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Study of Maize Populations Contained Different
Proportions of U.S. Corn Belt Germplasm

Krisda Samphantharak and Putu Darsana

ABSTRACT

Theincorporation of exotic germplasm into tropi cal breeding materialscan broaden and diversify
the genetic base of thetropical maize, and also adding more desirable alleles. For effective utilization of
the exotic germplasm, choice of exotic source and efficient method of incorporation of exotic germplasm
into tropical materia is needed. This study was conducted to asses a genetic potential and the
effectivenessof different typesof exotic germplasmintroduced from U.S. Corn Belt in combination with
tropical breeding materials. Theresultsof thestudy implied: commercial hybrid wasthe most promising
sourcetoimprove performance of thetropical inbred linesfollowed by Non-BSSSinbred linesand BSSS
“lowa Stiff Stalk Synthetic” inbred lines. Semi-exotic popul ation with 50% exotic showed significantly
lower grainyield, earlier daystosilking and anthesis, lower grain moisture content and higher | eaf disease
infection than 25 and 12.5 % exotic. On the other hand, no significant difference was observed between
25and 12.5% exotic. Semi-exotic pipulationswith25and 12.5% commercial exotichybrid al so showed
grainyield higher than the corresponding tropical population but werenot statistically different to thebest

check variety “Suwan 1”.
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INTRODUCTION

Commercial variety of major crops
normally derived from intensive selection within
only a small part of the total genetic resources
available (Rasmusson and Phillips, 1997; Troyer,
1999). Normally, themost improvedinbredshave
been intermated and subsequently extract for new
improved inbred lines. By thisbreeding strategy,
for short term, gain of selection appearsto by high,
and encourage continued breeding within narrow
gene pool. For long term, on the other hand, this
breeding strategy has led to a genetic gap where
there is a large difference in the favorable gene
frequency between theimproved and unimproved

lines and narrowing of genetic diversity within
elite gene pools which presumably reducing the
potential of future progress of breeding program
(Rasmussonand Phillips, 1997), andtheassociated
problems of genetic vulnerability (Bridges and
Gardner, 1987; Gouesnard et al., 1996; Kraja et
al., 2000),

To increase the effectiveness of long term
breeding program, maintaining and increasing an
effective genetic diversity and adding more
favorableallelesfrom other sourcesof germplasm
arerequired. Exoticgermplasm hasbeen suggested
as a source to increase genetic diversity and
favorable alleles. In tropical area, potential
resources of exotic germplasm can be temperate,
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subtropical, or foreign tropical germplasm. There
isawide array of exotic germplasm available for
breeding program. Thisexotic germplasm ranges
from open-pollinated varieties, synthetics, inbred
lines and hybrids.

Despitetheusefulnessof exotic germplasm
to broaden the genetic diversity of adapted
germplasm, many practical disadvantages also
exist. Inthetropical region, thedifficulty inusing
exotic germplasm introduced from temperate and
sub-tropical regions frequently caused by non
adaptability of exotic germplasm per se and of it
crosses with adapted sources was characterized
by susceptibility to disease, insect, and heat, early
flowering and senescence (Kim, 1990; Khehra et
al., 1986). The non adaptability of the material
createsaprobleminidentifying superior genotypes.

Successful exploitation of exotic
germplasm for improving the local germplasm
required asystematic approach. Effectivechoosing
sourceof germplasm, both adapted and exotic, and
methods applied are very important (Hainzelin,
1998). The use of exotic germplasm in selection
also requires an adaptation phase (Gouesnard et
al., 1996). Themost common procedure hasbeen
to cross exotic with adapted germplasm (Holley
and Goodman, 1988). Several generations of
random mating, with or without mild selection,
wererecommended beforetheapplication of more
stringent selection (Lonnquist, 1974; Hallauer,
1978; Hoffbeck etal ., 1995). Optimum proportion
of exoticand adapted germplasminthefoundation
population is another question needed to be
considered (Dudley, 1982; Bridges and Gardner,
1987; Crossa and Gardner, 1987; Darsana and
Samphantharak, 2004).

The objectives of the study were: 1) to
evaluate the potential use of different types of
exotic germplasm introduced from temperate
region (U.S. Corn Belt) as sources of favorable
alleles for improving the existing adapted maize
inbred lines, 2) to determine the optimum
proportion of exotic germplasm of certain region

for improving the local adapted population.
MATERIALSAND METHODS

Six tropical maize inbred lines namely
Nei9008, Nei9202, AMATLCOHS 63-2-5-E-3-
1-2, AMATLCOHS 170-2-3-2-1-1-1-B-3, Ag18,
and Ki42 were chosen and intercrossed to four
types of maize germplasm introduced from U.S.
Corn Belt (36° — 45° North). The four types of
U.S. Corn Belt maize sources were defined as:

1. Commercial hybrids (H) consisted of 8
hybrids, namely D17117A, DK602, DK611,
ISU#1, ISU#2, ISU#3, MITOS, SANTOS.

2. Openpollinated varieties(O) consisted
of 5 varieties, namely BSSS(R)C6, Reid Y ellow
Dent, Krug, Lancaster, and Midland.

3. BSSS inbred lines (B), inbred lines
generated from Stiff Stalk Synthetic devel oped by
lowa Experiment Station, consisted of 5 inbred
lines, namely B73, B76, B79, B84 and B104.

4. Non-BSSSinbredlines(N), inbredlines
which their background un-related to Stiff Stalk
Synthetic, consisted of 4inbredlines, namely B0,
B91, B9, and B106.

To generate BCyF4, crosses between the
tropical inbred lines and the exotic groups were
made in the following procedures. 1) Each of the
six tropical inbred lines was crossed by bulked
pollensof 5to 7 plantsfrom each exotic hybrid, 20
plantsper tropical inbredlines. 2) Crossesbetween
the tropical inbred lines and the open pollinated
varieties (OPV) were made by collecting pollen
samples from 25 plants of each variety and they
wereuniformly mixed before pollinated to each of
topical inbred lines, 20 plantsper inbred line. The
same procedures were applied with the BSSS and
non-BSSSinbred lines.

Inthefollowing season, inorder togenerate
BCOS1 and BC4F; seeds, the BCgF, plants were
self pollinated and backcrossed to the
corresponding tropical inbred lines. The BCpS,
was derived from selfing of the BCyS,. The
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BC1F; was sdlf pollinated to generate BC1S;.
Simultaneously, the BC1F; was backcrossed to
corresponding tropical inbred lines to generate

For each exotic group, three semi-exotic
populations containing 50, 25 and 12.5 % were
generated. Detailsof procedurefor the formation
of the50 % semi- exotic popul ationsof each exotic
groupwereasfollowed: (1) Twenty earsof each of
the BCpS; of the six combinations of each exotic
group x 6 adapted inbred lineswere selected to the
total of 120 ears. (2) Equal number (10 seeds) of
seedswere sampled from each of the 120 earsand
uniformly bulked as foundation material. Since
there were 4 exotic groups, the total of 4 semi-
exotic (50 %) populationswere obtained. (3) The
bulked seedsweregrownin25rows, conventional
plant spacing (0.75 x 0.25 m) of 5-m long and
approximately, total of 500 plants were obtained.
(4) At the flowering stage, the 500 plants were
recombined by half-sib mating procedure; half of
theplant numberswerearranged aspollen sources
and their bulked pollens were pollinated to the
other half and vice versa. (5) At harvest, 50
desirableearswereselected. Thesameprocedures
wereemployed to generate 25 % and 12.5 % semi-
exotic populations using BC1S; and BCyS; seeds
as foundation materials, four types and three
proportions of exotic sources. One additional
population was generated by recombining the six
corresponding tropical inbred lines, representing
the tropical population (0 % exotic).

Four additional populationswereincluded
in order to facilitate experimental arrangement.
Twoof thefour additional popul ationswere Suwan
landBisma. Suwan lisawidely adaptedtropical
popul ation devel oped by Kasetsart University and
Bismais atropical population widely adapted in
Indonesia developed by Food Crops Research
Center, Department of Agriculturelndonesia. The
other two populations were newly formed
populations. The 16 popul ations were eval uated
in 4 x 4 |attice design with three replications.

Yield trials were conducted in the year
2003 at threel ocations: National Cornand Sorghum
Research Center (Suwan Farm, Nakhon
Ratchasima, Thailand) locating at 14°30" North,
101° 30’ East, 356 meter abovesealevel ; Bangkok
Seed Industry Research Farm (Salengparn,
Saraburi, Thailaand) locating at  14°30" North,
101° 30" East, 40 meter above sealevel; and PT.
BISI Research Farm (Kediri, Indonesis) locating
a 7°55 South, 112° 01’ East, 110 meter above
sealevel. Each plot consisted of six 5-m rows at
Salengparn and Kediri, and 4.5-m rows at Suwan
Farm. Plant spacingwas0.75 m betweenrowsand
0.20 m withinrow. Plotswere over-planted with
44 seeds per row and after two weeks, plantswere
thinned to 1 plant per hill or population size of
66,667 plant/ha. Standard cultural practiceswere
followed at al locations. Data were recorded on,
days to 50 % anthesis and silking, ear and plant
height expressed in cm, leaf disease infection
“Southern rust and leaf blight” (1 = highly
resistance, 9=highly susceptible), rootlodged and
stalk lodged expressed in percent plant lodged per
plot, grain moisturecontent at harvest expressedin
percent,andgrainyieldat 15% moistureexpressed
inton ha'l,

The analysis of variance was done in two
phases. First, population means over locations
were computed by running individual location
analyses, obtaining lattice adjusted and/or
unadjusted means, and then by averaging those
meansover locations. For al traits, thefollowing
single degree of freedom comparisons (group
comparisons) between means of population type
were performed:

1) AvsH,O,B,N

2) HvsO,B,N

3) OvsB,N

4) BvsN
Where, A = adapted population; H, O, B and N
were semi-exotic populations derived from U.S.
Corn Belt hybrids, OPV’s, BSSS, and Non-BSSS
inbred lines, respectively.
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Each population type consisted of three
semi-exotic populations representing three
proportions of exotic gemplasm. In the second
phase, effect of treatment (proportion of exotic
germplasm) was analyzed. The later analyses
were done based on simple randomized complete
block design using unadjusted data and separated
for each group of exotic sources. The populations
and the location x treatment interaction sum of
squareswerepartitionedintolinear and non-linear
orthogonal polynomials. All statistical
computations used the MSTAT-C computer
program (MSTAT-C, 1988).

RESULTSAND DISCUSSION

Diversity amongthe 16 populationsclearly
displayed as the treatment mean squares for all
traitsshowed highly significant differences, except
plant and ear height (Tablel). Highly significant
location x treatment interaction implied the
instability of all traits over locations, except plant
and ear height. The variance of overall semi-
exotic populations showed significant difference
tothe0% exoticpopulation (A) forgrainyieldand
moi sture content and highly significant difference
for days to anthesis and silking. Among type of
exoticsources, for grainyield, comparison between
varianceof A vsH, O, B and N showed significant
difference, and between varianceof H vs O, B and
N and between variance of O vsB and N showed
highly significant difference. On the other hand,
no significant difference was noted between
variance of B vs N. In addition, significant
differencewasalsofoundfor leaf diseaseinfection
between variance of O vs B and N.

Among types of exotic source (Table 2),
popul ation contained exotic germplasm of type-H
(commercial hybrids) showed the highest mean
grain yield, followed by population containing
exotic germplasm of type-N (Non-BSSS inbred
lines), andtype-B (BSSSinbredlines). Thelowest
mean grain yield was found in semi-exotic

population containing exotic germplasm of type-
O (open-pollinated variety). Type-H also showed
mean grain yield similar to the population with 0
% exotic germplasm (tape-A). These phenomena
indicated that thehybridswerethemost promising
sources to improve performance of the tropical
inbred lines followed by Non-BSSS and BSSS
inbred lines. The type-H exotic source is
commercial hybrid which, theoretically,
accumulates more desirable aleles than other
sources, since thistype of germplasm has already
experienced of inbreeding and intense selection
during inbred line development and hybrid
evaluation. The type-N and type-B were aso
promising sources, respectively. Thisresult was
inagreement with theresult reported by Goodman
(1999) which suggested that using exotic
germplasm with history of inbreeding gave about
100-fold advantage over elite synthetic with no
history of inbreeding. Typesof germplasm showed
nosignificant effectstothesemi-exotic popul ation
performancefor daystoanthesisandsilking, grain
moisture content and leaf disease infection which
indicated that, with the same region of adaptation
of exotic sources, the different performances of
semi-exotic populations were mostly caused by
differencein accumulation of desirableallelesfor
grainyield.

Comparison among semi-exotic
populations with different proportions of exotic
germplasm of each type of exotic source showed
that, in general, semi-exotic popul ation with 50 %
exotic showed significantly lower grain yield,
earlier days to silking and anthesis, lower grain
moisture content and higher leaf diseaseinfection
than those of 25 and 12.5 % exotic. On the other
hand, between25and 12.5 % exotic, nosignificant
difference was observed. However, semi-exotic
populations with 25 and 12.5 % exotic type-H
showed grain yield higher than the corresponding
proportions of exotic of other types. The lowest
grainyield of the 50 % exotic population than the
25and 12.5% revea ed that with 50 % exotic, high



Kasetsart J. (Nat. Sci.) 38 (4)

"APAnsadsal ‘paiqul SSSE-UON pue SSSe 'S AJO ‘SPHAAY ‘wseidwiel 1pg uiod 'S'Nake N pue g ‘O ‘H | (0110X9940) paidepe 0| =V 5
“ApAnoadsal ‘spms| Aljideqoid T0°0 pue GO'0 1 IUBOLIUBIS «x '«

€Ll 16 LLET TS e 192 1€8 %) AO
evT [e10 L
0TZ¥9 00076 0590 1627 2€9T 18LT €120 06 loe pajood
SPLTYT 952 220 2680 Iv2'9 0ET'9 06€0 z NSA g X 07
72€'6€E ¥€2'S9T 9890 TEEY 005t xx6T0°0T 1€2°0 Z N ‘dSAQ X 007
8T6'EVT 16L°202 zeTT 95€°0 19€€ €56'T 602°0 z N ‘d ‘OSAH X 007
GET'ZE 9TTOTT 820C 795°9 1S2°0 128°0 x¥89T'T Z N ‘9 ‘O ‘HSA Y X 007
7/8'68 TZSETT  %x806'T WF9ET «xCETY «+€09°Y «¥87°0 0 JUBLIEI | X U010 ]
181°€ €2r'e6T L9T0 Z6€0 v/G'ST LOV'L G800 T NSA g
760°L 8/¥°0T xxC2L'T 26T 2zl9 2220 xx0G2°C T N ‘dsA ‘0
v/T0 ¥8'ST 8LLT €TL0 ¥69°0 1000 #¥VST T N ‘d‘OSA‘H
LYE9E G500 79T +660'ST «x100°C «P0L'L +L6E'T T N ‘g ‘O ‘HSAY
el 99Z'EET  xx€E8'S «xT6SVE x¥626'ST x+€9E°9T «x080C GT S =S
z62°ey or8'eL 89€T T76°€ L¥8°E LTV'S 8/€0 9 SUO 1200 UILY}IM UO 10|00
TTOEIWT  x+C0S9ETE  +4TL20TT  x:0bP'Sh 120'S vIT12 ¥120 z SUOI1e0 ]
Wybey 3 bRy ueld asessip jeo ainsiow url Bupj|soiskeq sseyweoiskeq pplAurl  yp

sazenbs ues |\

/7 UOIRRLIeA JO 80IN0S

'SUOI7200| 8841 SSO.JJe Pau LI

‘s901n0s 2110X%2 Jo adA) Buowe ‘s324nos 2110xe Jo adAl pue 309yo usamieq UosLedulod e ‘Sireul a|gelisap Bylo pue pplA Jo sakenbs Uues|\ Ta|qel



Kasetsart J. (Nat. Sci.) 38 (4)

445

Table2 Means of grain yield and other desirable traits, and responses due to proportion of exotic

gerplasm, averaged across three locations.

Type of exotic Proportionof Grainyield Daysto Daystosilking Grain Leaf
germplasmb) exotic germ. anthesis moisture  disease?
--kglha- - day--------- Y- ---1-9---
H 50% 5.17b 50.3c 51.9c 19.7c 6.7a
(F1 Hybrid) 25% 5.97a 50.9b 52.7b 22.0b 5.4b
12.5% 6.14a 52.2a 53.9a 24.1a 5.5b
0% 5.91a 52.1a 53.4a 23.4a 5.7b
Averaged 5.76 51.1 52.8 21.9 5.9
R@On% Lln%r * % * % * % * % * %
Quadratic *x *
QUbiC * % * *
O 50% 4.51c 50.3b 52.4c 19.5¢ 7.3a
(Open pollinated var.) 25% 5.55ab 50.4b 53.4b 22.0b 6.6a
12.5% 5.45b 52.4a 54.3a 24.2a 5.7b
0% 5.91a 52.1ab 53.4b 23.4ab 5.7b
Averaged) 5.17 51.0 53.4 21.9 6.4
R@On% Llneal’ * % * * % * % * %
Quadratic *
Qubic
B 50% 5.02b 50.4c 52.1c 19.9c 6.9a
(BSSS Inbred line) 25% 5.68a 51.6b 53.3b 22.4b 5.9b
12.5% 5.75a 52.7a 54.6a 24.6a 5.2c
0% 5.9la 52.1ab 53.4b 23.4b 5.7bc
Averaged 5.49 51.6 53.3 22.3 6.0
L | n%r * % * % * % * % * %
Quadratl C * * % * % * %
QUbIC * * % * % *
N 50% 5.22b 49.0c 50.8¢c 19.8d 6.8a
(Non-BSSS Inbred line) 25% 5.69a 50.9b 51.7bc 22.2¢ 5.9ab
12.5% 5.78a 52.6a 54.3a 24.4a 5.7b
0% 5.91a 52.1a 53.4ab 23.4b 5.7b
Averaged 5.56 50.8 52.3 221 6.1
L | n%r * % * % * % * % *
Quadratic *x
Qubic * >
SUWAN 1 6.24 52.2 54.3 24.6 5.0
SUWAN 2 4.93 48.1 50.4 20.4 53
BISMA 5.98 52.2 54.1 23.9 4.3
LSD (0.05) 0.43 13 20 51 0.8
CV (%) 8.31 2.6 24 11 13.8

*, ** - ggnfinicant at 0.05 and 0.01 proability levels, respectively.

1 A =0% exotic germplasm; H,0, B and N are exotic germplasm from US corn Belt; Hybrids, OPV’s BSSS and Non — BSSS

inbred lines, respectively.
2 Leaf disease: 1 = highy resistance ; 9 = highly susceptible.
3 Average based upon 50, 25, and 12.5 % exotic only, 0% excluded.



446 Kasetsart J. (Nat. Sci.) 38 (4)

amount of un-adapted all el esespecially susceptible
to disease and heat were presented and suppressed
the effective function of desirable aleles as
indicated by high leaf disease infection and
premature death of the plant.

Significant nonlinear (quadratic) response
among semi-exotic population means due to
proportion of exotic germplasm was noted for
grain yield in the populations containing exotic
source of type-H, which indicated the curvilinear
nature of theresponse (Table2and Figure1). The
curvilinear response also indicated that additional
backcrosses to adapted germplasm would not
achievefurther significantincreasesingrainyield.
The same result was also reported by Crossa and
Gardner (1987). On the other hand, semi-exotic
popul ationscontai ning someother typesof exatic,
type-O, type-B and type-N, showed significant
linear response dueto proportion of exotic sources
for grain yield, which indicated that additional
backcrosses to tropical sources were required to
lift the mean of this semi-exotic populationstothe
same level or exceed the adapted population.
Albrech and Dudley (1987) also reported
significant linear response when introgressing an
exotic germplasm “South Africa Photoperiod

Grain yield (fon/ha)

0 0.125

Insensitive Compositell” toU.S. Corn Belt maize
population, RSSSC. The responses of mean
popul ation dueto proportion of exotic germplasm
for other traits mostly tended to show linear
response (Table 2).

Commercid hybrids, inbredlinesand open-
pollinated varieties of the U.S. Corn Belt sources
interact differently in response to the numbers of
backcross. Withimproved sources(exotichybrid),
smaller numbers of backcross to the tropical
recurrent parent were required to improve the
performance of the tropical sources and open the
chancetoincorporatehigher proportionof desirable
alleles of exotic sources into the semi-exotic
population. On the other hand, if less advanced
exotic sourceswere used, more backcrossesto the
tropical recurrent parent wererequired in order to
eliminatethenegativeepistatic effect of un-adapted
aleles and therefore, to decrease chance to add
genetic diversity to the semi-exotic population.

CONCLUSSION
Exotic germplasm with history of

inbreeding and intensive selection for combining
ability wasthe most promising sourceto improve

—&—Hybrice
—m— 03

—A— BS3S Inbrad Lines
~%—Non-BSSE Inbred Lines

0.25 0.8

Proportion of exolic germplasm

Figurel Changesinmeansof grainyield of semi-exotic population from different sources (types) and
proportions of exotic germplasm, averaged across three locations.
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the performance of the semi-exotic population. At
least one backcrossto thetropical recurrent parent
wasrequiredtoeffectivelyincorporatethedesirable
and to eliminatethe un-adapted alleles of exoticin
semi-exotic population
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