.63 -1.09 773
A8 1.81 -2.54 * -2.15 -0.88 0.57 -0.72 1.23 0.95 249
A9 -0.38 0.37 -0.66 -0.77 -0.60 0.27 1.52 1.63 40.4
A10 -0.51 -0.37 -0.99 0.12 -0.81 -1.47 1.26 1.35 3r1
GCA effects 0.84 * -1.24 ** 0.87 * 0.18 -0.37 1.81 ** 2.77 ** 1.28 **
of males
SE (gca effects) 0.40
SE (sca effects) 1.25

t A= AC1-S;, £ B=BCl1-S;, § Standard err.

* ** Exceeds its standard error by two and thiieges, respectively.
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203

AC1-S,-86-1 x Ki 47 BC1-S,-186-16 x Ki 46

BC1-S,-71-22 x Ki 46

Suwan 4452 KSX 4601

PAC 999 BIG 919
Note: A =Suwanl(S)C11 and B =KS6(S)C3.

Appendix Figure 1C Sample ears of the top-yielding CO hybrid and ¢ipel0 yielding
C1 hybrids compared with six hybrid checks (Suw&b24 KSX 4601, NK 40, PAC 999,
BIG 919 and DK 888).
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Appendix Table 1D Mean squares from analyses of variance of 12 whi®0 lines from data combined over two locationthe 2002

late rainy season.

Seed. Husk Aspect Rotten Ears Branches of tassét Ear kernel
Source of variation df vigor cover Plant Ear ears Plant™ 1° 2° length i length ) width rows
(2-5) % no. cm no.
Locations (L) 1 1.88 * 0.03 6.59 * 543 * 086.68 ** 3750371** 33.52 ** 423 * 195.46 ** 134.63 ** 9.83 ** 27.11 **
Treatments (T) 55 0.05 0.05 * 0.09 * 0.27 43.78 ** 287.18 * 22.84 ** 2,72 ** 3.66 ** 352* 0.11* 1.94*
CO0 lines 49 0.04 0.05** 0.10 * 0.20 46.79 * 285.92 ** 249 ** 2.84 ** 3.75 ** 3.74* 012 * 202 *
ACO-§ 24 0.03 0.08 * 0.07 0.24 62.97 ** 146.47 23.36 ** 2.40 ** 1.75* 213* 0.06 1.18 *
BCO-$ 24 0.05 0.01 0.12 * 0.16 6.69 436.04 ** 22.79 ** 3.11 ** 5.67 * 5.08 ** 0.15* 256 **
ACO-gvs. BCO-§ 1 028* 0.32* 0.14 0.22 620.74 ** 29.85 77.49 ** 6.88 ** 5.47* 10.44 * 0.67 * 922 *
Checks 5 0.09 0.03 0.03 0.84 18.97 91.96 10.35 1.48 * 9385 204 0.05 0.53
CO lines vs. Checks 1 0.00 0.01 0.00 0.41 20.60 P325. 19.54 3.14 0.02 0.03 0.07 5.06
TxL 55 0.05 0.01 0.04 0.20 22.47 122.47 2.19 0.35 0.65 0.73 0.05 60 0.
CO0 linesx L 49 0.05 0.01 0.04 0.20 23.79 123.12 1.38 0.37 0.68 0.76 0.05 57 0.
Checks L 0.02 0.01 0.03 0.22 12.28 37.30 9.58 ** 0.19 0.42 0.54 0.04 910.
(CO lines vs. Checks)L 1 0.02 0.01 0.03 0.10 9.02 516.56 4.57 0.02 0.09 0.27 0.01 0.68
Pooled error 178 0.05 0.03 0.04 0.16 54.80 190.16 2.87 025 .07 1 1.20 0.05 0.92
17.34 10.94 5.57 16.91 92.12 14.48 14.59 37.73 6.64 7.92 5.76 6.26

CV (%)

*, ** Significant at the 0.05 and 0.01 probabiligvels, respectively.
@ Primary and secondary branches of ta¥laar length from ear butt to ear tip dflckar length from ear butt to the last point of seetdon the ear tip.
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Appendix Table 2D Means of 12 traits and grain type of the selected20-S and 25 BCO-Slines compared with the inbred checks

from data combined over two locations in the 2G02 fainy season.

Seed. Husk Aspect Rotten Ears Grain Branches of tassel Ear kernel
Entry vigor cover Plant Ear ears Plant™ type 1° 2° length1 length2  width rows
(1-5) % no-: cm no.

The selected 25 ACO-glines
ACO0-S,-180 1.3 14 3.3 1.9 4 93 YOF 7.6 11 13.25 12.61 4.25 12.7
ACO-S-72 1.1 1.0 3.7 1.9 4 79 OYF 11.9 2.0 13.84 13.00 3.92 11.9
ACO-S-117 1.2 14 3.5 2.3 11 78 OYF 9.3 3.2 12.89 11.66 3.82 13.3
ACO0-S-159 1.0 1.0 3.4 2.0 4 90 OYF 8.1 1.0 12.93 10.87 4.30 13.2
ACO0-S-145 1.2 11 35 2.2 5 92 OYF 6.5 0.5 12.10 11.52 3.65 12.4
ACO0-5-86 1.4 1.0 3.6 2.3 13 74 OYF 11.7 0.1 11.66 10.89 3.82 125
ACO0-S-212 1.2 1.3 3.6 2.6 22 76 OYF 12.4 2.8 11.97 11.44 3.63 12.3
ACO0-5-204 1.3 1.6 3.6 3.1 8 83 OYF 111 4.2 13.69 12.35 3.66 115
ACO0-$-139 1.0 1.6 3.1 2.6 9 71 OYF 9.2 15 11.77 10.14 3.98 14.3
ACO0-5-83 1.3 1.2 3.6 3.1 11 70 OYF 11.1 14 11.35 9.60 4.00 135
ACO0-S-96 1.2 1.0 3.8 2.8 13 69 OYF 8.2 11 12.08 11.10 3.73 12,5
ACO0-5-240 1.4 1.0 3.7 2.8 11 71 OYF 10.1 11 12.23 11.38 3.88 12.8
ACO0-S-14 1.3 1.0 3.8 2.6 5 67 OYF 6.7 11 12.81 11.02 3.91 11.0
ACO-S-4 1.1 14 3.6 2.6 9 84 OYF 12.6 2.9 13.59 13.25 3.80 12.1
ACO0-S-16 1.1 1.3 3.8 2.7 14 81 OYF 14.8 1.6 11.31 9.64 3.66 13.1
ACO0-S-175 1.3 11 3.8 3.0 20 70 OYF 3.4 0.1 11.91 10.59 3.99 13.0
ACO0-S-228 1.1 1.0 3.6 2.3 2 87 OYF 5.0 0.1 12.53 10.20 3.98 13.3
ACO0-S-136 1.2 1.0 3.7 2.8 2 69 OYF 7.9 0.7 10.55 9.79 3.91 13.2
ACO0-5-198 1.3 1.0 3.6 2.6 1 70 OYF 11.3 0.6 13.19 11.60 3.95 11.2
ACO0-S-57 1.2 1.0 3.6 2.7 2 74 OYF 10.4 2.4 12.21 9.84 4.15 11.9
ACO0-S-146 1.2 1.0 3.7 2.8 8 66 OYF 5.9 0.4 13.37 11.87 3.96 12.8
ACO0-5-245 1.2 1.0 3.9 3.0 8 81 OYF 14.7 2.3 12.69 11.63 3.76 125
ACO0-S-55 1.2 1.0 3.3 2.5 3 70 OYF 6.7 1.3 12.87 11.09 3.77 13.3
ACO-S-21 1.3 1.0 3.7 2.6 1 64 OYF 15.7 0.5 10.21 9.76 3.66 11.9
ACO0-S-88 1.1 1.0 3.6 3.1 6 66 OYF 2.9 0.1 11.69 10.89 3.93 13.1

Mean 12 11 3.6 2.6 8 76 9.4 14 12.35 11.11 3.88 12.6
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Appendix Table 2D (continued)

Seed. Husk Aspect Rotten Ears Grain Branches of tassel Ear kernel
Entry vigor cover Plant Ear ears Plant™ type 1° 2° length1 length2  width rows
(1-5) % no-: cm no.

The selected 25 BCO-ines
BCO0-S-246 1.1 1.0 3.5 2.1 2 79 OYF 10.1 2.8 12.56 11.83 4.26 14.1
BCO0-$-184 1.3 1.0 3.2 2.3 4 99 YOF 12.4 2.1 14.30 12.82 3.80 12.1
BCO0-S-296 1.1 1.0 3.5 2.8 3 89 YOF 8.0 2.3 13.51 12.02 3.82 10.9
BCO0-S-6 1.4 1.0 3.8 2.6 2 107 OYF 115 13 10.15 8.94 3.97 12.4
BCO0-S-90 1.1 1.0 3.2 2.1 4 87 OYF 19.9 5.7 12.91 11.46 3.52 12.3
BCO0-$-140 1.4 1.0 3.4 2.6 1 95 OYF 7.6 0.7 13.90 11.41 3.33 10.9
BCO0-S-93 1.0 1.0 3.6 2.7 4 77 OYF 9.9 0.9 14.96 14.44 3.77 11.3
BCO0-§-222 1.6 1.3 3.8 2.8 4 75 OYF 11.9 15 12.54 10.86 3.77 13.4
BCO0-S-45 15 1.0 3.6 2.3 8 70 OYF 16.0 3.1 9.99 8.74 3.89 135
BCO0-$-250 1.3 1.0 3.9 2.8 6 60 OYF 10.5 0.3 13.32 12.02 3.94 10.9
BCO0-S-37 1.4 1.0 3.8 3.0 3 71 OYF 7.3 1.9 12.41 9.75 3.58 12.3
BCO0-$-280 1.2 1.0 3.7 2.8 1 70 YOF 125 1.9 12.25 10.30 3.78 12.4
BCO0-S-44 1.2 1.0 3.7 2.6 3 81 OYF 9.2 1.8 11.33 10.12 3.41 11.7
BCO0-§-19 1.4 1.0 3.7 2.9 0 82 YOF 10.6 1.0 13.98 11.99 3.93 11.7
BCO0-$-200 1.4 1.0 3.8 2.4 1 66 OYF 14.7 1.7 10.06 9.46 3.44 12.8
BCO-S-71 1.4 11 3.3 2.8 4 93 OYF 8.8 1.4 10.77 10.03 3.44 10.1
BCO0-S-49 15 1.0 3.8 2.8 4 63 OYF 6.2 0.6 10.73 9.50 4.20 13.9
BCO0-§-122 1.1 1.0 3.7 2.6 3 64 OYF 8.2 17 11.75 10.12 3.98 12.4
BCO0-S-165 1.2 1.0 3.7 2.8 1 65 OYF 15.1 2.3 10.32 8.52 3.73 12.7
BCO0-§-232 1.3 1.0 4.2 2.9 2 62 OYF 13.0 3.6 8.36 7.40 3.46 12.1
BCO-S-47 15 1.0 3.9 3.1 1 82 OYF 7.8 0.3 12.26 10.20 3.80 11.9
BCO0-$-115 1.4 1.0 35 2.8 5 70 YOF 8.2 11 12.79 11.14 3.85 10.9
BCO0-S-32 1.4 1.0 3.8 2.8 1 61 OYF 17.0 1.7 9.46 7.97 3.72 13.1
BCO0-$-186 1.4 1.0 3.7 2.7 2 47 YOF 12.2 4.2 10.25 9.84 3.22 10.3
BCO0-S-172 1.2 1.0 4.1 3.3 1 53 OYF 10.7 1.3 12.10 10.68 3.34 10.2

Mean 13 1.0 3.7 2.7 3 75 11.2 1.9 11.88 10.46 3.72 12.0
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Appendix Table 2D (continued)

Seed. Husk Aspect Rotten Ears Grain Branches of tassel Ear kernel
Entry vigor cover Plant Ear ears Plant™ type 1° 2° length1 length2  width rows
(2-5) % no- cm no.
Inbred checks
Kei 0101 1.2 11 3.4 2.7 10 76 OYF 6.6 0.1 9.77 9.12 3.90 13.3
Kei 0102 (Ki 48) 1.1 1.0 3.7 2.1 4 96 YOF 8.1 1.9 13.84 11.31 .004 13.0
Ki 44 1.2 1.0 3.8 2.3 3 85 OYF 9.8 1.8 11.62 10.34 3.65 12.3
Ki 45 1.1 1.3 3.6 35 2 83 YOF 8.6 0.3 12.32 10.78 3.74 12.6
Ki 46 (Check) 1.6 11 3.7 2.6 4 87 OYF 75 1.9 12.55 11.76 3.97 13.0
Ki 47 (Check) 1.4 1.1 3.7 1.6 1 91 OYF 13.0 0.5 12.34 11.74 34.0 138
Mean 13 11 3.6 24 4 86 8.9 11 12.07 10.84 3.88 13.0
LSD 0.05 0.44 0.24 0.41 0.89 9.50 22.18 2.96 1.18 1.61 1.71 44 0. 1.55
LSD 0.01 0.58 0.31 0.54 1.18 12.65 29.53 3.95 1.57 2.15 228 590 207

|:| = lines which were components of the 30 highding CO hybrids, i.e., the top 10 ACO testarbgbrids, the top 10 BCO testcross hybrids andapd 0 CO interpopulation
hybrids (Table 4.21).
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Appendix Table 3D Mean squares from analyses of variance of 16 to&i€30 and C1 lines from data combined over twaimns in

the 2005 early rainy season.

Seed. Husk Aspect Rotten Ears Leaf
Source of variation df vigor cover Plant Ear ears Plant™ angle
(2-5) % )
Locations (L) 1 0.73 ** 1.09 ** 2,11 *=* 0.01 1545.87 ** 198174** 126.67 **
Treatments (T) 89 0.12 ** 0.06 ** 0.16 ** 0.41 ** 215.05 ** 4024 ** 56.70 **
CO lines 33 0.15 ** 0.11 ** 0.16 ** 0.56 ** 201.74 ** 470.07 ** 54.03 **
0-S, 22 0.0¢ 0.1F ** 0.11* 0.4¢€ ** 196.7¢ * 359.5¢ ** 49.31 **
AC-S, 12 0.0¢€ 0.21 ** 0.1z * 0.3¢ ** 263.3 ** 344.7: ** 54.1¢€ **
B(0-S, 9 0.0¢ 0.0< 0.0¢ 0.41 ** 111.6¢ 413.7¢ ** 41.92 **
AC0-S, vs. BCO-S, 1 0.47 ** 0.4C ** 0.24* 2.57 ** 163.9: 49.8¢ 57.5¢ **
C0-Sg 10 0.1€ ** 0.0t 0.27 ** 0.64 ** 227.41 % 580.2: ** 69.8% **
AC0-Sg 6 0.1z 0.0¢ 0.1¢ ** 0.3¢ ** 186.3¢ 480.27 ** 2427 **
B(0-Sg 3 0.21* 0.0C 0.3¢ ** 0.44* 43.0¢ 165.8¢ 123.2¢ **
AC0-Sg vs. BCO-Sg 1 0.51 ** 0.1 0.5C ** 2.8€ ** 1026.9! ** 2423.2( ** 183.2( **
C0-S; vs. CO-Sg 1 1.0€ ** 0.07 0.0z 1.24 ** 54.4¢ 1799.3¢ ** 0.0z
C1 lines 49 0.09 ** 0.03 0.13 ** 0.34 * 181.73 368.88 ** 54.08 **
A-S, 24 0.07 * 0.0< 0.1E ** 0.41 ** 260.31 * 321.1¢ ** 48.07 **
B(-S, 24 0.11** 0.0 0.1z ** 0.24 97.5¢ 371.67 ** 56.8L **
A(1-S, vs. BC1-S, 1 0.0z 0.0C 0.0C 0.9t * 315.1¢ 1447.7. ** 131.8¢ **
Checks 5 0.12 0.06 0.16 * 0.12 455.13 312.60 104.08 **
CO0 and C1 lines vs. Checks 1 0.19 0.11 0.59 0.03 996.6 2451 73.74
CO lines vs. C1 lines 1 0.46 0.16 0.94 1.31 304.97 (BI36. 19.53
TxL 89 0.05 0.02 0.05 0.14 ** 117.56 ** 109.21 6.11
COlinesx L 33 0.06 0.03 * 0.05 0.11 82.52 109.24 4.54
Cllinesx L 49 0.04 0.02 0.05 0.17 ** 123.29 ** 106.36 7.23
Checksx L 5 0.03 0.03 0.02 0.13 158.77 * 125.88 4.29
(COand (1 lines vs. Checky) x L 1 0.07 0.03 0.01 0.07 213.39 4.51 11.54
(COlines v« Cllines) x L 1 0.17 0.00 0.10 0.16 690.93 ** 269.81 6.36
Pooled error 142 0.07 0.02 0.04 0.09 68.26 118.18 6.26
CV (%) 14.86 13.75 7.70 16.23 55.35 9.89 8.01

* ** Significant at the 0.05 and 0.01 probabiligvels, respectively.
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Appendix Table 3D (continued)

Tassel Branches of tassel Ear kernel
Source of variation df length 1) length 2? width 1° 2° length 1 length 2 width rows
cm no. cm no.
Locations (L) 1 0.52 50.67 ** 103.17 ** 15.84 6.00 ** 0.08 @.0 4.07 ** 0.69
Treatments (T) 89 23.50 ** 19.18 ** 78.16 ** 38.66 ** 3.85 ** .87 ** 3.44 ** 0.19 ** 2.59 **
CO lines 33 31.43 ** 18.31 ** 101.48 ** 38.88 ** 5.26 ** 3y 4.26 ** 0.18 ** 3.04 **
0-S, 22 22.4¢, ** 13.0¢ ** 80.4¢ ** 25.2¢4 ** 2.44 ** 3.771 ** 4.0% ** 0.1¢ ** 2.6C **
AC0-S, 12 13.6¢ ** 8.7C ** 95.5¢ ** 29.7¢€ ** 2.9€ ** 2.21 ** 3.64 ** 0.0¢ ** 1.8( **
B(0-S, 9 36.6€ ** 18.4¢ ** 68.77 ** 21.52 ** 2.01 ** 6.0¢ ** 4.8t ** 0.27 ** 3.01 **
AC0-S, vs. BCO-S, 1 0.1% 16.77 ** 5.3: 4.51 0.0¢ 1.61* 1.4C 0.6€ ** 8.6 **
0-Sg 10 42,27 ** 19.47 ** 142.67 ** 72.62 ** 11.92 ** 2.3E ** 4.5C ** 0.1€ ** 4.1€ **
A0-Sg 6 36.6¢ ** 19.2¢€ ** 178.1¢ ** 33.67 ** 6.3¢ ** 2.0z ** 3.7¢ ** 0.1E ** 4,12 **
B(0-Sg 3 9.0€ ** 1.8¢€ 72.7€ ** 131.7( ** 23.1¢& ** 2.28 ** 6.74 ** 0.01 3.24 **
A(0-Sg vs. BCO-Sg 1 175.2° ** 72.9( ** 139.3; ** 129.0¢8 ** 11.41 * 4.6€ ** 2.0c* 0.6€ ** 7.07 **
C0-S; vs. CO-Sg 1 121.3( ** 122.6. ** 151.4¢% ** 1.6C 0.67 5.9¢ ** 7.01 ** 0.31 ** 1.3¢*
C1 lines 49 17.79 ** 18.43 ** 63.46 ** 33.69 2.75 ** 2.47 ** 2.40 ** 0.19 ** 2.30 **
Al-S, 24 19.27 ** 18.4( ** 78.01 ** 56.9¢t ** 2.5C ** 1.5€ ** 1.72 ** 0.1Zz ** 1.91 **
B@1-S, 24 16.92 ** 17.3t ** 51.5¢ ** 11.37 2.6E ** 3.41 ** 3.11* 0.14 ** 2.4¢ **
A(1-S, vs. BC1-S, 1 2.97 45,1¢ ** 0.54 10.9:2 11.42 ** 1.2¢ 1.67* 3.21 ** 7.37 **
Checks 5 15.56 ** 28.05 ** 66.00 ** 42.68 ** 1.29 ** 6.67 * 86 ** 0.09 1.21 *
CO0 and C1 lines vs. Checks 1 54.09 0.02 80.54 196.56 * 22.10 * 0.60 10.66 0.25 * 11.17
CO lines vs. C1 lines 1 51.15 * 58.94 * 87.08 97.40 597 6.05 5.21 0.36 0.33
TxL 89 1.99 1.08 9.30 13.07 0.31 0.41 0.40 0.01 0.20
COlinesx L 33 1.04 0.87 9.54 1.18 0.53 0.36 0.43 0.01 0.22
Cllinesx L 49 2.72 1.26 9.42 22.68 0.19 0.41 0.34 0.01 0.18
Checksx L 5 1.05 1.04 5.70 0.19 0.05 0.66 0.52 0.02 0.21
(COand (1 lines vs. Checky) x L 1 3.55 0.21 8.44 0.84 0.04 0.21 0.21 0.00 0.28
(COlines ve. Cllines) x L 1 0.19 0.02 14.54 10.96 0.01 1.55 1.18 0.02 0.50
Pooled error 142 2.55 1.73 8.74 24.94 0.43 0.46 0.47 0.02 10.3
CV (%) 3.91 3.36 18.63 32.01 25.61 4.57 4.81 2.79 3.55

* ** Significant at the 0.05 and 0.01 probabiligvels, respectively.

) Tassel length from the point where the tasseisstarthe tip of main stem of tassel dfldassel length from the point where the panicletineof tassel starts to the tip of

main stem of tassel.
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Appendix Table 4D Means of 16 traits, grain type and colors of soragspof the selected 25 ACL-8nd 25 BC1-$lines and the

selected CO lines compared with the inbred chedm tlata combined over two locations in the 200%/eainy season.

Seed. Husk Aspect Rotten Ears Grain Leaf Tassel Branches of tassel Ear kernel Colort
Entry vigor cover Plant Ear ears Plant™ type angle length 1 length 2 width 1° 2° length 1 length 2 width rows Stalk Midrib Anther Glume
(1-5) 9 ) cm no: cm no.
The selected 25 AC1-Jines
AC1-S,-72-17 1.3 1.0 25 1.8 18 112 OYF 28.9 39.34 34.33 15.06 13.6 3.3 15.854.87 4.07 13.1 G G Y GP
AC1-5-175-13 1.6 1.0 24 2.6 34 111  OYF 427 3850 33.02 22.40 6.5 0.1 15.284.831 4.09 134 G G YP,Y GP
AC1-S,-146-17 1.2 1.0 2.9 1.8 27 98 OYF 29.1 39.66 36.02 23.88 131 3.7 14.743.621 455 13.0 G G P,YP PG, GP
AC1-5,-83-18 1.2 11 2.8 2.0 16 104 OYF 328 3497 3258 13.98 10.4 2.9 14.874.68 419 129 G G YP GP
AC1-S;-204-14 1.4 1.4 2.6 1.4 6 119 OYF 33.7 32.08 27.34 14.66 13.8 25 14.082.591 4.36 13.2 G G Y GP
AC1-S-86-1 1.8 1.3 2.3 1.6 12 103 OYF 317 3229 2841 6.48 11.7 2.2 15.694.211 4.44 128 G G P,YP GP
AC1-S-21-2 1.6 1.0 3.0 2.1 34 101 OF 275 38.73 3394 26.70 14.9 24 13.673.331 4.05 139 G G Y GP
AC1-5,-88-15 1.3 1.0 31 2.6 30 92 OYF 36.0 30.12 28.76 8.19 6.8 14 1449 6613. 439 143 G G Y GP, G
AC1-S;-72-5 1.3 1.3 2.6 2.0 16 108 OYF 329 3763 3113 20.13 15.6 25 13.74291 397 114 G G Y GP, G
AC1-S;-245-17 1.3 1.1 29 1.9 16 103 OYF 243 3581 29.66 15.03 13.0 2.3 14.372.61 4.01 11.1 G G YP,Y GP
AC1-S,-88-13 1.7 1.1 2.8 25 44 125 OYF 358 3580 33.12 15.95 6.8 0.1 14.662.241 4.48 13.6 G G P, YR GP
AC1-5,-86-13 14 1.0 2.8 1.1 20 94 OF 30.8 3537 33.18 20.61 14.2 1.3 12.44 9711 444 138 G G P, YR GP
AC1-S,-180-2 1.2 1.1 3.2 2.1 6 106 OYF 20.2 37.07 3158 17.08 7.8 0.8 14.11 .8812 4.20 11.6 G G Y G
AC1-5,-204-6 1.3 14 2.9 2.0 10 124 OYF 314 3167 2513 10.65 12.3 5.1 12.121.65 419 145 G G Y GP
AC1-S-57-4 14 1.0 2.8 1.9 5 96 OYF 35.2 3276 30.96 22.45 12.2 1.7 13.97 .6113 3.88 115 G G Y GP
AC1-S;-245-20 14 1.0 3.0 24 14 92 OYF 274 36.08 30.20 24.78 10.3 2.3 13.772.391 452 125 G G Y G
AC1-S;-228-3 1.2 1.0 3.2 2.1 8 108 OYF 327 39.61 3595 17.89 9.9 0.8 14.60 .1913 3.55 12.1 G G Y G
AC1-S-55-9 1.6 1.0 2.6 25 10 85 OYF 432 3832 3456 3191 33.9 1.9 14.373.121 4.32 133 G G P GP
AC1-S,-159-19 15 11 25 2.3 10 105 OYF 343 36.79 3147 13.37 9.7 2.3 13.471.611 4.32 127 G G Y GP, G
AC1-S;-57-12 1.3 1.0 3.2 24 16 99 OYF 349 36.19 29.92 10.33 10.7 2.6 13.733.131 4.15 13.2 G G Y GP, G
AC1-S,-86-10 1.2 1.3 2.9 2.9 40 79 OYF 316 31.67 30.09 9.58 8.7 14 1454 3213. 3.87 13.6 G G P,Y GP
AC1-S;-228-8 14 1.0 31 2.3 28 77 OF 30.8 4147 3834 21.37 10.9 2.0 13.06 .8411 4.25 14.1 G G YP GP
AC1-S5-14-11 1.6 1.0 3.2 2.9 11 90 OF 30.2 34.33 31.21 18.83 16.5 2.1 13.79 .8212 397 114 G G Y G
AC1-5,-228-13 1.2 11 3.0 2.6 24 93 OYF 285 36.22 3460 11.11 13.3 1.0 13.742.331 4.19 12.0 G G P GP
AC1-S-21-9 1.1 1.0 2.7 2.8 36 83 OYF 30.6 40.95 3523 14.24 17.0 3.2 13.092.551 3.86 12.2 G G P,Y GP
Mean 1.4 11 2.8 2.2 20 100 319 36.14 32.03 17.07 125 21 914.013.04 4.17 12.8
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Appendix Table 4D (continued)

Seed. Husk Aspect Rotten Ears Grain Leaf Tassel Branches of tassel Ear kernel Color
Entry vigor cover Plant Ear ears Plant™ type angle length 1 length 2 width 1° 2° length 1 length 2 width rows Stalk Midrib Anther Glume
(1-5) 9 ) cm no: cm no.
The selected 25 BC1-Jines
BC1-S-186-16 1.5 1.1 2.9 1.6 11 100 OYF 24.0 3845 3243 1552 10.4 2.9 16.005.60 3.87 134 G G Y GP
BC1-S-184-16 14 1.1 2.7 2.3 20 141 OYF 275 4149 3255 9.48 11.6 1.7 14342571 382 115 G G P, YP G
BC1-S-172-19 15 1.0 2.8 21 23 105 OY~F 24.7 39.26 33.94 22.46 13.9 2.9 415.614.84 3.82 11.6 G G Y GP
BC1-S-90-12 1.3 1.0 2.7 2.3 18 103 OYF 215 3532 2786 1591 12.9 2.7 13.913.22 380 11.1 G G Y GP
BC1-S-32-20 1.2 1.3 3.0 2.0 15 95 OYF 36.2 3599 30.38 21.62 15.0 2.8 13.072.411 4.17 129 G G Y PG
BC1-S-222-20 15 1.0 2.3 2.3 17 120 OYF 31.8 40.28 36.63 20.13 9.2 2.7 17.326.311 3.81 11.7 G G Y GP
BC1-S-186-3 1.3 1.0 3.1 2.1 11 115 OY~F 27.7 33.19 2857 15.70 10.8 5.2 613.212.99 3.63 11.8 G G Y GP
BC1-S-90-7 1.0 1.0 3.0 1.9 6 111  OYF 298 36.92 3171 16.39 11.4 25 14994381 390 12.8 G G Y GP
BC1-S;-280-3 1.0 1.0 2.7 2.5 22 118 OY~F 31.7 3560 29.92 19.28 14.3 3.8 515.013.14 3.88 13.0 G G YP GP
BC1-S-71-1 14 1.1 2.6 24 15 118 OYF 23.0 37.35 31.37 17.37 11.0 3.1 13.983.02 3.72 129 G G YP GP,G
BC1-S-184-9 1.7 14 2.7 2.4 30 131 OF 26.6 3093 27.27 9.3 14.9 3.2 13.79 .0313 3.82 14.1 G G Y GP
BC1-S-90-2 1.6 1.0 2.8 2.3 16 119 OYF 251 3950 3334 21.17 11.8 4.8 14523.29 3.75 10.5 G G Y GP
BC1-S-184-4 1.7 11 2.6 3.3 34 106 OYF 294 3322 2520 13.43 13.9 24 10.990.98 4.09 138 G G Y GP
BC1-S-47-9 1.3 1.1 3.2 24 16 96 OYAF 319 3953 3395 1571 14.6 21 12.811.93 4.17 13.9 G G Y GP, G
BC1-S-186-20 14 14 2.6 2.3 28 104 OYF 37.6 3527 29.89 18.03 12.3 5.1 14.143.69 3.72 11.7 G G Y G
BC1-S,-71-22 1.9 1.1 2.8 24 17 94 OYF 383 3341 2640 1222 10.8 1.9 14974531 385 13.0 G G Y GP, G
BC1-S-115-7 1.3 1.0 2.8 2.3 11 102 YOF 371 36.42 3276 2831 10.8 2.8 14.262.83 4.04 123 G G Y PG,GP
BC1-S-115-6 1.3 1.0 2.8 2.3 8 87 OYF 278 40.89 29.03 13.13 8.1 0.6 16.20 8214. 3.89 13.0 G G Y GP, G
BC1-S-246-11 1.3 1.0 2.7 25 10 111 OY~F 31.6 3558 31.48 18.09 17.0 2.9 314.913.16 4.12 14.2 G G Y GP
BC1-S-115-9 15 1.0 3.2 2.6 14 112 OYF 29.7 3383 2447 10.17 7.6 1.0 15.061.821 3.63 12.1 G G Y GP, G
BC1-S-32-19 1.3 1.0 2.7 2.3 9 106 OYF 342 3240 29.36 24.13 9.5 15 14.37 6112 3.76 11.3 G G YP GP
BC1-S,-296-2 2.0 1.0 2.8 2.8 14 93 OYF 336 3427 3273 16.59 14.2 2.7 12.351.701 3.90 12.3 G G Y GP
BC1-S-296-19 15 1.3 3.1 2.9 17 100 OYF 32.7 36.93 3056 10.33 11.9 3.6 13.572.93 383 11.3 G G Y,G PG,GP
BC1-S-115-19 1.2 1.0 3.3 25 8 85 OYF 295 3546 31.60 25.76 9.0 1.2 13.82 6012. 3.54 10.7 G G Y GP
BC1-S-37-6 1.2 1.0 3.4 3.0 12 125 OYF 165 4058 33.77 20.29 10.2 2.7 14584.03 281 10.6 G G Y G
Mean 1.4 11 2.8 2.4 16 108 29.6 36.48 30.69 17.21 11.9 2.7 214.313.30 3.81 123
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Appendix Table 4D (continued)

Seed. Husk Aspect Rotten Ears Grain Leaf Tassel Branches of tassel Ear kernel Color
Entry vigor cover Plant Ear ears Plant™ type angle length 1 length 2 width 1° 2° length 1 length 2 width rows Stalk Midrib Anther Glume
(1-5) 9 ) cm no: cm no.
The 13 ACO-S lines which were components of the 30 high-yieldinC0 hybrids
ACO0-5,-96 0.9 14 2.8 1.5 16 100 OYF 311 4239 3585 28.48 15.0 2.8 16.506.14 4.00 13.8 G G P,Y PG, GP
ACO0--86 15 1.3 2.7 1.8 19 120 OYF 408 3562 3182 21.01 17.6 1.9 14523.66 4.11 135 G G P, Y GP
ACO0-S,-180 11 11 25 1.6 10 124 OYF 29.9 3487 30.08 27.28 7.7 1.6 13.302.991 4.21 125 G G Y G
ACO0-5,-204 1.2 2.0 2.7 1.8 16 125 OF 341 36.87 30.96 16.04 12.7 3.6 14.263.171 4.15 13.6 G G Y GP
ACO0-S-4 1.6 1.9 2.9 2.3 56 114 OYF 259 36.85 30.80 21.01 14.3 3.8 1488454 397 124 G G P GP
ACO0-S-146 1.3 1.3 2.8 2.0 20 97 OYF 316 37.03 33.04 17.13 5.9 0.5 14.56 .1014 4.06 13.1 G G Y GP
ACO0-S,-159 1.3 1.0 2.7 21 24 100 OYF 40.9 34.64 2897 9.90 101 2.0 14.433.201 4.41 129 G G Y GP
ACO0-S§-57 1.2 11 3.0 2.6 23 104 OYF 342 3755 33.69 16.70 10.3 2.8 14913.06 4.26 123 G G P, Y GP
ACO0-S,-72 1.3 1.0 3.0 2.3 24 106 OYF 324 38.11 32.67 9.40 125 2.8 14.553.191 3.92 11.1 G G YP GP
ACO0-5-136 1.3 11 31 2.6 20 109 OYF 385 3321 29.88 13.63 10.3 11 12.301.45 393 136 G G Y GP
ACO0-S-14 14 11 3.3 21 16 90 OYF 29.7 3599 3348 21.82 9.4 1.9 13.90 .5812 3.75 11.6 G G P, Y GP
ACO0--88 1.7 1.0 31 3.0 34 97 OYF 264 3251 2849 473 4.6 0.1 13.07 6412. 421 142 G G Y GP
ACO0-S,-228 14 1.0 3.4 2.4 21 80 OF 257 33.11 3119 13.93 6.0 0.2 13.28 6510.3.70 13.9 G G P, Y GP
1.3 1.3 2.9 2.2 23 105 324 36.06 31.61 17.00 105 1.9 914.113.18 4.05 129
The 10 BCO-§ lines which were components of the 30 high-yieldinCO hybrids
BCO0-S-90 1.6 1.0 3.0 1.9 22 93 OYMF 243 3361 2858 9.07 17.7 2.6 14.894.101 4.07 12.6 G G YP GP
BCO0-S-250 1.8 1.0 3.4 2.0 19 91 OYMF 313 3359 30.12 20.58 12.8 11 15.804.79 4.18 13.1 G G Y PG
BCO0-S-140 1.6 1.0 2.9 24 14 132 OYF 292 3848 3202 1551 10.4 3.0 16.2¥4.87 3.37 12.2 G G Y G
BCO-S-47 14 11 3.2 2.8 14 118 OY~MF 27.6 3781 30.70 22.32 7.4 1.2 13.522.28 3.90 123 P P Y PG,GP
BCO0-S-184 1.8 1.0 3.0 2.6 28 114 OYF 234 36.36 2839 8.55 11.4 14 12.232.041 339 122 G G Y GP, G
BCO0-S-186 1.3 14 3.0 2.5 23 90 OYF 36.7 37.66 33.67 22.10 14.9 3.7 13.283.001 3.80 12.1 G G YP,Y GP
BCO0-S-296 14 1.0 3.0 3.3 26 105 OYF 334 36.23 3272 2444 10.8 3.0 14.853.57 3.66 10.8 G G Y PG
BCO0-S-49 14 1.0 3.4 3.0 27 95 OYF 29.2 4514 3442 11.77 8.2 0.8 11.91 .9110 453 145 G G P PG, GP
BCO-S-71 1.7 11 2.9 2.8 13 89 OYF 295 2858 2413 11.73 9.7 1.6 10.92 .2010 3.52 10.5 G G Y GP
BCO0-S-115 14 1.0 2.8 3.1 5 103 YOF 36.9 3429 29.17 17.09 7.8 1.9 14.41 5712 3.64 10.6 G G P, Y GP
15 11 3.1 2.6 19 103 30.1 36.17 30.39 16.32 111 2.0 113.812.83 3.81 121
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Appendix Table 4D (continued)

Seed. Rotten

Husk Aspect Ears Grain Leaf Tassel Branches of tassel Ear kernel Color
Entry vigor cover Plant Ear ears Plant™ type angle length 1 length 2 width 1° 2° length 1 length 2 width rows Stalk Midrib Anther Glume
(1-5) 9 ) cm no: cm: no.
The 7 ACO-§ lines which were components of the top 10 CO hyla$
ACO0-S;-180 14 1.3 2.4 1.9 7 132 OYF 328 3492 30.15 29.98 8.6 2.0 13.14 .0513 4.02 129 G G Y G
ACO0-$-96 21 1.0 3.3 21 6 115 OYF 351 3478 2876 16.09 115 11 13.823.531 4.07 135 G G Y GP
ACO0-S;-72 14 14 3.1 2.4 25 120 OYF 36.0 36.24 30.84 10.93 13.2 2.4 13.8412.84 387 114 G G P, YR GP
ACO0-5-204 14 14 2.8 2.3 14 119 ORF 28.2 31.12 26.47 11.57 11.6 5.1 13.983.04 346 10.2 G G Y G
ACO0-S-228 1.6 1.0 2.9 2.5 8 152 OYF 301 2575 2420 6.44 7.0 0.1 11.82 19.73.71 143 G G YP GP,G
ACO0-5-159 14 1.0 2.9 2.3 9 122 OYF 381 26.76 2418 497 7.4 0.8 13.19 4111. 412 13.0 G G Y GP
ACO0-S;-88 1.6 11 3.0 3.3 30 103 OYF 352 2829 2324 131 0.9 0.0 11.49 2111 4.28 13.6 G G Y GP, G
Mean 1.6 1.2 2.9 2.4 14 123 336 3112 26.83 11.61 8.6 1.6 13.aw.11 393 127
The 4 BCO-3 lines which were components of the top 10 CO hyht$
BC0-$-90 1.6 1.0 2.6 25 33 114 OYF 220 3578 30.12 8.18 24.6 8.2 14.773.861 3.64 13.1 G G Y G
BCO0-S-296 1.7 1.0 3.3 3.3 27 100 OY~F 27.7 38.22 3167 21.16 7.6 21 13.492.14 3.62 105 G G Y PG,GP
BC0-$-250 2.2 1.0 3.6 3.1 31 92 OYF 387 3467 2954 17.30 15.0 15 14984541 355 120 G G Y PG
BCO-S-47 21 1.0 3.4 3.6 23 99 OYF 222 39.28 31.14 20.74 7.4 0.7 12.75 4510 3.48 10.5 P P Y GP
Mean 1.9 1.0 3.2 3.1 28 101 276 3699 30.62 16.84 13.6 3.1 014.012.75 3.57 115
Inbred checks
Kei 0102 (Ki 48) 1.4 1.5 2.2 21 33 97 OYF 195 4198 36.10 .406 8.5 0.6 17.04 16.60 4.36 14.0 G G Y,YP GP,G
Kei 0303 1.6 1.0 3.0 2.6 42 100 OYF 344 4108 3125 13.64 52 .0 0 1535 1533 395 145 G G Y G
Kei 0301 2.0 11 2.7 2.0 6 125 OYF 19.0 36.84 29.80 7.48 15 0.0 12.05 12.00 3.81 123 G G Y G
Ki 45 1.3 1.3 25 21 24 122 OY" 310 37.14 3359 8.46 5.8 1.7 3821 13.08 425 132 G G P,YP GP
Ki 46 (Check) 1.6 1.3 2.9 2.4 19 99 OYF 332 3597 2959 23.288.1 1.9 1470 1449 424 140 G G Y G
Ki 47 (Check) 15 11 2.8 25 46 101 OYF 336 3529 2517 339 153 0.9 12.66 1249 4.02 133 G G PY,Y PG
Mean 1.6 1.2 2.7 2.3 28 107 285 38.05 30.92 13.86 7.4 0.8 14.284.00 4.11 135
LSD0.05 043 031 044 0.76 21.54 20.77 491 2.80 2.06 6.06 .18 7 1.10 1.28 1.25 0.22 0.89
LSD0.01 0.57 0.40 0.59 1.00 28.54 27.51 6.51 3.71 2.73 8.03 519 1.45 1.69 1.66 0.29 1.18

t G =green, P = purple, Y = yellow, GP = greenpeyrPG = purple-green, YP = yellow-purple, PY sargle-yellow and YR = yellow-red.
|:| = lines which were components of the 30 higiding C1 hybrids, i.e., the top 10 AC1 testcrbgbrids, the top 10 BC1 testcross hybrids anddpel0 C1 interpopulation hybrids (Table 4.27).
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ACO0-S,-96 - BC0-S,-90 BC0-S;-90

ACO0-S,-180 ACO0-S,-180

AC1-S,-245-17 BC1-S,-90-7

Kei 0102 (Ki 48) Kei 0303 Kei 0301

Note: A =Suwanl(S)CI11 and B =KS6(S)C3.
The photograph of AC1-S,-88-13 line was not available.

Appendix Figure 1D Sample ears of the three CO and 10 C1 lines whéch eomponents
of the high-yielding hybrids and had high yield quamned with six inbred checks

(Kei 0102 or Ki 48, Kei 0303, Kei 0301, Ki 45, K64nd Ki 47).
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COLLECTION OF DATA FOR HYBRID AND INBRED

LINE DESCRIPTION
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E.1 Collection of data for hybrid description

In the hybrid yield trial (2005E), data collected for hybrid description were
leaf angle and colors of stalk and midrib. A brief description of each trait is provided
asfollows:

1. Leaf angle (degrees; °): An angle of the first leaf over the uppermost ear
in degrees (°) from 10 random plants in each plot were recorded. The average |eaf
angle can be classified on the 1 to 5 scale described below (Department of Agriculture,

Unpublished manuscript, n.d.).

1 Very narrow (< 5°)
2 = Narrow (+ 25°)
3 = Moderate (+ 50°)
4 = Wide (x 75°)
5 = Verywide (> 90°)
2. Colors of stalk and midrib: Colors of stk and midrib of plantsin each plat,

while the stalks and |eaves were still fresh, were record. The colors of stalk and midrib

can be green (G) or purple (P).

E.2 Collection of data for inbred line description

In the inbred yield trial (2002L), data collected for inbred line description
were number of primary and secondary panicle branches of tassel, ear length, ear
width and number of kernel rows. In the inbred yield trial (2005E), leaf angle, tassel
length, tassel width, and colors of stalk, midrib, anther and glume were aso collected.

A brief description of each trait is provided as follows:
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1. Number of primary and secondary panicle branches of tassel: For each
plot, the tassels of 10 random plants at below the point where the tassel starts were
cut. The numbers of (i) primary branches and (ii) secondary branches of each tassel
were recorded.

2. Tassd length (cm): For the same 10 tassels whose panicle branches were
recorded, the tassel length in centimeters from (i) the point where the tassel starts to
the tip of main stem of tassel and (ii) the point where the panicle branch of tassel
starts to the tip of main stem of tassel were measured.

3. Tassel width (cm): For the same 10 tassels whose lengths were recorded,
the tassel widths in centimetersin the widest part of tassel were measured.

4. Ear length (cm): For 10 ears selected at random in each plot, the ear length
in centimeters from (i) ear butt to ear tip and (ii) ear butt to the last point of seed set on
the ear tip were measured.

5. Ear width (cm): For the same 10 ears whose lengths were measured, the ear
widths in centimeters from the middle of ear were determined.

6. Number of kernd rows: For the same 10 ears whose widths were measured,
the numbers of kernel rows were counted.

7. Colorsof stalk, midrib, anther and glume: Colors of stak, midrib, anther and
glume of plants in each plot, while the stalks, leaves and tassels were still fresh, were
recorded. The colors of stalk and midrib can be green (G) or purple (P). The colors of
anther can be green, yellow, pink, red or purple. The colors of glume can be pale green,

green, pink, red or purple (Department of Agriculture, Unpublished manuscript, n.d.).
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