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ABSTRACT

Diallel crosses for a fixed set of 8 white maize populations characterized by
earliness, short plants and high yield potentiality were made at Gemmeiza during
2000 summer season. The 8 parents, i.e. Pop-4956, Coposite-5, Giza-2,Tuxpinc Pop-
402, Across-8562, GWP and Laposta, along with their 28 Fi's (not including
reciprocals) were evaluated at Sakha, Gemmeiza, Sids and Mallawy Agric. Res. Stats.
during 2001 season. Eberhart and Gardner (1966) model was applied to determine
different types of heterosis and other genetic components. Results indicated thal the
performance of variety crosses in terms of grain yield and other agronomic traits was
superior over mid- and high parent values in most crosses. Both variety and average
heterosis source of variation were highly significant for all traits. This indicate that all
populations differed greatly in the heterotic pattern respecting studied traits. Specific
heterosis was also significant for grain yield and other traits. Seventeen variety
crosses out of the 28 Fy crosses were significantly as high yielding as the highest
parent variety viz, GWP (19.69 ard/fad). However, three of these variety crosses, i.e
Across 8562 x Laposta (25.03 ard/fad), Comp-5 x Laposta (24.46 ard/fad) and GWP x
Laposta (23.62 ard/fad) were significantly higher yielding than the common parent,
Laposta. The average variety heterosis relative to mid-parent ranged from —-13.52 to
17.65, -5.53 to 21.55, -21.68 to 26.51, -1.61 to 18.31, -0.76 to -66.00, and —48.69 to
44.79 for silking date, plant and ear height, number of ears/100 plants, grain yield per
faddan and per plant, respectively. Generally, the highest mid-parent heterosis was
manifested by the lowest yielding variety (Pop-402 and Laposta) and vice versa.
However, 26, 14, 14, 14, 28 and 17 variety crosses exhibited significant values of
mid-parent heterosis for all traits, respectively. It was concluded that non-additive
gene effects and gene frequency of the two varieties Pop-402 and Laposta were
differed greatly than that of other parents, for this reason it can be recommended to
use these varieties for further breeding studies in the hybridisation program.

INTRODUCTION

Inter- and intra-population improvement in maize breeding program
had great important in maize breeding since these populations can be used
per si as an open-pollinated variety and/or as a valuable source for new
inbred lines with good performance. Therefore, evaluation of a particular set
of varieties or populations belonging to different and wide heterotic groups
and their variety crosses aims to estimate different pattern of heterosis and
combining ability. Burton et al, 1971, Eberhart, 1971, Horner et a/ (1972) and
Russel et al (1973) mentioned that composite or synthetic maize varieties can
be developed to increase the frequency of more desirable alleles for specific
traits and to incorporate exotic germplasm into adapted variety. They added
also that a diallel cross analysis of a fixed set of populations provides the
basis for a preliminary analysis of heterotic pattern among studied population
crosses.
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A better understanding of the intervarietal heterosis in a series of
variety crosses diallel expressed as components of means and different types
of heterosis was given by Gardner and Eberhart (1966). They expressed an
intervarietal cross mean by:

Yij'= u+ % (v, +v) + h+ hi+ hj +sij
where u = mean of n parental lines

hi = varity heterosis of ith vaireties

hj = varity heterosis of jth vaireties

Sij = specific heterosis of the ith varietey crossed with jth varitey. Total
heterosis is further partitioned into three components,

: hi," =h + h; + h," + 55

Haillauer and Miranda (1981) provided a suitable interpretation of
different heterotic pattern, i.e. average heterosis (h;), variety haterosis (Vj)
and specific heterosis (S;;), which greatly coincide with that estimated by
Griffing's (1956) model (Method 2 and/or method 4). They also mentioned
that, in most instances, the choice of parental varieties for heterosis
exploitation can be based on the average yield of varieties per se and on the
superiority of their crosses in one or more of the most important traits (e.g.
yield, plant type and disease resistance). However, many investigators
(Castor et al 1968, Hallauer and Sears 1968, Sprague and Eberhart 1977,
Hallauer and Miranda 1981, E! Nagouly et al 1988 and Soliman et al 1998)
revealed that the specific heterosis (or dominance effect) was more important
when several widely divergent varieties with similar yield potential were
crossed. The mean yield of such variety crosses was indicated to be higher
than the average of the parental varieties when dominance effect was
important. ,

Isolateting and releasing of new inbred lines of maize with better yield
performance and resistant to different diseases are among the main targets
of the National Maize Research Program of ARC. Therefore, an intervarietal
diallel cross in, the recent study, was undertaken at Gemmeiza Research
Stat between eight wide divergent varieties and populations in order to
identify the outstanding varieties and/or populations and their crosses for
further utilization in population improvement and hybridization program.

MATERIALS AND METHODS

The basic populations from which the present study was conducted
were 8 open-pollinated white maize varieties and populations differed in their
origin and belonging to different heterotic groups. These varieties are: Pop-
4956, Composite 5 (Comp 5), Giza 2, Tuxpino, Pop-402, Across 8562, GWP
(Gemmeiza white population) and Laposta.

The 8 varieties were intercrossed in 2000 season at Gemmeiza Agric.
Res. Stat to produce 28 intervarietal crosses (F;'s). More than 100 plants
from each variety were used in the population to form F; cross. The varieties
were increased by sib-mating for 100 plants within each variety. ‘

The 8 varieties and there 28 F; crosses were evaluated at 4 locations,
viz Sakha, Gemmeiza, Sids, and Mallawy Res. Stat, ARC during 2001

748



J. Agric. Sci. Mansoura Univ., 28 (2), February, 2003

summer season. The experimental design used at each location was a
randomized complete block design with 4 replicates. Plot size was 2 rows, 6
m long and 80 cm apart (9.6 m?). Planting was done in hills (3-4 kernels/hill)
spaced 25 cm along the row. Thinning to one plant/hill was done, 21 days
after planting to achieve population density of 21875 plants/fad). All other
agronomic and cultural practices were done as normally practiced in research
stations. Field weight for each plot was calibrated to grain yield per faddan
and per plant adjusted to 15.5% moisture.

Data were recorded for number of days from planting to 50% sitking,
plant and ear height (cm), number of ears/100 plants, grain yield in ard/fad
and grain yield/plant in grams. Analysis of variance for separate location and
combined was made according to Steel and Torrie (1969). The combined
date for the studied characters were used herein since the homogeneity
among error variances for separate location was found to be insignificant
according to Partlett test. Different types of heterotic pattern were estimated
following the model of Gardner and Eberhart (1966). To test the significances
among different variety and specific heterosis as well as their effects, the
least significant differences (LSD) were caiculated according to Singh (1978).
Also, significance of differences among mid-parent heterosis was calculated
according to Bhatt (1971).

RESULTS AND DISCUSSION

Average performance of the 8 maize varieties and populations and
their 28 intercrosses and heterotic pattern analysis {(Table 1 and 2), indicated
that highly significant differences were found among varieties and variety
crosses for all studied traits. However, the differences attributable to the
parental varieties were more than that of total heterosis (hi;) for all traits,
except for number of ears/100 plants and grain yield.

According to Gardner and Eberhart (1966) model, the total heterosis

was partitioned into average heterosis ( h ), variety heterosis(hij') and specific
heterosis (si;). It was obviously clear that average heterosis was the major
source of the total heterosis for all traits except days to £0% silking, followed
by variety heterosis and specific heterosis. This indicated that the studied
varieties differed in gene frequency and non-additive effects for all the studied
traits and that the heterotic pattern of a particular variety is quite different
from other when it was crossed with the remaining varieties. It is worth noting
that all sources of heterosis were highly significant interacted with locations in
case of all studied traits. This indicated that the heterotic expression differed
remarkably in different environments.
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Table 1: Means of grain yield and other agronomic traits for eight
varieties and their 28 F, crosses , data are combined over 4
locations in 2001

Daysto Plant Ear No.of  Grain Grain
Entry name 50% height height ears/100 Yield yield/
silking cm cm plant ardfad plantg

Varieties per se
Pop-4956 54.0 201.3 100.1 90.5 8.66 62.6
Composite 5 63.7 253.8 140.8 94.8 18.15 130.7
Giza 2 57.2 230.2 128.4 97.9 19.37 138.0
Tuxpino 57.4 2324 127.4 95.0 17.69 118.5
Pop-402 60.3 189.3 102.4 80.6 7.1 51.7
Across-8562 64.7 232.1 135.2 99.3 14.23 108.1
GW.P ) 57.7 244.2 135.8 94.4 19.69 136.6
Laposta 73.8 259.5 169.4 81.8 8.91 66.0

Variety crosses
Pop-4956 x Composite 5 66.6 255.8 154.7 80.9 15.38 106.5
Pop—4956 x Giza 2 66.6 250.1 142.1 95.3 15.98 109.4
Pop-4956 x Tuxpino 56.9 2236 121.0 85.0 18.47 127.0
Pop-4856 x Pop-402 59.3 2443 135.6 103.4 21.14 139.9
Pop—4956 x Across-8562 59.8 250.3 136.7 94.9 20.85 140.2
Pop—4956 x GWP 63.3 250.0 141.9 94.1 19.92 135.4
Pop—4956 x Laposta 56.6 225.5 121.4 96.4 17.43 117.6
Composite-5 x Giza 2 67.3 253.3 152.5 93.9 15.99 114.0
Composite-5 x Tuxpino 57.0 221.1 120.3 96.3 17.00 119.0
Composite-5 x Pop-402 59.1 239.8 130.1 94.9 20.23 136.8
Composite-5 x Across-8562 57.0 2219 120.6 96.3 18.28 122.1
Composite-5 x GWP 57.1 235.3 131.3 99.8 20.12 136.9
Composite-5 x Laposta 63.2 258.5 149.4 89.3 24.46 164.3
Giza 2 x Tuxpino 58.1 225.8 126.4 96.3 19.67 134.0
Giza 2 x Pop-402 56.8 2415 134.2 99.8 20.38 140.1
Giza 2 x Across 8562 576 240.8 135.1 97 .1 19.71 132.1
Giza2 x GWP 61.4 246.2 141.5 92.0 20.37 137.3
Giza 2 x Laposta 59.3 231.8 126.6 100.2 2247 150.5
Tuxpino x Pop-402 61.4 246.9 141.9 97.9 23.47 157.8
Tuxpino x Across 8562 61.4 262.6 153.4 101.6 22.85 153.7
Tuxpino x GWP 60.0 2498 141.2 102.6 22.73 152.9
Tuxpino x Laposta 60.1 246.8 143.7 100.4 20.39 138.5
Pop-402 x Across 8562 58.7 230.9 129.2 98.4 18.15 123.7
Pop-402 x GWP 56.9 239.3 135.6 102.4 21.68 149.6
Pop-402 x Laposta 61.8 246.4 144.4 93.9 21.23 141.0
Across 8562 x GWP 58.1 252.8 137.6 959 19.60 134.9
Across 8562 x Laposta 61.8 259.7 146.6 101.3 25.03 170.7
GWP x Laposta 62.6 252.7 142.4 96.3 23.62 157.6
LSD 0.05 1.1 9.8 8.7 6.4 1.8 12.5
0.01 1.4 12.8 11.4 8.3 2.4 16.4
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Table 2: Mean squares out of eight populations and their Fy’s crosses
for grain yield and some other agronomic traits, data are

combined over four locations in 2001 season.
Days to No. Grain

o Plant Ear ield ) Grain
S0V OF sISI:iﬁ height height e;;’:::tgo (a¥ delf_acQ yield/plant
Locations (L) 3 289.85** 18698.27** 13541.71** 1067.60**  342.28" 10199.8*"
Reps {L) 12 570 1659.01  1264.56 161.85 53.32 2616.9
Genotypes (G) 35 246.48*" 411505™ 294246** 379.62*  271.54™ 10970.8*"
Varieties (V) 7 316.91** 5344.31* 4250.85** 280.67*"  246.06™ 11395.3*
Heterosis (Het) 28 228.87** 3807.74* 2615.36** 404.36"  277.91*" 10864.6™
Var. het.(hi) 7 414,59* 5039.67* 3737.88** 700.96"  408.87* 17906.2""
Aver. Het(H) 1 77.98* 15842.98* 4994.01** 3109.18** 3595.35**125413.6*"
Spec. het (sij) 20 171.41** 2774.80* 2103.55** 165.31** 66.20* 2672.6**
GxL 105 ©6.92* 518.10**  337.60* 296.22* 32.49** 1504.4™
VxL 21 3.99* 643.32**  441.81* 344.22™ 35.34* 1569.2*"
Hetx L 84 7.66*  486.79*  311.55" 284.22" 31.78" 1488.2**
Var. het xL 21 26.62*  461.19**  305.57** 591.63*" 42.74* 2471.8*
Aver.het x L 3 14.83* 372.81*  303.84" 480.70* 51.68" 1540.1*
Spec. hetx L 60 4.20** 501.45*  314.03™ 166.81*" 26.96" 1141.4*
Pooled error 420 232 19916 15851 8489 7.09. . 3265
CV% 2.52 5.80 9.29 9.85 14.09 13.9

* ** indicate significant at 0.05 and 0.01' levels of probability, respectively.

These results are in agreement with those obtained by Lonnquist and
Gardner (1961), EI-Nagouly et al (1988) and Soliman, et al (1999). However.
Falconer (1960) mentioned that heterotic response depends mainly on the
number of contrasting loci and also on the level of dominance at each locus.
Therefore heterotic response is expected to occur whenever there is
difference in gene frequencies and some degree of directional dominance at
one or more loci involved in the inheritance of the character. Also, Hallauer
and Miranda (1981) stated that a specific population could be suitable for
isolation of a good inbred lines if it had widely response to different
environments. :

Data for average, variety and specific heterosis are presented in
Table (3). Highly significant differences in average heterosis were observed
for all studied traits (Table 2). The average heterotic effects were positive and
highly significant for all studied traits except for days to 50 % silking and grain
yield per plant, which was negative and highly significant. This indicates that
the studied varieties differed greatly in gene frequency and non-additive
effects (Falconer 1960 and Hallauer and Miranda 1981).

The significant mean square for variety heterosis (Table 2) was
confirmed when heterosis for each variety was estimated and found to be
significant for any of the studied traits. All varieties had highly significant
variety heterosis in case of silking date The latest varieties, Laposta (73.8
days) had the highest positive effect (12.70**) toward lateness. The tallest
varieties, Laposta, Comp-5 and GWP (259.5, 253.8 and 244.2 cm,
respectively) had the highest variety heterosis (29.15**, 23.45** and 13.85**,
respectively), while the shortest variety, Pop-402 and Pop-4956 (189.3 and
201.3 .cm, respectively) had the lowest variety heterosis values {-41.05** and
~29.05**, respectively). These results are in agreement with those obtained
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by Paterniani and Lonngquist (1963), Hallauer and Eberhart (1966), Nawar et
al (1986) and El-Nagouly et a/ (1988). However, Faiconer (1960) stated
that the negative value of the variety heterosis (h;) would occur when the
gene frequency of the J* variety was equal to the average gene frequency of
all varieties assuming a positive dominance. On the other hand, the positive
values for (h;) would occur when gene frequency of the 2 variety was higher
or lower than the average gene frequency of all varieties. Hallauer and
Eberhart (1966), Hallauer and Sears (1968), Mungoma and Pollak (1988) and
Mostafa et al (1990) reported that average and variety heterosis were
adequate to explain most of the variation for grain yield and some other traits
among Corn Belt varieties.

Specific heterosis, which is equivalent to specific combining ability in
Griffing's (155€) model, of different variety crosses for all studied traits are
presented in Table (3). Twenty-four variety crosses exhibited significant
specific heterosis (12 of them had negative effects toward eariiness). For
plant and ear height, 17 and 18 crosses, respectively had significant specific
effects (7 and nine of them were toward short plants and low ear placement,
respectively. Regarding number of ears per 100 piants, 4 out of 28 variety
crosses showed significant effect, two of them were toward producing more
than one ear per plant since it had positive values (+6.39** and 3.91*). For
grain yield in ardffad, 11 crosses had significant specific effects, 5 of them,
viz Pop-4956 x Pop-402, Pop-4956 x Across-8562, Comp-5 x Laposta,
Tuxpino x Pop-402 and Across 8562 x Laposta were positive (desirable) and
other 6 crosses were negative (not desirable). However, non of the studied
crosses possessed significant specific effects in case of grain yield per plant.
In general, specific heterosis for all traits differed from cross to another in its
magnitude and direction. However, the number of crosses having significant
specific heterosis was more for days to 50% silking, plant height and ear
height than that for grain yield. Paterniani and Lonnquist (1963) and Hallauer
and Miranda (1981) mentioned that the greater values of specific heterosis
are exhibited by varieties that are divergent in genes showing dominance
effects.

Variety and heterotic effects (Table 4) in relation with the average
performance of the varieties and variety crosses (Table 1) showed that the
highest yielding varieties, ie. GWP, Giza-2, Comp-5 and Tuxipino had
positive and highly significant variety effects (5.63**, 5.12**, 3.90** and
3.45™, respectively) and vice versa for the lower yielding varieties. However,
the heterotic effects did not coincide with the average performance of the
crosses. The highest yielding crosses, Across 8562 x Laposta (25.03 ard/fad)
and Comp-5 x Laposta (24.46 ard/fad) were relatively high in their heterotic
effects (13.46** and 10.93**, respectively). On the other hand, the lower
yielding crosses, Pop-4956 x Comp-5 (15.38 ard/fad) and Pop-4956 x Giza 2
(15.98 ard/fad) exhibited the lowest heterotic effects (1.97** and 1.96**,
respectively). These results indicate that the choice of the parental varieties
for heterosis exploitation can be based on the yield potential of the varieties
per se and on the average performance of their crosses as well as their
specific heterotic effects. Almost all crosses exhibited significant and
directional heterotic effects respecting all studied traits. 23, 22, 24, 5, 26 and
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28 variety crosses had significant heterotic effects for flowering date, plant
height, ear height, number of ears/100 plant, grain yield in ard/fad and per
plant, respectively.

Table 3: Average, variety and specific heterosis effects for grain yield
and other agronomic traits of 8 populations and its F, variety
crosses, data are combined over four locations.

Daysto Plant Ear No.of  Grain Grain
Entry name 50% height height ears/100 Yield yield/
silkking _em cm plant ard/fad plantg
Variety heterosis
Pop-4956 -7.10** -29.05** -29.84* - 1.29  -55%9* -39.18**
Composite 5 2.60** 23.45" 10.86™ 3.01 3.90* 28.93*
Giza2 . -390 - 015 - 1.54 6.13** 5.12* 36.23*
Tuxpino -3.70* 205 - 254 3.24 3.44* 17,73
Pop-402 -0.80** -41.05** -27.54** -11.17** -7.15* -50.08"
Across-8562 3.60* 1.75 5.26* 7.48" -0.02 7.33*
Gwp -3.40* 13.85* 5.86" 2.60 563" 34.83*
Laposta 12.70** 29.15** 39.46™ - 9.98" -534* .3578"
LSD 0.05 0.57 5.28 4.71 345 1.01 5.38
0.01 0.74 6.90 6.15 4.51 1.31 8.83
Specific heterosis
20p~4956 x Composite 5 4.183** 15.56** 18.70* -2.85 -1.08 276
d0p-4956 x Giza 2 4.183* 9.22** 6.16™ 1.05 -0.99 1.44
20p—4956 x Tuxpino -3.533** -15.12* -13.15" -1.79 -0.17 -0.79
20p-4956 x Pop-402 -0.900**  3.49 0.89 6.39* 221" 6.69
20p-4956 x Across-8562 -0.517 4.51 0.65 -1.18 2.23" -4 16
20p—4956 x GWP 2.167*  3.02 3.79 -1.57 0.70 -7.44
20p-4956 x Laposta -5.583* -20.69** -17.21** -0.06 -2.89** 1.49
~omposite-5 x Giza 2 5233* 1474 1568 -0.64 -1.37* 3.03
Zomposite-5 x Tuxpino -3.083** -15.30** -14.75 -0.81 -2.03* 2.09
~omposite-5 x Pop-402 -0.750* 131 - 552° -2.22 0.92 -2.42
>omposite-5 x Across-8562 -2.967* -21.57** -16.33* 0.02 -0.73 0.73
composite-5 x GWP -3.683** - 9.36*" - 7.69™ 391" 0.52 -0.46
>omposite-5 x Laposta 1.367* 14.63*  9.88™ 2.61 3.76™ 572
3iza 2 x Tuxpino -1.983** -11.24* - 861 -1.31 0.12 -3.82
3iza 2 x Pop-402 -3.050* 237 - 1.31 2.08 0.55 -0.24
Jiza 2 x Across 8562 -2.367* - 331 - 1.74 0.30 0.18 3.81
3iza2 x GWP 0.617 0.90 2.58 -4.43* 0.25 -2.67
3iza 2 x Laposta -2.533* -12.71** -12.85** 296 1.25 -1.54
Tuxpino x Pop-402 3.533** 9.93** 813" 234 1.98* 043
Tuxpino x Across 8562 3.417** 20.65" 18.26" 214 1.65 -2.62
Tuxpino x GWP 1.200**  6.66* 4.02 3.55 0.95 3.79
fuxpino x Laposta 0.250 4.45 6.02** 0.53 -2.49* 0.93
20p-402 x Across 8562 0.950** -13.14* - 6.45* -1.19 -3.33"* -5.94
d0p-402 x GWP -1.667** - 5.93* - 212 3.23 -0.39 1.08
20p-402 x Laposta 2,183 196 6.25** -5.99** -1.94* 0.41
Across 8562 x GWP -0.583 259 - 149 -2.36 =217 473
Across 8562 x Laposta 2.067** 10.28* 7.01* 2.25 216 3.46
SWP x Laposta 2050  2.09 0.78 -2.33 0.15 0.98
-SD0.05 0.631 5.84 521 3.82 1.10 7.48
0.01 0.824 7.63 6.81 4.98 1.44 9.77
\verage heterosis -0.893  12.63** 7.11** 559" 595" -10.49*
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Table 4: Estimates of variety and heterotic effects for grain yield and other
agronomic traits of 8 populations and its F, variety crosses, data are
combined over four locations.

Days to Plant Ear No.of Grain Grain
Entry name 50% height Height ears/10 Yield yield/plant
silking cm cm___ 0 plant ard/fad g
Variety effect
Pop-4956 - 7.10** -29.05** -29.84** - 129 -559* -39.18*
Composite 5 2.60* 23.45" 10.86** 3.01* 390" 28.93*"
Giza 2 - 390" - 015 - 154 6.13* 5.12** 36.23**
Tuxpino . - 370" 205 - 254 3.24* 345" 17.73*
Pop-402 - 0.80** -41.05** -27.54 -11.17** -7.15* -50.08"
Across-8562 3.60* 1.75 5.26* 7.48** -0.03 7.33*"
Gw.p - 3.40* 13.85** 5.86* 260 563* 3483
Laposta 12.70* 29.15** 39.46** - 9.98** -534* -3578"
LSD 0.05 0.35 3.26 3.65 2.67 0.77 5.24
0.01 0.58 5.35 477 3.48 1.01 6.84
Heterotic effect
Pop~4956 x Composite 5 6.30* 27.25" 34.24** (.18 1.97** 14.05**
Pop—4956 x Giza 2 6.30** 24.40* 27.81* 239 1.96* 14.80**
Pop~4956 x Tuxpino 145" 1115 7.25** 227 5.29* 12.85*
Pop~4956 x Pop-402 265" 2150* 34.31* 6.43* 13.26* 17.35"
Pop—4956 x Across-8562 2.90** 24.50** 19.04** 2.18 9.40 8.75*
Pop—4956 x GWP 465" 2435* 23.93** 1.79 5.74* 9.25"
Pop—4956 x Laposta 1.30* 12.10** -13.38* 295 8.65** 13.05*
Composite-5 x Giza 2 1.80* - 0.25 17.90™ -047 - 277*-16.70"
Composite-5 x Tuxpino -3.35* -16.35** -13.79*™ 073 - 092 -18.00*
Composite-5 x Pop-402 -2.30** - 7.00* 8.46* 0.09 7.60** -19.50*
Composite-5 x Across-8562-3.35** -15.95** -17.38** 0.76 2.09* -21.10*
Composite-5 x GWP -3.30** - 9.25* - 6.99** 252 1.19* -19.55"
Composite-5 x Laposta -0.25 235 - 573 226 10.93** -22.85**
Giza 2 x Tuxpino 0.45 - 220 -153 -082 1.14* -23.20**
Giza 2 x Pop-402 -0.20 5.65* 18.79** 0.95 7.14** -20.65™
Giza 2 x Across 8562 0.20 5.30 3.32 -0.39 2.91* -21.80*
Giza2 x GWP 2.10* 8.00" 940* -295 0.84 -22.90*
Giza 2 x Laposta 1.05** 0.80 -22.34* 1.14 8.33** -23.00*
Tuxpino x Pop-402 2.00** 7.25" 26.98* 148 11.08** -11.90**
Tuxpino x Across 8562 2.00* 1510 22.08** 3.26 6.88** -16.60**
Tuxpino x GWP 1.30** 8.70* 9.59** 377 405" -11.25"
Tuxpino x Laposta 1.35** 7.20* - 4N 2.66 7.09** -13.35"
Pop-402 x Across 8562 -0.80** 20.80** 10.39** 8.87*  7.48™ 16.40*
Pop-402 x GWP -1.70* 25.00** 16.46** 10.89** 8.28" 22.05™
Pop-402 x Laposta 0.75*  28.55** 8.54** 6.67* 13.22** 21.05*
Across 8562 x GWP -3.30" 10.35"™ 206 -1.68 2.64** - 8.00*
Across 8562 x Laposta -1.45** 13.80** - 5.74* 1.01 13.46* - 9.30*
GWP x Laposta 245 425 -1023* 0.97 3.93* -22.15**
LSD 0.05 0.59 5.45 4.87 3.56 1.03 6.98
0.01 0.77 7.12 6.36 4.65 1.34 9.12

*, ** indicate significance at 0.05 and 0.01 levels of probability, respectively

Heterosis percentage relative to mid-parent for each variety and
average for the studied traits are shown in Table (5).
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Table 5: Heterosis expressed as percentage of mid-parents for crosses
and average for each variety for grain yield and other
‘agronomic traits, data are combired over four locations.

Days to Plant Ear No.of Grain Grain
Entry name 50% height height ears/10 Yield yield/pl
silkking cm cm  Oplant ard/fad antg

Average variety heterosis

Pop-4956 -13.52 17.092 2651 543 5307 29.14
Composite 5 417 -5392 -2.78 1.17 3.34 -43.06
Giza 2 667 4623 622 161 -076 -47.17
Tuxpino 579 2970 592 360 1436 -29.41
Pop-402 1.93 21550 24.63 1831 66.00 44.79
Across-8562 850 548 133 -138 3103 -23.7C
GW.P -3.84 0967 .15 3.28 599 -48.69
Laposta 1765 -5525 -2168 16.75 59.66 27.26
. Mid-parent heterosis
Pop—4956 x Composite 5 13.17**  12.42* 28.42* - 1.93 14.70* - 6.16
Pop—4956 x Giza 2 19.78** 15.92* 24.34™" 1.15 14.01* - 8.08
Pop—4956 x Tuxpino 215" 31 6.37 245 40.22** - 3.02
Pop—4956 x Pop-402 3.76* 25.09** 33.89™ 20.80** 168.17** 70.25"*
Pop—4956 x Across-8562 0.76 15.51* 16.18™ - 0.02 82.15* - 6.70
Pop—4956 x GWP 13.34*  12.23" 20.28* 1.78 39.57** -18.57*"
Pop—4956 x Laposta -11.42* - 213 - 9.93 11.90** 98.42** 37.95"
Composite-5 x Giza 2 11.33* 467 13.30" - 260 - 1477 -27.58*
Composite-5 x Tuxpino - 586" - 9.05° -10.28*" 143 . 5143~ .243(*
Composite-5 x Pop-402 - 468" 824 696 8.30" 60.20"™ 0.55
Composite-5 x Across-8562 -11.21* - 8.66" -12.59** - 0.73 12.89** -26.19™
Composite-5 x GWP - 593™ -550 - 505 5.53 5.78™ -31.46*
Composite-5 x Laposta - 807 072 -369 1248 80.77* -13.57"
Giza 2 x Tuxpino 1.40™ -238 - 119 - 019 6.15** -28.85**
Giza2 x Pop-402 - 3.32* 1514 16.28" 11.82*" 53.96* 1.95
Giza2 x Across 8562 - 550" 4.17 252 -148 17.30™ -23.59""
Giza2 x GWP 6.88~ 3.79 712 - 43 3.80"" -32.85"
Giza 2 x Laposta - 947" -533 -1500" 11.50* 58.89* - 9.80*
Tuxpino x Pop-402 4.33** 17.09"* 23.48™ 11.56" 89.36** 11.80"
Tuxpino x Across 8562 0.57 13.07*" 16.81" 453 43.12*" -24 50"
Tuxpino x GWP 426™ 483 7.29 8.30**  21.03** -24.25**
Tuxpino x Laposta - 838" 035 -318 1350 53.32* 0.05
Pop-402 x Across 8562 - 6.08* 9.58* 8.74* 9.36™ 70.13"™ 5.10
Pop-402 x GWP - 3.56* 10.40™ 13.82* 17.02* 60.69* 1.75
Pop-402 x Laposta - 7.83" 9.80" 6.28 15.69** 165.10** 59.39*
Across 8562 x GWP - 507 6.15 152 - 0.97 14.91** -24.22**
Across 8562 x Laposta -10.76"™ 566 - 3.77 11.88** 116.32" 3.37
GWP x Laposta -1518** 034 - 6.70 9.35** 64.05"* - 8.88
LSD 0.05 0.73 7.74 7.56 5.53 1.27 10.8
0.01 1.19 10.10 9.87 7.22 2.09 14.16

*, ** indicate significance at 0.05 and 0.01 levels of probability, respectively
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Regarding number of days to 50 % silking the mid-parent heterosis
ranged from -15.18% to 19.78%, and it was positive and highly significant in
9 crosses. Also, 17 crosses exhibited negative and significant mid-parent
heterosis. This indicated that 17 out of 28 crosses were garlier than the early
parent. Since the majority of crosses showed negative heterosis relative to
mid-parent, it could be indicated that heterosis for days to 50 % silking is
directed toward earliness.

Respecting plant and ear height, 14 variety crosses possessed highly
significant mid-parent heterosis. For both traits, ten of them had positive
values toward. the tallest plants and high ear placement. The two crosses,
Pop-4956 x Pop-402 and Tuxpino x Pop-402 had the highest mid-parent
values for plant height (25.09** and 17.09**, respectively). However, in case
of ear height, the variety cross Pop-4958 x Comp-5 had the highest mid-
parent value (28.42**) followed by Pop-4956 x Giza-2 (24.34**) and Tuxpino
x Pop-402 (23.48**).

Fourteen variety crosses exhibited positive highly significant mid-
parent heterosis values toward producing more than one ear/plant.. The three
crosses, Pop-4956 x Pop-402, Pop-402 x Laposta and Across 8562 x GWP
were more prolific since they exhibited the highest mid-parent values
(20.80**, 17.02** and 15.69**, respectively).

For grain yield (ard/ad), mid-parent heterosis ranged from -5.13% %
to 168.17 % (Table 5) and it was highly significant in 17 crosses. The crosses
Pop-4956 x Pop-402, Pop-402 x Laposta and Across 8562 x Laposta
exhibited the highest mid-parent heterosis values (168.17, 165.10 and
116.32% for the three crosses, respectively). On the other hand, the four
varieties, Pop-4956, Pop-402, Across 8562 and Laposta, which showed high
values of mid-parent heterosis in their crosses, exhibited also high average
heterosis values relative to mid-parent (63.07, 66.00, 31.03 and 59.66%,
respectively, Table 5).

Regarding grain yield per plant, 17 variety crosses had significant mid-
parent values. The highest values were obtained from the crosses Pop-4956
x Pop-402 (70.25%), Pop-402 x Laposta (59.38%) and Pop-4956 x Laposta
(37.95**). The three varieties included in the previous crosses, i.e. Pop-4956,
Pop-402 and Laposta also exhibited high values of average mid-parent
heterosis ( 29.14, 44.79 and 7.26, respectively).
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