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ABSTRACT

This study was conducted to understand the mode of inheritance of maturity in an adapted by un-
adapted F; maize population and to identify the best progeny of introgressed population to be used
Jor single cross hybrid development. Thermal indices (growing degree days or heat units or ther-
mal time), calculated from minimum and maximum temperatures, and a base temperature were
used to measure the maturity of maize progenies. Two hundred and eleven (211) 8, families devel-
oped from a cross between an adapted Corn Belt maize inbred line (B73) and an unadapted maize
population and their tesicrosses were evaluated in two planting dates and two locations in 1995.
Maturity was quantitatively inherited as trangressive segregation for all the traits observed, and
Jew factors were responsible for the expression of maturity in maize. Earliness was dominant to
lateness. Maturity measured in thermal units was better than calendar days. Based on the perform-
ance of the test crosses up to ten S1 lines could be selected for the development of single cross hy-

brids that could produce more grain than the check hybrids

INTRODUCTION

In maize, maturity is measured in calendar days,
days from planting to anthesis, days from plant-
ing to silk emergence, days from planting to
physiological maturity and percent moisture of
the kernel. Thermal indices, such as, growing
degree days, thermal units or thermal time have
also been used (Gilmore and Rogers, 1958). The
accurate prediction of time to maturity is impor-
tant for the cfficient exchange of genetic materi-
als among cnvironments (Kocster ef al., 1993
and Bonhomme ef al., 1994).

Most studies on the inheritance of maturity have
been on the basis of days to anthesis or silking.
- Maize is a qualitative short-day plant as it is sen-
sitive to day length changes in temperate re-

gions. However, many cultivars are known to
show no delay in flowering time under all types
of day length. These cultivars are referred to as
day length insensitive or are day ncutral. Earlier
maturity in maize tends to be dominant to late-
ness in the temperate arcas and has relatively
high heritability on individual plant and progeny
bascs  (Hallauecr, 1990). Giesbrecht (1960a;
1960b) has indicated that two to multiple genes
were involved, while the data of Hallauer (1965)
suggestcd that up to three factors governed days
to silking in a cross between an early and a late
variety, and that additive gene action was of ma-
jor importance. Using molecular marker technol-
ogy, Koester ef al. (1993) and Berke and Roche-
ficld (1995) identified QTLs controlling days to
flowering and two of its correlated traits (plant
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height and total leaf number) in two near isog-
enic lines.

When exotic germplasm was used to improve
an adapted maize population, Crossa and Gar-
diner (1987) reported that the cross with 50% of
adapted germplasm yiclded significantly less
than those from the purely adapted and back-
cross with 75% adapted germplasm. Both the
adapted and backcross populations were early
maturing and yielded similarly, suggesting that
major genes for lack of adaptation were acting in
the cross population. Elite hybrids were also im-
proved by the introgression of favorable alleles
not already present in the hybrid (Fabrizius and
Openshaw, 1994; Mejaya and Lambert, 1992).
For populations, Brun and Dudley (1987) ob-
served that those with 25% of flint germplasm
was the most suitable for developing high-
yielding hybrids with good standability.

The objectives of this study were to understand
the mode of inheritance of maturity in an
adapted by unadapted F, maize population and
to identify the best progeny of introgressed
population to be used for single cross hybrid de-
velopment.

 MATERIALS AND METHODS

'The materials used for the study included two -

‘popular Corn belt inbred lines, B73 and Mol7,
vand an unadapted CIMMYT population, MBI-
"TA86MRB CHILO. The CIMMYT population
obtained from Dr. Mimh, an entomologist at
CIMMYT has been described as having general
borer resistance. The history further traced back
to the University of Missouri where the initial
crosses were done by crossing Mexican maize
with Corn belt germplasm. Initial observations
in Nebraska, and later in Florida nurseries,
clearly demonstrated that some photoperiod re-
sponses existed in the CIMMYT population. In
1990, full-sib families were formed within each
population, and in 1992, were observed under
hot and dry conditions in Lincoln, Nebraska.
During the same season, the families were ad-

vanced to S; families. After observation of the §,
families, a single plant, designated 2042, was
selected and crossed to B73. A single (B73 x
2042) F, plant was self-pollinated in 1993 main
season to produce F, seed. During the winter of -
1993 the Fps were sclf-pollinated to obtain &
families in Florida, USA. During the summer of
1994, 211 of the $; families were grown at Lin-
coln, Nebraska for observation. In addition to the
observation nursery, test crosses were developed
in isolation using Mo17 as the pollen donor. The
S, familics were planted at Havelock on May 16
and June 13, 1995 for the first and second sow-
ing, respectively. The scason was characterized
by dry spells, so the trials were irrigated when
necessary. During the same scason, the test
crosses were evaluated at Havelock and Shelton.

An incomplete block design was used. For each
trial, the initial subdivision of the experimental
ficld was into two replications, then into incom-
plete field blocks with each entry appearing with
a different group of entries in each of the two
incomplete blocks in which it occurred (Schutz
and Cockerham, 1966). Thus, no two incomplete
blocks were the same. There were 27 incomplete
blocks, each comprised 8 entries. The total
number of entries per trial was 216, including 5
check entries. For each trial, the blocks were
randomized within each replication, and the en-
tries within cach incomplete block were also ran-
domized. One row plots each 5 m in length and
0.8 m between rows was used for the S; lines.
Two rows per plot were used for the yield
evaluation. At Shelton (350 km NW of Lincoln),
the row length was increased from 5 mto 6 m. -
Seedling establishment of the S, lines was good
in both trials. To maintain normal plant growth
during high temperatures and drought, supple-
mental irrigation was applicd. Data were taken
for the number of leaves produced at tasseling,
days from planting to fifty percent pollen shed,
days from planting until fifty percent of the
plants produced silk, plant and ear heights. A
thermal time for estimating the days from plant-
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ing to anthesis was calculated using, maximum
and minimum air temperatures and a base tem-
perature of 10°C. The yicld trials at both Have-
lock and Shelton were machine harvested and
the grain moisture determined electronically in
the field. The grain yield in Mg/ha was adjusted
to 15% moisture. Grain yield was not recorded
for the S, families

The data from cach individual planting date for
the S; families and individual location for the
testcrosses were analyzed separately. The data
for the planting dates or locations were then
combined and analyzed in order to estimate the
genotype by environment interaction effects us-
ing the following model,

§n + ] + ri(m) + biim + gijk + gijkm + eijkm

where Yijkm 18 the observation of the k" entry in
the j* block of i replicate in environment m,
is the mean of the observations, 1, is the effect
of m™ environment, Iim) is the effect of replica-
tions within environment, by, is the effect of
blocks within replications within environment,
i is the effect of entries, gy, is the entries by
environment interaction and €y, is the random
error. All the effects arc assumed random, inde-
pendent and normally distributed with zero
means and variances due to cach cffect. The en-
tries were partitioned into S, families, check en-
tries and their contrast.

Yijkm =

RESULTS AND DISCUSSION

The unadapted Mexican population used in this
study contained Corn Belt germplasm and had
undergone partial selection for adaptation to the

Corn Belt of the USA (initial crosses were made

to B73 which is a popular Corn Belt inbred line).
Hengce, any character not favorable to maize ad-
. aptation in thc USA was sclected against. Mean
squares for the analysis of variance across plant-
ing dates are presented in Table 1. Therc were
significant differences (p < 0.01) between the
sowing dates for the maturity traits (days to pol-
len shed, days to silk extrusion, days from plant-

ing to anthesis and thermal indiccs) and total
number of leaves at tasseling. Planting dates did
not significantly affect car and plant heights.
Significant differences (p < 0.05) were obscrved
among the S, lines for all the traits observed.
There were significant differences also among
the check entries, and between the S; lines and
the check entries. S; families X planting dates
interaction effect was highly significant (p <
0.01) for days to silking and days to 50% pollen
shed, thermal time, car height and total number
of leaves but not significant for plant hcight.
Check entry X planting date interaction cffect
was not significant for any of the traits mcas-
ured. Unlike the Sy lines, the check inbred lines
were adapted to the conditions prevailing in Ne-
braska, and grown within the recommended time
range in that cnvironment, these lines showed
similar performance. The contrast, S, lines ver-
sus check entries X planting date intcractions,

‘'was also not significant for any of the traits, The

means and ranges of the traits for the familics
and values for the traits of the two parents (B73
and 2042) are presented in Table 2. The S, fami-
lies showed a considerable range for each trait.
They exceeded the parental means for days to
pollen shed, days to 50% silk extrusion, car and
plant heights, indicating that there was transgres-
sive segregation for the maturity and its corre-
lated characters. Therefore, scgregation distor-
tions obtained could be due to the partial selec-
tion in the unadapted population. Transgressive
segregation, was attributed 1o additive gene ac-
tion resulting from combinations of alleles con-
ferring the character from both parents. The
mean number of days from planting to 50% silk-
ing (silk extrusion) and from planting to 50%
pollen shed (anthesis) were 77 and 76 for the
first planting date, and 64 and 63 for the second
planting, respectively. The range or period

‘within which the planis {lowered for the two

sowing dates were 13 and 15 days for the first
and second planting dates, respectively. The dif-
ference between the date of sowing of the trials
(May 16 and June 13) was 28 days, but the dif-
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ference between their mean flowering dates was
10 days. The anthesis-silking interval (ASI) for
the first planting was zcro, while that of the sec-
ond planting was two. The delayed planting re-
sulted in delayed silking which could account for
lower grain production (Ribaut ef al., 1996) duc
to reduced pollen production as well as poor
stigma reception. It took longer for the carlier
sowing plants to flowcer. This suggests that the
genotypes had some factor that causcd them to
tend to flower about the same time irrespective
of time of planting. The factor was thought to be
photoperiodic cffect. The mean thermal indices
were 1021 and 935 °C days for the first and sce-
ond sowing, respectively. The ranges for the two
sowings were 230 and 251. respectively, The
difference between the sowings for 30% pollen
shed was 13 days and that for thermal index was
86 °C days. A dclay of 13 days in flowcring can
adverscly affect the development of maize. From
the formula used to estimate thermal indices in
this rescarch, 86 °C days is insignificant. There-
fore, thermal indices used for measuring matus-
ity might be better than calendar days in temper-
atc cnvironments.

Heritability (h* ) is the proportion of the total
phenotypic variation cxpressed among geno-
types that can be attributed to genctic differences
among them. The genotypic variance could not
be partitioned inte additive and dominance vari-
ance. Thercfore, the heritability of a trait was
cstimated as the ratio between the genotypic
variance and the total phenotypic variance. The
broad scnsc heritability estimates for the matur-
ity characters obtained were between 0.50 and
£).70 (Table 4). This rangc is within the limits of
previous  studics compiled by Hallaver and
Miranda (1988). From the heritability cstimates
there was still a lot of chance for manipulating
the familics to develop superior inbred lincs
" based on the maturity traits and the corrclated
oncs, cxcept the number of Ieaves at flowcering.
The heritability for number of leaves was 0.33.
The low figurce suggests that not much could be

donc 1o improve the number of leaves. It also
confirms why inbred lincs usually have fewer
lcaves than hybrids developed from them. Very
high genetic correlation cocfficients (Table 3)
were obtained for the maturity characters. This
was expected as effects due to pleiotropy arc
removed during cstimation of the values. The
correlation coefficient for plant and car heights
was also high. The genetic correlation cocffi-
cient between the number of days to anthesis and
plant height was similar to thosc compiled by
Hallauer and Miranda (1988) from previous ex-
periments. Sclection for carliness using any of
the correlated traits . would be effective. The cor-
relation between the traits of S, familics and
thosc of their testcrosses were generally low, but
significant (p < 0.01) for plant height, number of
lcaves and maturity characters. There was a
ncgative corrclation between 8, family total
number of Icaves at flowering and testcross grain
yicld. This implicd that thosc familics with
fewer number of leaves at flowering combined
well with Mo17 to produce superior hybrids.

Tesicrosses were more vigorous, taller, had
wider stalk diamecters, were more uniform and
carlicr in maturity. This cxpression of vigour
was duc to heterosis or hybrid vigour. The ge-
netic basis of heterosis has been reviewed by
Hallauer and Miranda (1988) as physiological
stimulation and dominant favorablc growth fac-
tors. Inbreeding lcads to the cxpression of reces-
sive delcterions gences that weaken, 1if they do not
kill, the offsprings. So when such offsprings arc
wated to  individuals of different  heterotic
groups, the recessive deleterious genes are in-
stantly rendered ineffective, hence the progeny
from such a cross becomas vigorous.

Location did not affect (p > 0.05) thc mean
height of the test crosses (266.81 cm for Have-
Jlock and 269.81 cm for Shclton). However, in
Havelock, the plants produced wider stalk di-
amcters so there was Iess lodging at this location
as comparcd to thosc at Shelton. These differ-
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Table 2: Means and Ranges of B73, 2042 and 211 §, lines for six Quantitative Traits
Observed Across Planting Dates . ‘

Days to Days to ) ' . . . Leaf Number
Silking Anthesis Thermal Index  Ear Height  Plant Height Per Plant
1373 67.50 67.00 931.09 93.75 177.55 19.75
2042 75.00 73.75 1053.17 124.50 196.00 23.50

S1lines 7046 £0.25 69.56£0.25  977.65%2.01 11635+ 049 20780062 2231005
Ranges 57.00 -85.00 55.00-84.00 79101 - 1155.57 58.00 - 170.00 130.00 - 257.00 16.00 -26.00

Table 3: Phenotypic correlation coefficients (upper figures) and genetic corrclation
cocfficients (lower figures) for 211 S, lines evaluated in two planting dates

TRAITS Days to Thermal Ear Height  Plant height No of leaves

Anthesis Index
Days to silking Q. O87*%*  (.8593%** 0.0777* 0.0704* 0.3626%**
0.8943 0.8957 0.4312 0.3899 0.6486
Days to anthesis |0.8087F%  0.1028%* 0.0818* 0.3763%*
' 0.9083 0.5377 0.3814 - 0.7391
Thermal index k 0.2662%** 0.1985%** 0.4787%%*
0.5261 0.3728 0.7071
Ear height , 0.7411*** 0.4133***
0.8320 0.0995
Plant height | , ' 0.3629%**

* ok kkx denote significance at 0.05, 0.01, 0.001 probability levels, respectively.
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Table 4: Variance components and broad sense heritability estimates for some traits of S; lines
-

TRAIT o, g o, o’y h’

Days to silk extrusion 2.46 0.31 1.29 4.06 0.61
Days to anthesis 2.67 034 1.02 4.03 = 0.66
Thermal index 916.86 33 54 346.48 1346.88 0.68 +0.37
Ear height 109.50 11.38 51.78 172.66 0.63 £ 0.04
Plant height 150.39 114.85 270.21

& 4.97 0.56 =+ 0.05
Number of leaves - 0.54 0.91 1.62

Table 5: Means of traits of S, families, tescrosses and hybrid checks across environments

Trait Sy Test crosses Hybrid checks
Days to silk Extrusion 70.49 £2.43 7428 +0.18 7295+ 1.39
Days to anthesis 69.51 +£2.39 7336018 72.30 £1.35
Thermal index 976.70 + 33.65 - ' -
Ear height 115.70 + 4.00 | 150.41 +0.47 131.00 £3.71
Plant height 207.00 +7.15 268.47 £0.42 261.80 +2.98
Number of Icaves 22 24 +0.77 . ) -
Grain yield ) 6.92£0.10 7.2540.92

Grai i
rain moisture 14.45 + 0.05 13.38 £0.31
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ences in plant size was attributed to more appro-
priate maize growing environment observed at
Havelock. Testeross entries X location intcrac-
tion was significant (p < 0.01) only for grain
yield and percent moisture at harvest. The male
parent was Mol7 so the test crosses were 50%
similar in genome composition. The other vari-
able portion having come from cach. S; family.
Thercfore, it is likely that the significant (p <
0.05) differences detected for the grain yicld and
percent grain moisturc at harvest could be due to
the alleles from the S, families. The check hy-
brids X location intcraction was significant (p <
0.01) for days to 50% silk extrusion, days to pol-
len shed and ear height. The check hybrids were
commercial hybrids that were bred for adapta-
tion to different parts of the USA. The signifi-
cant interaction between the check entries and
the environments showed that the hybrids re-
sponded differently in the two cnvironments.
Even though, the contrast between the check hy-
brids and testcrosses was not significant (p <
0.05), the mean grain yield of the cheek hybrids
was 7.25 Mg/ha whereas that of the testcrosscs
was 6.92 Mg/ha (Table 5). Up to ten testcrosscs
produced more grain than any of the check hy-
brids. The presence of transgression for the ma-
turity traits (days to flowering and thermal indi-
ces) suggested that the expression of maturity is
controlied by several factors. Based on the per-
formance of the test crosses and the heritability
of the maturity and its correlated traits, single
cross hybrids developed from inbred lines from
the S; families will be superior to the check hy-
brids used in this study.
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