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ABSTRACT

Gene action and combining ability for yield and its components of pearl millet
were studied by line x tester analysis in thirty crosses involving ten S; inbred lines
(females) and three open pollinated populations as festers (WCC75, ICMV 88908 and
Sudan Pop.) (males), they were marked with serial numbers (I to 13), respectively. In
2008, all possible top cross combinations (excluding reciprocals) were produced. All forty
three genotypes (ten §; inbred lines, three tester cultivars and thirty F; hybrids) were
evaluated for forage yield and its components during 2009 season. Mean squares due to
linrx x tester interactions were highly significant for most traits af the three culs, except
JSor stem diameter and leaf stem ratio. While the variability of parenis vs. crosses conirast
which is a test for heterosis was significamnt, indicating :jgm_'ﬂum‘ heterosis for all traits
excepl stem diameter and leaf stem ratio. The ratio of o gc4 f0 504 was less than one,
indicating the importance of non-additive gene action for these characters. The line (no.
2) was the best general combiner in the three cuts, for the total dry forage yield
Simdlarly, inbred lines (no. 1, 4, 5 and 6) were the best general combiners al the average
of cuts for No. of tillers, stem diameter, leaf siem ratio and plant height, respectively.
Seven crosses revealed significant positive SCA effects for total dry yield. Such values
were high in hybrid (6 x 12) for total dry yield and No. of tillers and stem diameter. On
the other hand, SCA efffects reveal that, for hybrid crop developmeid, cross (9 x 13) could
be considered the best hybrid, because it showed highest SCA effects for plant height and
hybrid (10 x 12) which showed the highest SCA efffects for No. of tillers. Non-additive
genetic effect played the major role in the genetic expression for all studied traits, while
the additive genetic effect had a minor role in the inheritance for these tralts. Out of the
total number of 30 F; hybrids, only 15, 6, 12, 2 and 4 top-crosses exhibited significant
heterosis above their higher parent for total dry yield, plant height, No. of tillers, stem
diameter and leaf stem ratio, respectively. Heterosis ranged from -36.57 to 50.15% for
total dry yield with an average of 5.59%, from -57.93 1o 50.77% for plant height with an
average of 5.85% and from -33.03% to 79.43% for No. of tillers with an average of 38.72.
Mean performance showed the best crosses with respect of forage yield imvolved WCC 75
as a common parent. If can use in producing kigh yielding commercial F; hybrids.
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INTRODUCTION

Pearl millet (Pennisetum glaucum 1.) has been giown most
extensively as a forage crop in many countries. In Egypt. nearl millet plays
2. important role to increase forage demand in summer seasons. Developing
high yielding cultivars of forage crops is one of the impor.ant mandates of
the Forage Crops Res. Dept.

Estimation of combining ability variance and effeci: of quantitative
characters through line x tester analysis is essential for plant breeding
prograims. Most of the studies on the choice of tester for estimating general



combining ability have been related with the estimates the type of tester
most suitable for evaluating combining ability of the germplasm. A tester
with a low frequency of favorable alleles allows the expression, even in the
presence of dominant gene effects of favorable alleles present in the lines.
Such tester may not identify superior hybrids but it will probably identify
inbred lines with good combining ability and use of a superior tester to
identify superior crosses (Virk 1988, Rassi and Hallaer 1991, Maiti and
Wesch-Ebeling 1997, Hasib et al 2002, Hammoud et al 2008 and Ghazy et
al 2008 a and b).

The line x tester analysis method is used in both self and cross-
pollinated plants to estimate favorable parents and crosses, and their general
and specific combining abilities (Kempthorme 1937). Combining ability
analysis is an important tool for the selection of desirable parents together
with the information regarding nature and magnitude of gene effects
controlling quantitative traits (Sharma er al 1999). General (GCA) and
specific (SCA) combining ability which identify the hybrids with high yield
are the most important criteria in breeding programs (Ceyhan et al 2008).
The great efforts have been devoted to identify pearl millet cultivars with
high combining abilities (Vetriventhan el al 2008). S '

Heterosis breeding has been recognized as the most suitable
breeding methodology for developing yield in pearl millet. Selection of
suitable parents and assessment of degree of heterosis in the resulting cross
are important steps. An extensive survey of pearl millet literature reported
40 per cent average better parent heterosis for grain yield (Soliman 1994,
El-Shahawy et al 2000 and Vetriventhan e/ al 2008).

The main objectives of this investigation were to study the
performance of thirty hybrids resulting from the crossing ten lines with three
testers of pearl millet, and to estimate the general and specific combining
ability variances and effects and heterosis

MATERIALS AND METHODS

This study was conducted at Giza Exp. Stat., Forage Crops Research
Department FCRD, Field Crops Research Institute FCRI, Agriculture
Research Center ARC, Egypt during summer seasons 2008 - 2009. Ten of
elite promising S; inbred lines derived from cv. Shandweel 1 pearl millet as
fr males (lines) and three tester introduced populations from India and Sudan
(WCC75, ICMV 88908 and Sudan pop.) representing a wide range of
variability for most studied traits as males (testers), were used in this study
and marked with serial numbers 1 to 13, respectively.

In 2008, all possible top cross combinations (excluding reciprocals)
of the female parents (S; lines) and male parents (testers) w-re crossed
according to (10 x 3) line x tester mating design to produce 30 F; hybrids
thr ugh intercrossing one row from each line (female) with several rows
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representing only one tester (male) in an isolated area o prevent foreign
pollen contamination, as outlined by Kempthorne (1957).

In the summer of 2009, the forty three genotypes (the ten S; lines,
three tester cultivars and thirty ¥, hybrids) were evaluated at Giza Station in
June in RCBD with 4 reps. Plots consisted of five rows 3 m long, ﬁ{} cm
wide with hills spaced 20 cm sown at the seeding rate of 20 Kg fad”. The
cultural pracuces were applied as recommended. Trail was feml:zad with 20
kg P,Os fed™ added during land preparation, and 30 kg N fed”! added before
the first irrigation and after each cut. Three cuts were taken, the first after 60
days from sowing, second cut after 35 days and third cut after 40 day during
summer season of evaluation. At each cut, data were collected for ten
guarded plants on plant height, number of stems, stem diameter (cm),
leaves/stems ratio %. Forage yield was determined by cutting the whole
rows 20 ¢cm above soil surface and dry yield was recorded fellomng drying
forage sub-samples from each plot.

The mean squares from line x tester design, the general combing
ability (GCA), specific combing (SCA) variances and effects were
calculated according to the procedures developed by Kempthome (1957)
and adopted by Singh and Choudhry (1980) and Falconer and Mackay
(1996). The amount of heterosis was estimated as the percentage deviation
of the F; hybrid over the better parent (B.P) [Hps = (((F1-B.P.)/B.P.) *100)],
and significance was determined using the least significance difference
values (LSD) at 0.05 and 0.01 levels of significance. :

RESULTS AND DISCUSSION
Performance parents vs. Fy's

Analysis of variances and the mean squares for the forty three
genotypes (ten S; inbred lines, three tester cultivars and thirty F; hybrids) in
2009 are presented in Table (1).

Mean squares due to lines x tester interactions were highly
significant for most studied traits at the three cuts, except for stem diameter
and leaf stem ratio, indicating the presence of genetic variability within
populations. Lines variance exhibited non significance for all traits except
dry yield at cut 3. Non significant differences were observed among
genotypes for leaf stem ratio, while the parent vs. cross contrast, which is a
test for heterosis was significant, showed significant heterosis for all traits,
except stem diameter and leaf stem ratio. Crosses showed significant.
positive SCA effects for dry yield and its components; indicating non-
additive gene action. Spamﬁc combining ability has previously been shown
in pearl millet to be the major contributing factor for ﬁ}mge yield and yield
components (Vetriventhan el al 2008).
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Table 1. Mean squares for forage yield and its components of 30
testcrosses among 10 S; lines and three testers for studied traits

at Giza on 2008. 1Y O
Dry yield t fed 2 Stem Leaf
SOV prl I | Total |Tiant height| Noof | JL 0 | oo
__Cltl | Cat2 | Cutd — cm tillers iTH e
Rep 3 [0417]0.78 [0.32" [4.32" |2765.84 | 7.67 | 025 |0.004™

Genotypes | 42 [1.51° 10.37 | 0.79" |3.72" |3714.33" | 5.65 | 0.02" [0.017"
Parents ()| 12 | 1,57 10.34" | 031 |3.43" [132821" | 5.78" | 0.01" [0.014"]
Pvs.C 1 0.12%0.55 | 856 |16.06 |1259.24" |22.39"| 0.001™ |0.002™
Crosses (O)] 29 | 153 |0.38° |0.72° |3.41 |4786.35 | 5.02" | 0.02™ [0.019™
Sylimes(L) | 9 [1.10™[0.57™] 1.38 [5.12™[1873.21™| 9.09" | 0.02™ [0.016™
Tester (T) | 2 |3.57 | 0.78 | 0.63" | 4.65™ |10861.63"| 0.44™ | 0.07 " |0.001™

LxT |18 1.53° (024" [0.40" [2.4]1 |5567.88 |3.50° | 0.02" [0.023™

Error 126/ 0.07 | 0.07 | 0.03 | 030 | 26697 | 0.26 | 0.01 | 0.015
)i Estimates of combining ability componenis

GCA | 10.0001]0.002 [0.0045] 0.014 | 10.95 [ 0.121 [0.00001 |0.00001

SCA | 10.36510.042™0.093""] 0.527 [1325.25" |0.808" | 0.003™ [0.002™

|GCAsCA 0.0003[0.0476/0.0484] 0.0484 | 0.0083 |0.1498 | 0.0040 | 0.0054

“** & ns significant at 0.05 and 0.01 probability levels and non significant, respectively.

The ratio of o° GCA to o SCA was less than one for the studied
traits, indicating the importance of ncn-additive gene action for these
characters. However. for dry forage yic:d, both GCA and SCA were equally
important, suggesting that additive and non-additive genetic effects have
equal and significant contribution to yield. Results indicated that the non-
additive genetic variances including dominance were larger than their
corresponding additive genetic variance for all studied traits at the three
cuts. The closer this ratio to one, the greater the chances of predicting
progeny performance based on GCA (Allard 1960, Sharma er a/ 1967,
Sharma er al 1999, Ahamd er al 2003 and Owolade 2009). SCA is more
important than GCA for previously selected inbreds, whereas GCA is more
important than SCA for unselected lines (Soengas er al 2003)

The mean performances for the forty five genotypes are presented in
Table (2). As a group, the top crosses were significantly different from the
mean of their parents in most of forage yield and its components. They were
superior than their parents in dry yield at cut ! (by 6.74%), dry yield at cut 2
(by 8.53%). dry vield at cut 3 (by 55.17%), total dry yield (by 14.99%),
plant height (by 2.68%). No. of tilleis (by 19.09%), stem diameter (by
0.93%) and leave stem ratio% (by -2.77%). Top crosses (F,) performance
was generally better than parental performanc: for all traits. The results
indicated that the tester No. 12 was the |.>st general combiner with the most
of inbreds for total dry forage vield with a mean value of 5.26 t fed' with
relative superiority over the crosses by 8.01%. On the other hand. for plant
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Table 2. Mean performance of forage yield and its components for 43 pearl
millet genotypes evaluated at Giza in summer season 2009,

No. | Tester | S, Dry yield t fed™” Plant | MNoof | Stem | Dry leaf
Line Cut1 | Cut2 | Cut 3 [Total cuts height cm| tillers Dén:. stem ratio
1 il .18 [1.55 132 B434  [6.51 0.95  [0.57
n o) 014 P32 (152 (598 161.67 [6.43 1.09 039
] 3 D00 |165 118 148.53 . [5:19 111|048
4 4 1.50 . -|1.72. [1.67 11897 .23 .16 033
5 5 198 (174 129 Bm 160.03  4.83 1.04 (040
249 117|097 189.73 W03 095 1053
F 1.82 144  f093 19 120.87 .44 1.04 045
i 1.60 (191 122:11. 1[5.31 1.02 |0.53
1.54 (140 121.06  [5.77 0.92 034
ﬁ{n 0 1.49 (191 120.47 P93 104 037
Mean .77 .68 [136.68 1.04 |44
in iz .57 P13 150.78 1.02 D46
2 3.08 228 125.60 1.05 D42
13 1.20 136 197.78 1.09 051
4 2100 |1.59 161.67 1.13 045
15 161 21 124.05 1.06 .46
16 3.19  [1.84 154,37 117 43
17 138 1.35 103.15 1.08 043
is .84 (179 64,34 123 D36
1o 1.87 141 133.45 115 . 046
20 0 230 P4l 145.40 120 jp42
201 [1.94 126.06 112 0.4
21 i3 1157 172 [B2.85 1.16 43
22 127 a2 91.51 1.17 34
23 1.62 157 114.20 1.07 37
24 0.76 213 54,49 1.23 46
oL 074|157 52.4 1.07 57
26 1.37 (L84 106.14 1.06 .39
27 1.83 [1.57 141.81 0.98 48
27 220 [1.50 167.94 1.09 33
29 2.17 152 50.67 1.04 40
30 0 09 |1.59 H 10.53 1.06 .53
Mean 42 171 [107.25 ] E.ﬁ [
Mean of crosses .74 .78 23.33 i1.08 A4
i 1.15 117 5.24 103 P45
3.11 - [1:81 126.79 106 .53
1.66 |[1.53 121.81 108 D"
.19 |1.97 7.33 1.19 D40
.51 (178 12.85 L4 ps2d
.33 |1.63 02.40 115 DAsSe
192 |49 138.68 106 .46
149 Ji.72 122.11 L9 0.43
165 [2.29 121.06 .10 pile
10 137 [1.24 1. 107.93 .04 06 i
64 166 08T W17 [113.62 108 P44 |
11 WOOTs 3% f5Y 89 BT 125,84 103 A |
112 8308 28 ~ 174 Pas. kBT 15295 NE] A8
| [13Sudan miller - [1.15 . [153 £.5? .25 912 101 . pst-: |
[Mean of tester H.ﬁz 162 .87 W30 (12597 106 b6 |
iGrand mean .74 E:m 121 467 21.26 pos 044 !
L8Dgos 036 038 025 077  22f 072 009 ns
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height, No, of tillers, stem diameter aid lead stem ratio, were also found
hetter than the parental performance at three cuts. The obtained results are in
ine with those reported by El-Shahawy er al (2000), Mohamed (2000),
Haggag ef al (2000), and Abdel Galil and Oushy (2007).

General combining ability (GCA)

The estimated effects of general combining ability (GCA) for lines
and testers are presented in Table (3). The line No. {2) revealed the best
general combiner in the three cuts, and in the total dry forage yield.
Similarly, the inbred $; lines No's. 1, 4, 5 and 6 were the best combiners at
the average of cuts for No. of tillers, stem diameter, leaf stem ratio and plant
height, respectively. Moreover, the tester No. 12 was the best combiner at
the second cut and total fresh forage yield. Similarly, testers No's. 11, 12
and 13) were the best combiners at the average of cuts for plant height, No.
of tillers, and stem diameter, respectively. There were no significant
differences among testers for leaf stem ratio.

Inbred lines 1 and 2 had significantly greater positive effects of GCA for
number of tillers than the other parents. Such positive GCA effects indicated
that these two parents may be considered the best general combiners for dry
vield.

Table. 3. GCA Effect for parents in line x tester analysis involving 10 S;
inbred lines (females) and three populations (males) of pearl

____millet
'S; Line Dry yield t fed” Plant |No offStem |Leave |
Cutl |[Cut2 [Cut3 ([Total |height |tillers |[Diam. |stem
45 cuts cm cm ratio
i 0.10 | 0.02 | 041" | 033 [-13.04 | 1.15 | -0.02 | 0.06
2 043" | 046" | 064" [ 153" | 390 | i.87" | 0.02 | -0.05
3 |-0.13" | -0.09 [-0.38"|-059"| -2.19 |-0.76" | 0.01 0.02
4 -0.28" | 0.04 | 0.16 -0.09. -m.ﬁs: 0.13 0.09" | -0.02
5 -0.30 | 0.06 | 0.14 | -0.38" | -10.20" | -0.65"" | -0.02 | 0.04
6 061" | -016 | 001 | 045" [27.72" | 002 | -002 | 0.01
7 -0.06 | -0.16° |-0.41"| -0.63° | 258 | -0.78" | -0.05" | 0.02
8 -0.19"| -0.04 | 0.08 | -0.15 | 423 | 020 | 003 | -0.03
9 0.12 [-0.34"{-031"]-053"| 12.70" | 021 -0.05 | -0.04
10 -0.11 | 002 | 0.03 | 0.05 | -657 | -0.54" , 0.02 | 0.00
SEgi—g | 007 | 008 | 005 | 0.16 | 471 | 015 | 003 | 0.04
Tester |
S 004 | -001 | 009 ] -0.15 | 1432 | -0.12 | 0.05 0.00
2 028 | 016 ! 2005 ' 039° | 370 | 0.09 | 0.04" | 0.00
FE 10327 -0.06 | 014 | 024" |-18.01"| 0.03 | 0.01 | 0.00
SEg-g [ 0041 0.13 | 0.09 [ 0.09 | 258 | 0.08 | 0.02 [ 0.02

= &** significant at 0.05 and 0.01 probability levels, respectively.
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Pearl millet tester No.11, (ICMV 88908) exhibited positive GCA
effects for plant height, as well as tester No.12, (WCC 75) exhibited positive
GCA effects for total dry yield. The millet tester WCC 75 demonstrates the
ability to distinguish the advantage of the female lines. However, the higher
GCA effects of female inbred line No. 2 and male tester (ICMV 88908) for
majority of the studied traits indicate that both these parents may be
preferred for hybridization followed by selection programs. Therefore, it
could be concluded that the selection procedures based on the accumulation
of additive effect would be successful in improving these traits. The
obtained results are in line with those reported by Sharma ef al (1999),
Ahamd et al (2003) and Owolade (2009).

Specific combining ability (SCA)

Specific combining ability effects (SCA) of the thirty hybrids for the
studied traits are presented in Table (4). Seven crosses revealed significant
positive SCA effects for total dry yield.

. Such values were high in the hybrid (6 x 12) for total dry yield, No:
of tillers and stem diameter. On the other hand, SCA effects revealed that,
for hybrid crop development, cross (9 x 13) millet could be considered the
best hybrid showing the highest SCA estimates for plant height and hybrid
(10 x 12) showing the highest SCA estimates for No. of tillers.

The variability of testcrosses was mainly due to variability of SCA
of inbred lines. The contribution of line x tester interaction of testcrosses
indicated that non-additive genetic effects are important for dry yield, plant
height and No. of tillers. Therefore, for these traits dominant effects were
important. Moreover, SCA is more important than GCA for previously
selected inbred lines, while, GCA is more important than SCA for
unselected lines. The obtained results are in line with those reported by
Soliman (1994), EI-Shahawy ef al (2000) and Soengas et al (2003).

Heterosis of top crosses over better parents

Heterosis over better parents at the three cuts is presented in Table
(5). Most of crosses exhibited significant positive heterosis over better-
parent for total dry yield, plant height, No. of tillers, stem diameter and leaf
stem ratio. Out of total number of 30 F's, only 15, 6, 12, 2 and 4 top-crosses
exhibited significant heterosis above their higher parent for total dry yield,
plant height, No. of tillers, stem diameter and leaf stem ratio, respectively.
Heterosis ranged from -36.57 to 50.15% for total dry yield with a mean of
5.59%, -57.93 to 50.77% for plant height with a mean of 5.85%, -33.03% to
79.43% for No. of tillers with a mean of 38.72, -17.39 to 23.65% for stem
diameter with a mean of 11.13%, and -35.29 to 26.67% for leaf stem ratio
with a mean of -8.02%.
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Table 4. Estimates of SCA effect for hybrids in line x tester analysis involving
10 §; lines (females) and three populations (males) of pear] millet.

- Dry yield t fed” Plant | Noof | Stem | Leave

£ (2 [Cutl [Cut2 |Cut3 [Total | height | tillers | Diam. | stem

L | cuts cm cm | ratio
1 111 1 049 | -0.15 | -0.15 [-0.79 |-29.30 | -0.01 | -0.02 | 0.07
2 2 006 | 017 |-038"|-026 | 21.09° |-0.80"| 0.03 | 0.01
3 3 035" | 005 | 029" | 070" | 14.05 | 0.58° | 0.07 | 0.03
4 4 001 | 000 | 025" | 026 | -7.05 | 0.73" | 0.03 | -0.08
Is 5 0.50" | 0.00 | 017 | 067 |$F55" | 0.11 | 0.03 | -0.08
6 6 0.10 | -0.35" | -0.29° |-0.54" | 25.34" |-1.32""| -0.07 | 0.08
7 i 0.10 | -0.08 | 0.08 | 0.10 | -9.39 | -0.15 | 0.06 | -0.01
8 001 | 027" | -0.09 | 020 | -1034 | 0.14 | -0.04 | 0.12

9 035" | 005 | 007 |-023|-2831"| 0.62° | -0.07 | -0.07

10 10 | 017 | 004 | 004 |-0.10| -9.64 | 0.11 | -0.01 | -0.07
n 12 1 065 | 017 | 0.02 [0.84 [37.76 | -0.31 | -0.07 | -0.04
12 2 063" | -0.12 | 0.46™ | 097" | 436 |1.12" | -0.09 | 0.03
13 3 068" | 001 |-033"|-1.00"|-26.09 |-1.09"| -0.04 | 0.05
14 4 037" | -038" |-0.56" |-0.60" | 46.26" |-1.54"| -0.08 | 0.03
15 5 ©.11 { 021" | -027" | 017 | 820 | -0.55| -0.03 | -0.02
16 6 057" | 0.07 | 049" [1.12"| 059 |1.00"| 0.08 | -0.02
17 7 057" | 007 | 0.11 |-039 |-2549"| 0.08 | 0.01 | -0.03
] 8 098" | -0.11 | 029" | 0.08 |-57.49"| -0.11 | 0.08 | -0.05
19 9 027" | 020" | -0.17 |-0.64"| -530 | 0.06 | 0.08 | 0.06
20 10 039 | 028" | -0.01 [ 067 | 2591" |1.34" | 0.06 | -0.02
13 1 0.17 | -0.01 | 0.14" [-004 | -846 | 032 | 0.09 | -0.04
22 2 058" | -0.05 | -0.08 | 007 | -16.74 | -0.31 | 0.06 | -0.04
23 3 033" | 006 | 004 | 030 | 12.04 | 0.51" | -0.03 | -0.08
24 4 038" | 038" | 033" | 034 |-39.21"| 0.82° | 0.05 | 0.05
25 5 039" | 021 | 009 |-050°"|41.75"| 0.44 | 0.01 | 0.10
26 6 066" | 029" | 020 |-058"|-2593"| 032 | -0.01 | -0.05
27 7 047" | 001 | -020 | 029 | 34.88° | 0.07 | -0.07 | 0.03
27 8 097" | 0.17 | -0.20 | 0.60° | 67.82" | -0.03 | -0.04 | -0.07
29 9 062" | 0.14 | 0.10 | 0.87" | 33.62° |-0.68" | -0.01 | 0.01
30 10 | -022 |-032"| -0.03 [-057"| -16.27 |-1.46"| -0.05 | 0.09
SE sCAeffees 013 013 009 027 817 026 005 0.06
SE @i-ghline 006 006 004 012 365 012 002 003
SE (gi-girester 0,11 0.11 007 022 667 021 0.04 055
SE (sij - Ski) 018 019 013 038 1155 036 0.07 0.09

* *# significant at 0.°5 and 0.01 probability levels, respectively.
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Table 5. Heterosis (%) over mid parent of forage yicld and its components in
pearl millet hybrids.

- - N e BT

Dry yield t fed-1 Plant |No of|Stem |Leaf
8|, [Cutl [Cut2 [Cut3 [Total |height [tillers |diam. |stem
E ﬁ cuts ratio
111 [-15.11°] 252 [70.797 | 9.82" |-25.03" |63.16 | -3.88 [26.67

3 |-31.19"|28.18" | 68.89"" | 2.75 | 27.51" |46.80"| 2.83 |-26.42"
3 2048 | 3.77 |32.58"|29.84"| 18.03" |-33.03| 2.78 | 20.00"
4 | 791 |-12.69°|4522™ | 13.46" | -5.46 |45.56"| -2.52 |-17.50"
5 |31.13"| -2.25 | 44.94 [23.40"| 27.17" | 11.81 | 0.00 |-23.08°
l6 179.14"|28.22"| 899 |19.64" |50.77" | -2.18 |-17.39"| 17.78’
7 13094 9.43 | 449 | 145 | -635 | 11.28 | -1.89 | -2.17
g | 738 | 11.05| 246 | 745 | 296 | -1.30 | -6.42 | 23.26"
9 | -6.67 |-38.86™(-19.84" |-24.04"| -3.80 | 1.41 |-16.36 |-15.00"
10 10] 7.19 | 20.13 |35.117" |20.67™| 427 | -3.51 | 0.00 |-19.57

Mean 13.12° | -3.09 [2936 | 10.44 | 7.56 |14.00 | -4.29 | -1.60

11 112 [1 | -10.76 |22.41 | 50.43 | 11.44" | -1.42 [57.61 | -9.73 | 0.00
12 2 | 096 | 2597 [108.70"|34.49"" | -17.88" |57.06"| -7.08 |-20.75'
13 3 |-58.33"| 690 |-47.83 |-36.57"|-36.07""| -51.87| -3.54 | 10.87
14 4 |-27.08"|-19.20"| -22.61 |-20.62°| 5.70 |-23.67| -5.04 | -2.17
15 5 |-44.10"| 24.16" | -21.74 |-18.20"|-18.90" | -19.82 | -6.19 | -11.54
16 6 | 1076 | 575 | 55.65 | 1820"| 093 |20.18| 1.74 | -6.52
17 7 |-52.08"| 632 |-12.17 [-26.52"|-32.56" | -10.83 | -4.42 | -6.62
18 8 [-70837| 2.87 | 46.09 |-25.30"]-57.93""| -3.49 | 8.85 |-21.74°
19 9 |-35.07"|-38.43"| -28.70 |-28.94™| -12.75 | 4.75 | 1.77 | 0.00
20 10 | 20.14 | 3851 | 957 | 347 | 494 | 17.06 | 6.19 | -8.70

-30.86 | 7.52 |13.74 | -8.86 |-17.58 | -0.25 | -1.75 | -6.71

0.00 | 12.42 [257.89"|51.08" | -13.01 |79.43" | 12.62 | -11.76
59.16™| 17.13" |128.89"| -6.36 |-27.83" |61.64""| 10.38" |-35.85"
241 | 261 [103.517| 16.94° | 625 [-32.00] -0.93 |-27.45
36.13"| 8.12 |73.04" |50.15" |45.03"|51.17"| 3.36 | -9.80
-50.99" | -13.73 | 88.31° | -7.39 |-53.57""|22.92"| 288 | 9.62
301 | 12.88 |50.00" | 17.80° | 3.65 |41.02°| -7.83 | -23.53°
469 | 261 | 2361 | 387 | 226 [23.65 | -7.55 | -5.88
47651 -12.79 | 13.11 | 14.67" [37.53" | -167 | 0.00 |-35.29°
31.52" |-33.62""| -0.79 | -5.00 | 24.46" |-18.63"| -5.45 |-21.57

127
27
29

[
]
L-IE- R - T

30 | |10 |-2044’| 392 |53.19")|16.06" | 2.41 |-31.19"} 192 | 3.92
Mean_ 917 | -0.04 [79.08" | 15.18" | -7.54 |19.63 | 0.94 |-15.76
Mean of 897 | 1.46 [40.73" | 559 | 585 [1L13"| -1.70 | -8.02

Crosses

* 4+ & ns sipnificant at 0.05 and 0,01 and probability levels non significant, respectively.
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The remaining of cases involved heterotic efieci for one or more trai
other than forage yield. Cross (1 x 13) exhibited 51.94% heterosis above the
better parent for total dry yield, 79.43% for No. of tillers and 12.62% for
stem diameter. Similarly, the cross (4 x 13) showed 50.15% heterosis for
total dry yield and 51.17% for no of tillers. The cross (2 x 12) showed
34.49% heterosis for forage yield, 57.06% for No. of tillers but only -
17.88% for plant height. The above mentioned results showed that the traits
which seemed to be most related to forage yield are plant height, No. of
tillers and stem diameter, as these traits, singly or together, accounted for
heterotic forage yield shown by 15 out of 30 top crosses.

The tester No. 12, (WCC 75) followed by tester No. 11 (ICMV
88908) exhibited significant heterobeltiosis (15.18 and 10.44%.
respectively) for total dry yield. This shows non additive genetic effects
responsible for heterotic response of these hybrids.

However, the test of potential of parent for the expression of
heterosis would be better conducted over a number of environmental
conditions to get more accurate results. This shows that non additive genetic
effects are responsible for the heterotic response of these hybrids. The
obtained results are in line with those reported by El-Shahawy and Gheit
(1999), Haggag et al (2000), Mohamed (2000) , Abdel Galil and Oushy
(2007), Younis ef al (2010).

The tester (WCC 75) has the ability to identify the merits of the
female lines. However, the highest GO A effects of the female line No. 2 and
male tester (WCC 75) for majority of the traits indicate that both these
parents may be preferred for hybridization and selection programs. The
SCA effects reveal that, for hybrid crop development. crosses (line 1 »
WCC 75) and (line 5 x WCC 75) for forage yield. (line 1 x ICMV 88908)
and (line 1 x WCC 75) could be considered the best choice for number of
tillers, (line | x sudan pop.) for stem diameter. and (line | x ICMV 88908)
for leaf stem ratio.

Selection of lines based in the performance in top-crosses, 50% of
them could be discarded without a senous danger of losing valuable
material. In addition, any type of tester can be used to discard 50% of lines.
These results indicate that an unrelated inbred line is more reliable for
ranking lines for GCA than a line with a high GCA derived from the related
population (Rassi and Hallauer 1991). Mear performance showed that two
crosses with respect to forage yield involved WCC 75 as a common parent.
Thus, they can be used as high yieldine commercial F; hybrids.
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