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Abstract

This investigation was conducted during 2013-2015 to determine the prod-
uctivity and combining ability of some maize genotypes (74 top-crosses and two
check hybrids). Genotypes evaluated at Experimental Farm, Faculty of Agricul-
ture, Al-Azhar University at Assiut Branch. The obtained results revealed that
highly significant differences were found among top-crosses and lines as well as,
significant or highly significant differences between two testers and the interac-
tion of lines x testers for all studied traits, except ear diameter for testers. Signifi-
cant desirable GCA effects were found of some inbred lines for all studied traits.
Line No.1 had the highest negative GCA effect for number of days to 50% tasse-
ling. So, Line No.l a good combiner for early tasseling. The highest GCA for
grain yield/plant (28.37) was obtained from line No.2 The tester SC-10 was sig-
nificantly the best general combiner for number of days to 50% tasseling, number
of days to 50% silking, ear diameter and number of rows/ear while, the tester
TWC-324 was significantly the best general combiner for plant height, ear
length, 100-kernel weight and grain yield/plant. Significant desirable SCA effects
were found of some top-crosses for all studied traits. Top cross (L8 x SC-10)
gave the earliest tasseling (53 days). The highest grain yield /plant (241.37 g)
was obtained from Top cross (L31 x TWC-324). The variance due to GCA-L
was higher than GCA-T for all studied traits, indicating that most of GCA va-
riance was due to lines. The variance of SCA exceeded that the variance of GCA
(average) for all the studied traits, indicating that the non-additive gene action
played an important role in the inheritance of all the studied traits. Contribution
of lines was higher than testers for all studied traits. So, Lines played the major
role in the inheritance of traits.
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Introduction

Maize is the third most cereal
crop in the world, providing nutrient
for humans and animals. The main
objectives of maize breeding program
are to develop new inbred lines and
hybrids. Early testing relies on the
assumption that the combining ability
of a line 1s determined during the ear-
ly stages of selfing and does not
change substantially with continued
in breeding (Jenkins, 1935 and Spra-
gue, 1946). The line x tester analysis

method is used to estimate favorable
parents and crosses and their general
and specific combining abilities
(Kempthorne, 1957). Knowledge of
the effects of the general combining
ability (GCA) and specific combining
ability (SCA) helps in testing hypo-
theses and predicting crosses and is
important for understanding the ge-
netic structure of lines and popula-
tions (Hallauer and Miranda Filho,
1988). The success to identify paren-
tal lines that combine well and pro-
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duce productive crosses, mainly de-
pend on gene action that controls the
traits to be improved. The variance of
GCA/SCA ratio is useful in estimat-
ing that variability existed whether
due to additive or non-additive or
both types of gene action.

The aim of the present investi-
gation was to determine productive,
combining ability and mode of gene
action that control studied traits.
Materials and Methods

Thirty seven S, white maize
lines were derived from IW-469 pop-
ulation. In 2013 summer season, 150
vigorous plants were selected before
silking and self pollinated. After har-
vesting, 100 selfed ears (S;’s) which
gave sufficient grains were grown in
2014 spring season and self polli-
nated. After harvesting, 70 selfed ears
(Sys) which gave sufficient grains
were chosen. In 2014 summer season,
top-crosses were formed between se-
lected 70 S, lines and the two testers
i.e., Single Crosses 10 (SC-10) and
Three Way Cross 324 (TWC-324) in
two isolated blocks and among them
37 S, lines were crossed successfully
with the two testers and gave suffi-
cient grains to be evaluated in the
next season. In 2015 summer season,
the 74 top-crosses and two checks
1.e., SC-77 and TWC-324 were eva-
luated at Experimental Farm, Faculty
of Agriculture, Al-Azhar University
at Assiut Branch. The experiments
were laid out in a randomized com-
plete block design (R.C.B.D) with
three replications. Experimental plot
size was one ridge, 3 m in long with
70 cm between ridges. Planting was
done in hills spaced 25 cm apart on
one side of the ridge. The recom-
mended cultural of maize production

were applied at the proper time.

Data were collected for number
of days to 50% tasseling, number of
days to 50% silking, plant height
(cm), ear height (cm), ear length
(cm), ear diameter (cm), number of
rows/ear, 100-kernel weight (g) and
grain yield/plant (g).

Statistical analysis

Data was subjected to analysis
of variance according to Gomez and
Gomez (1984) and treatment means
were compared statistically using the
test of the Least Significant Differ-
ences (L.S.D). The combining ability
effects and types of gene action were
estimated according to Kempthorne
(1957) and Singh and Shaudhary
(1979).

Results and Disscusion
1- Analysis of variance and mean
performance

The analysis of variance of all
the studied traits (Table 1) revealed
that highly significant differences
were found among crosses for all the
studied traits, indicating that the
crosses were different from each oth-
er. Partitioning sum of squares due to
crosses into its components lines, tes-
ters and lines X testers interaction
showed significant or highly signifi-
cant differences among lines and be-
tween the two testers for all the stu-
died traits, except ear diameter for
testers, indicating that great diversity
among the lines and between the two
testers. At the same time highly sig-
nificant differences were found be-
tween lines x testers interaction for
all the studied traits, indicating that
the lines performed differently via its
genetic make-up in crosses with each
of the testers.
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Table 1. Mean squares of top-crosses, lines, testers and lines x testers interaction
for all the studied traits.

Da);s to Da);s to Plant Ear Ear Ear Nun;ber k100-l Grain
S.0.V | df 50/." SOA) height height | length | diameter o erne yield/plant

tasseling | silking rows/ear | weight
Crosses | 73 | 14.63%* | 14.05%* | 400.624*% | 222.86%* | 5.68%* | 0.13%* | 2.80%* | 37.46%* | 178.41%*
Lines(L)| 36 |20.66%* | 19.68%*| 561.12%* |303.37+*| 8.64%* | 0.20%* | 3.48%* | 54.28%*|1101.52*
Pesters(T| | |35.86%+|30.20%% | 583.78** | 90.83* |5.00%*| 0.07 | 8.46%* |33.20%*|1483.89*
LXT | 36 | 8.01%% | 7.95% | 235.04%% | 146.02%* | 2.74%* | 0.06%* | 1.95%% |20.76%* | 336.95%*
Error | 146| 282 | 2.81 33.04 1876 | 045 | 002 | 036 | 3.97 | 740.39

* #* significant at 0.05 and 0.01 probability levels, respectively.

Mean performance values of the
74 top-crosses and the two checks
1.e., SC-77 and TWC-324 for all the
studied traits are presented in Table 2.
The obtained results cleared that 26
and 24 top-crosses were significantly
earlier tasseling than the two checks
SC-77 and TWC-324, respectively.
Regarding to number of days to 50%
silking, 25 and 24 top-crosses were
significantly earlier silking than the
two respective checks, respectively.
In respect of plant height, 11 and 20
top-crosses were significantly shorter
than the two respective checks, re-
spectively. Ear height revealed that
27 top-crosses were significantly
lower ear placement than the two
checks. Moreover, ear length 17 and
24 top-crosses were significantly
longer than the respective two
checks, respectively. Concerning to
ear diameter, 19 and 28 top-crosses

were significantly superior than the
two ranked checks, respectively.
Numbers of rows/ear exhibited that
31 and 26 top-crosses were signifi-
cantly superior than the two proposed
checks, respectively. Regarding to
100-kernel weight, 24 and 26 top-
crosses were significantly heavier
than the two same checks, respective-
ly. Also, grain yield/plant, 60 and 43
top-crosses were significantly out-
yielded the two respective checks,
respectively. The obtained results ex-
hibited the genetic variability among
the studied top-crosses along with
comparative cheeks. These results are
supported with the findings of Soli-
man and Sadek (1999), Amer and El-
Shenawei (2007), El-Beially et al
(2007), El-Arif et al (2011), Chandel
and Mankotia (2014), Tamirat et a/
(2014), Anupam et al (2015) and
Shah et al (2015).
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Table 2 . Mean performance of all the studied traits for 74 top-crosses of maize.

Lines Number of days to 50% tasseling | Number of days to 50% silking Plant height
S.C.10| TWC-324 | Mean |[S.C.10| TWC-324 | Mean |S.C.10| TWC-324 | Mean
L1 54.00 55.00 54.50 57.00 58.00 57.50 |231.00| 256.67 | 243.84
L2 57.00 57.67 57.34 60.33 60.00 60.17 |276.46| 264.67 | 270.57
L3 60.00 61.00 60.50 63.00 64.00 63.50 |263.67| 256.67 | 260.17
L4 61.00 57.00 59.00 63.67 60.33 62.00 |253.33] 240.67 | 247.00
L5 56.67 60.00 58.34 59.67 63.33 61.50 |250.00| 247.00 | 248.50
L6 59.67| 57.00 58.34 62.67 60.00 61.34 |246.00| 246.67 | 246.34
L7 55.67 59.67 57.67 58.67 62.67 60.67 |254.67| 264.67 | 259.67
L8 53.00] 56.67 54.84 56.67 59.67 58.17 [254.67| 262.33 | 258.50
L9 60.00 58.67 59.34 63.00 61.67 62.34 222.67| 240.33 | 231.50
L10 56.00 60.33 58.17 59.00 63.33 61.17 ]250.67| 247.00 | 248.84
L11 60.33 57.33 58.83 63.33 60.33 61.83 |247.67| 250.33 | 249.00
L12 56.67 59.33 58.00 59.67 62.33 61.00 |257.67| 255.67 | 256.67
L13 56.00 60.67 58.34 59.00 63.67 61.34 1260.00| 258.00 | 259.00
L14 58.67 59.33 59.00 61.67 62.33 62.00 |240.00| 235.33 | 237.67
L15 58.00 58.33 58.17 61.33 61.33 61.33 |242.67| 232.00 | 237.34
L16 54.67 56.67 55.67 58.00 59.67 58.84 1266.00| 270.67 | 268.34
L17 56.33 55.00 55.67 59.67 58.00 58.84 274.33] 246.67 | 260.50
L18 55.00 58.67 56.84 58.00 61.67 59.84 |241.33] 234.00 | 237.67
L19 55.00 58.67 56.84 58.00 61.67 59.84 |277.00| 254.67 | 265.84
L20 60.67 59.67 60.17 63.67 62.67 63.17 1249.00| 250.67 | 249.84
L21 54.67 55.00 54.84 57.67 58.00 57.84 1261.33| 264.67 | 263.00
L22 55.00 56.67 55.84 58.00 59.67 58.84 254.67| 242.00 | 248.34
L23 56.67 61.00 58.84 63.33 63.67 63.50 |265.33| 250.33 | 257.83
L24 60.00 59.00 59.50 62.67 62.00 62.34 |255.67| 266.33 | 261.00
L25 60.67 60.33 60.50 63.67 63.00 63.34 |253.67| 250.67 | 252.17
L26 59.33 61.00 60.17 62.33 64.33 63.33 |257.67| 234.33 | 246.00
L27 58.00 56.33 57.17 61.00 59.33 60.17 ]256.00| 236.67 | 246.34
L28 61.00 62.00 61.50 64.33 64.67 64.50 |262.00| 264.33 | 263.17
L29 57.00 60.33 58.67 60.00 63.33 61.67 ]259.00] 263.00 | 261.00
L30 56.33 54.66 55.50 59.33 57.67 58.50 ]262.00| 249.33 | 255.67
L31 56.67 58.33 57.50 59.67 61.33 60.50 ]260.33| 257.00 | 258.67
L32 57.33 55.67 56.50 60.67 58.67 59.67 ]262.33| 256.67 | 259.50
L33 55.67 57.33 56.50 58.67 60.33 59.50 |281.67| 259.33 | 270.50
L34 57.33 55.00 56.17 60.67 58.00 59.34 |244.33| 254.33 | 249.33
L35 56.67 61.00 58.84 59.67 64.00 61.84 |261.33| 263.33 | 262.33
L36 60.33 60.67 60.50 63.33 63.67 63.50 ]250.33] 274.00 | 262.17
L37 57.00 56.67 56.84 59.67 59.67 59.67 |255.67| 241.33 | 248.50
Mean | 57.41 58.32 57.86 60.56 61.30 60.93 |255.73] 252.50 | 254.11
TWC-
324 62.33 65.33 264.00
S.C.77 61.66 65.00 259.66
LSD 0.05 2.69 2.69 9.35
LSD 0.01 3.55 3.55 12.36
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Table 2. Cont.

Ear height Ear length Ear diameter

Lines  —c =10 TTWC-324] Mean | S.C.10 [TWC-324] Mean | S.C.10 [TWC-324] Mean

L1 127.00 | 154.67 | 140.84 | 21.07 | 22.43 | 21.75 4.53 4.90 4.72

L2 151.00 | 142.67 | 146.84 | 21.57 | 20.57 | 21.07 5.20 5.10 5.15

L3 160.33 | 171.33 | 165.83 | 21.73 | 21.50 | 21.62 4.73 4.70 4.72

L4 163.33 | 142.67 | 153.00 | 20.03 | 19.67 | 19.85 5.50 5.00 5.25

L5 140.00 | 140.33 | 140.17 | 20.57 | 21.47 | 21.02 4.90 4.73 4.82

L6 146.67 | 145.00 | 145.84 | 21.57 | 20.73 | 21.15 4.70 4.80 4.75

L7 145.67 | 142.67 | 144.17 | 19.67 | 22.50 | 21.09 4.97 4.97 4.97

L8 138.67 | 148.00 | 143.34 | 18.53 | 21.77 | 20.15 4.97 5.10 5.04

L9 130.67 | 138.33 | 134.50 | 17.33 | 19.67 | 18.50 4.77 5.00 4.89

L10 149.00 | 151.00 | 150.00 | 22.27 | 21.23 | 21.75 4.83 4.77 4.80

L11 149.00 | 143.67 | 146.34 | 22.97 | 22.20 | 22.59 4.63 4.73 4.68

L12 149.67 | 144.33 | 147.00 | 19.67 | 20.40 | 20.04 5.07 4.87 4.97

L13 141.67 | 134.33 | 138.00 | 22.73 | 23.27 | 23.00 4.70 4.53 4.62

L14 134.67 | 140.67 | 137.67 | 21.77 | 22.07 | 21.92 4.40 4.63 4.52

L15 130.33 | 134.67 | 132.50 | 21.63 | 22.00 | 21.82 4.83 4.70 4.77

L16 148.00 | 141.33 | 144.67 | 22.67 | 21.43 | 22.05 4.57 4.53 4.55

L17 159.33 | 147.00 | 153.17 | 22.33 | 21.33 | 21.83 4.70 4.67 4.69

L18 140.33 | 135.67 | 138.00 | 19.43 | 20.33 | 19.88 4.70 4.70 4.70

L19 152.67 | 145.67 | 149.17 | 22.67 | 23.17 | 22.92 4.93 4.70 4.82

L20 142.00 | 150.33 | 146.17 | 19.67 | 20.33 | 20.00 4.73 5.03 4.88

L21 150.33 | 145.33 | 147.83 | 2147 | 2133 | 21.40 4.57 4.63 4.60

L22 136.67 | 125.67 | 131.17 | 20.30 | 22.30 | 21.30 4.60 4.80 4.70

L23 156.00 | 148.67 | 152.34 | 19.73 | 20.07 | 19.90 4.83 4.67 4.75

L24 159.67 | 163.33 | 161.50 | 23.23 | 20.43 | 21.83 5.20 4.73 4.97

L25 148.67 | 139.33 | 144.00 | 19.13 | 19.37 | 19.25 4.93 4.97 4.95

L26 146.33 | 141.00 | 143.67 | 18.30 | 16.90 | 17.60 5.10 4.90 5.00

L27 151.67 | 148.67 | 150.17 | 19.93 | 20.77 | 20.35 5.00 4.70 4.85

L28 135.00 | 145.00 | 140.00 | 20.67 | 19.77 | 20.22 4.97 4.73 4.85

L29 151.00 | 149.67 | 150.34 | 21.63 | 20.17 | 20.90 4.90 5.20 5.05

L30 137.67 | 149.33 | 143.50 | 2207 | 21.60 | 21.84 4.50 4.43 4.47

L31 149.00 | 138.00 | 143.50 | 21.90 | 21.60 | 21.75 4.87 4.93 4.90

L32 147.00 | 137.00 | 142.00 | 20.03 | 21.67 | 20.85 4.47 4.53 4.50

L33 160.67 | 143.33 | 152.00 | 21.23 | 21.73 | 21.48 4.63 4.70 4.67

L34 134.33 | 144.33 | 139.33 | 20.67 | 21.93 | 21.30 4.67 4.73 4.70

L35 145.33 | 138.00 | 141.67 | 18.00 | 19.40 | 18.70 5.20 4.80 5.00

L36 141.33 | 157.00 | 149.17 | 19.70 | 22.57 | 21.14 4.90 4.80 4.85

L37 144.33 | 139.67 | 142.00 | 20.93 | 22.43 | 21.68 4.63 4.63 4.63

Mean | 145.81 | 144.53 | 145.17 | 20.78 | 21.14 | 20.96 4.82 4.78 4.80

TWC-324 155.33 19.63 4.47

S.C.77 157.33 20.10 4.60
LSD 0.05 7.16 1.08 0.23
LSD 0.01 9.46 1.43 0.30
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Table 2. Cont.

Lines Number of rows/ear 100-kernel weight Grain yield/plant
S.C.10 [TWC-324| Mean | S.C.10 |TWC-324| Mean | S.C.10 [TWC-324| Mean

L1 12.47 12.47 12.47| 36.10 39.50 | 37.80| 200.97| 240.90 | 220.94
L2 14.43 14.90 14.67| 45.27 4297 | 44.12| 239.43| 229.10 | 234.27
L3 12.23 12.47 12.35| 47.47 4577 | 46.62| 223.77| 203.43 | 213.60
L4 14.03 13.90 13.97| 41.40 42.67 | 42.04| 235.100 226.97 | 231.04
L5 15.40 13.67 14.54| 41.10 4450 | 42.80| 241.10f 225.90 | 233.50
L6 13.30 12.70 13.00| 40.73 40.67 | 40.70| 202.77| 230.23 | 216.50
L7 14.03 14.33 14.18| 42.20 46.17 | 44.19] 226.03| 213.97 | 220.00
L8 13.30 15.33 14.32| 40.70 41.27 | 40.99] 199.63| 220.70 | 210.17
L9 14.57 13.20 13.89| 33.40 43.37 | 38.39] 19597 214.03 | 205.00
L10 15.70 13.67 14.69| 41.63 43.87 | 42.75| 228.97| 212.10 | 220.54
L11 12.87 12.77 12.82| 35.90 43.60 | 39.75| 198.67| 196.77 | 197.72
L12 14.00 13.00 13.50| 44.10 35.00 | 39.55| 228.97| 199.57 | 214.27
L13 13.00 13.67 13.34| 43.17 43.27 | 43.22] 212.30| 237.03 | 224.67
L14 11.77 13.73 12.75| 37.70 46.43 42.07| 190.97| 202.33 | 196.65
L15 15.00 12.67 13.84| 37.80 37.90 | 37.85| 207.30| 213.56 | 210.43
L16 14.33 12.77 13.55| 37.33 39.90 | 38.62| 196.43| 198.57 | 197.50
L17 12.77 13.67 13.22| 37.50 36.97 | 37.24| 204.20| 186.90 | 195.55
L18 14.00 12.67 13.34| 41.20 39.67 | 40.44| 222.87| 185.13 | 204.00
L19 13.33 12.47 12.90 | 40.57 38.47 | 39.52| 215.10| 209.87 | 212.49
L20 13.83 14.13 13.98| 35.50 38.63 37.07| 172.53] 220.47 | 196.50
L21 15.00 13.43 14.22| 33.43 38.47 | 3595| 181.97| 195.87 | 188.92
L22 15.43 13.43 14.43| 39.50 40.43 39.97| 186.10] 204.37 | 195.24
L23 13.10 12.47 12.79| 39.30 35.50 | 37.40| 175.63] 197.23 | 186.43
L24 13.33 14.00 13.67| 44.77 4537 | 45.07| 240.53| 204.43 | 222.48
L25 14.23 14.00 14.12| 38.60 3497 | 36.79| 194.20| 196.13 | 195.17
L26 14.10 14.53 14.32| 35.83 34.57 | 35.20| 201.53| 162.23 | 181.88
L27 14.80 12.90 13.85]| 36.73 37.40 | 37.07| 187.97| 192.67 | 190.32
L28 14.43 15.30 14.87| 41.70 37.67 | 39.69| 195.00| 197.97 | 196.49
L29 14.67 13.10 13.89| 4597 47.87 | 46.92| 215.77| 232.23 | 224.00
L30 13.70 13.10 13.40| 36.47 35.00 | 35.74| 185.43| 187.90 | 186.67
L31 14.13 12.90 13.52| 38.73 42.07 | 40.40| 218.30| 241.37 | 229.84
L32 14.23 11.77 13.00| 38.50 37.57 | 38.04| 201.77| 200.10 | 200.94
L33 13.67 13.67 13.67| 39.07 43.33 41.20| 178.43| 195.10 | 186.77
L34 12.00 12.90 12.45| 37.10 34.55 35.83| 195.43 178.5 | 186.97
L35 15.00 12.87 13.94| 42.57 39.17 | 40.87| 191.30| 226.90 | 209.10
L36 13.50 14.30 13.90| 39.43 41.57 | 40.50] 191.10f 219.10 | 205.10
L37 12.00 11.90 11.95] 39.23 39.50 | 39.37| 189.10] 164.10 | 176.60
Mean | 13.83 13.37 13.60 | 39.67 40.42 | 40.04| 204.67| 207.13 | 205.90
TWC- 11.90 34.93 190.67
324

S.C.77 11.90 34.70 182.13

LSD 0.05 0.96 3.22 8.48

LSD 0.01 1.26 4.26 11.21
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II- Combining ability
A- General combining ability

Estimates of general combin-
ing ability effects for all the stu-
died traits of the 37 S, white maize
lines and the two testers 1.e., S.C-10
and TWC-324 are presented in Table
3.

A.1- General combining
ability for the two testers

The obtained results cleared
that the tester SC-10 was signifi-
cantly the best general combiner
for number of days to 50% tasse-
ling, number of days to 50% silk-
ing, ear diameter and number of
rows/ear. Meanwhile, the tester
TWC-324 was significantly the
best general combiner for plant
height, ear length, 100-kernel weight
and grain yield/plant.

A.2- General combining
ability for the inbred lines

The obtained results in Table
3 exhibited that the line number 1
was significantly the highest desir-
able general combiner for number
of days to 50% tasseling and num-
ber of days to 50% silking with
values of - 3.41 and - 3.43, respec-
tively Also, line no.21 was ranked
second order after line no.1. The
line number 9 with value - 22.62
and the line number 22 with value
- 14.00 were significantly the most

superior general combiners for
plant height and ear height, respec-
tively. The line number 13 with
value 2.07 and the line number 4
with value 0.45 were significantly
the highest desirable general com-
biners for ear length and ear di-
ameter, respectively. The line
number 28 with value 1.30 was
significantly the highest desirable
general combiner for number of
rows/ear. The line number 29 with
value 6.87 and the line number 2
with value 28.37 were significantly
the most superior general combiners
for 100-kernel weight and grain
yield/plant, respectively.

10 lines out of 37 possessed
significant desirable GCA effects
for number of days to 50% tasse-
ling, ear height, ear diameter,
number of rows/ear and 100-kernel
weight. As well as, 9, 14, 15 and
16 lines possessed significant de-
sirable GCA effects for number of
days to 50% silking, plant height,
ear length and grain yield/plant,
respectively. These results are
supported with the findings of Ga-
do (2000), Mahmoud and Abd El-
Azeem (2004), Osman and Ibra-
hem (2007), Senthil and Bharathi
(2011), Chandel and Mankotia
(2014), Shah et al (2015).
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Table 3. Estimates of general combining ability effects for all the studied traits of
37 S; lines and 2 testers.

Number of | Number Number | 100- ‘
Lines days to | of days Pl‘ant E‘ar Ear Ear di- of kernel | . Grain
50% to 50% | height height | length | ameter rows/ear | weight yield/plant
tasseling | silking
L1 -3.41%% | -3.43%* | -1.28 -4.34% | 0.82%*% | -0.08 | -1.11%**|-2.25%*%| 15.04**
L2 -0.58 -0.76 | 16.55%* 1.66 0.13 | 0.35%* | 1.09%* | 4.07** | 28.37**
L3 2.58%*% | 2.57%% | 6.05%* | 20.66** | 0.68* | -0.08 |-1.22%*| 6.57** | 7.70**
L4 1.09 1.07 | -7.12%% | 7.83%% |-1.08%*| 0.45** 0.39 1.99% | 25.14**
L5 0.42 0.57 -5.61*% | -5.00** | 0.08 0.01 0.96%* | 2.75%* | 27.60**
L6 0.42 041 | -7.78** 0.66 0.22 -0.05 | -0.57* | 0.65 | 10.60**
L7 -0.25 -0.26 5.54%* -1.00 0.15 | 0.16%* | 0.61* |4.14** | 14.10**
L8 -3.08** | -2.76**| 4.38 -1.84 |-0.78**| 0.23** | 0.74** | 0.94 4.27*
L9 1.42%* 1.40% |-22.62%*%| 10.67** |-2.43**| (.08 031 | -1.66* -0.90
L10 0.25 0.24 -5.28% | 4.83%*F | 0.82%*% | -0.00 | 1.11** | 2.70%* | 14.64**
L11 0.92 0.91 -5.12% 1.16 | 1.65** | -0.12* | -0.76** | -0.30 | -8.18**
L12 0.09 0.07 2.55 1.83 [-0.90**| 0.16** | -0.02 | -0.35 | 8.37**
L13 0.42 0.41 4.88% | -7.17**% | 2.07** | -0.19%* | -0.02 | 3.17** | 18.77**
L14 1.08 1.07 |-16.45%*| -7.50%* | 0.98** | -0.29%* | -0.82** | 2.02* | -9.25%*
L15 0.25 0.41 |-16.78**|-12.67**| 0.88** | -0.04 0.26 |-2.20%%| 4.54%
L16 S2.25%% 1 .2.09%* | 14.22%*% | -0.50 | 1.11**| -0.25%* | -0.02 | -1.43 | -8.40**
L17 S2.25%% 1-.2.09%* | 6.38%F | 8.00%* | 0.90%* | -0.12* | -0.36 |-2.81**| -10.35%*
L18 -1.08 -1.09 [-16.45%*] -7.17** |-1.05**| -0.10 -0.24 0.39 -1.90
L19 -1.08 -1.09 | 11.72** | 4.00* | 1.98** | 0.01 |-0.67**| -0.53 | 6.59**
L20 2.25%% | 2.24%*% | 428 1.00 [-0.93**| 0.08 0.41 |-2.98%*| -9.40%*
L21 -3.08%** | -3.09**| 8.88** 2.66 0.47 | -0.20%* | 0.64** |-4.10**| -16.98**
L22 -2.08** | -2.09**| -5.78* |-14.00**| 0.37 -0.10 | 0.86** | -0.08 | -10.66**
L23 2.92%*% | 2.57%* | 3.72 7.16%*% |-1.03**| -0.05 | -0.80** |-2.65%*| -19.46**
L24 1.59%* 1.41% | 6.88** | 16.33** | 0.90** | 0.16** 0.10 | 5.02%* | 16.59**
L25 2.59%*% | 2.41*%* | -1.95 -1.17 |-1.68%*| 0.15%* | 0.54* |-3.26%**| -10.73**
L26 2.25%% | 2.41%* | -8 12¥* | -1.50 |-3.33%*| 0.20%* | 0.74%* | -4.85%*| -24.01**
L27 -0.75 -0.76 | -7.78** | 5.00** | -0.58* | 0.05 0.28 |-2.98**| -15.58**
L28 3.59%% | 3.57%*% | 9.05%* | -5.17** | -0.67* | 0.05 1.30%*% | -0.36 | -9.41**
L29 0.75 0.74 | 6.88** | 5.16%* | -0.03 | 0.25%* 0.31 | 6.87**%| 18.10%*
L30 2.A41%% 1 -2.43%*| 1.55 -1.67 | 0.90** | -0.34** | -0.17 |-4.81**| -19.23**
L31 -0.41 -0.43 4.55 -1.67 | 0.82**| 0.10 0.06 0.35 | 23.94%**
L32 -1.41%* -1.26 5.38* -3.17 -0.08 | -0.30%* | -1.57** | -2.01* | -4.96*
L33 -1.41*% | -1.42* | 16.38** | 6.83** | 0.55% | -0.14* 0.10 1.15 | -19.13**
L34 -1.75% | -1.60* | -4.78% | -5.84*%* | -0.63* | -0.10 |-1.12%*|-421**| -18.90**
L35 0.92 0.91 8.22%* | -3.50% |[-2.23** (0.20%** 0.36 0.82 3.20
L36 2.59%*% | 2.57*%* | 8.05** | 4.00%* 0.20 0.05 0.33 0.45 -0.80
L37 -1.08 -1.26 | -5.62* -3.17 | 0.75%% | -0.17**% | -1.62** | -0.68 | -29.30**
S.E lines 1.36 1.36 4.65 3.50 0.54 0.11 0.48 1.61 4.24
o 1.79 179 | 614 | 463 | 072 | 015 | 064 | 213 | 5.6l
Testers
S.C.10 | -0.40** | -0.37* | 1.62** 0.64 | -0.15*% | 0.02* | 0.20** | -0.38* | -1.23*
TWC324| 0.40** 0.37* | -1.62** | -0.64 0.15* | -0.02* | -0.20** | 0.38* 1.23%*
8.E testers 0.30 0.30 1.04 0.78 0.12 0.02 0.11 0.36 0.95%*
o 040 | 040 | 137 | 1.03 | 0.16 | 003 | 0.14 | 048 | 125
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B- Specific combining ability
Estimates of specific combining
ability effects of the 74 top-crosses
for all the studied traits are presented
in Table 4. The obtained results re-
vealed that 2 top-crosses possessed
significant negative desirable SCA
effects for number of days to 50%
tasseling and number of days to 50%
silking. As well as, 11 and 10 top-
crosses possessed significant negative
desirable SCA effects for plant height

and ear height, respectively. On the
other hand, 9, 8, 7, 6 and 25 top-
crosses possessed significant positive
desirable SCA effects for ear length,
ear diameter, number of rows/ear,
100-kernel ~ weight and  grain
yield/plant, respectively. These re-
sults are supported with the findings
of El-Zeir et al (2000), Mostafa
(2000), Abd El-Moula (2005), Sunil
et al (2012), Chandel and Mankotia
(2014),Shah et al (2015).

Table 4. Estimates of specific combining ability effects for all the studied traits of

74 top-crosses.

Lines Number of days to 50% tasseling| Number of days to 50% silking Plant height
S.C.10 TWC-324 S.C.10 TWC-324 S.C.10 TWC-324
L1 -0.10 0.10 -0.13 0.13 -14.45%* | 14.45%*
L2 0.07 -0.07 0.54 -0.54 4.38 -4.38
L3 -0.10 0.10 -0.13 0.13 1.88 -1.88
L4 2.40* -2.40* 2.04* -2.04* 4.71 -4.71
L5 -1.27 1.27 -1.46 1.46 -0.12 0.12
L6 1.73 -1.73 1.70 -1.70 -1.95 1.95
L7 -1.60 1.60 -1.63 1.63 -6.62%* 6.62*
L8 -1.43 1.43 -1.13 1.13 -5.45 5.45
L9 1.07 -1.07 1.04 -1.04 -10.45** | 10.45%*
L10 -1.08 1.08 -1.80 1.80 0.21 -0.21
L11 1.90 -1.90 1.87 -1.87 -2.95 2.95
L12 -0.93 0.93 -0.96 0.96 -0.62 0.62
L13 -1.93* 1.93* -1.96* 1.96* -0.62 0.62
L14 0.07 -0.07 0.04 -0.04 0.71 -0.71
L15 0.23 -0.23 0.37 -0.37 3.71 -3.71
L16 -0.60 0.60 -0.46 0.46 -3.95 3.95
L17 1.07 -1.07 1.20 -1.20 12.21%* | -12.21**
LI18 -1.43 1.43 -1.46 1.46 2.05 -2.05
L19 -1.43 1.43 -1.46 1.46 9.54** -9.54**
L20 0.90 -0.90 0.87 -0.87 -2.45 2.45
L21 0.23 -0.23 0.20 -0.20 -3.29 3.29
L22 -0.43 0.43 -0.46 0.46 4.71 -4.71
L23 0.23 -0.23 0.20 -0.20 5.88 -5.88
L24 0.90 -0.90 0.70 -0.70 -6.95% 6.95*
L25 0.57 -0.57 0.70 -0.70 -0.12 0.12
L26 -0.43 0.43 -0.63 0.63 10.05%* | -10.05%*
L27 1.23 -1.23 1.20 -1.20 8.05* -8.05%*
L28 -0.10 0.10 0.20 -0.20 -2.88 2.88
L29 -1.27 1.27 -1.30 1.30 -3.62 3.62
L30 1.23 -1.23 1.20 -1.20 4.71 -4.71
L31 -0.43 0.43 -0.46 0.46 0.05 -0.05
L32 1.23 -1.23 1.37 -1.37 1.21 -1.21
L33 -0.43 0.43 -0.47 0.47 9.54** -9.54**
L34 1.57 -1.57 1.70 -1.70 -6.62%* 6.62*
L35 -1.77 1.77 1.80 -1.80 -2.62 2.62
L36 0.23 -0.23 0.20 -0.20 -13.45%% | 13.45%*
L37 0.58 -0.58 0.37 -0.37 5.55 -5.55
S.E. 0.05 1.92 1.92 6.57
0.01 2.54 2.53 8.68
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Table 4. Cont.

Lines Ear height Ear length Ear diameter
S.C.10 TWC-324 S.C.10 TWC-324 S.C.10 TWC-324
L1 -14.47%* 14.47** -0.53 0.53 -0.20* 0.20%*
L2 3.53 -3.53 0.65 -0.65 (0.337%#* -0.33**
L3 -6.14* 6.14* 0.27 -0.27 -0.01 0.01
L4 9.69** -9.69%* 0.33 -0.33 0.23%* -0.23%*
L5 -0.81 0.81 -0.30 0.30 0.07 -0.07
L6 0.19 -0.19 0.57 -0.57 -0.07 0.07
L7 0.86 -0.86 -1.27%* 1.27** -0.02 0.02
L8 -5.31* 5.31%* -1.47%* 1.47+* -0.08 0.08
L9 -4.47 4.47 -1.02%* 1.02°** -0.13 0.13
L10 -1.64 1.64 0.67 -0.67 0.02 -0.02
L11 2.03 -2.03 0.53 -0.53 -0.07 0.07
L12 2.03 -2.03 -0.22 0.22 0.08 -0.08
L13 3.03 -3.03 -0.12 0.12 0.07 -0.07
L14 -3.64 3.64 0.01 -0.01 -0.13 0.13
L15 -2.81 2.81 -0.03 0.03 0.05 -0.05
L16 2.69 -2.69 0.77* -0.77* -0.01 0.01
L17 5.53%* -5.53* 0.65 -0.65 -0.01 0.01
L18 1.69 -1.69 -0.30 0.30 -0.02 0.02
L19 2.86 -2.86 -0.09 0.09 0.10 -0.10
L20 -4.81 4.81 -0.18 0.18 -0.17* 0.17*
L21 1.86 -1.86 0.22 -0.22 -0.05 0.05
L22 4.86 -4.86 -0.85%* 0.85* -0.12 0.12
L23 3.03 -3.03 -0.02 0.02 0.07 -0.07
124 -2.47 2.47 1.55%* -1.55%* 0.22%* -0.22%*
L25 4.03 -4.03 -0.03 0.03 -0.03 0.03
L26 2.03 -2.03 0.85* -0.85%* 0.08 -0.08
L27 0.86 -0.86 -0.27 0.27 0.13 -0.13
128 -5.64* 5.64* 0.65 -0.65 0.10 -0.10
L29 0.03 -0.03 0.88* -0.88* -0.17* 0.17*
L30 -6.47* 6.47* 0.38 -0.38 0.02 -0.02
L31 4.86 -4.86 0.30 -0.30 -0.05 0.05
L32 4.36 -4.36 -0.67 0.67 -0.05 0.05
L33 8.03%* -8.03%* -0.10 0.10 -0.05 0.05
L34 -5.64* 5.64* 0.51 -0.51 -0.05 0.05
L35 3.03 -3.03 -0.54 0.54 0.18* -0.18*
L36 -8.47%* 8.47** -1.28%* 1.28** 0.33%** -0.33%*
L37 1.69 -1.69 -0.60 0.60 -0.02 0.02
S.E. 0.05 4.95 0.77 0.16
0.01 6.54 1.01 0.21
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Table 4. Cont.

Number of rows/plant

100-kernel weight

Grain yield/plant

Lines =G’ c10 | TWC324 | S.C.10 | TWC324 | S.C.10 | TWC-324
Ll 20.20 0.20 132 1.32 C18.73%% | 18.73%*
L2 -0.43 0.43 1.53 -1.53 6.40* -6.40*
L3 20.32 0.32 1.23 -1.23 11.40%* | -11.40%*
L4 20.13 0.13 20.25 0.25 530 25.30
L5 0.67 20.67 132 1.32 8.83%* _8.83%*
L6 0.10 20.10 0.41 20.41 12.50%% | 12.50%%
L7 20.35 0.35 21.60 1.60 727 7.27%
L8 C1.20%% 1.22%% 0.10 20.10 29.30%* 9.30%*
L9 0.48 20.48 “4.60%* 4.60%* ~7.80* 7.80*
L10 0.82* 20.82* 20.74 0.74 9.67** 20.67%*
L1l 20.15 0.15 23 .47% 3 47% 2.18 218
L12 0.25 20.25 4.78%% “478%% | 15.03%% | _]15.93%*
L13 20.53 0.53 0.33 20.33 JIL13%F | 11.13%*
L14 -1.18** 1.18%* -3.98** 3.08%** -4.45 4.45
L15 0.97** 20.97%* 0.33 20.33 21.90 1.90
L16 0.58 20.58 20.90 0.90 0.17 20.17
L17 20.65 0.65 0.65 20.65 0.88** 20,88
Li8 0.47 20.47 1.15 2115 20.10%% | -20.10%*
L19 0.23 20.23 1.43 1.43 3.85 3.85
.20 20.35 0.35 119 1.19 222.73%% | 22.73%*
L21 0.58 20.58 214 2.14 572 572
122 0.80* 20.80* 20.09 0.09 ~7.90* 7.90*
123 0.12 20.12 2.08% 2228% | 957+ 9.57%*
124 20.53 0.53 0.08 20.08 19.28%*% | -19.28%*
125 20.08 0.08 2.20 2.20 0.27 20.27
126 20.42 0.42 1.01 Z1.01 20.88%% | 20.88%*
127 0.75* 20.75* 0.05 20.05 112 1.12
128 20.63 0.63 2.40% 2.40% 20.25 0.25
129 0.58 20.58 20.57 0.57 ~7.00* 7.00*
L30 0.10 20.10 111 111 20.001 0.001
L31 0.42 20.42 21.29 1.29 10.30%% | 10.30%*
132 0.03 20.03 0.85 20.85 2.07 2.07
L33 20.20 0.20 175 1.75 7.10* 7.10*
L34 20.65 0.65 1.65 -1.65 9.67** 20.67%*
L35 0.87* 20.87* 2.08 2.08 16.57%% | 16.57%%
L36 20.60 0.60 20.69 0.69 C12.77F% | 1277
137 20.15 0.15 0.25 20.25 13.73%% | -13.73%*

S.E. 0.05 0.69 2.28 6.00

0.01 0.91 3.01 7.93
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II - Genetic variance components
Estimation of the general com-
bining ability variances of S, lines
(6°GCA-L) and testers (6> GCA-T) in
addition to, specific combining ability
variance of top-crosses (6°SCA) for
all the studied traits are shown in Ta-
ble 5. The obtained results revealed
that the variance due to GCA-L was
higher than GCA-T for all the stu-
died traits, indicating that most of
GCA variance was due to lines. The
variance of SCA exceeded the va-

riance of GCA (average) for all the
studied traits, indicating that the non-
additive gene action played an impor-
tant role in the inheritance of all the
studied traits. These results are sup-
ported with the findings of Sadek et
al (2001), El-Shenawy et al (2003),
Abd El-Azeem et al (2004), El-
Beially et al (2007), Barakat and Abd
El-Moula (2008), Mosa (2010), El-
Arif et al (2011), Chandel and Man-
kotia (2014).

Table 5.Genetic parameters for grain yield and other agronomic traits.

Num- 100- Grain

P " Tasseling | Silking | Plant Ear Ear Ear ber of Kk | ield
arameters date date height height | length |diameter | rows/ea erne yie
" weight | /plant

o’GCA-L 2.108 | 1.955| 54.347 | 26.225| 0.983 | 0.023 | 0.255 | 5.587 | 123.917
o’GCA-T 0.251 | 0.201| 3.142 |-0.497 | 0.021 | 0.001 | 0.059 | 0.112 | -3.635
o’GCA(average) | 0.040 | 0.037| 0.999 | 0.464 | 0.018 | 0.0004| 0.005 | 0.101| 2.179

o’SCA 1.730 | 1.713| 67.333 | 42.420| 0.763 | 0.013 | 0.530 | 5.597 | 237.617

All negative estimates of variance were considered equal zero.

V-Proportion contribution
Proportion contribution of the
lines, testers and their interaction for
all the studied traits are presented in
Table 6. The obtained results con-
cluded that the lines contributed with
the large percentage and played the
major role in the inheritance of all the
studied traits. As well as, the lines x
testers interaction followed the lines

of the previous result for all the stu-
died traits. On the other hand, the tes-
ters contributed with the smallest per-
centage and played the lowest role in
the inheritance of all the studied
traits. These results are supported
with the findings El-Beially et al
(2007), Aly et al (2011), El-Arif
(2011), Chandel and Mankotia (2014)
and Ram et al (2015).

Table 6. Proportion contributions of lines, testers and their interaction for all the

studied traits.

Traits Lines Testers Lines x testers
Days to 50% tasseling 69.64 3.36 27.00
Days to 50% silking 69.08 2.95 27.90
Plant height 69.07 2.00 28.93
Ear height 67.13 0.56 32.31
Ear length 75.01 1.23 23.79
Ear diameter 75.87 0.74 22.76
Number of rows/ear 61.29 4.14 34.34
100-kernel weight 71.46 1.21 27.33
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| Grain yield/ear | 66.43 | 0.42 | 33.15
References El-Beially, I.E., G.ILA. Mohamed,
Abd El-Azeem, M.E.M.; A.A. Mahmoud S.H.M. Abd-El-Haleem, and

and A.M. Atia (2004). Combining
ability analysis of yellow maize
inbred lines. Egypt. J. plant Breed.
8:239-254.

Abd El-Moula, M.A. (2005). Combining
ability estimates of maize inbred
lines and its interaction with loca-
tion. Assiut J. Agric. Sci., 36(3):
57-76.

Aly, R.S.H., EEM.R. Metwali and S.T.M.
Mousa (2011). Combining ability
of maize (Zea mays L.) inbred
lines for grain yield and some
agronomic traits using topcross
mating design. Global J. of Mol
Sci. 6(1): 1-8.

Amer, E.A. and A.A. El-Shenawei
(2007). Combining ability for new
twenty one yellow maize inbred
lines. J. of Agric. Sci, Mansoura
Univ., 32(9): 7053-7062.

Anupam, B., N.K. Singh, S.S. Verma,
J.P Jaiswal and P.S. Shukla (2015).
Combining ability analysis and na-
ture of gene action for grain. Inter-
national J. of Envi. & Agric. Res.1
(8).

Baraka, A.A. and M.A. Abd El-Moula
(2008). Combining ability in maize
top-crosses for grain yield and oth-
er traits. Minia J. of Agric. Res. &
Develop. 28 (1): 129-147.

Chandel, U. and B.S. Mankotia (2014).
Combining ability in local and
cimmyt inbred lines of maize (Zea
mays L.) for grain yield yield
components using line x tester
analysis. SABRAO J. Breed. Ge-
net. 46 (2) 256-264.

El-Arif, Kh.A.O., A.S. Abo El-Hamd
and ILN. Abd El-Zaher (2011).
Studies on combining ability under
two sowing dates in some top-

crosses In maize. Minia J. of
Agric. Res. & Develop. 31(1): 1-
23.

13

M.S.H. Ahmed (2007). Using line
x Tester method for estimation of
combining ability effects of maize.
Al-Azhar J. Agric. Sci. Sector
Res., 3(12): 1-21.

El-Shenawy, A.A., E.A. Amer and H.E.
Mosa (2003). Estimation of com-
bining ability of developed inbred
lines of maize (Zea mays L.). .
Agric., Res., Tanta Univ., 29(I):
50-53.

El-Zeir, F.A., E.A. Amer, A.A. Abd El-
Aziz and A.A. Mahmoud (2000).
Combining ability of new maize
inbred lines and type of gene ac-
tion using top crosses of maize.
Egypt J. Appl. Sci, 15(2): 116-
128.

Gado, H.E. (2000). Estimates of combin-
ing ability of some yellow maize
inbred lines in top crosses. J.
Agric. Sci., Mansoura Univ., 25
(3): 1495-1510.

Gomez, K.A. and A.A. Gomez (1984).
Statistical Procedures For Agricul-
tural Research. John Wiley and
Sons. New York. 2™ ed.

Hallauer, A.R. and G.B. Miranda Filho
(1988). Quantitative genetics in
maize breeding. 2™ ed. lowa State
University Press. Ames, [A.

Jenkins, M.J. (1935). The effect of in-
breeding and selection within in-
bred lines of maize upon the hybr-
ids made after successive genera-
tions of selfing. lowa State College
J. of Sci. 3: 429-450.

Kempthorne, O. (1957). An Introduction
To Genetic Statistics. John Wiley
and Sons Inc., NY, USA.

Mahmoud, A.A. and M.E.M. Abd ElI-
Azeem (2004). Estimates of gener-
al and specific combining ability
of some yellow maize inbred lines
using top-crosses. Annals of Agric.
Sci., Moshtohor, Zagazig Univ.



Yassien et al., 2016

42(2): 427-437.

Mosa, H.E. (2010). Estimation of com-
bining ability of maize inbred lines
using top crosses mating design. J.
Agric. Res. Kafer El-Sheikh Univ.
36(1): 1-16.

Mostafa, M.A.A. (2000). Improvement
of o1l on some top-crosses by using
high oil lines in maize. M. Sc.
Thesis Al-Azhar Univ., Cairo,
Egypt.

Osman, M.M.A. and M.H.A. Ibrahim
(2007). A study on combining abil-
ity of new yellow maize inbred
lines using line x tester analysis. J.
of Agric. Sci.,, Mansoura Univ.,
32(2): 815-830.

Ram, L., R. Singh and S.K. Singh
(2015). Study of combining ability
using Qpm donors as testers for
yield and yield traits in maize (Zea
mays L.). Sabrao J. of Bree. and
Gene., 47(2): 99-112.

Sadek, S.E., M.S.M. Soliman and A.A.
Barakat (2001). Evaluation of new
developed maize inbred lines using
commercial inbred testers. Egypt J.
Appl. Sci., 16(12): 406-425.

Senthil, P.K. and P. Bharathi (2011).
Studies on line x tester analysis in
maize (Zea mays L.). Crop Res. 41
(1,2 & 3) : 168-170.

Shah, L., H.U. Rahman, A. Ali, N.A.

14

Bazai, M., Tahir (2015). Combin-
ing ability estimates from line x
tester mating design in maize (Zea
maize L.). Acad. Res. J. Agri. Sci.
Res, 3(4), 71-75.

Singh, R.K. and D.B. Shaudhary (1979).
Biometrical Methods In Quantita-
tive Genetic Analysis. Kalyani
Publisher, Baharate Ram Road,
Daryagani, New Delhi, India.

Soliman, F.H.S. and S.E. Sadek (1999).
Combining ability of new inbred
lines and its utilization in the
Egyptian hybrid program. Bull
Fac. Agric., Cairo Univ., 50(1): 1-
20.

Sprague, G.F. (1946). Early testing of
inbred lines of corn. J. AM. Soc.
Agron. 38, 108-117.

Sunil, B.K., M. Prakash, G. Sathyana-
rayanan and S. Padmavathi (2012).
Studies on combining ability and
heterosis through line x tester
analysis in maize (Zea mays L.).
Crop Res. 43 (1, 2 & 3) :153-157.

Tamirat, T., Alamerew S., Wegary D.,
and T. Menamo (2014). Test Cross
Mean Performance and Combining
Ability Study of Elite Lowland
Maize (Zea mays L.) Inbred Lines
at Melkassa, Et2hiopia. Adv. Crop
Sci. Tech 2: 140-149.



Assiut J. Agric. Sci., (47) No. (4) 2016 (1-15) ISSN: 1110-0486
Website: http://www.aun.edu.eg/faculty agriculture/ E-mail: ajas@aun.edu.eg

Agall) B Al Asalll gl Gl DA e 5 jadl
Toman lnd taa sy Gua ke AU e e el ¢ o sal) 0 Jaa
oAUl 5o V) dxsls del )l IS Jraladl) aud |
Lo sals A ) daals 4s) )3l 4l Jralaal) and !

uailal)

e ol 5 Aty aast Cangy YoV 0=Y 0 VY e bl (DA 4l ol sda Cy el
= Aol 30 IS Ao ) jay A8 okl a5 ALl 5 A A5 N 5kl (e B Calld)
LK D 6 A gdal) alalSl) el aranai = Lagand £ 58 8 V) daala

o) e S a gl 4o 5 4y gine AN 3 ga g Qi milE Cania
b adialae Lo 4y el cilacal) JKI plal) x eyl Jeld y blasl g ey
LCdlasl 5 <)

Clial) aes 8 Al o aalall o j0dll g dalal) o j0ill 4y 68 ja s 4y sine ad Cadn g
G i 8 Sl dpally adle alli s )08 Legd SC-10 alasll o) &85 AL a5 ol
Js—analoa s Al alli 5,08 Lagd TWC-324 aliasli 5 ¥ o8, 4D Layy .~ 6
il Qs

i otia Ae) ) e (as oF) il S el (L8 X SC-10 ) (el (pagd
Ol G e Jpanl) & (an YE).VY) Clill Qs Jpana ol Lo 2l g
((L31 x TWC- 324)

J—S G o il sall nd Cliall Ciae sl Jadl) o) gl o el
s 5 )l Glaall

15



