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ABSTRACT

5XS half diallel cross along with their parental maize inbred lines were
evaluated under normal and drought environments. The obtained data revealed
highly significant differences between environments for all studied traits.
Partitioning of genetic variations of crosses into parents end their hybrids
showed that variance due to general combining ability (GCA) was significant for all
studied traits under both environments and for their combined analysis except for
ear length under normal environments and the combined analysis and 100 kernels
weight under drought Variance due to specific combining ability (SCA) was
significant for all studied traits under both environments and their combined
analysis except for number of rows/ear under both environments and their combined
data agnd 100-kernels weight for the combined analysis. The ratic of GCA/SCA
revealed that the largest part of the total genetic variability was mainly due to non-
additive gene action for most of the studied traits under normal and drought
environments. Mean squares due to the interaction between each of GCA and SCA
with environments were highly significant for all studied traits except for ear length,
ear diameter, number of kernels per row and 100-kernels weight for GCA x
environment and number of rows per ear for SCA x environment indicating that,
both additive and nom-additive gene effects were influenced by environments. The
best general combiners for grain yield per plant and two or more of its attributes
were the inbred lines Pl and P4 under normal conditions and P3 under drought
conditions. Six out of ten crosses under normal conditions and three crosses under
drought conditions showed positive and significant SCA effects for grain yield per
plant and two or more of its attributes. In this regard, the best F, cross was Pl x P4
under both normal and drought conditions. The electrophoretic patterns (SDS-
PAGE) for water soluble proteins of the five maite inbred lines and their ten F,
hybrids showed that, the electrophoretic bands could be a useful tool for the
identification and characterization of the used five inbred lines of yellow maize.
Using soluble leaves protein electrophoresis could be effective in the identification of
the highly heterotic hybrids and those having high specific combining ability effects
under drought conditions as biochemical genetic markers associated with hybrid
vigor and specific combining ability in yellow maize hybrids.

Key words: Diallel cross, Yellow maize, Water stress, Heterosis, Combining
ability, Susceptibility index, Electrophoretic patierns.



INTRODUCTION

Drought, like many other environmental stresses, has adverse affects
on crop yield Low water availability is one of the major causes for crop
yield reductions affecting the majority of the farmed regions around the
world. As water resources for agronomic uses become more limiting, the
development of drought-tolerant lines becomes increasingly more important
(Bruce et al 2002). Tt has been observed that grain yield is significantly
reduced when plants are grown under water shortage (Hall et al 1981,
Quattar et al 1987, Sobrado 1990, Attia et al 1994, EI-Ganayni et al 2000
and Yadav et al 2003). Maize breeders were deeply involved during the last
years, in attempts to improve high yielding cultivars under drought stress
environments (Edmeades et al 1992 Saneoka et al 1996,Abd El-Saboor 1997
and Younis and Aref 2001).

Information on the relative importance of general combining ability
(GCA) and specific combining ability (SCA) are essential for breeding
maize to tolerate drought stress conditions. Generally, GCA is associated
with additive genes while SCA is attributed primarily to non-additive
(dominance and epistasis) genes. It is very essential that, the breeder should
evaluate the potentialitiecs of the available germplasm for new
recombinations and eventually combining ability which have proved to be
of considerable use in breeding crop plants. In this regard, several studies
have been reported in maize (Desai and Singh 2001, Abd El-Aty and Katta
2002, Shafey etal 2003 and El-Morshidy ef al 2003). Several investigators
tried to identify and characterise maize inbreds via proteins electrophoresis
(Ohms 1985 and Abd El-Tawab et al 1989 ,2001).

Therefore, this investigation aims at studying (1) the magnitude of
heterosis and combining ability under normal and water stress conditions in
ten maize hybrids and their parents, and (2) the efficiency of protein
electrophoresis in the identification and characterization of the five maize
inbred lines and their  hybrids for heterosis and combining ability under
drought conditions using SDS-PAGE for soluble protein patterns.

MATERIALS AND METHODS

The genetic material used in this investigation included new five
yellow maize (Zea mays L.) lines (AY1l, AY2, AY3, AY4 and AY5),
representing a wide range of diversity for several agronomic characters and
drought resistance. These lines were developed by the first author through
the breeding program at Dept. of Genetic and Cytology, National Research
Center. These lines were derived from single cross (5.C.)150 ,8.C.151,
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S.C.158,three way cross (T.W.C)352 and double cross (D.C.) Dahab x
Sabeiny.

In 2003 season, all possible cross combinations excluding
reciprocals were made among the five inbred lines giving a total of 10
crosses. In 2004 season, the five parents and their ten  crosses were
evaluated under two moisture regimes at the Experimental Farm of the
National Research Center, at Shalakan, Kalubia Governorate Egypt. The
first moisture regime was the normal (full) irrigation as it is carried out for
this crop in the area (experiment I) and the second was made by withholding
irrigation after 2™ irrigation for three successive irrigations (experiment I).

Each experiment was conducted in a randomized complete block
design with three replications. The experimental plot included three rows of
five meters long and 70 cm wide. Planting was in hills spaced at 25 cm apart
.The common agricuitural practices of growing maize were applied properly
as recommended in the district. At harvest plant height, ear height, ear
length, ear diameter, number of rows/ ear, number of kernels / row, 100-
grain weight and grain yield per plant were recorded on a sample of 10
guarded plants in the middle row of each plot. The drought susceptibility
index (s) was used to characterize the relative stress resistance of all
genotypes. The susceptibility indices were calculated independently using
original data for yield and some yield components using a generalized
formula (Fischer and Maureri1978) as follows:

S=(1-Yd/Yp)/D ,Where

S = An index of drought susceptibility

Yd = Performance of a genotype under drought stress.

Yp = Performance of the same genotype under normal irrigation.

D = Drought infensity = 1 — (mean Yd of all genotypes / mean Yp of
all genotypes).

The data obtained for drought susceptibility index values for each
trait were analyzed on an individual plant basis. An ordinary analysis of
variance for each water regime, and the combined analysis over both
regimes were performed according to Snedecor and Cochran (1981).

General and specific combining ability variances and effects were obtained
by employing Griffing's (1956) diallel cross analysis method 2 model I .

In the protein electrophoretical study; two leaves of each of the five
parents and theirl0 F's were used for SDS-protein analysis. Sodium
dodecylsulphate polyacrylamide gel clectrophoresis (SDS-PAGE) was
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performed on water soluble protein fractions (albumin and globulin)
according to the method of Laemmli (1970) as modified by Studier (1973).
The SDS-protein gel was scanned and analyzed using Gel Doc 2000 BioRad
System.

RESULTS AND DISCUSSION
Analysis of variance

Mean square estimates for all studied traits under normal, water
stress and for combined data across them are shown in Table (1). Highly
significant differences between environments were found for all studied
traits. Mean squares due to genotypes, parents and crosses were also
significant for all recorded traits under normal and water stress
environments and their for combined data except ear length, ear diameter,
number of rows per ear and 100 kernels weight for parents and number of
rows per ear and number of kernels per row for crosses under normal
environments. Parents versus crosses mean squares were significant for all
traits under all environments except ear length ear height and number of
rows per ear under drought environments which were insignificant.

The mean squares due to interaction of genotypes with the two
environments were highly significant for all studied traits except ear diameter
and number of rows per ear which were insignificant, indicating different
responses of these genotypes from normal to stress conditions. The
partitioning of crosses mean squares into those due to parents and those due
to F's showed that variance due to general combining ability (GCA) was
significant for all studied traits under both environments and for their
combined data except for ear length under normal environments and for the
combined and 100 kemnels weight under drought environments. Variance
due to specific combining ability (SCA) was also significant for all studied
traits under both environments and for their combined data except number
of rows/ear under both environments and for their combined data and 100-
kernels weight in the combined analysis. The ratio of GCA / SCA was less
than unity for all studied traits under both environments and for their
combined except ear height and number of rows per ear for both
environments and their combined data, ear length and number of kernels per
row under drought environments and plant height and number of kernels per
row in combined analysis which were more than unity, These findings
indicates that the largest part of the total genetic variability is due to non-
additive gene action for the majority of the studied traits. These results are
in agreement with those reported by El-Hosary efal 1990, Mostafa ef al
1996, El-Morshidy er al 2003 and Shafey ef a/ 2003.
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Table 1. Mean squares estimates for all studied traits in 5 x 5 yellow maize diallel
crosses under mormal and drought environments (Env.) as well as for
combined data.

5.0.¥. Env. Df  Plamt Ear Ear Ear [No.of  No.oof 100 Grain
dismeter

height height kength o, Rowx Kemnels  kernels yield/

cm cm -] fear /row welght g plant g

100935517 2714410 203.10° 7.57 5138 9SLIT 109551 11162134

Reps./ Esv.  Normal 72.96 61.20 058 002 096 536 11.09 41.36
Drought 68.62 11007 108 003 016 12.69 202 18.02
Combined 65.51 #4.63 083 092 0356 9.02 656 22.68
Genotypes  Normal 309084  99gd’ 288 025" 350 5033  sse2”  2019.607
©) Dreught 2717.64°% 42063 3597 (634" 4000 48550 28630 §16.14%
Combined 2241.26°%  SG3.S0%  401%%  073% S12%  TI49 TR08%%  2149.76%*
Parents Normal 265583 115417 169 021 377 S50.43% 12.19 1147.90%*
® ASTRLT*Y  §29.17%%  G48* 054" 6430 4800 1690* 336.50
Comblued 460708  1881.25%~ 553+  0.50° T.00%  §503* 25470 TISI8T*
Crosses Nermal 12045444 278.24*% 291 025 195 2846 30830 055 7§+
) Drought 1080.40°"  272.93%* 253+ 080" 148 3439°° 1648 35147
Combined 1310454 218.30%*  2.90*% 0.66** 3.60*  3GT0°* 3401 107991+
P.VaC. Normal 21933.62%%  6864.40%*  740*  0.43°  B71%  246.68** 44444 1508028+
Drought 10006.688++  [15.60 163 2214 321 1225 1B49% 402671
Combined 1155200 2599.20°".  7.99% 237°* 1125% 358.40* 60134 1734605

G. x Env. Combined
P.x Env, Combined
C.xEnv. Combined
P.w.C.xErv. Combined

357623%* 556,684 .46 9,15 1.88 21.99* 11.56% 485 844

2627.920 182.08 2.63 026 320 14.30 3.53 726.53**
974.49% 33288 2.54* 0.09 142 26.66* 13,30~ 237134

3078509+  4380.81° 108 031 0.67 16.76 8.0" 1760.95"*

EREaaBt s imrmrrevvananir tranm -

GCA Narmal 2910.36%*  1354.00* 043 0.24% 868+ 4513~ 3292 136939
Draught 2090.13*+ 481,46 367" 630" 946* B0t 8.54. 32777
Combined J9ET.60" 163869 195 048" 1345** (105~ 35§87+ 904.33"
SCA Normsl 3175.64%%  B56.89**  3E4*+ 026*" 156 5241 G3.86  2279.64°"
Desught 2068.64%* 39630 336" 07T 134 3t21%* 36N 731434
Combined 15427240 SE6.62% 484° 084"t 179 58.67~* 86.58 2647593
GCAxEnv. Combined 1012.88** 164,86 221 0.06 429+ 1461 589 TI2BI**
SCAx1Eav. Combined 4601.56%*  696.56** 256 0.19* 091 2495 13.834 36318+
Ecror Narmal 50.51 8727 111 0.08 1.60 12.93 4.78 86.80
Drought 43.98 43.42 107 0.09 1.07 821 4.12 6123
Combined 56  47.48 50.35 109 0.09 133 10.57 444 74.01
GCAISCA Normal 0.92 1.58 .13 0.92 £.56 0.86 0.52 0.60
Drought 8.7¢ 122 103 0.39 758 .56 024 645
Combined 158 2.93 0.40 0.57 7.51 1.58 0.41 0.31

* ** indicate gignificant at 0,05 and 0.01 probability levels, respectively.

Highly significant mean squares due to general combining ability X
environment and specific combining ability X environment were detected for
all studied traits except ear length ,ear diameter, number of kernels per row
and 100 kernels weight for GCA X environment and number of rows per ear
for SCA X environment, indicating that both additive and non-additive gene
effects were influenced by environments.

Mean performance, heterosis over better parent and susceptibility index

Mean performance for all studied traits under normal and drought
conditions as well as combined data are presented in Table (2). Mean values
for these traits exhibited the parental diversity and the genotypes differential
response from normal to drought conditions. Regarding to grain yield per
plant; inbred line-1 ranked the first as the best under normal conditions
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Table 2. Mean performance for all studied traits in 5 x 5 yellow maize diallel cross
under normal and drought conditions as well as combined data.

Genatypes Env. Plant Rar Ear Ear No. of Na, of lrll):l Grain
height diameter kernels! kernels yield/

m h:?t tength cm o oy ear oW nt
fnbred Normal 18333 95,00 16.33 4.67 13.00 31.00 28.00 160.00
line P1 Drought 16833 85.00 12.83 3.50 9.67 22.67 20.67 71,67
Ayl Combined 175,83 20.00 14.58 408 11,33 26.83 2433 115.83
PlaP2 Normal 221.67 126.00 15.50 423 14.33 34.67 32.00 15433
Drought 140,00 80.00 1333 3.60 12.00 2533 29.00 90.00
Comblocd 180.583 100.00 14.42 39 13.17 30.60 30.50 122.17
P11P3 Norsal 265.00 141.67 17.83 4.33 15.00 36.00 36.67 150.00
Drought 126.67 0.0 1483 413 13.00 3233 3133 88.67
Combined 19583 118.53 1633 423 14.00 34.17 34.00 119.33
P1xP4 Normal 206.67 11333 18.50 4.93 1333 3533 41.33 211.67
Drought 12833 82.00 12.50 4.57 1167 2333 31.33 168.33
Combined 167.50 198.17 15.50 475 12.50 3133 3633 160.00
P1:P5 Normal 22333 121.80 17.00 4.73 13.67 27.67 40.00 155.00
Drought 136.67 86.60 13.33 4.67 1133 2833 28.33 66.00
Combined 180,00 103.50 15.17 4.70 12.50 26.50 3417 110.50
Inbred Normral 158.33 85.00 17.50 433 1233 3433 26.33 121.80
line P2 Dreught 210.00 20.00 15.00 4.00 13.00 30.00 23,00 $0.00
Ay2 Combined 184.17 8150 16.28 4.17 12.67 32.17 24.67 100.50
P2xP3 Normal 250,00 141.67 17.56 4.53 14.67 3233 34.67 170.60
Drought 14333 7133 13.17 387 13.67 30.00 26.33 9333
Combined 196.67 10950 1533 420 14.17 31.17 30.50 131.67
P2xP4 Normal M6 139.33 1733 4.03 13.67 36.00 32.00 161.00
Drought 15333 80.67 14.83 34 1133 31.67 27.67 95.67
Combined 212.56 110.00 16.08% 3.73 12.50 3433 20.83 12833
PlxPs Normmi 24333 131.00 17.00 424 12.09 33.00 3533 164.33
Drought 163,53 91.67 14.00 kX L] 12.67 26,00 2433 93.33
Combined 203.33 111.33 15.50 387 1233 29.50 2983 128.83
inbred Normasl 240.00 133,33 1583 4.13 14.67 3e.67 28.00 123.33
tine I3 Droaght pxlXi] 118.33 14.00 3.8) 13.00 25.67 21.67 $5.60
Ay3 Cembined 235.00 125.83 14.92 398 13.83 28.17 2483 104.17
PazPq Nearmal 151.67 142.67 1533 4.77 14.67 36.00 3433 171.67
Drought 14833 88.00 13.67 3,93 12.00 300 2533 94.67
Combined 200.00 11533 14.50 435 1333 33.50 983 133.67
P3xP5 Normal 245,00 129.67 17,60 487 13.67 3333 3233 165.00
Drought 152.00 90.33 14,20 393 12.33 28.33 26.67 $9.00
Combined 196.50 11800 15.90 425 13.00 30.83 29.50 127.00
inbred Normal 200.00 116.67 15.67 4.10 12.00 24.67 3 136.00
line P4 Drought 156.67 90.00 14.50 3.00 10.67 24.67 26.00 62.67
Ayd Combined 178,33 103.33 1548 385 1133 24,67 28.67 9933
P4xP5 Normsl 236.67 126.67 17.33 433 12,33 33.33 3600 181.67
Draught 19L.67 110.96 15.50 4.03 11.00 14.67 26.67 101.67
Combined 214.17 11833 16.42 4.18 11.67 19.00 3133 141.67
inbred Normal 191.67 95.80 15.83 4.00 12.00 25.33 30.33 108.33
Hne PS Dreught 135.00 76.67 11.33 317 1133 19.80 2867 60.67
AyS Combined 16333 8583 13.58 358 11.67 2217 800 84.50
18D Normai 11.92 12.66 176 .48 11 6.01 3.66 15.58
0.08 Drowght 1109 1102 .73 0.52 .73 4.79 339 13.09
Combined 796 8.21 121 0.35 133 376 2.44 9.95

LSD Normal 1734 18.42 .56 .70 307 B.74 £33 22.67
8.01 Dvought 16.14 16,03 152 076 252 697 493 19.04
Combined 10.93 1127 1.66 0.48 183 5.16 3.35 13.66

while inbred line-3 was the best under drought conditions. The hybrid P1 x
P4 was the best in grain yield under normal and drought environments. The
hybrids P2 x P3, P2 x P5, P3 x P5, P4 xP5 and P1 x P4 under normal
conditions and the hybrids Pl x P4 and P4 x P5 under drought conditions,
respectively exceeded their better parents for yielding ability (Table 3). it is
also clear from Table (3) that the best hybrids under normal conditions were
P2 x P4 for plant height, P1 x P4 for ear length, number of kernels per row
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Table 3. Percentage of heterosis over better parent for all studied traits under normal

and Drought conditions.
Phat’ Ear Ear Ear No. of No. of 100 Grain
Genotype Env. height Height Length  Diameter  rows kernels/  kermelex yield/
om cm o o /ear row weighty plantg
PixP2 Narmaf 20.91%* 26320 -11.43* 929 18.26 0.97 1429+ -3.54
Drought  .32.80** -5.88 -14.59 -13.60 -526 B.430 20,480 12.50
PLxP3 Noral 10.42%* 628 9218 -1.14 227 16.13 30,952 625
Drought 44505 3239 595 7.83 0.00 25972 44.624* 431
PlxPdé Normal 333 143 13.27* 7 2.56 26882 31,920+ 32290
-23.76* 889 1379 30.48** 938 S.41 20514 5116
P11P5 Normal 1652+ 2737nn 4.08 1.43%" 513 -10.75 3187 -3.13
Drought -18.81** L18 3.9 33332 0.00 11.77 639 -1.91
P2xP3 Normal 417 623 0.00 4.62 0.00 -533 23814 37.84%"
Drought -37.68"* 34.65°°  -15.96* -1.20 513 843 17.91 9.80
P2xP4 Normal = 35.83** 19.43* 4,93 -£.92 10.51 485 213 1838
Drought  -26.40"" -10.37 332 -17.40* -10.53* 1807 441 19.58
P2x PS5 Normal  2696**  37.99% -1.86 -3.08 -2.70 388 16.48** 3581~
Drought  -21.60% 1458 -10.64 -14.20 0.00 -5.02 520 16.66*
r3x P4 Normal 4.36* T.08 =316 1532 0,00 17.3% 9.57 26.96%*
Drought 3551 -25.63** -5.78 241 170 20,78~ -2.56 11.37
P3xPS Normal 208 <2.78 11.16* 10.48 -6.82 8.7¢ 65.60 33.78*
Drought -3391*"  -23.66* 1.43 2.61 -513 1039 LR ] 4.7
P4xP5 Normal 1833 8.57 9.47* 5.69 278 31.58*~ 14.90** 33,58~
Drought _22.34** 2232es 690 _ 27.37*+ 294 .00 256 6223
— e ee———s L= .

* ** indicate significant at 0,05 and 0,01 probability levels, respectively.

and 100 kernels weight, P3 x P4 for ear diameter and ear height and P1 x
P3 for number of rows per ear. The best hybrids under drought conditions
were P4 x PS5 for plant height , ear length and ear height, P1 x P5 for ear
diameter, , P2 x P3 for number of rows per ear, P2 x P4 for number of
kernels per row and P1 x P3 for 100 kernels weight.

Stress susceptibility index "S" was used to estimate the relative
stress injury because it accounted for variation in yield potential and stress
intensity. Low stress susceptibility (S < 1) is synonymous with higher stress
tolerance (Fischer and Maurer 1978). The results indicated that § values
(Table 4) varied between parents and their F1 crosses for all studied
traits.P3, P2, P2 x P4, P1 x P3 and P1 x P2 were the best drought tolerant
genotypes for grain yield per plant and one or more of its attributes.

Table 4. Stress susceptibility index (S) of the fifieen genotypes for grain yicld and its components.

100 kernels Grain yleld/
Genotypes No. of rows / ear No. of kernels / row _weight g Plant £
P1 228 151 1.25 122
PixP2 145 1.52 0.45 092
P1xP3 119 0.57 0.70 0.91
PixP4 111 229 1.15 108
P1xPS 152 .48 - 139 1.27
P2 -0.48 0.71 .60 0.75
P2xP3 8.61 041 1.15 100
P2x P4 1.52 0.52 B.65 0.90
P2xP5 -0.50 1.19 1.49 0.96
P3 1.04 6.92 1.08 0.69
P3x P4 1.62 6.78 128 1.00
P3xP§ 0.87 0.84 084 L2
P4 6.99 9.00 081 1.20
P4dx P8 0.96 146 1.24 0.98
PS 0.50 141 0.73 0.98




Combining ability estimates

Estimates of the general combining ability effects (gi) of each
parental genotype for all studied traits are presented in Table (5). Inbred
lines P1, P2 and PS5 exhibited negative and highly significant (gi) effects for
plant and ear height, respectively under the normal environment. While P1,
P4 and PS5, respectively for plant height and P1 and P2 for ear height
showed negative and highly significant (gi) effects under drought
conditions, indicating that, those inbred lines posses favorable genes for
developing improved hybrids with short plants. However, the inbred lines P1
and P4 under normal conditions and P3 under drought conditions exhibited
positive and highly significant (gi) effects for grain yield per plant. The
inbred line P1 showed positive and highly significant (gi) effects for ear
diameter under normal and drought conditions. The inbred line P3 under
normal conditions and P2 and P3 under drought conditions exhibited
positive and highly significant (gi) effects for number of rows per ear .The
inbred lines P2 and P3 under drought conditions and P2 under normal
conditions showed positive and highly significant (gi} effects for number of
kernels per row. The inbred lines P1 and P4 under normal conditions and P4
under drought conditions exhibited positive and highly significant (gi)
effects for 100 kemels weight. This is of practical interest in breeding
programs for developing high grain yield per plant and one or more of the
remaining traits under normal and drought conditions.

Table 5. Estimates of general combining ability effects for the parental genotypes evaluated under
normal and stress environments {env.) as well as for their combined (comb.) data..

Parental Env. Plant Ear Ear Ear Ns, of No, of io0 Grain
Genetype height belght length  diameter  rows kermels!  keroels yield/
cm m m o fear row weightg  plantg
P1 Nermal -10.29%  _£26" 0.0% 017 0.26 8.66 0.934 B.18+"
Drought 12164 4060 -0.45* 016 .59 -1.25* 0.53 -1328
Cuombiped 1122 -3.16 418 016 4.17 £30 0.73 2.95
P2 Normat -7.43%* 4,650 0.21 .10 -0.17 137 =103 6.0
Drought 9510 5254 836 0.06 0.680= 1.94an -0.61 2.87
Combined 1.04 -4.97 029 .08 021 1.66 -122 -1.57
P3 Novwal 19.48%* 12.51% -4.13 0.82 0.97 0.56 .78 -42*
Dronght 10.98+* 654 0.15 L1 8. Ton= 149 0.66 3
Combined 1523 953 0.01 0.05 088 118 0.72 -0.43
P4 Nermsl L.62 365 -A.14 401 36 .15 098" 9320
Drought -1.540 2.04 038 £.13* -£4.59"" 0.09 0.7T7" 191
Combhined -0.51 2.84 0.12 -2.87 0.48 -0.03 6.88 5.62

Ps Notinsl -3.38 -521%" 0,03 4.08 £.70"" 244 .70 -7.504
Drought 5,69 L) | -0.45 445 .21 2.58 -b.04 -5.85m
Combined -4.53 -2.28 0.24 -2.07 045 -2.51 0.33 -6.57

LsD (gi-g)

0.05 Normal 4.51 4.79 .57 0.18 0.80 2.2% 138 5.90
Dronght 420 417 o.68 0.20 0.65 1.81 128 4.93
Combined 3n d1e 0.46 0.13 0.50 1.42 8.92 3.76

0.1 Normal 6.97 [ X ] 0.9¢ .15 1.4 3.06 1.86 195
Drought 3.65 5.61 0.88 427 0.8§ 2.44 1.73 6.67
Combined 490 4.12 0.63 .17 .67 169 122 5,00

*** indicate significant at 0,05 and 0,01 probability levels, respectively,
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Specific combining ability effects of the ten crosses for all studied
traits under normal and drought conditions are presented in Table (6). Seven
out of ten crosses under drought conditions and one hybrid (P1 x P4) under
normal conditions for plant height and six crosses under drought conditions
and two hybrids under norma! conditions for ear height exhibited negative
and significant specific combining ability effects, indicating that these
crosses posses favorable genes for producing improved hybrids with short
plant and low ear placement. For grain yield per plant, six out of ten crosses
under normal conditions and three crosses under drought conditions showed
positive and significant SCA effects. Regarding to ear length and ear
diameter two out of ten crosses under normal and drought conditions,
respectively exhibited positive and significant SCA effects. For number of
kemels per row two out of ten hybrids under drought and one hybrid (P1 x
P4) under normal conditions exhibited positive and significant SCA effects.
For 100- kerneis weight five out of ten crosses under normal and three
crosses under drought conditions exhbited positive and significant SCA
effects.

When a cross ranks highest for SCA effect such as the cross (1 x 4)
for grain yield per plant and three or more of its attributes and at the same
time ranks the best for its mean performance in the same trait, such cross
would be considered as a good breeding material to improve this specific
trait. Similar results were reported by Desai and Singh (2001), Abd El-Aty
and Katta, (2002), El-Morshidy e al (2003) and El-Shouny et al (2003).

SDS-Protein electrophoresis

Electrophoretic assays have been widely used as a rapid and accurate
test to identify and characterize different crop cultivars. By the use of
appropriate and refined techniques, it is now possible to actually fingerprint
each cultivar to assess its identity and its agronomic propertics. SDS-PAGE
analysis of water soluble proteins was successfully used for the identification and
prediction of heterosis and combining ability in maize and different field
crops (Abd El-Tawab ef a/ 1989 and Esmail et al 1999).

The electrophoretic patterns (SDS-PAGE) for water soluble proteins
(albumin and globulin) of the five maize inbred lines and their ten
hybrids are illustrated in Figure (1) and Table (7). From the SDS-PAGE
analysis, 43 bands were detected with different molecular weights (MW)
and relative mobilities (Rm). Numbers inside the table represent the
intensity percentages (%) of each band out of the total column,
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Table 6 Estimates of specific combining ability effects for ten yellow maize crosses evaluated
under normal and drought environments ss well as for their combined data.

Genotypes Eav. Plant Ear Ty Ear Neof ool . 100 Gruin
height  height " diameter %0 kel kernel yield/

] cm length cm om Towd ear ToW wolght g plant g
PlxP?  Normal 13.49%= B.48 -1.61%* £0.23 0.83 013 -035% -3.48
Drought -1625* 157 -0.38 £.31+ 0.08 ~2.10 2.81** 4.03
Combined  -1.38 5.02* -1.00+ 0,27 .45 -2.98 123 0.29
PLxP3  Normal 19.92%* 12954  1.06" -0.25 035 227 3.27 -9.60*
Drought -31.00%*  -10.24% 133 0.07 0.58 505" 5.19=» 222
Combied  -0.57 136 1.20 -4.09 0.62 .66 423 -3.70
Pi1zP4  Normal -10.86% 152 174 038 062 5328 618 3555~
Drought -15.78** .3.71 -1.24* 0.73=» 0.94 -2.24 3.760 2332
Combined  -13.17* -2.62 0.25 D56 0.48 .04 4.974 3093
PixP5  Normml 1L11%* 10.00%  0.13 0.4 0.68 -3.06 513 -1.51
Drought -4.40 1.42 0.43 075 0.22 243 157 -11288%
Combined  3.36 5.81* 0.8 .50 0.45 032 3350 -6.38*
P2xF3 Normsl 13.06 11.38* 0.6 0.22 0.44 -2.11 A.03= 24.594
Drought 36060 11,71+ 115 0.02 0.37 -0.48 133 1.7%
Combined .12.00** 0.17 -0.27 912 .41 -1.30 2.68% 1317
P2xP4  Normal 5159 1751 046 -0.25 0.78 227 -0.40 106
Drought -12.44% 386 0.29 019 -0.59 391+ 124 55
Cembined  19.57% 7024 0.37 -0.22% .10 3.00-+ 0.42 a7
P2xP5 Normal 28.25=" 15.43** 0.01 -0.02 056 1.56 322 12.02%=
Drought 0.60 B.48** 528 20.16 037 £0.10 -129 10.94%=
Combined  14.43% 13.484% 015 £0.09 -0.18 .73 0..97 16.48* 4
P3ixP4 Nermal 4.68 485 -1.20" 037 0.64 3.08 0.89 11.92=*
Drought -18.92**  -B8.33** 0.67 .16 -0.11 2.8 -1.0% 4.03
Combined  -7.12%¢ 214 -0.9qsn 0.26** 026 2.73 -0.08 7.98%=
P3zP5 Normasl 32 -0.10 0.96 023 -0.03 m -0.83 20874
Drought =1221% 467 0.69 0.08 -0.16 238 L0 6.13
Combined  -4.60 -2.38 0.83% 0.16 4.10 2.54* 0.14 13,50
P4xP5  Normml 12.54% 576 0.7 0.03 -0.03 aan 1.08 240204
Drought 41.68%=  19.52%¢ 176 0.41 .11 0.43 033 20.22%*
Combined 26.81**  12.64*% 123 0.22~ -0.07 192 037 22,120
LSD (5ij - Sik)
0.0%8 Noermal 11.05 11.73 1.63 2.4% 1.96 5.57 3.39 14.44
Dirought 127 10.21 161 0.48 1.60 4.4 31z 12.13
Combined 7.36 7.59 112 032 1.23 348 228 926
8.01 Normal 1487 1579 2,19 0.60 2.64 7.56 4.56 19.44
Drought 13.83 13.75 2.16 .65 215 598 4.23 1633
Combined 979 10.09 L4 0.43 1.64 4.62 .00 12.23
LSD (Sij — Ski)
0.05 Normal 19.08 16.70 1.49 0.4 1.79 5.08 3.09 13.18
Drought 939 233 147 0.44 1.46 4.08 2.87 11.07
Combiged  6.72 6.93 1.02 029 153 317 2.06 8,40
001 Normal 13.58 14.41 .00 8.55 .41 6.85 417 1.4
Drought 12.64 12.56 1.97 8.59 1.97 546 386 14.90
Combined 8.94 .21 1.36 9.39 150 4.22 274 11.17

*,** indicate significant at 0.05 and 0.01 probability levels, respectively.
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Table 7. Densitometer analysis of water scluble proteins (SDS-PAGE) showing number of
bands (Eno.), Relative mobility (Rm), molecuiar weight (Mw) and intensity as a

rcentage of total concentration for 5 x 5 maize dialicl crosses,

B Rm MW, ]
No. ¥.Da Inbred Parents Hybrids
1 1 3 4 E] W2 I x4 IRy X3 Txd IS 3kd 5 48
I 0001 T {8 In T® - im e
2 [YT) Lm 485 44 401 18 2
3 0051 16741 1 1m 1w L 3B 286 292
4 G.056 162.67 m 104 15 a9 193 1.46
3 0061 1388 FY] A
H o070 181 95 W5 35 dge 431 5315 |} 14 40 48 38 W s7 1 18 ise
7 .10l 13552 M 13 257 3z 13 | 1M rM 0 186 18 275 18 158
[ 0.124 12276 315 3% 400 330 W ) 23 161 32 1, 18T aM 160 i 1% 1|
® 152 1M [ T £ 257 1% 113
10 I3 11142 250 2% W X 135
1 n164 10592 EA) 24t 1% 188 4 306 1M 14
12 0177 100.84 L% 140
13 t.187 147 18 z70
i4 9191 sans S ] 233 18
15 £.203 (1Y 17 34 | 1m am 119 1M 154
15 0243 8196 07 123 17 iiz  Re6 | 128 138 143 103 IRl 134 T% %65 1% 4M
' 037§ Tan FE T T T ) 17 201 143 161 1 e
13 t.252 7245 L 134 1M 1w 13 148
13 0296 o1 4 1m s | 11 L3 1.8 77
b1 0.306 6601 10 | N 207 13
2 [ETH 63,16 152 LM 125 | 0% 295
2 03z 6268 109 130 097 12 16
b2 0333 5148 4] 116 | 106 119 Li3
24 0t48 5967 128 oM om 032 031 113
1] 0433 4753 247 168 166 L% n
26 0.450 4603 158 3.01 304 248 4063 L#s 346 436 i
7 0457 408 109 Lot
w 0486 4417 4B TR | 68 416 L3 0 1@ 13 M
19 t476 4324 i LI Lo o
30 0.453 2% 1% 1k | 1B am [¥] o7
51 0.n5 4005 LE- B Y-S L 08 L6 RT0 036 108 LM 1.42
a1 0544 3803 0m 01 | oss oL 136
1 0568 T84 sl 03 o4p LT - TY 0.60 1
34 0.57% 1088 0w | o 240 o068 117
33 055 3454 o | ooes
6 s 107 o | 1w 044 1.6
37 0702 368 [
3g oo 31.13 0.65 8.7y 048 oW o6 210
) 0744 993 1 | ow o o
40 0793 1968 147 0w | oo L35 13 1m0
4l 07 2827 L8 LSl 1T L
a2 073 2829 1 1 0 126
43 0.792 2751 134 | s
Numbers inside the table represent proper intensity percentages of each band
.
MW. in
KDa.
205
97
66
45
29

SDS-SP 1->15
Figure 1.5DS Electropheretic patterns of water soluble protein in 15 penotypes of yellow maize
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Two bands are commonly present in all five parents and their ten

hyl)r}ds of MW 122.76 and 81.96 KDa. These bands were considered as marker
bands for these genotypes. The five inbred lines were discriminated from cach
other by some unique bands, where inbred line P1 showed three bands of MW
91.47, 47.53 and 44.68 KDa. . The inbred line P2 characterized by three bands of
MW 162.67, 106.92 and 62.68 KDa.. The inbred iine P3 showed two bands of MW
94,05 and 59.67 KDa.. Two bands of MW 100.81 and 66.02 KDa. characterized
© the inbred line P4. Five bands of MW 30.85, 34.54, 32.07 29.93 and 27.57 KDa.
characterized the inbred line P35 From these results it is concluded that the
analysis of soluble protein electrophoretic bands could be a useful tool for the
identification and characterization of the five inbred lines of yellow maize.
Vanations among different field crops in SDS-protein banding patterns have been
reported by many authors (Abd El-Tawab er al 1978 | 1989, Afiah ef al 1999 and
Esmail et al 1999). Regarding the hybrids, six out of ten crosses (P1 x P2, P1 x P4,
P2 x P3, P2 x P4, P3 x P4 and P4 x P5) exhibited number of bands which exceeded
their respective parents (Table7) and were distinguished by having more hybrid
bands. In the same time, most of these hybrids showed substantial hybrid vigor
with regard to grain yield per plant under drought conditions (Table3) and positive
significant specific combining ability effects under drought counditions (Table 6) .
Four hybrids (P1 x P3, P1 x P35, P2 x P5 and P3 x P5) cxhibited a number of bands
which did not exceed the number of bands of their parents, These crosses showed
insignificant and negative heterosis and specific combining ability under drought
conditions (Tables 3 and 6), except the hybrid P2 x P5 which had positive and
significant heterosis and specific combining ability.

These results indicated to some extent the effectivencss of using soluble
seed protein electrophoresis in the identification of the highly heterotic hybrids and
high specific combining ability under drought conditions as biochemical genetic
markers associated with hybrid vigor and specific combining ability in yellow
maize hybrids,
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