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tropical inbred lines if they are to be successfully used in
temperate maize breeding.

Various studies have already been conducted that
provide useful information about tropical germplasm.
Melhus (1948) crossed multiple native Guatemalan col-
lections with U.S. inbreds and evaluated them in Guate-
mala. Wellhausen (1956) made exoticintra-and interracial
crosses and evaluated them in Mexico. Stuber (1978)
screened exotic maize races from Latin America in North
Carolina. The Latin American Maize Project (LAMP)
evaluated more than 12,000 tropical exotic accessions
in a 5-yr cooperative public—private effort (Salhuana
et al.,, 1991). These screening trials were performed in
the tropics and led to the identification of many poten-
tially useful tropical accessions (Salhuana et al., 1998).
Castillo-Gonzalez and Goodman (1989), Holland and
Goodman (1995), and Mickelson et al. (2001) performed
screening trials of tropical accessions and improved pop-
ulations in temperate environments. Whitehead et al.
(2006) incorporated elite tropical maize lines into elite
temperate germplasm and evaluated the resulting popu-
lations in Towa. These studies provide information on
tropical accessions, landraces, improved populations, and
tropical X temperate populations; however, they shed
little light on elite tropical inbreds. Han et al. (1991),
Vasal et al. (1992a,b), Hede et al. (1999), and Menkir et
al. (2004) evaluated elite tropical inbred maize lines for
combining ability and agronomic performance in tropi-
cal environments. While these studies do provide direct
comparative data on elite inbred line performance in the
tropics, results from such studies usually do not directly
translate to temperate U.S. environments. Aside from
work done by Nelson et al. (2006), there have not been
any published studies that have reported results from
comparative yield trial screenings of elite tropical maize
inbreds in a temperate environment.

Here we report the results from a screening study,
similar to that by done by Nelson et al. (2006). Eighty-
eight elite exotic maize inbred lines were topcrossed
to U.S. testers and evaluated in replicate yield trials in
North Carolina. Our objective was to identify elite
exotic maize inbreds that can be used in temperate maize
breeding. The use of such material will aid in broad-
ening the U.S. maize germplasm base by introducing
novel alleles for yield potential, disease resistance, and
other agronomic characteristics. The yield data gener-
ated in this study will provide temperate maize breed-
ers with a comprehensive resource for selecting exotic
germplasm. Breeding with exotic germplasm is a costly
and time-consuming endeavor, the success of which is
largely determined by the choice of germplasm (Good-
man, 1992).

MATERIALS AND METHODS

Germplasm Selection

We chose 88 inbred lines, most of tropical origin, for screen-
ing. Many of these lines were identified through unpublished
sources, including conference talks, poster sessions, and word
of mouth. Table 1 lists each line and its country and breeding
program of origin. Sixty-five of the lines were developed by
the International Maize and Wheat Improvement Center
(CIMMYT) in Mexico (Srinivasan, 2001). Eight lines are of
temperate exotic origin, developed at the University of Novi
Sad in Serbia. Seven were developed in Cameroon through
joint cooperation of the International Institute of Tropical
Agriculture (II'TA) and the Cameroon Institute of Agronomic
Research (IR A) (Everett et al., 1994a, 1994b). Four were devel-
oped by Hans Gevers at the Agricultural Research Council’s
(ARC) Grain Crop Institute in South Africa. Three were
developed by IITA in Nigeria. One line included in the study,
an NC296A derivative, is an all-tropical line that was devel-
oped at North Carolina State University but that underwent
a gametophyte factor conversion attempt at Novi Sad Univer-
sity, Serbia. All of the lines in this study except the seven from
Serbia are tropical in origin; however, for this study all lines
will be referred to as “exotic.”

The exotic inbreds in this study were included for the fol-
lowing reasons. First, the lines are exotic froma U.S. perspective,
containing many alleles not found in the U.S. maize germplasm
base. Second, unlike accessions and unimproved landraces that
have been the focus of many studies with exotic germplasm
(Castillo-Gonzalez and Goodman, 1989; Holland and Good-
man, 1995; Melhus, 1948; Salhuana et al., 1998; Stuber, 1978;
Wellhausen, 1965), these lines have already been subjected to
multiple cycles of inbreeding and selection. Third, these lines
are considered elite in their countries of origin, showing good
yield potential, disease resistance, and overall favorable agro-
nomic performance. Fourth, they are all publicly available and
the seed for most can be obtained either from the breeding
program of origin (Table 1) or from the North Central Regional
Plant Introduction Station in Ames, IA.

Yield Trial Evaluation

Yield trial evaluations were performed from 2001 to 2005.
Each exotic line was initially crossed to a temperate U.S. tes-
ter, LH132 X LH51 (Holden’s Foundation Seed, Williams-
burg, IA), an improved B73 X Mol17 hybrid of stiff-stalk (SS)
X non-stift-stalk (NSS) origin. The resulting 50% exotic top-
crosses were then evaluated in replicated yield trials. Thirteen
commercial hybrid checks, representing a range of maturities
grown in North Carolina at the time the study was conducted,
were also included in the study. Following each year of testing,
the poorest performing lines were eliminated from the study.
In general, experimental entries had to be within one least-
significant difference (LSD) of the mean check yield to remain
in the study. Lines that remained after their first 2 yr of screening
then entered two modified three-way topcrosses, each result-
ing in a 25% exotic topcross. In the first of these topcrosses, the
exotic line was crossed to a line of SS origin and then crossed
to a NSS X NSS sister-line tester. The SS line used was NC374,
and the NSS X NSS sister-line tester was FR615 X FR697

86 WWW.CROPS.ORG

CROP SCIENCE, VOL. 48, JANUARY—FEBRUARY 2008



ol
(0
2
[0}
(%]
[0}
—
(2]
-

=

o
—
>
Q
o
(&]

<
@

.
P
[0}
IS

<

Y—
(o)
>
=

.0
o
(@}

(9p]
(]
(&S]
c

.0
[&]

(9p]
Q
o
L

O
>

0

o
(0}

=

L2

!
>

o
©
(&]
c

.0
O

(9p]
Q.
o
.

(@]
IS
o
Y
fr
°
(O]
o
>
o
o
—
o
[0}
o

Table 1. Experimental lines and origin. *

Line Breeding program Line Breeding program Line Breeding program
A214N ARC Grain Crops Inst. CML161 CIMMYT CML327 CIMMYT
BO46W ARC Grain Crops Inst. CML173 CIMMYT CML329 CIMMYT
C70 IITA/IRA CML176 CIMMYT CML331 CIMMYT
CML5 CIMMYT CML184 CIMMYT CML332 CIMMYT
CML9 CIMMYT CML186 CIMMYT CML333 CIMMYT
CML10 CIMMYT CML193 CIMMYT CML341 CIMMYT
CML14 CIMMYT CML216 CIMMYT CML343 CIMMYT
CML16 CIMMYT CML218 CIMMYT CML373 CIMMYT
CML38 CIMMYT CML220 CIMMYT CML374 CIMMYT
CML40 CIMMYT CML223 CIMMYT CML384 CIMMYT
CML45 CIMMYT CML228 CIMMYT DO940Y ARC Grain Crops Inst.
CML48 CIMMYT CML238 CIMMYT NC296A-NS NCSU, Univ. of Novi Sad
CML52 CIMMYT CML255 CIMMYT Tzi3 IITA
CML56 CIMMYT CML261 CIMMYT Tzil7 IITA
CML61 CIMMYT CML269 CIMMYT Tzil8 IITA
CML69 CIMMYT CML270 CIMMYT VO613Y ARC Grain Crops Inst.
CMLI1 CIMMYT CML273 CIMMYT 314190w Univ. of Novi Sad
CML92 CIMMYT CML274 CIMMYT 316096A Univ. of Novi Sad
CML103 CIMMYT CML285 CIMMYT 317027A Univ. of Novi Sad
CML108 CIMMYT CML288 CIMMYT 318056A Univ. of Novi Sad
CML116 CIMMYT CML295 CIMMYT 326172w Univ. of Novi Sad
CML142 CIMMYT CML304 CIMMYT 326633A Univ. of Novi Sad
CML144 CIMMYT CML311 CIMMYT 327609A Univ. of Novi Sad
CML145 CIMMYT CML314 CIMMYT 796 NS Univ. of Novi Sad
CML150 CIMMYT CML319 CIMMYT 87036 IITA, IRA
CML154Q CIMMYT CML321 CIMMYT 89199 IITA, IRA
CML157Q CIMMYT CML322 CIMMYT 90156 IITA, IRA
CML158Q CIMMYT CML323 CIMMYT 90301 IITA, IRA
CML159 CIMMYT CML325 CIMMYT

*ARC, Agricultural Research Council Grain Crop Institute, South Africa; IITA, International Institute of Tropical AgricultuigeNa; IRA, Cameroon Institute of Agronomic
Research, Cameroon; CIMMYT, International Maize and Wheat Improvement Center, Mexico; NCSU, North Carolina State Univ.

(Illinois Foundation Seeds, Champaign, IL). In the second
of these modified three-way topcrosses, each exotic line was
crossed to a line of NSS origin and then crossed to a SS X SS
sister-line tester. The NSS line used was either NC382, NC414,
or NC418. NC382 and NC418 are sister lines and also share a
common pedigree with NC414. The SS X SS sister-line tester
used was FR992 X FR1064 (Illinois Foundation Seed). There-
fore, by its third year of testing, an exotic line was represented
in yield trials by three topcrosses, one 50% exotic topcross and
two 25% exotic topcrosses. These three topcrosses were then
tested together for the remainder of the study. Because inbreds
326172w, 326633A, and 327609A are of known SS origin, these
lines were crossed to FR615 X FR697 for initial screening.

The number of entries included in any single year of test-
ing varied because newly acquired exotic lines were continu-
ally being added to the study and poorly performing lines were
continually being eliminated. Thus, the experimental design
was unbalanced across years. The experimental design within
any given year was balanced across environments.

Yield trial evaluations were conducted over 5 yr at five
North Carolina locations: the Central Crops Research Station
in Clayton, the Peanut Belt Research Station in Lewiston,

the Tidewater Research Station in Plymouth, the Sandhills
Research Station in Jackson Springs, and the Caswell Research
Station in Kinston. These locations were used because they
represent the primary maize production regions in North
Carolina. Yield trial data were collected at Clayton and Lewis-
ton all 5 yr. Plots were grown at Plymouth all 5 yr, but yield trial
data from this location was not used in 2003 or 2004 because of
hurricane damage. Plots were grown at Sandhills for 4 of the 5
yr, 2003 being the exception. Yield trial data were collected at
Kinston in 2004 only. Thus, 18 North Carolina environments
were represented in the study.

Two replications were planted in a double lattice design
at all 2001 and 2002 environments and at Clayton, 2004. All
other environments had three replications planted in a triple
lattice design. All plots were two rows, 4.88 m in length mea-
sured from the center of the alley, with 1-m alleys, and row
spacing of 96.5 cm at all locations except Lewiston, where row
spacing was 91.4 cm. Plots were planted with 44 seeds plot™
with a target plant density of 43,000 plants ha™ at all locations
except Lewiston, where target plant density was 45,000 plants
ha™!. Data reported here are limited to yield, grain moisture
at harvest, ear height, plant height, percentage erect plants at
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Table 2. Yields for 88 experimental entries and 13 commercial checks. Standard errors (SE) of least squares yield estimates
are included since data are from varying numbers of environments.

Entry Yield SE No. env.* Entry Yield SE No. env.*
Mg ha-* Mg ha-*

Experimental entries Experimental entries

A214N x LH132.LH51 51 0.44 4 CML270 x LH132.LH51 5.2 0.52 2

BO46W x LH132.LH51 71 0.37 10 CML273 x LH132.LH51 6.9 0.44 4

C70 x LH132.LH51 7.0 0.43 4 CML274 x LH132.LH51 7.3 0.36 14

CML5 x LH132.LH51 5.7 0.44 4 CML285 x LH132.LH51 6.8 0.44 4

CML9 x LH132.LH51 5.7 0.44 4 CML288 x LH132.LH51 55 0.52 2

: CML10 x LH132.LH51 6.8 0.35 18 CML295 x LH132.LH51 59 0.44 4

8 CML14 x LH132.LH51 5.6 0.44 4 CML304 x LH132.LH51 6.0 0.52 2
g CML16 x LH132.LH51 71 0.36 14 CML311 x LH132.LH51 6.3 0.44 4
% CML38 x LH132.LH51 6.9 0.35 18 CML314 x LH132.LH51 6.2 0.44 4
; CML40 x LH132.LH51 6.3 0.44 4 CML319 x LH132.LH51 6.2 0.44 4
< CML45 x LH132.LH51 51 0.44 4 CML321 x LH132.LH51 5.7 0.44 4
g CML48 x LH132.LH51 5.0 0.44 4 CML322 x LH132.LH51 5.8 0.44 4
8— CML52 x LH132.LH51 6.8 0.38 8 CML323 x LH132.LH51 5.8 0.44 4
3 CML56 x LH132.LH51 54 0.44 4 CML325 x LH132.LH51 6.0 0.52 2
=@l CML61 x LH132.LH51 5.9 0.44 4 CML327 x LH132.LH51 6.9 0.37 10
o CML69 x LH132.LH51 6.7 0.35 18 CML329 x LH132.LH51 6.8 0.44 4
'% CML91 x LH132.LH51 6.8 0.35 18 CML331 x LH132.LH51 5.6 0.44 4
e CML92 x LH132.LH51 6.7 0.35 18 CML332 x LH132.LH51 6.5 0.44 4
f CML103 x LH132.LH51 71 0.35 18 CML333 x LH132.LH51 6.8 0.35 18
o CML108 x LH132.LH51 7.2 0.35 18 CML341 x LH132.LH51 7.3 0.35 18
*02; CML116 x LH132.LH51 6.4 0.38 8 CML343 x LH132.LH51 77 0.37 10
'g CML142 x LH132.LH51 6.9 0.44 4 CML373 x LH132.LH51 72 0.37 10
n CML144 x LH132.LH51 6.8 0.44 4 CML374 x LH132.LH51 71 0.37 10
8 CML145 x LH132.LH51 5.5 0.44 4 CML384 x LH132.LH51 4.9 0.52 2
_5 CML150 x LH132.LH51 6.3 0.44 4 DO940Y x LH132.LH51 6.6 0.37 10
(‘,'3 CML154Q x LH132.LH51 6.8 0.35 18 87036 x LH132.LH51 55 0.66 4
8’ CML157Q x LH132.LH51 7.2 0.35 18 89199 x LH132.LH51 7.0 0.66 4
6 CML158Q x LH132.LH51 6.4 0.44 4 89291 x LH132.LH51 7.7 0.43 4
& CML159 x LH132.LH51 6.6 0.44 4 89302 x LH132.LH51 6.5 0.43 4
ﬁ CML161 x LH132.LH51 6.3 0.44 4 90156 x LH132.LH51 5.7 0.43 4
g CML173 x LH132.LH51 6.7 0.44 4 90301 x LH132.LH51 6.6 0.43 4
0 CML176 x LH132.LH51 7.0 0.36 14 NC296A x LH132.LH51 74 0.38 8
-% CML184 x LH132.LH51 6.9 0.44 4 Tzi3 x LH132.LH51 6.4 0.43 4
I:L_ CML186 x LH132.LH51 6.6 0.44 4 Tzi17 x LH132.LH51 6.4 0.43 4
8 CML193 x LH132.LH51 6.2 0.44 4 Tzi18 x LH132.LH51 6.2 0.44 4
_5 CML216 x LH132.LH51 7.0 0.36 14 VO613Y x LH132.LH51 6.6 0.37 10
(}") CML218 x LH132.LH51 6.0 0.44 4 314190w x LH132.LH51 4.3 0.52 2
ol CML220 x LH132.LH51 6.2 0.44 4 316096A x LH132.LH51 6.0 0.52 2
8 CML223 x LH132.LH51 6.6 0.44 4 317027A x LH132.LH51 57 0.52 2
£ CML228 x LH132.LH51 6.2 0.44 4 318056A x LH132.LH51 5.6 0.52 2
o CML238 x LH132.LH51 5.9 0.44 4 326172w x FR615.FR697 6.6 0.40 6
:5 CML255 x LH132.LH51 6.6 0.44 4 326633A x FR615.FR697 6.4 0.52 2
8 CML261 x LH132.LH51 6.0 0.44 4 327609A x FR615.FR697 6.4 0.52 2
-S CML269 x LH132.LH51 71 0.36 14 796 NS x LH132.LH51 4.9 0.52 2
g Commercial checks
g DeKalb 687 7.6 0.44 4 Pioneer 3165 6.9 0.44 4

DeKalb 697 8.2 0.36 14 Pioneer 32D99 9.0 0.43 4

Garst 8288 7.8 0.36 10 Pioneer 32K61 7.0 0.37 10

HC33 x TR7322 6.9 0.43 4 Pioneer 32R25 8.4 0.40 6

LH132 x LH51 6.7 0.36 14 Pioneer 32W86 8.4 0.43 4

LH195 x LH256 6.7 0.52 6 Pioneer 31G98 8.3 0.36 14

LH200 x LH262 75 0.36 14

Mean of experimental entries 6.4

Mean of checks 7.6

*Number of environments represented by the data.
+ Experimental entries in the top 10% for yield.
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harvest, and days to anthesis. Days to anthesis was recorded at
Clayton only; all other data were collected at all locations.

Data Analysis

Statistical analysis was done using SAS version 9.1.3 (SAS Insti-
tute, 2003). Stand was fitted as a covariate (p < 0.001) in the
analysis of yield data from Lewiston, 2003, and Sandhills, 2005.
Stands at these environments were poor due to nongenotypic
effects: wet cool weather after planting at Lewiston and bird
damage at Sandhills. Where informative, various methods of
spatial analysis, as described by Brownie et al. (1993), were also
used in the data analysis within environments.

Entry means across environments were obtained in two
ways. First, entry means from all 18 environments were included
in a mixed model analysis using PROC MIXED in SAS despite
the unbalanced nature of the experiment across years. Through
this analysis, least squares entry means for all 88 exotic lines on
the SS X NSS tester and for the 13 checks were obtained. How-
ever, because of the unequal representation of entries across
environments (not every entry was grown in every environ-
ment; few were grown in all 18 environments), entry means
using this method are calculated with varying levels of preci-
sion. For this reason, standard errors were calculated for values
obtained through this analysis (Table 2). Second, entry means
from individual environments were used to perform across
environment analysis for a balanced subset of entries that were
grown together in 10 environments from 2003 to 2005. By
maintaining a balanced experimental design, entry means were
estimated with equal precision, thus allowing more appropriate
comparisons between entries. For this analysis, a protected LSD
was generated for pairwise comparisons between experimental
entries and the mean of the commercial checks (Table 3).

Line X tester interaction for exotic line yield on each of
the three testers was evaluated using the SLICE option with the
LSMEANS statement with PROC GLM in SAS. The SLICE
option partitions interaction LSMEANS effects and produces
tests of simple effects (SAS Institute, 2003). For this procedure,
yields were expressed as a deviation from the mean yield on the
respective tester (Table 4).

RESULTS AND DISCUSSION
Entry Performance

In all analyses, F values for the null hypothesis of no dif-
ferences between entries for the given trait were highly
significant (p < 0.01). Mean yields for each of the 88 lines
on the SS X NSS tester, LH132 X LH51, are given in
Table 2. The CML343 and 89291 topcrosses were the
highest yielding at 7.7 Mg ha™' each. Other superior top-
crosses were the NC296A, CML274, CML341, CML108,
CML157Q, and CML373 topcrosses.

Many of the entries in Table 2 were grown in only
a few environments because they either (i) performed
poorly in the initial years of testing and were thus dropped
from the experiment or (ii) were new additions to the
experiment in the latter years of testing. The CML48 top-
cross, for example, was only tested in four environments

because its performance did not merit further testing;
however, the 89291 topcross, although it showed superior
performance, was also tested in only four environments
simply because it was a new addition to the experiment
in 2005, the final year of testing. Several lines that fit
either of these two categories may merit additional atten-
tion, including inbred lines 89291, 89199, C70, CML142,
CML184, and CML273.

Entry means for a subset of the better-performing
entries are given in Table 3. This subset includes data on
the six traits measured from 10 environments from 2003
to 2005. Several experimental entries did not differ sig-
nificantly from the mean of the checks. Among the 50%
exotic entries in Table 3, the CML343 topcross was the
highest yielding (7.7 Mg ha™"), followed by the CML274
(7.4 Mg ha™'), CML157Q (7.3 Mg ha™!), CML373 (7.2
Mg ha™), and CML108 (7.2 Mg ha™) topcrosses. The
CML103, CML108, and CML91 topcrosses were the
driest, with grain moistures around 170 g kg™' at har-
vest. The CML154Q, CML108, and CML69 topcrosses
were the earliest-maturing entries, all flowering at about
the same time as the checks. The CML108 topcross was
within one LSD of the check mean for all traits except
yield and moisture, although its performance for these
two traits was also quite good.

Among the 25% exotic entries, the two CML341 and
the two CML10 topcrosses were the four highest yield-
ing. Each was within one LSD of the mean of the checks,
the highest yielding being the CML341.NC374 topcross
(7.7 Mg ha™'). More than half of the 25% exotic entries
had moistures within one LSD of the check mean (165 g
kg™, and all but one were as dry or drier than the wettest
check, Garst 8288 (17.2%). The latest-maturing experi-
mental entry, the CML10.NC374 topcross, still flowered
within 2 d of the check mean. The CML10.NC414 top-
cross was within one LSD of the check mean for all traits
except moisture.

Data on additional subsets of entries including indi-
vidual year means can be found in Nelson (2006).

Line x Tester Interaction

Some lines exhibited significant line X tester interaction.
For example, in 2005 the CMLI10 topcrosses with the SS
and NSS testers ranked 9th and 10th respectively for yield,
yet the CML10 topcross on the SS X NSS tester ranked
64th overall (data not shown). Table 4 contains F values
and significance levels of line X tester interactions for yield
for 19 of the exotic lines. For investigating line X tester
interaction, yields were expressed as deviations from the
mean yield of all lines on the respective tester. Only three
lines showed significant line X tester interactions: CML10,
CML269, and CML274. CML10 and CML269 showed
superior performance on the SS tester; CML274 showed
superior performance on the SS X NSS tester.
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Table 3. 25% and 50% exotic entry means from 10 environments. Data are given for yield, grain moisture, ear height, plant
height, percent erect plants at harvest, and days to anthesis.

Entry Yield Moisture Ear height  Plant height EP * Anthesis-
Mg ha-t g kgt cm cm % d

BO46W x LH132.LH51 71 187 113 289 ¥ 70

CML10 x LH132.LH51 6.8 191 124 299 688 71

CML10.NC414 x FR992.FR1064 75 176 1058 2808 748 688

CML10.NC374 x FR615.FR697 75 176 113 298 718 69

CML16 x LH132.LH51 7.0 189 128 308 73 69

CML38 x LH132.LH51 6.9 192 120 2838 698 71
o CML69 x LH132.LH51 6.7 191 115 2818 62 678
g CML69.NC414 x FR992.FR1064 6.7 177 103 2758 708 66%
i CML69.NC374 x FR615.FR697 6.7 176 109 287 63 68
SN CML91 x LH132.LH51 6.8 172 1078 2738 768 68
g CML91.NC414 x FR992.FR1064 6.8 169 948 2668 788 66°
28  CML91.NC374 x FR615.FR697 7.3 162 1058 2838 718 688
Y CMLO2 x LH132.LH51 6.8 177 110 286 64 68
3 CML92.NC414 x FR992.FR1064 6.8 171 104 2748 708 66°
<=( CML92.NC374 x FR615.FR697 6.9 164 114 297 64 688
85 CML103 x LH132.LH51 7.0 168" 115 2768 53 68
5 CML103.NC414 x FR992.FR1064 7.0 169 1038 2698 688 66°
i= CML103.NC374 x FR615.FR697 7.2 166 112 287 63 678
f CML108 x LH132.LH51 7.2 171 1008 2758 718 678
g CML108.NC414 x FR992.FR1064 6.8 168 958 2658 718 658
fM CML108.NC374 x FR615.FR697 7.2 220 102 2818 718 678
(§ CML154Q x LH132.LH51 7.0 185 106* 2718 53 678
iy CML154Q.NC414 x FR992.FR1064 6.7 176 10% 273, 728 665
e CML154Q.NC374 x FR615.FR697 7.2 166 111 293 65 678
% CML157Q x LH132.LH51 7.3 179 121 292 74 68
(g_ CML157Q.NC414 x FR992.FR1064 7.0 174 106 2778 718 66°
(N CML157Q.NC374 x FR615.FR697 7.2 169 110 290 718 68
(i CML176 x LH132.LH51 7.0 191 124 304 57 70
ea| CML216 x LH132.LH51 7.0 189 128 309 56 71
E CML269 x LH132.LH51 7.0 192 117 292 718 70
A28 CML274 x LH132.LH51 7.48 177 124 301 738 71
'g CML327 x LH132.LH51 6.9 176 120 296 76° 69
I:L_ CML333 x LH132.LH51 6.8 186 115 2848 62 68
§ CML333.NC414 x FR992.FR1064 6.9 177 107 2788 678 678
% CML333.NC374 x FR615.FR697 7.3 169 115 294 698 68
(N CML341 x LH132.LH51 71 189 123 295 698 71
8‘ CML341.NC414 x FR992.FR1064 75 172 109 2808 758 688
C_) CML341.NC374 x FR615.FR697 7 1678 111 289 728 69
g CML343 x LH132.LH51 7.7 187 110 285 768 70
=8 CML373 x LH132.LH51 7.2 191 110 280° 788 69
8 CML374 x LH132.LH51 71 185 122 300 78 69
é DO940Y x LH132.LH51 6.7 181 113 27F 738 69
SN VO613Y x LH132.LH51 6.6 188 117 275 708 70
% Entry mean 7.0 179 112 285 69 68
o DeKalb 697 8.3 170 105 275 72 68

Garst 8288 7.9 172 97 281 82 66

LH132 x LH51 6.7 159 98 269 70 66

LH200 x LH262 7.6 166 11 282 70 68

Pioneer P31G98 8.3 159 107 283 75 68

Check mean 7.7 165 103 278 74 67

LSD (a = .05); entry vs. check mean 0.4 5 4 6 7 1

*Percent erect plants at harvest.
» Data collected at three environments only.
SWithin one LSD of the check mean.
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Table 4. F values and signi“ cance levels of line x tester interactions expressed as deviations from the mean. Tests are based

on data from the number of environments given.

Topcross yield

SS x NSS&' SSxSS NSS x NSS
Line F value Prob. F 50% exotic 25% exotic 25% exotic No. environments

o m oM ha L e
CML10 7.78 0.001*** ...0.2 0.5 0.3 10
CML69 153 0.219 ...0.3 ...0.2 ...0.5 10
CML91 1.93 0.148 ...0.2 ...0.2 01 10
CML92 0.5 0.606 ...01 ...0.2 ...0.3 10
CML103 0.12 0.887 01 01 0.0 10
CML108 2.58 0.079 0.2 ...0.2 0.0 10
CML154Q 1.98 0.141 0.1 ...0.3 0.0 10
CML157Q 2.34 01 0.3 0.0 .01 10
CML333 0.46 0.63 .01 .01 0.0 10
CML341 2.79 0.065 01 0.5 0.4 10
Mean 6.9 7.0 72
CML16 1.94 0.163 0.1 0.0 0.4 8
CML38 0.92 0.411 ...01 ...0.3 ...01 8
CML269 4.66 0.018* 0.0 0.3 ...0.3 8
Mean 6.6 6.7 6.9
CML176 2.63 0.089 ...0.6 01 ...04 4
CML216 0.68 0.513 ...04 ...0.2 ...0.5 4
CML274 4.35 0.022* 0.8 ...01 0.4 4
CML343 0.68 0.514 0.7 0.3 0.5 4
CML373 117 0.324 ...04 ...01 01 4
CML374 0.08 0.924 .01 0.0 .01 4
Mean 6.9 7.0 6.9

“Signi“cant at the 0.05 probability level.
"Signi“cant at the 0.001 probability level.
*SS, stiff stalk; NSS, non-stiff stalk.

Line X tester interactions were not significant for most
of the lines in Table 4. These results support conclusions
by Nelson et al. (2006) that for initial screening purposes,
tropical maize inbreds can be screened on a SS X NSS tes-
ter only, followed by screening of the better-performing
lines on SS and NSS testers independently. This approach
provides an indication of relative line performance while
minimizing the resources required for screening large
numbers of tropical lines.

CONCLUSIONS

Most of today’s elite U.S. hybrids derive from a small pool
of inbreds that were developed almost half a century ago
(Goodman, 1992; Smith, 1988; Troyer, 1999; Mikel and
Dudley, 2006). While maize yields in the United States
continue to improve (USDA-NASS, 2006), and the
long-foretold yield plateau (Wellhausen, 1956) has not
yet been reached, there is little evidence that the United
States has a monopoly on yield genes (Goodman, 1992).
The results presented here certainly indicate that there
is yield potential outside the U.S. Corn Belt. A handful
of 50% exotic topcrosses presented here rivaled the check

mean in yield performance. Seven lines stand out across
analyses for vyield performance: CML10, CMLI108,
CML157Q, CML274, CML341, CML343, and CML373.
The CML341 topcrosses were the most consistently high
yielding entries across testers. The CML108 topcross con-
sistently exhibited superior performance across all of the
traits measured.

Breeders who are working with tropical-exotic germ-
plasm face numerous challenges, namely photoperiod sen-
sitivity, disease susceptibility, and weak roots and stocks
(Holland and Goodman, 1995). The magnitude of these
effects can be minimized by selecting tropical-exotic par-
ents that are more easily adapted to temperate U.S. envi-
ronments. The maize breeding program at North Carolina
State University has already begun breeding with many of
the lines presented in this study. These lines are being used
in both exotic X temperate and exotic X exotic breeding
crosses and populations. The lines presented here, in con-
junction with lines presented by Nelson et al. (2006), pro-
vide temperate breeders with a sizable pool of potentially
useful exotic maize inbred lines. These lines certainly
deserve further attention in temperate breeding efforts.
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