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ABSTRACT

Information about heterotic pattemns in breeding programs is very important.
Introduction of exatic germplasm into national maize breeding program can help in
providing new heterotic patterns to maize breeders. This study was conducted to
determine heterotic patterns among eight yellow maize populations. Six of these
populations are exotics while the other two were local populations. Full diallel was
done among these eight populations. The eight populations, their crosses and
reciprocals were evaluated at three locations in 2003 season. The results showed that
populations 45 and 31 produced the highest per se grain yield. The highest heteratic
combinations for yield among 1he parental populations were found between the two
exolic populations 31and 45 and each of the two local populations, Sakha 21 (SK.21)
and Nubaria Yellow Popuiation (NYP). High parent heterosis was gbserved in crosses
between Pop31 and each of SK.21 and NYP. Pop.31 demonstrated the highest
general combining ability (GCA) for grain yieid. The study indicated that, populations
31, 45, SK.21 and NYP have a good poiential for use in the National Maize Breeding
Program (NMBP) especially in a hybrid development program.

Keywords: Maize, Corn, Zea mays, Heterolic pattern, GCA, SCA, Diallel,

Reciprocal.

INTRODUCTION

Due to increasing demand for yellow maize hybrids in EGYPT in the
last few years, the National Maize Research Program (NMRP) has begun
various breeding aclivities which focus on developing new yellow maize
hybrids. information about combining ability and heterctic patiern among
exotic and local populations is essential to maximize their use for hybrid
development. The use of exotic germplasm to broaden the germplasm base
used by maize breeders has heen widely emphasized (Beck st al, 1991,
Vassal et 2/, 1982; Ron Parra and Hallauer, 1997). Introgression exotic
germplasm is often suggested as an approach to increase genetic differences
between opposing heterotic populations, thereby potentially increasing
heterotic response.

Several scientists have reviewed studies on heterotic patterns
existing in the major maize production regions of the world (Wellhausen,
1978, Ron Parra and Hallauer, 1997). Some heterotic patterns had
imgortance in specific production regions.

Mungoma and Pollak (1988) reported that introgression has been
used to introduce exotic germplasm to the Corn Beit region, but it is not clear
how much exotic germplasm should be incorporated into an adapted
germplasm. Hallauer and Miranda (1981) showed that plant breeders are
faced with the task of identifying parents that, when crossed, will express
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maximum hetrosis. Diallel analysis for a fixed set of populations provides a
basis for preliminary analysis of hetrotic pattern among population crosses.
Genetic diversity can be increased by using exotic germplasm as suggested
by Goecdman (1865), Moll et al (1965), Bridges and Gardner (1987) and
Crossa et al {1987). Hallauer (1978) reported high levels of hetrosis
expressed among exotic germplasm and among exotic varieties. Ismail
{1999) indicated that several exotic populations were well adapted to the
Egyptian environment and were utilized directly to develop some high yielding
varieties and varietal crosses during the period 1970 — 1980.

The abjectives of this study were i) to obtain information on combining ability
and heterosis among some exotic and local populations, and ii) to identify the
potential use of some exctic germplasm in the national breeding program.

MATERIALS AND METHODS

A diallel set was produced among eight (6 exotic and 2 focal) yellow
maize populations (2 tropical, 4 subtropical and 2 temperate) in the breeding
nursery at Nubaria Agric. Res, Station, ARC, Egypt in 2002 season. The six
exotic populations used in this investigation were obtained from the
germplasm bank of the National Maize Research Program (NMRP}). Four
populations were from the International Maize and Wheat Improvement
Center (CIMMYT), Mexica, while the other tvo populations were from Turkey
(Table 1).

The crosses were done between parents using bulk pollen from
about 100 piants te pollinate at least 100 plants in the opposing parent.
Seeds of crosses and reciprocal crosses were bulked for use in the
evaluation trials.

The parents, their crosses and recigrocal crosses were evaluated at
three locations (Nubaria, Sakha and Mallawy) in 2003 season. The
experimental design was a randomized complete block with three replicates.
The experimental unit consisted of two rows, each 6 m. long and spaced 80
¢m apart. Plots were hand-planted using two seeds/hill, and then thinned to
ane plant per hill, with 25 cm between hills providing a population density of
approximately 50000 plants per hectare. All agronomic practices and pest
control precedures were applied as recommended.

Data were recorded for days to mid-silking (number of days from
planting to 50% extruded silks), plant height (from soil surface to the point
where tassel begins), ear height (from soil surface to node of the first ear),
yield per plot, percent of resistance to late wilt disease (no of resistant plants
relative to the number of plants per plot), shelling percent and grain moisture
at harvest. Plots were hand harvested and ears were shelled and yield was
adjusted to ton per hectare at 15.5% seed moisture content.

Analysis of variance (ANOVA) was completed for studied traits using
plot data. Locations were analyzed separately and then in a combined
analysis. Locations were considered random and genotypes were considered
fixed effects in the ANOVA. Griffing's (1956) method 1 analysis was used to
obtain estimates of general (GCA) and specific (SCA) combining ability for
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each parent and their crosses. Only main effects were tested against their
respective interaction with location

Table {1); Population, population abkreviation and germplasm
description of the eight studied populations.

Population aigfgfr?:t?;n Germplasm description

Nubaria Yeliow NYP Subtropical, semident grain, local population

Populaticn derived from 15 different local and exotic
germplasm.

Sakha 21 Sk.21 Subtropical, semident grain, local population
derived from 21 different local and exotic
germplasm.

Antigua ANT Tropical, semident grain, consisted of
materials from CIMMYT, Mexico.

Wisligua WIST Suptropical, semident grain, consisted of
materials from CIMMYT, Mexico.

Population 31 Pop.31 Tropical, flint grain, consisting of materials
from CIMMYT, Mexico.

Population 45 FPop.45 subtropical, dent grain, consisted from U.S.
corn belt and other malerials from
CIMMYT, Mexicao.

ADA ADA Temperate, dent grain, Turkish population.

AE AE Temperate. dent grain, Turkish population.

RESULTS AND DISSCUSION

Analysis of variance combined across locations, indicated significant
differences among entries for all studied traits (Table 2). For grain vyield, all
sources of variation of main effects were highly significant, and loc x GCA
was significant. All sources of variation for days to silking were significantly
different except for SCA. Also, all sources of variation were highly significant
for plant and ear heights. For late wilt disease resistance, highly significant
differences were observed among populations, crosses and interaction of
locations with GCA, SCA and reciprocals.

A separate test of populations vs crosses; (nonadditive genetic
effects) indicated that average heterosis was significant for all studied
characiers.

Grain yield

Grain yield for all crosses ranged from 5 to 7.6 t/ha with an average
of 6.1 t/ha, and from 4.7 to 7.5 ¥ha with an average of 6.4 for reciprocal
crosses. For parental populations, it ranged from 3.7 to 5.5 ttha with an
average of 4.8 tha (Table 3). Yield heterosis (high-parent) ranged from — 4.3
to 41.3% and from — 10.3 to 40.2 with means of 25.9 and 30.9% for crosses
and reciprocal crosses, respectively.

Among the parents, Pop.45 and Pop.31 had the highest grain yield of
5.5 and 5.4 Vha, respectively, while Wisligua was the lowest yielding parental
population (3 7 t/ha).

The crosses Sk.21 x Pop.31 and NYP x Pop.31 produced the highest
yield among all studied crosses. They yielded 7.6 and 7.5 t/ha, respectively.
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They alsc revealed the highest heterosis values; 41.3 and 40.2%,
respectively. The same trend was found for crosses Pop.45 x NYP and SK 21
x Pop.45, where they yielded 7.2 and 7.3 t/ha. The reciprocal crosses
differences of the four previous crosses were insignificant except for NYP x
Pop.31 where the difference (0.7 tha) was significant. The superiority of
these 4 crosses can be explained on the basis that it represents two
divergent germplasm groups since each cross consisted of subtropical {local)
X fropical (exotic} germplasm. Also, pop.31 had flint endosperm while the
others were dent. Heterosis is expected if among divergent crosses. Falconer
showed the heterosis is function of difference in gene frequency as well as
dominance effect. These results are in correspondence with those obiained
by Goodman (1958), Moll et al, (1965), Bridges and Gardner (1287) and
Crossa ef al (1987), which showed that genetic giversity in breeding
programs can be increased by using exotic germplasm.

Reciprocal crosses for yield were highly significant (Table 2).
Thirteen out of 28 reciprocal cross differences were significant. The highest
reciprocal cross differences were detected for the crosses ANT x Pop.31,
ANT x WIST, Pop.31 x Pop.45, NYP x Pop.31, Pop.31 x AE and Pop.31 x
ADA where vyield differences were 4.7, 3.3, 2.5, 2.4 and 1.9 ard/fad,
respectively. These differences are big enough to te considered in a hybrid
development program. Moreover, it was noticed that Pop.31 and Pop.45, in
most of the crosses, produced higher yield when they were used as female
parents. Melchinger et al (1985), and Seka et al {1985) reported significant
reciprocal differences in the studied crosses.

Table 2. Mean squares for studied traits of the eight populations acress
three locations in 2003.

Grain Daysto  Plant Ear Late wilt

s.ov. D.F.  Yleld mid- height helght reslstance% $
silking

Location {Loc) 2 26681 954.78°** 17454811 " 4463.¥9 " 66239
Replicates (Rep)Loc & 0.2 544 341.36 7 308.13*  7B5.11°"
Entries 63 B.80""  1596" 112437 51042 126.42*%
GCA 72998+ 9895* 416290  1630.88* 385
SCA 28 642 738 1071.53**  534.83*" 2108
Reciprocal (Recp) 28 139" 379" 417.58** 20585 15.85
Loc x Entries 126 0.20 4.19* 320.89* 199.27** 49.58
Loc x GCA 14 041° 6.81" 742,97 516.87 ** 32.60°"
Loc x SCA 56 021 4.28* 310.76 " 173.49* 18.72*
Loc x Recp. 56 0.14 3.46 22549 14566 1649
Pooled error 378 0.20 1.10 72.64 61.74 43.06
C.V. 7.5 1.8 39 6.8 7.1

“, ** Significant at P = 0.05 and 0.61, respectively.
$ Measured at two locations only (Sakha and Mallawy).

High-parent hetrosis for grain yield ranged from — 11.5 to 29.2% for all
crosses and reciprocal crosses (Table 3). Crosses that demonstrated
superior hetrosis were Sk.21 x Pop.31 (29.2%), Pop.31 x NYP (28.7%)
Pop.31 x Sk.21 (28.1%) and SK.21 x NYP (26.8%). It should be noticed that
the highest values for hetercsis were obtained from the 4 crosses that
involved only Pop.31, NYP and SK.21 populations which indicates the
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divergent genetic background of these populations. Five crosses had
negative or equal to zero yield heterosis%.

Table (3). Means of crosses, reciprocal crosses and populations for
grain yield, yield heterosis® and late wilt disease resistance
across all locations in 2003,

Grain yield Yield heterosis Late wilt $

Crosses {t’/ha) (%) resistance (%}

| Direct Recipe Direct Recipe  Direct Recipe

| NYP x SK.21 8.6 71 27.3 356 838 922 |
NYP > ANT 6.3 8.0 251 18.8 832 81.3
NYP x WIST 5.4 53 8.4 8.0 939 80.0
NYP x Pop.31 6.8 7.5 268 402 97.6 98.6
NYP x Pop.45 6.9 7.2 255 - 304 97.3 99.7
NYP x ADA 6.6 6.5 311 29.9 93.1 90.1
NYP x AE 6.0 6.1 14.4 172 91.8 91.3
SK.21 x ANT 6.2 6.4 20.9 233 90.6 95.8
SHK.21 x WIST 5.8 8.3 12.2 227 a3.4 943
SK.21 x Pop.31 76 7.5 41.3 3941 85.4 98.3
SK.21 x Pop 45 73 6.9 3.5 24.5 83.9 98.7
SK.21x ADA 5.8 5.8 12.8 11.6 855 84.6
SK.21 x AE 6.3 6.2 201 18.4 91.5 88.6
ANT x WIST 56 4.7 26.2 40 89.8 81.2
ANT x Pop.31 57 7.1 5.6 31.8 939 97.2
ANT x Pop.45 53 5.8 -4.3 43 899 96.4
ANT x ADA 5.0 5.5 12.1 235 88.4 91.2
ANT x AE 5.8 58 11.5 11.5 841 859
WIST x Pop.31 6.0 6.4 12.3 19.0 891 §5.5
WIST x Pop.45 53 55 -38 0.0 811 909
WIST x ADA 5.1 4.9 14.8 10.1 80.1 889
WIST x AE 5.1 4.7 -2.3 -10.3 859 779
Pop.31 x Pop.45 6.1 6.8 9.8 23.4 97.5 96.6
Pop.31 x ADA 71 6.5 N3 20.7 90.4 92.4
Pop.31 x AE 7.2 6.5 348 21.2 95.9 90.8
Pop.45 x ADA 8.5 59 18.5 75 96.3 80.2
Pop.45 x AE 6.1 5.7 8.8 38 93.2 9.8
ADA x AE 5.8 53 11,5 17 91.7 901 |
Mean 6.1 6.4 25.9 30.9 g2.4 92.1

Populations

NYP s0 88.4
SK.21 52 e 99.2
ANT 45 - 88.1
WIST 37 e 842
Pop.31 54 e g8 0
Pop.45 55 - 88.1
ADA 4.4 - 209
AE 5.2 — 87.1 .
Mean 49 — g7

| LSDqges 0.4 - 7.5

$ Measured at two locations only (Sakha and Mallawy).
' High-parent heterosis
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Previous studies of diallel crosses among some CIMMYT tropical
materials revealed low hetrosis (Beck ef al, 1990; Crossa et al, 1990). This
was not surprising considering CIMMYT's emphasis on developing broad
base genetic pcols and populations composited with principal emphasis on
combining desirable traits for different ecological situations (Vasal st af,
1982). Consideration was generally not given to keeping heterctic groups
separate. Therefore, crosses of CIMMYT's broad base genetic materials at
the population level lead to partial cancellation of heterotic effects.

Table (4). Means of crosses, reciprocal crosses and studied populations
for days to mid-silking, plant and ear heights across
locations in 2003.

Days to Plant height Ear height
Crosses mid-silking {cm) {em)
Direct Recipe  Direct Recipe Direct Recipe
NYP x SK.21 60.2 59.7 231.9 226.7 121.9 118.1
NYP x ANT 59.0 60.8 218.8 207.7 111.0 108.7
NYP x WIST- 57.3 58.1 212.9 2327 110.9 130.6
NYP x Pop.3) 506 58.7 217.8 2247 115.6 129.7
NYP x Pop.45 80.2 59.3 220.3 227.3 118.0 119.9
NYPF x ADA 59.8 58.4 211.9 2157 1131 113.3
NYP x AE 58.0 58.0 215.9 218.0 113.0 117.8
SK.21 x ANT 60.3 61.8 2333 218.9 124.4 113.6
SK.21 x WIST 58.2 60.7 217.3 219.6 114.3 1161 |
SK.21 x Pop.31 60.4 80.7 242.2 235.4 132.7 131.9
SK.21 x Pop.45 60.2 81.6 250.9 237.0 134.4 126.8
SK.21 x ADA 61.0 60.8 22386 228.2 118.2 119.2
SK.21 x AE 58.1 59.3 238.1 2251 126.3 113.9
ANT x WIST 58.4 59.1 2171 209.0 108.2 110.1
ANT x Pop.31 60.9 59.8 218.7 212.8 1186.0 141.0
ANT x Pop.45 51.9 61.3 21786 2111 109.6 110.0
ANT x ADA 62.1 61.3 216.8 224.8 111.0 121.7
ANT x AE 60.0 58.3 219.7 223.2 114.2 115.4
WIST x Pop.31 58.1 58.3 2221 2249 1171 118.9
WIST x Pop.45 £8.1 59.1 220.8 207.9 119.7 1136
WIST x ADA 60.1 58.6 221.3 212.2 118.6 110.8
WIST x AE 57.7 57.8 215.2 219.8 113.2 115.1
Pop.31 x Pop.45 61.6 61.4 228.7 2244 118.4 117.6
Pop.31 x ADA 59.4 60.3 240.8 220.2 120.9 118.4
Pop.31 x AE 58.6 58.4 2219 226.7 117.2 1203
Pop.45 x ADA &0.4 61.1 2231 224.1 116.3 117.4
Pop.45 x AE 59.8 58.9 217.2 2226 116.2 116.7
ADA x AE 60.6 59.8 2321 221.3 119.4 115.0
Mean 59.7 59.8 224.0 221.7 117.5 117.7
Populations

NYP 60.1 192.4 96.6
SK.21 63.9 235.3 123.7
ANT 61.7 1689.4 992
WIST 58.6 190.1 1036
Pop.31 61.6 209.4 110.6
Pop.45 61.6 205.0 107.8
ADA 61.8 203.2 28.2
AE 58.9 203.4 106.6
Mean 61.0 204.4 105.8
LSDggs 0.9 7.9 7.2
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Pop.31 had the highest significant value of general combining ability
{GCA) for grain yield, followed by NYP and Sk.21 (2.21, 1.13 and 1.09),
respectively {Table 5), while WIST had the highest significant negative value
(- 2.49). The highest specific combining ability {SCA) effects were observed
for crosses of Pop.45 with both Sk.21 and NYP (2.01 and 1.98), respectively
(Table 5). Also, Sk 21 had high values of SCA with Pop.31 and WIST (1.93
and 1.71), respectively. Pop.31 had high values of SCA effects for its
reciprocal crosses with ANT and NYP (2.34 and 2.19), respectively (Table 5).
As expected, populations containing relatively high levels of exotic tropical
and subtropical germplasm such as Pop.31 showed the highest GCA effects
for yield.

The correlation coefficient between GCA and population mean was
0.85, highly significant from zero indicating that the high yielding population
would transmit this property to their crosses. On the other hand, the SCA for
NYP x SK.21 was low and was negative for pop.31 x pop.45, suggesting that
crosses within jocal or within exotic poputation would not recommended.

Table (5):General combining ability (GCA) effects {on diagonal), specific
cembining ability effects for crosses and reciprocal crosses
(above and below diagonal, respectively) for grain yield across
locations in 2003.

NYP  SK21 ANT  WIST Pop31 Popd5 ADA  AE

NYP 1,13 0.60 058 -0863 1.66 1.98 166 -0.36
SK21 -0.84 1.09 1.13 1.71 1.93 2.01 -0.81 0.28
ANT 046 -019 -1.13 0.88 0.2v -0.95 -0.31 1.15
WIST 022 -093 186 -2.49 111 0.02 0.14 -0.57

Pop31 -2.19 022 -234 -0.59 21 -1.25 1.34 1.32
Pop4s -045 083 -076 -0.34 -1.2t 0.59 123 -033
ADA 0.11 009 -085 038 0.99 0.99 -090  0.04
AE -0.28 022 0.02 0.70 1.22 0.54 085 -0.50

SE g, = 0.08, g —g=0.12,

$§=0.22, s;—Sq =030

Late wilt disease resistance

Percent of late wilt (Cephallosporium maydis) disease resistance
ranged from 77.9 t0 99.7 for all crossas and reciprocals with an average
of 92.2% (Table 3}, while it ranged from 84.2 to 99.2 with an average of
91.7% for the parental populations.

Significant differences were observed between means of crosses,
reciprocal crosses and parental populations. The highest values of late wilt
resistance were obtained from crosses of populations 31 and 45 with each
other or in their crosses with NYP and SK.21, while the lowest values were
obtained frorn crosses of WIST with AE and ADA populations. The most
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resistant populations were SK.21 (99.2%), Pop.45 (98.1%) and Pop.31 (28%)
while the least resistant populations were Wistigua (84.2%) and AE (87.1%)
populations. GCA effects showed that pop.31 and WIST populations had the
highest significant values 0.60 and 0.41, respectively. Therefore, these
populations are considered a good source of favorable alleles for hoth vyield
and late wilt disease resistance.

Some reciprocal differences were observed for late wilt disease
resistance. Pop.31 and Pop.45 showed better resistance in their crosses with
the other populations when they were used as a female parent who may
indicates that cytoplasmic effects are involved in resistance to iate wilt.

Table (6). Estimates of general combining ability effects (GCA) far days
to mid-silking, plant and ear heights and resistance to late
wilt disease for 8 populations across locations in 2003.

. Late wilt  Days to mid- Plant Ear
Population
resistance silking height height
NYP 0.26 -0.52 - -385 -1.48
SK21 0.07 0.88 11.13 6.33
ANT -0.86 0.61 -4.72 -4.41
| WIST 0.41 -1.30 -5.49 -2.10
Pop31 (.60 0.11 3.21 3.06
Pop45 0.18 0.59 0.64 0.76
ADA -0.61 0.81 -0.53 -1.75
AE -0.04 -0.98 -0.38 -0.43
SE g 0.24 0.12 0.08 0.66
| o-g 0.37 0.17 0.12 1.00

Days to mid-silking

Significant differences were found among crosses, reciprocal crosses
and populations {Table 2). Number of days to mid-silking ranged from 57.3 to
62.1 days for crosses and reciprocal crosses, while it ranged from 58.6 to
63.9 days for parental populations (Table 4). Generally, the differences in
sitking were small to upset selection for yield. Crosses and reciprocal crosses
were earlier than their parental populations. The earliest populations were
WIST and AE (58.6 and 58.9 days) respectively, therefore, their crosses with
the other populations had the lowest number of days to mid-silking. High
negative significant value of GCA for WIST popuiation, in opposite, SK.21
had the highest positive significant value of GCA, which explains earliness or
lateness that WIST or SK.21 conveys to their crosses with other populations.
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Plant and ear height

Differences among crosses, reciprocal crosses and populations for
plant and ear height were highly significant (Table 2) Negative GCA effects
for both traits usually indicate betier agronomic performance because lower
plant and ear heights are desirable (Pollak ef af 1991). NYP, WIST and ANT
had high negative GCA effects for both traits, while SK.21 and Pop 31 had
the highest positive GCA effects.

Means for plant height ranged from 190.1 cm for WIST to 235.3 cm
for Sk.21 {Table 4). Generally, short populations such as WIST and NYP had
shorter plants in theair crosses with the other populations. On the opposite,
Sk21 was the tallest population (235.3 cm), subsequently; its crosses with
the other populations produced the tallest plants.

NYP, ADA and ANT populations had the lowest ear height (96.6,
98.2 and 99.2, respectively) and they produced lower ear height in their
crosses with the other populations. The opposite trend was foungd for SK 21
(123.7 cm) as shown in Table 4.

SK.21 had highest positive significant value of GCA effects for plant
height (11.13) while, WIST and ANT populations had the highest negative
significant values of GCA (-5.49 and -4.72). Also, for ear height, SK 21
population had the highest positive significant value for GCA (6.33), while
ANT population had the highesl negative value for GCA (- 4.41}.

Finally, the present study indicated that the two exotic populations
Pop.31 and Pop.45 in one side with NYP and SK.21 as the second side
represent a good germplasm source for the National Maize Breeding
Program. It is suggested to develop a four population program to breed for
high yielding yellow hybrid. The cross pop.31 x pop.45 would be used as a
female parent while the cross SK.21 x NYP as pollen parent. Inbred lines
would be isolated from each composite. This cross befween the two
composite would have the highest heterosis while selection within each
composite would posses high vielding genes as well as resistance to late wilt,
The only a disadvantage of this scheme is the taliness of the composite.
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