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ABSTRACT from Oh43 (Darrah and Zuber, 1986). Smith (1988)
reported that a small number of lines, including B73,Tropical maize (Zea mays L.) represents the most diverse readily
A632, Mo17, and Oh43, were the major contributors toavailable source of germplasm to broaden the limited genetic base of
commercial U.S. maize hybrids. Subsequently, Smith ettemperate maize in the USA. One objective of this study was to
al. (1999) found that pedigree diversity of Pioneer branddetermine if exotic-derived alleles contributing to enhanced testcross

agronomic performance were maintained in semiexotic lines created inbreds and hybrids were lower in the 1990s than any
by inbreeding and pedigree selection. A second objective was to previous decade.
determine if first-generation semiexotic lines could produce hybrids Tropical maize germplasm likely contains unique
with agronomic performance comparable to commercial U.S. hybrids. alleles that would be useful to temperate breeding pro-
One hundred sixty-four semiexotic inbred lines were developed from grams (Crossa and Gardner, 1987; Holland and Good-
crosses between temperate-adapted inbred line Mo44 and 23 Latin man, 1995). Successful incorporation of exotic germ-American maize accessions. Mo44 and each semiexotic line were

plasm has resulted in the creation of new breeding stockstestcrossed to temperate hybrid LH132 � LH51 for evaluations. In
exhibiting increased yields in maize (Goodman et al.,first-stage replicated yield trials, testcrosses of 18 semiexotic lines,
2000) as well as in soybean [Glycine max (L.) Merr.,representing six different races, had significantly greater grain yields
Thompson and Nelson, 1998], and wheat (Triticum aesti-than the Mo44 testcross. Advanced yield evaluations were performed

on check entries and 33 selected semiexotic line testcrosses in three vum L., del-Blanco et al., 2001). However, working with
additional environments. Across 10 environments, 12 semiexotic line tropical maize in temperate environments is hindered
testcrosses exhibited significantly greater grain yield than the Mo44 by photoperiod sensitivity (Brown, 1975) and linkage
testcross, indicating recovery of favorable exotic alleles. Semiexotic test- between favorable alleles and alleles contributing to
crosses were not competitive with commercial hybrids for grain yield maladaptation (Brown, 1953, 1988). Furthermore, choos-
but were similar to or better than commercial hybrids for grain mois- ing appropriate germplasm sources from among theture and lodging resistance. Many superior accessions represent rela-

many thousands of available accessions has been hin-tively recent introductions into regions from which they were col-
dered, until recently, by inadequate testing and re-lected. Tropical landraces seem to be a good source of exotic
porting systems (Stuber, 1978; Goodman, 1983, 1999).germplasm that can be used to broaden the genetic base of modern

A maize germplasm incorporation program, indepen-U.S. maize production and improve productivity.
dent of the Germplasm Enhancement of Maize project
(Pollak and Salhuana, 1998) and the Latin American
Maize Project (Salhuana et al., 1991), has been con-In the USA, only limited use is made of the vast
ducted at North Carolina State University for about 20supply of available maize germplasm. Only six of the
yr. This program began by screening 1300 typical Latinapproximately 300 races of maize in the New World are
American maize accessions for agronomic utility (earrepresented in commercial cultivars, and only one of
and plant height, lodging resistance, and pollination suc-these is used in the USA (Goodman, 1985, 1990). As
cess rate) in a nearly daylength-neutral nursery in south-of 1996, exotic germplasm contributed less than 3% to
ern Florida for 2 yr (Goodman, 1983). Castillo-Gonzalezthe pedigrees of U.S. maize cultivars (Goodman, 1999).
and Goodman (1989) advanced the best accessions toInterbreeding elite lines derived from a small number
replicated yield trials under short-day and long-day pho-of open-pollinated cultivars of the Corn Belt Dent race
toperiod conditions and identified a subset of accessionsfor 60 yr has further reduced the genetic diversity of
that appeared to have sufficient agronomic value to becommercial U.S. cultivars (Troyer, 1999). For example,
useful for breeding. The 40 most promising accessionsa 1984 American Seed Trade Association survey re-
were selected for conversion to photoperiod insensitiv-vealed that 16% of new inbred line development came
ity by crossing them to temperate-adapted line Mo44from continually breeding new lines from B73 and 9%
and then intermating within each segregating popula-
tion. Following selection for photoperiod insensitivity,
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inbreeding, visual selection, among and within lines, was con-for yield could be extracted from superior semiexotic
ducted for earlier flowering, minimal silk-tassel interval, stayfamilies. Therefore, they selected 69 semiexotic families
green, lower ear placement, stalk strength, well-filled ears,representing 29 different Latin American accessions as
lower grain moisture at harvest, and resistance to southernsources for inbred line development.
corn leaf blight {caused by Cochliobolus heterostrophusWe hypothesized that favorable alleles would be
(Drechs.) Drechs. [anamorph � Bipolaris maydis (Nisikado)maintained in some of these semiexotic lines following
Shoemaker]}, northern corn leaf blight [caused by Exerohiluminbreeding and visual selection. To test this hypothesis,
turcicum (Pass.) Leonard and Suggs], gray leaf spot (causedwe developed semiexotic inbred lines of 50% tropical
by Cercospora zeae-maydis Tehon and Daniels), anthracnoseparentage and agronomically evaluated them in crosses
stalk rot (caused by Colletotrichum graminicola G. W. Wils.),to a U.S. Corn Belt hybrid. The semiexotic inbred lines,
and Fusarium ear rot {caused by Fusarium verticillioidesderived from superior semiexotic families identified
(Sacc.) Nirenberg [syn. Fusarium moniliforme J. Sheldon]}. Leafby Holland and Goodman (1995) were compared with
blights were artificially inoculated by applying sorghum seedsMo44 in testcrosses. Our objective was to determine if
infected with pathogenic fungi to the whorl of juvenile maizesemiexotic inbred lines inherited exotic alleles superior
plants. A toothpick coated with Fusarium spores was insertedto Mo44 alleles for productivity in a temperate environ-
into the developing ear approximately 1 wk after pollinationment. The semiexotic line testcrosses were also com-
to promote Fusarium ear rot. Inoculation for stalk rot waspared with commercial hybrid cultivars to assess their accomplished by penetrating the base of the stalk and injectingpotential as germplasm donors to commercial maize a liquid solution of inoculum approximately two weeks after

breeding programs. pollination.
The final set of selected semiexotic germplasm consisted

MATERIALS AND METHODS of 164 lines derived from 36 source families, with 1 to 36
lines developed from each family (Table 1). The selected linesSemiexotic Inbred Line Development
represent 23 of the original accessions, 14 different races, and

The source populations for inbred line development were nine different countries of origin (Table 1). Semiexotic lines
69 photoperiod-insensitive, semiexotic, full-sib families devel- were designated by their race (e.g., Tusón), their five to six
oped from crosses between Mo44 and tropical accessions, as character accession code (e.g., BAI III), their family of origin
described by Holland and Goodman (1995). Mo44 was derived (e.g., a, b, c, or d, corresponding to Holland and Goodman,from a cross between Mo22 and Pioneer Mexican Synthetic

1995), and a unique line within family number (1–36). The17 and is largely unrelated to either of the two major heterotic
lines were derived from plants in a generation which had angroups of maize, Reid Yellow Dent or Lancaster Sure Crop
expected inbreeding coefficient of F � 0.74 and the lines had(Gerdes and Tracy, 1993).
expected homogeneity approximately equivalent to F4:5 lines.Semiexotic inbred lines were developed from the selected
The plants within the lines had an expected inbreeding coeffi-families by two generations of full-sib mating, followed by

two generations of self-fertilization. At each generation of cient of F � 0.87.

Table 1. Latin American maize accessions from which semiexotic inbred lines were developed, number of source families, number of
inbred lines per family, and proportion of lines with significantly greater testcross grain yield than Mo44 � (LH132 � LH51) when
tested in seven North Carolina environments in 1999 and 2000.

Progeny developed
from an accessionPlant Lines with

Country of Introduction National Research Lines per Total greater grain yield
Race Accession origin number Council number† Families family lines than Mo44

no %
Costeño ATL 314 Colombia 443992 65 2 1 2 0
Costeño ATL 329 Colombia 444006 80 2 1–4 5 20
Tusón‡ BAI III Brazil 449556 NA§ 3 4–7 17 29
Cubano Dentado‡ BOV 585 Bolivia 485383 9832 2 1 2 0
Tusón CUB 57 Cuba NA 6698 1 11 11 45
Cuban Flint CUB 63 Cuba 478909 6694 1 3 3 0
Chandelle CUB 68 Cuba NA 6699 1 2 2 0
Cubano Amarillo Duro‡ ECU 326 Ecuador 487889 4725 1 2 2 0
Cubano Cateto‡ ECU 339 Ecuador 487899 4737 1 4 4 0
Cubano Tusón‡ ECU 542 Ecuador 487926 7303 1 1 1 0
Cubano Amarillo Duro‡ ECU 653 Ecuador 487939 7403 1 3 3 0
Cubano Amarillo Duro‡ ECU 770 Ecuador 487959 7514 2 1–11 12 17
Cubano Amarillo Duro‡ ECU 904 Ecuador 487994 10381 2 4–36 40 0
Tuxpeño‡ ECU 942 Ecuador NA 10410 1 2 2 0
Cateto Nortista GIN I Guyana 449478 NA 1 1 1 0
Tepecintle GUA 597 Guatemala NA 6083 1 2 2 0
Perla‡ LIM 13 Peru 485347 10591 2 2–19 21 0
Puya MAG 322 Columbia 444898 658 1 3 3 33
Puya SAN 349 Colombia 445355 7280 4 1–8 14 14
Chandelle VEN 352 Venezuela NA NA 1 5 5 0
Tuxpeño‡ VEN 598 Venezuela NA 8083 1 4 4 0
Tuxpeño‡ VEN 767 Venezuela NA 8240 1 3 3 33
Canilla VEN 981 Venezuela NA NA 3 1–2 5 20

† Collection numbers assigned by the Committee on Preservation of Indigenous Strains of Corn (1954, 1955).
‡ Accessions that were introduced to the country from which they were collected.
§ Not available.
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Testcross Yield Trials Statistical Analysis
Each semiexotic line was crossed to the hybrid tester Data from seven or 10 environments were combined and

LH132 � LH51 and evaluated in 1999 and 2000. LH132 � analyzed by means of Proc MIXED in SAS version 8.0 (SAS
LH51 was chosen because of its close relationship to the histor- Institute, 2000). Entry (experimental or check hybrid) was
ically important Corn Belt Dent cross, B73 � Mo17. The considered a fixed factor, whereas all other factors (environ-
semiexotic testcrosses were divided into two 90-entry sets, ment, set, set � environment, entry � set, entry � environ-
each of which included eight commercial hybrid checks (Pio- ment) were treated as random. Percent stand was used as a
neer brand hybrids 3165, 32K61, and 31B13; DeKalb brand covariate for grain yield only. Tests for significance of geno-
hybrids 683, 689, 714, and 743; and LH132 � LH51). In 2000, type by environment interaction were performed with a chi-
the experimental check Mo44 � (LH132 � LH51) was substi- square test of the difference between –2 times the logs of the
tuted for DeKalb brand hybrid 683. The experimental design restricted maximum likelihoods of the complete model and a
for a set within a location was a 9 � 10 lattice design with reduced model lacking the genotype by environment interac-
three replications in 1999 and with two replications in 2000. tion factor (Littell et al., 1996). The approximate P-value of
In 1999, the experiments were grown at three locations in this test was obtained by dividing the P-value of the one degree
North Carolina: the Central Crops Research Station at Clay- of freedom chi-square statistic by two (Self and Liang, 1987;
ton, the Peanut Belt Research Station at Lewiston, and the Littell et al., 1996). This analysis permitted estimation of ex-Tidewater Research Station at Plymouth. In 2000, a fourth perimental line means adjusted for set effects, facilitating pre-location at the Sand Hills Research Station at Jackson Springs sentation of results from both sets simultaneously.was added. Soils at the experiment sites are classified as Marl- The effect of missing data of Mo44 � (LH132 � LH51) inboro Loamy Sand (clayey, kaolinitic, thermic Typic Paleudult)

three of the seven first-stage yield trial environments wasat Clayton, Norfolk Sandy Loam (fine-loamy, siliceous, ther-
investigated by comparing results based on least square meansmic Typic Kandiudult) at Lewiston, Portsmouth Fine Sandy
from all seven environments to those based on least squareLoam (fine-loamy over sandy or sandy-skeletal, mixed, ther-
means from only the four environments in which Mo44 �mic Typic Umbraquult) at Plymouth, and Candor Sand (sandy,
(LH132 � LH51) was included. The conclusions about whichsiliceous, thermic Arenic Paleudult) at Jackson Springs.
semiexotic line testcrosses were significantly greater yieldingAt all locations, plots were two 4.86-m rows sown with 44
than their temperate parent was consistent across the twoseeds, with a 1-m length alley at the end of each plot. At
analyses. We concluded, therefore, that use of the completePlymouth and Clayton, rows were spaced 0.97 m, resulting in
data set was appropriate, and all results reported from thea population density of approximately 57 000 plants ha�1

first stage yield trials are based on data from all seven envi-within the planted plot area. In Lewiston and Jackson Springs,
ronments.interrow spacing was 0.91 m, and population density was

Obvious spatial trends within locations were observed in60 000 plants ha�1.
the data from the advanced yield trials grown in 2001. AThe number of plants, mean plant height (measured from
variety of spatial analyses was performed on the data fromthe ground to the tassel tip in 1999 and to the terminal node
within each environment of the advanced yield trials. Modelsin later years), and mean ear height (height to node of topmost
with up to fourth-order polynomial effects of rows and col-ear) were recorded for each plot at all seven environments.
umns in the field layout were tested. Trend effects were main-Days to anthesis and silking were recorded only at Clayton.
tained in the model if significant at P � 0.01 (Brownie et al.,Anthesis date was the date on which at least 50% of the plants
1993). Proc MIXED was used to compare the following modelsin the plot were shedding at least 50% of the available pollen.
within each environment: a model including complete andSilk emergence date was the date on which 50% of the plants

in the plot were displaying visible silks. Counts were taken of incomplete block effects, models with row and column trend
root-lodged plants (leaning greater than 30� from vertical with effects selected as described, a model with correlated errors,
intact stalks) and stalk-lodged plants (broken below the ear and a model with both trend effects and correlated errors
or plants with dropped ears) in all environments except Lew- (Brownie et al., 1993). Within each environment, the model
iston and Plymouth in 1999. In 1999, hurricanes Dennis and that minimized Akaike’s Information Criterion (Lynch and
Floyd made landfall on the coast of North Carolina before Walsh, 1997) was chosen. Finally, adjusted entry means for
harvest and resulted in severe lodging at Lewiston and Plym- the selected lines were combined from all 10 evaluation envi-
outh only. Therefore, a visual estimate of percent erect plants ronments within each set and analyzed by Proc MIXED.
was made at these coastal plain locations in 1999. At maturity,
plots were machine harvested, and grain yield and moisture
content were recorded for each plot. Grain yields were ad- RESULTS AND DISCUSSION
justed to 155 g kg�1 moisture content.

First Stage Yield Trials
Significant (P � 0.05) variation among entries wasAdvanced Yield Trials

observed for all measured traits except root lodging inOn the basis of the agronomic evaluations in 1999 and 2000,
the first stage yield trials (1999 and 2000). Overall, 1833 semiexotic lines with testcross grain yields greater than the
semiexotic lines had individual mean testcross grainMo44 testcross, acceptable percentage of erect plants, and
yields significantly (P � 0.05) greater than the meanacceptable grain moisture were selected for additional testing

in 2001. The 33 semiexotic entries were tested along with grain yield of Mo44 � (LH132 � LH51) (Fig. 1). These
Mo44 � (LH132 � LH51), and eight commercial hybrid superior lines were derived from eight accessions and
checks (Pioneer brand hybrids 3165, 32K61, and 31B13; De- six of the 14 races. Among these eight accessions, the
Kalb brand hybrids 683, 689, 714, and 743; and LH132 � proportion of derived lines with significantly greaterLH51). The experiment was conducted at Clayton, Plymouth,

testcross yield than Mo44 ranged from 14% for linesand Jackson Springs, NC. Experimental design was a 6 � 7
derived from Puya SAN 349 to 45% for lines derivedlattice design with two replications per location. Otherwise,
from Tusón CUB 57 (Table 1). The races from whichthe experimental methods were identical to the original experi-

ments conducted in 1999 and 2000. a relatively high proportion of superior semiexotic lines
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Fig. 1. Histogram of mean grain yields of 164 semiexotic maize lines testcrossed to LH132 � LH51 evaluated in first stage yield trials in seven
North Carolina environments in 1999 and 2000. Mean grain yields of Mo44 � (LH132 � LH51) and eight commercial hybrids indicated with
arrows. An LSD of 0.7 Mg ha�1 is appropriate to compare means of one semiexotic line testcross to Mo44 � (LH 132 x LH51) at � � 0.05.
An LSD of 0.6 Mg ha�1 is appropriate to compare means of one semiexotic line testcross to mean of all seven commercial hybrids at � � 0.05.

were derived included Tusón, Tuxpeño, and Puya, sug- tions is increased grain moisture at harvest (Hawbaker
et al., 1997). This trend also was observed in our experi-gesting that they are excellent sources of germplasm for

combining ability with U.S. Corn Belt Dent germplasm. ment, as 61 semiexotic line testcrosses had significantly
greater grain moisture than the Mo44 testcross (Fig. 2).Only one semiexotic line testcross had significantly

lower grain yield than Mo44 � (LH132 � LH51). Furthermore, no semiexotic line testcross had signifi-
cantly lower grain moisture than Mo44 � (LH132 �A commonly observed negative effect of incorporat-

ing tropical germplasm into temperate breeding popula- LH51).

Fig. 2. Histogram of mean grain moisture of 164 semiexotic maize lines testcrossed to LH132 � LH51 evaluated in first stage yield trials in
seven North Carolina environments in 1999 and 2000. Mean grain moistures of Mo44 � (LH132 � LH51) and eight commercial hybrids
indicated with arrows. An LSD 7 g kg�1 is appropriate to compare means of one semiexotic line testcross to Mo44 � (LH 132 � LH51) at
� � 0.05. An LSD of 5 g kg�1 is appropriate to compare means of one semiexotic line testcross to mean of all seven commercial hybrids at
� � 0.05.
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Table 2. Least square means of best performing semiexotic maize lines testcrossed to (LH132 � LH51), Mo44 � (LH132 � LH51),
and seven commercial hybrids from Set 1 evaluated in 10 North Carolina environments.

Inbred Grain Grain Erect Days to Days to Ear Plant
Race Accession Family line ID yield moisture plants anthesis† silk† height height

Mg ha�1 g kg�1 % d m
Tusón BAI III c 3 7.5* 179 85 73 73 1.0* 2.2*
Tusón BAI III d 2 7.5* 176 83 72 71 1.0* 2.3*
Canilla VEN 981 a 1 7.7* 189* 83 76* 74 1.1* 2.3*
Tuxpeño VEN 767 a 1 7.3 179 83 73 74 1.1* 2.3*
Tuxpeño VEN 767 a 3 7.2 178 86 72 73 1.0* 2.2*
Puya SAN 349 a 1 7.4* 181 84 73 75 1.1* 2.3*
Cubano Amarillo Duro ECU 653 b 1 7.3 176 87 73 73 1.1* 2.3*
Cubano Amarillo Duro ECU 770 a 1 7.4* 183* 90 73 75 1.0* 2.3*
Cubano Amarillo Duro ECU 770 b 2 7.7* 179 86 72 74 1.1* 2.4*
Cubano Amarillo Duro BOV 585 a 1 7.2 180 87 71* 73 1.0* 2.3*
Perla LIM 13 b 1 7.3 184* 87 72 73 1.1* 2.4*
Mean of selected semiexotic line 7.4a‡ 180a 86ab 73a 73a 1.0a 2.3a

testcrosses
Mo44 � (LH132 � LH51) 6.8b 176b 88b 73a 72a 0.9a 2.1b
LH132 � LH51 7.7c 174b 88b 72a 72a 1.0a 2.2ab
Mean of 7 commercial hybrids 8.4d 185c 85a 73a 73a 1.0a 2.3a
LSD1§ 0.5 6 5 2 1 0.1 0.1
LSD2¶ 0.6 7 6 2 2 0.1 0.1
LSD3# 0.4 5 4 1 1 0.1 0.1

* Significantly different from the mean of Mo44 � (LH132 � LH51) at P � 0.05.
† Days to anthesis and days to silk recorded at Clayton only.
‡ Means followed by the same letter are not significantly different at P � 0.05.
§ LSD1 is appropriate to compare means of two semiexotic line testcrosses, two commercial hybrids, or a semiexotic line testcross to a commercial hybrid

at � � 0.05.
¶ LSD2 is appropriate to compare means of one semiexotic line testcross or a commercial hybrid to Mo44 � (LH132 � LH51) at � � 0.05.
# LSD3 is appropriate to compare mean of one semiexotic line testcross to mean of all seven commercial hybrids at �� 0.05.

Advanced Yield Trials Relationships among Superior
Latin American AccessionsThe mean testcross grain yield across 10 environments

of the 33 selected semiexotic lines was greater than the A rational method for choosing better germplasm
sources among landrace accessions in the absence ofMo44 testcross; however, their percent grain moisture

also was greater. Twelve of the 33 lines had individually yield trial data would be useful to maize breeders. Iden-
tification of common geographic or ecological originssignificantly greater grain yield than Mo44 � (LH132 �

LH51) (Tables 2 and 3). Eight of these 12 superior lines among superior landrace accessions could provide guid-
ance for designing optimal germplasm sampling strate-were derived from the race Tusón (Tables 2 and 3).

Among the 33 selected semiexotic line testcrosses gies. The most striking feature in common among many
of the superior accessions evaluated in this study wasthat were included in the advanced yield trials, all had

greater plant height and all but one had greater ear that they represent relatively recent introductions (since
the 1920s) into the regions where they were collected.height than Mo44 � (LH132 � LH51), but the differ-

ences were no greater than 0.2 m (Tables 2 and 3). Most Twelve accessions in the set of semiexotic lines evalu-
ated in this experiment were introduced races (Table 1).semiexotic line testcrosses exhibited significantly fewer

days to anthesis, but six of them had significantly more All of the accessions from Ecuador that were repre-
sented in the final set of semiexotic inbred lines weredays to silk emergence than Mo44 � (LH132 � LH51).

None of the differences in days to flowering was greater introduced there, probably from Cuba or Mexico (Tim-
othy et al., 1963). The accessions from Brazil, Bolivia,than 3 d, however (Tables 2 and 3). The percentage

of erect plants in six of the superior semiexotic line Peru, and Venezuela represented in our study also were
introduced, but their original countries of origins aretestcrosses was reduced compared with the Mo44 test-

cross, indicating a reduced resistance to lodging. unknown (Grant et al., 1963; Paterniani and Goodman,
1977; Ramı́rez et al., 1960; R. Sevilla, personal communi-The mean grain yield of the selected semiexotic line

testcrosses was significantly lower than the mean of cation). We suggest that the superior semiexotic lines
disproportionately represent introduced races becauseseven commercial hybrids in both sets (Tables 2 and 3).

However, the selected semiexotic lines performed well those races that flourished sufficiently in their intro-
duced ranges have broader adaptability and superiorcompared with commercial hybrids for other important

agronomic traits. The mean semiexotic line testcross productivity. Introduced accessions with broad adapt-
ability and outstanding productivity may have out-com-grain moisture was significantly lower than the mean of

seven commercial checks in both sets. The semiexotic peted local landraces and spread beyond their intro-
duced range. For example, races such as Cubanotestcrosses of set one had significantly better lodging

resistance than the commercial hybrids and exhibited Amarillo Duro, Cubano Cateto, Cubano Dentado, and
Cubano Tusón, which were collected at relatively highno other significant differences (Table 2). In addition

to a reduction in grain moisture, the selected semiexotic frequency outside of Cuba, likely represent highly com-
petitive germplasm. In contrast, introduced races thatline testcrosses in set two also had fewer days to both

anthesis and silk than the commercial hybrids (Table 3). lacked outstanding adaptability would not have com-
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Table 3. Least square means of best performing semiexotic maize lines testcrossed to (LH132 � LH51), Mo44 � (LH132 � LH51),
and seven commercial hybrids from Set 2 evaluated in 10 North Carolina environments.

Inbred Grain Grain Erect Days to Days to Ear Plant
Race Accession Family line ID yield moisture plants anthesis† silk† height height

Mg ha�1 g kg�1 % d m
Cubano Amarillo Duro ECU 653 b 2 7.0 176 82 74 72 1.1* 2.2*
Cubano Amarillo Duro ECU 904 c 1 7.4 182* 86 72* 73 1.1* 2.3*
Tusón BAI III b 2 7.3 181* 83 71* 73 1.1* 2.3*
Tusón BAI III b 3 7.5* 180* 81* 72* 73 1.1* 2.3*
Tusón BAI III b 4 7.2 180* 84 71* 72 1.1* 2.3*
Tusón BAI III b 5 7.1 174 80* 70* 71 1.0* 2.2*
Tusón BAI III b 1 7.4 178 86 71* 71 1.0* 2.2*
Tusón BAI III b 6 7.7* 175 80* 72* 73 1.1* 2.3*
Costeño ATL 329 a 1 7.2 180* 87 72* 73 1.0* 2.1
Costeño ATL 329 a 2 7.1 187* 88 71* 74* 1.0* 2.3*
Tusón CUB 57 c 1 7.9* 182* 86 73 74* 1.1* 2.4*
Tusón CUB 57 c 2 7.8* 179* 87 72* 74* 1.1* 2.3*
Tusón CUB 57 c 3 7.8* 179* 86 72* 72 1.1* 2.3*
Tusón CUB 57 c 5 7.6* 178 85 72* 74* 1.1* 2.3*
Tusón CUB 57 c 6 7.3 179* 88 72* 73 1.1* 2.4*
Perla LIM 13 d 5 7.1 179* 86 72* 73 1.2* 2.4*
Perla LIM 13 d 3 7.3 188* 76* 73 75* 1.1* 2.3*
Perla LIM 13 d 4 7.2 189* 81* 73 75* 1.1* 2.4*
Canilla VEN 981 c 2 6.8 178 85 70* 71 1.0* 2.2*
Cubano Amarillo Duro ECU 904 b 8 7.2 181* 88 71* 72 1.1* 2.3*
Cubano Amarillo Duro ECU 904 b 7 7.2 178 92 71* 72 1.1* 2.3*
Cubano Amarillo Duro ECU 904 b 9 7.1 180* 91 73 72 1.0* 2.2*
Mean of selected semiexotic line 7.3a‡ 180a 85ab 72a 73ab 1.1a 2.3a

testcrosses
Mo44 � (LH132 � LH51) 6.9c 173c 87ab 74b 72b 0.9b 2.1b
LH132 � LH51 7.5ac 175c 89b 73ab 72b 1.0ab 2.2ab
Mean of 7 commercial hybrids 8.5b 186b 85ab 73ab 74a 1.1a 2.3a
LSD1§ 0.5 5 5 2 1 0.1 0.1
LSD2¶ 0.6 6 6 2 2 0.1 0.1
LSD3# 0.4 4 4 2 1 0.1 0.1

* Significantly different from the mean of Mo44 � (LH132 � LH51) at P � 0.05.
† Days to anthesis and days to silk recorded at Clayton only.
‡ Means followed by the same letter are not significantly different at P�0.05.
§ LSD1 is appropriate to compare means of two semiexotic line testcrosses, two commercial hybrids, or a semiexotic line testcross to a commercial hybrid

at �� 0.05.
¶ LSD2 is appropriate to compare means of one semiexotic line testcross or a commercial hybrid to Mo44 � (LH132 � LH51) at � � 0.05.
# LSD3 is appropriate to compare mean of one semiexotic line testcross to the mean of all seven commercial hybrids at � � 0.05.

peted adequately with local landraces and would have to superior genetic backgrounds and crossing the re-
been extinct or approaching extinction by the time of sulting lines to elite inbred testers.
large-scale maize germplasm collections in the 1940s The semiexotic lines we evaluated were less homozy-
to 1960s. gous (F � 0.87) than inbreds typically used to produce

commercial hybrids. Several more generations of self-
fertilization would be required to produce highly inbred

CONCLUSIONS lines, and some of the exotic alleles maintained in the
semiexotic lines tested in this study could be lost duringThe recovery of semiexotic lines with superior com-
additional generations of inbreeding. However, it isbining abilities compared with their temperate-adapted
likely that exotic alleles with strongly deleterious effectsparent, Mo44, supports our hypothesis that superior
were already eliminated in the early generations of in-exotic alleles can be maintained through the inbreeding
breeding and selection, so that additional inbreedingprocess even in the absence of selection for testcross
and selection would cause only relatively minor changesperformance during line development. The performance
in allele frequencies. Therefore, it should be possibleof these semiexotic lines indicates that these lines inher-
to develop highly inbred semiexotic lines similar to theited alleles from their tropical accession parents that
lines evaluated in this study in terms of their proportionscontribute to enhanced productivity compared with
of exotic germplasm and testcross performances.Mo44 alleles. Although none of the semiexotic line test-

Because the semiexotic lines have distinct geneticcrosses was competitive with current commercial hy-
backgrounds compared with the commercial maize ofbrids for grain yield, neither was their temperate parent
the USA, it is likely that some of the favorable yieldtestcross, Mo44 � (LH132 � LH51), nor their single-
alleles they inherited from their tropical accession par-cross tester, LH132 � LH51 (Tables 2 and 3). Further-
ents are not represented in the elite maize breeding germ-more, the commercial cultivars are single-cross hybrids,
plasm of the USA. Furthermore, Holland and Goodmanwhereas the semiexotic line testcrosses were three-way
(1995) reported that the parental semiexotic popula-crosses, with less potential for heterosis. We hypothesize
tions of these inbred lines exhibited similar levels ofthat semiexotic hybrids competitive with commercial cul-
heterosis when combined with either Reid Yellow Denttivars could be developed by transferring the favorable

exotic-derived alleles recovered in these semiexotic lines or Lancaster Sure Crop testers. This result suggests that
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Goodman, M.M. 1999. Broadening the genetic diversity in maizethe tropical landraces contain alleles for productivity
breeding by use of exotic germplasm. p. 139–148. In J.G. Coorsabsent from both of the major heterotic groups used in
and S. Pandey (ed.) Genetics and exploitation of heterosis in crops.

the USA and that lines from most tropical accessions ASA, Madison, WI.
can be considered a third heterotic group with respect to Goodman, M.M., J. Moreno, F. Castillo, R.N. Holley, and M.L. Car-

son. 2000. Using tropical maize germplasm for temperate breeding.Reid Yellow Dent and Lancaster Sure Crop temperate
Maydica 45:221–234.germplasm. This alternative heterotic group provides

Grant, U.J., W.H. Hatheway, and D.H. Timothy. C. Cassalett D.,maize breeders with a new source of parental breeding and L.M. Roberts. 1963. Races of maize in Venezuela. National
lines that can contribute to broadening the genetic base Academy of Sciences. Washington, DC.

Hawbaker, M.S., W.H. Hill, and M.M. Goodman. 1997. Applicationof modern U.S. inbred lines without sacrificing produc-
of recurrent selection for low grain moisture content at harvest intivity.
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