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ABSTRACT

Ten pollen parents of pearl millet were crossed with four male-sterile lines using
line x fester mating design. The fourteen purents, 40 F;'s and 40 F;'s were grown to
evaluate heterosis and combining ability in IV, generation as well as inbreeding
depression in F, generation for forage yield and ifs relat~d traifs. Results showed
significant differences among the evaluated genotypes for all studied traits of both cuts.
Variable und significant magnitude of heterosis and leterobeltiosis was observed for alf
studied characters. The highest heterosis was expressed by plant height, number of tificrs
per plant, fresh and dry yvields at both cuts as well as total fresh and dry yields over tie
two cuts. The highest heterobeltiosis was observed for forage yield in the cross 8614 x
87/0591PCNo293- at both cuts. Estimates of variance component for general GC4 eng
specific SCA combining abilities cleared the predominance of variance due to SCA sver
GCA, indicating non-additive type of gene action invelved for the conirol of plant heighi,
number of feaves/plant, stem diameter, leaf length, leaf vidth, number of tillers/plani,
Jresh and dry yields at both cuts as well as total fresh c1d dry ylelds over the two cuts.
Seventeen of the crosses showed significant and frwomble pesitive SCA effects for foruge
vield and its related troits. The crosses ICMA98777 x FCMVE5111 and 144 x PE0G245
expressed significant positive SCA effects for totul forage yield. Further 144 x PEOO205
and 174 x ICMV05333 exhibited the best combinations for total dry yield. For most
studied characters, a farge number of hvhrids showed o significant positive ipbreeding
depression.

Key words: Fearf millet {(Peanizeiuwen gloucum), General combining ability, Specific
combining ability. Heterasiz, helerobelfiosis, Indrveding depresyion

INTRODUCTION

Pearl millet (Pemmiserum glaucum) breeders have extensively vsed
and exploited combining ability and heterosis 1o improve forage yield wnd
its components. Soliman (2G05) repomd significant differences in poo
millet iines, testers and their interaction for plant height, sumber of Jecwe,
stemy diameter and number of tillers/plant. Al genetic diversity At
lines and tesiers were observed for plant height, days to 50% ﬂowczmg, s
number of tillers/piant by Karad and Harer ("0(}4} and Kumar: et al (200
' The most effective and rapid way 10 merme bicinass yieid in pean
millet is likely 10 be by exploiting heteresis in Iy nybrids {Hanna and Gurds



1999). In pearl millet, heterosis for biomass yield in hybrids and parental
inbreeds is well documented by various breeders. Karad and Harer (2004) in
a line x tester crossing programme compare 75 pearl millet hybrids reported
positively highly significant heterosis for plant height (101.33%), number of
tillers/plant (161.54%) and fodder yield (251.89%). Bidinger ef al (2003)
found that heterosis for stover yield in 49 hybrids (7 lines x 7 testers ) of
pearl millet varied from -26% to 6%. Prester] and Weltzien (2003)
determined the heterotic pattern among 36 diallel pearl millet crosses. They
found that mid parent heterosis was generally low ranging from 0.85% for
time to 50% flowering to 6.57% for stover yield. Soliman (2005) in 35
hybrids (5 males x 7 testers) of pearl millet reported significant and positive
heterosis-for plant height (33.88 and 22.65%), number of leaves/plant (7.29
and 11.15%), stem diameter (13.61 and 5.91%), number of tillers/plant
(2.99 and 29.65%), fresh weight/plant (70.26 and 127.53%) and dry
weight/plant (70.26 and 157.39%) in the first and second cuts, respectively.
Also highly significant positive heterosis was observed for total fresh yield
(17.75%).

The breeding value of any materials is Iargely determined by its
combining ability for important traits related to productivity (Hallauer and
Miranda 1988). Bhanderi et al (2007) studied comblmng ability in 8 x 8
diallel set, for fodder yield and its components in pearl millet. They found
that both GCA and SCA variances were highly significant for plant height,
nurhber of tillers/plant, days to 50% flowering and fodder yield. Additive
genetic variance was predominant for plant height, while, non-additive
genetic variance was predominant for days to 50% flowering, number of
tillers/plant, and fodder yield. Shanmuganathan and Gopalan {2006)
evaluated 55 single cross hybrids derived from 11 x11 diallel cross. They
found that both additive and dominance components were significant, with
the predominance of non-additive effect for plant height, number of
tillers/plant and fodder yield. Yadav ef a/ (2000) reported the importance of
GCA effects in the genetic control of stover yield, while both GCA and

- SCA effects were important for time to flowering. Rohitashwa er af (2006)
studied combining ability in 10 x 10 diallel crosses for dry fodder yield in
pearl millet. They found that the variance due GCA and SCA were highly
significant indicating the importance of additive ard non-additive gene
action. The estimates of SCA component were higher in magnitude than that
of GCA’ component, indicating the predominance of non-adc:ive gene
artion for fodder yield.

Pearl millet like other cross- pollmated crops, exhibits depression in
vizour during selfing. The phenomenon of inbreeding dej.-ession in this
crop has een studied by Soliman (2005} who reported that inbreeding
degression (or gain) in 35 F'; for total fresh yield ranged berween -16.54 to
47.49%. while it varied from -27.56 to 65.04% for total dry yield. Agarwal
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and Shrotria (2005) studied inbreeding depression over 50 crosses in F%
generation. They found that the inbreeding varied from 23.19% to 47.19%
for green fodder yield, while it ranged between 37.0% and 59.38 % for dry
fodder yield.

The objectives of this study were to: 1) Estimate heterosis and
combining ability of parents and their derived crosses, 2) Determining the
most important mode of gene action which controls forage yield and its
components, and 3) Recognizing the best lines and top crosses to be
recommended for further use.

MATERIALS AND METHODS

The present study was carried out at the Research Station, Faculty of
Agriculture, Cairo University, Giza, Egypt during 2006, 2007 and 2008
summer growing seasons. The genetic materials used for this study
comprised four male-sterile lines (861A, ICMA98777, 14A and 17A) and
ten restorer parents (PE00048, PE00205, E00208, ICMV05111,
ICMV05333, ICMV 05444, 87/059IPCNO45, 87/0591PCN0293,
87/059IPCNO115 and Sudan population). The Sudan population was
received from the Sudan, while the other parental genotypes were received
from the International Crop Research Institute for the Semi-Arid Tropics
(ICRISAT). ‘

Male-sterile lines were crossed with the restorer parents during 2006
season. F, seeds were produced in 2007 by selfing Fy plants. In late June of
2008 season, the fourteen parents (four male-sterile lines and ten testers), 40
Fi's and 40 F's in addition to two standard checks (Shandaweel 1 and EL-
wady EL-gadid landrace) were planted in a randomized complete block
design (RCBD) with three replications. The plot size was a single row for
parents and F's, while it was two rows for the Fa's. Rows were 3m long
with row spacing of 50 c¢cm and plant to plant spacing of 25 cm.
Recommended cultural practices were followed to raise agronomically good
managed crop. Plants were cut twice to a stubble height of 15 ¢m shortly at
50% flowering.

Observations were recorded on five guarded plants from each row in
each replication for 11 traits viz., days to 50 % flowering, plant height, stem
diameter (measured at the center of fourth internode), number of
leaves/plant, maximum length and width of the 5™ leaf from plant top,
number of tillers/plant, fresh and drv fodder weights/plot for each cut as
well as total fresh and dry fodder weights over cuts.

Data of plot means were subjccted to a regular statistical analysis of
RCBD according to Gomez and Gomez (1984). The degree of freedom and
sum of squares due to genotypes werc partitioned into parents, crosses, and
parents vs. crosses. Also, degrees of freedom and sum of square due to
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crosses were further partitioned into lines, testers and line x tester
interaction according to method outlined by Singh and Choudhary (1985).
Heterosis for each F; cross was estimated as the deviation of F,
mean from the mid-parents, and heterobeltiosis was calculated as the
deviation of the mean from the better parent and expressed in percentages.
Inbreeding depression (ID) in the F; generation was estimated for each cross
as the deviation of F; mean from the F» mean. Significance of heterosis and
inbreeding depression was tested using appropriate least significant
difference. The GCA effects of parents and SCA effects of F; crosses were
calculated according to the method described by Kempthorne (1957).

RESULTS AND DISCUSSION
Analysis of variance
The analysis of variance (Table 1) showed significant differences
among the evaluated genotypes for all studied traits at both cuts. The mean
squares due to parents also differed significantly for all studied characters of
the two cuts. Significant differences among the top crosses were recorded
for all characters in the first and second cuts, indicating sufficient genetic
variation in parental lines and crosses for all studied characters. Highly
significant differences were also observed for the comparison indicating
heterosis Parent vs. crosses for most studied traits except leaf length and
number of tillers/plant in the first cut and number of leaves/plant, stem
diameter and days to 50 % flowering in the second cut.

Line x tester analysis showed highly significant differences among
testers (Table 1) for all studied traits except for plant height and number of
leaves/plant in the first cut, and in lines for most evaluated characters with

_exception of plant height. The line x tester interaction also showed
significant variation for plant height, leaf length and leaf width in both cuts
as well as stem diameter and days to 50% flowering in the first cut, while it
was significant for number of tillers/plant and dry yield/plot in the second
cut. The existence of significant differences in lines, testers and their
interaction for studied traits revealed the importance of both additive and
non-additive gene action for those traits.

Mean performance of all tested entries, heterosis and inbreeding,
depression

The mean performance of parents, F('s, and/or F,'s as well as
heterosis, heterobeltiosis and inbreeding dep:.ssion percentages for studied
characters are given in Table (2). Mean performance of F; showed highar
values for all traits except days to heading at both cuts compared with mean
performance of their parents. All characters showed decreasing trend in the
mean performance from F; to F» except number of tillers/plant and dry
yield/plot at the first cut. .
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Table 1. Mean squares of line x tester analysis for forage yield and its components of two cuts.

]

SV dr Plant height No. of leaves/plant Stem diameter Leaf length Leaf width
Cut 1 Cut2 Cut 1 Cut 2 Cut 1 Cut 2 Cutl Cut 2 Cut 1 Cut 2

Genotypes 53 2978.14** [1280.9*%* |6.47** 226%*  [B.15** 2.55%* 552.16%% 1T7.21%* 0.904%* 0.27**
Parents 13 5421.51%* [2562.4** [1137** 328 1714 J.OT** 1104.9** |81.18** 1.267** 0.51**
Crosses 39 731.75%*  |658.1%* |4.08* 1.98**  14.86** 2.11** 379.06** |71.85%* 0.622** 0.19**

Par, vs, crosses |l 58823.6** [BD14.1** {36.20** 0.003 [9.30%+ 092 117.58 234.50%*  [7.190%* 0.26*

Lines 3 142.06 529.7 16.73%* 0.83 9.18%* 3.43%* 1030.4*%*  1164.81** |3.042%* 0.19* ]
Testers 9 407.12 1212.7** (2.64 3.01*%*  [B.76** 4.45** 644,60%* 132, 78%*%  10.490%* 0.33%* !
Lines x Testers (27 905.48**  |487.5** 13.15 1.77 3.08%* 1.19 218.18%* [4L21** 0.398** 0.14**
Error 106 1403.36 24518  12.54 1.16 1.504 0.89 48.48 20.956 0.143 0.07

No. of tillers/plant D;{,s\::r?:?g% Fresh yiefd/plot Dry yield/plot Total yield

|Genotypes 53 12,32+ 11.86** |243.19%*  |37.35%* [04.76** 6.68** 3.25% 1.822+%* 132.4** 6,48%*
Parents 13 17.67%* 10.61%*  [464.13%*  [112.2%* |185.44**  [3.92%* 3.32% 2.085%%  [268.99** [8.61** |
[Crosses 39 10.69** 11.95%* 1157.43*%*  113.11*  161.65** 5.55* 2.63** 1,529%*  [30.97** 417 |
{Par. vs,. :rosses 4 5.96 24.87% [71538%% 1012 - [207.23**  [21.61** [26.76** 9.861**  [362.67** |68.88** |
[Lines 3 23.86** 22.82%* [594.93%* 132,76*%  179.90* 4.49 1.08 1432+ 100.97* 2.94 ]
Te ters 9 26.50%* 0.04* 300.36**  [22.50%* [13547** 110.73** [5.79%* 1.960** 187.42%*  19.33*+
Lines x Testers |27 3.99 11.70%* |61, 18*+* 7.80 35.010 3.97 1.758 1,393**  143.27 2.59

Error 106 ]3.30 398 6.427 8.276 26.881 3.545 1.253 0.459 33.25 1.91
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Table 2. Mean performance of parents, Fy's, F,'s and heterosis, heterobeltiosis
and inbreeding depression percentages for studied characters.

' ? s . _ Inbreeding
Traits Cut Parent's  Fi's Fy’s Het:: rosis H?teroo depression
mean mean  mean Yo beltiosis %o o,

Plantheight 1" 190 23683 20803 3835** 1531 1216

(cm) 2" 1477 16472 14439 203 3.67 12.34
No. of 1* 1324 1437 1331 12.14** (.37 7.38%*
leaves/plant 7% g9 989 946 0.53 S4.32%% 4354
Stem 1" 12.89 1368 1294 12.00** -091 5.41%*
diameterml 2™ 1156 1173  11.13 3.73**  .1.87*  S5.]2%*
Leaf length 1% 7529 7723 69.89  8.12 2.97 9.50*%
(cm) 2" 5225 55 51.64  7.50* 1.72 6.11%

1" 43 478 439 1447 3.70%*  8.16**
Leaf width em nd

2 438 447 425 334%% .1 47%% 492
No. of 1 719 761 7.68 1527%  .3.55% -0.92
tillers/plant ™ 45 739 696 21.8%*  575%¢  582%*
Days to i 751 7015 685 -394 -12.00* 235
heading 2 3943 3886 3796 3.71 -6.54%* 232
Fm!, yield 1% 1551 1787 1649 35.00** 8.72* 7.72*
plot” Kg 24 979 1063 1017 13.59%* 3.94%+ 433
Dry yield plot * 32 412 415 4l12%¢  202** 0.73
| 4
kg 2¢ 32 378 376 27.73%* 3894** 053
Totallyield Fresh 253 2872 2748 26.79%* 7.6 432
plot” kg (over .
two cats) Dry 64 7.91 8.13 34.19** 1476%*  -2.78*

*,4* significant at 0.05 and 0.01 respectively.

Significant positive heterosis was observed for all traits except plant
height at second cut. Significant heterobeltiosis was recorded for all
characters exvept plant height and leaf length at both cuts and number of
leaves/plant and stem diameter at first cut. Significant positive
heterobeltiosis was recorded for fresh and dry yield/plot at both cuts, total
vield/plot at second cut as well as leaf width and number of tillers/plot at
LA BN ‘
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Variable and significant magnitude of heterosis and heterobeltiosis
were exhibited by different cross combinations for all studied characters,
especially for fresh and dry yields/plot in both cuts as well as total fresh and
dry yvields over the two cuts indicated sufficient divergence in parental
material for these traits. The high magnitudes of heterosis were expressed by
fresh and dry yields/plot at both cuts, total fresh and dry yields over the two
cuts as well as number of tillers per plant at both cuts and plant height in the
first cut. The low magnitude of heterosis was recorded for days to 50%
flowering at both cuts.

Significant inbreeding depression was obtained for number of
leaves/plant, stem diameter, leaf length and leaf width at both cuts in
addition to fresh yield/plot at first cut and number of tiller/plant at second
cut.

The range of mid-parent heterosis, heterosis relative to the high
parent (heterobeitiosis), mbreedmg depression and number of hybrids
showing significant heterosis in desirable direction for forage yield and its
contributing characters are presented in Table (3).

Heterosis over the better parent (heterobeltiosis) for plant height
ranged from ~15.84 to 66.44 % and -16.27 to 26.27 % at the first and second
cuts, respectively. In the first cut, 9 crosses showed significant
heterobeltiosis for plant height. The maximum significant heterobeltiosis
was recorded in the cross ICMA98777 x PE00048 (66.44 %) followed by 14
A x PE00048 (54.87 %) and 14 A x PE00208 (51.59 %), while i~ the
second cut, only one cross 861A x 87/059IPCNo293 showed significant
heterobeltiosis (26.27 %) (data not presented). For number of tillers/plant,
heterobeltiosis ranged from -38.84 to 72.86 % and -49.86 to 108.5 % in the
first and second cuts, respectively. In the first cut, 10 crosses exhibited
significant heterobeltiosis, the maximum positive heterobeltiosis was
observed in the cross 861A x 87/0591PCNo45 (72.86 %) followed by 861A
x Sudan population (58.58 %) and 14 A x 87/059IPCNo0293 (51.16 %). In
the second cut, 17 crosses recorded significant heterosis  the highest
significant heterobeltiostis was expressed by the cross 14 A x
87/0591PCNo45 (66.64 %) followed by 861A x PE00205 (60.67 %) and
ICMAS8777 x PE00048 (58.77 %).

Most of crosses exhibited increased fresh and dry yields/plot at both
cuts, as well as tota! fresh and dry yields over cuts as compared to their mid
parents and superior parent. For fresh yield/plot, 34 and 20 hybrids at first
cut; 28 and Z0 hybrids at second cut showing significant positive heterosis
and heterobeltiosis, respectively. The highest magnitudes of heterobeltinsis
(132.1 and 32.80 %) were observed in the cross 861 A x 87/059IPCNo293 at
the first and szcond cuts, respectively (data not shown). For dry yield/plot,
36 and 26 hybrids at first cut; 35 and 25 hybrids at second cut expressed
significant positive heterosis and heterobeltiosis, respectively. The highest
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" Table 3. Range of heterosis, heterobeltiosis, inbreeding effects (LE.) and
number of crosses showing significant heterosis in desirable direction for
studied traits:

Heterosis % Heterobeltiosis % 1E. %
Traits cut :

_ Range No Range No. Range No
Plant ¥ 211 tol76.4 22 -15.84t066.449 -993 to 40.060
height 2% _6.81 t050.73 19 -16271t026271 -23.65t033.6111
No. of 1" -4.44 to48.41 26 -13.38t0354312 -16.071044.1925
leaves/plant 2"¢ .22 02t023.16 18 -30331022327 -20.95t0 18.1027
Stem 1" -6.51 t044.86 30 -1921t0162412 -13.461t0 32.8123

diameter 2" _713 t016.53 23 -14.501026.2012 - 10.87 to 30.4921
I -24.5 t043.15 18 -35.521029.3310 - 15.66t0 63.3816
2™ -16.10t027.22 21 -28.35t026.7512 -20.77 to 23.3022
1" -14.321051.13 33 -15.621036.9224 -12.12t0 40.9 31
Leafwidth o |125t017.62 26 -222910 162818 - 15.00 t0 25.8131
No. of 1" -26.62t0 84.51 25 -38.84t072.8610 -121.1 to 38.0 23
tillers/plant 2™ _4032t0117.4 27 -49.86t0108.517 -116.7 t049.3025
Days to 1" 2208 t015.542 -31.801012301 -28.11 to20.3518

50% na

heading 2" -112910212119 -21.3810952 5 -84l 1015469
Freshyield 17 -152 t0148234 -38.1210132.120 - 59.65to 44.1523
plot'kg 2% _1424105022 28 -28.25t032.8020 -52.37 to 27.4826
Dry yield T 2977 10103936 -36.0010102326 -141.91052.7219

plot™ kg 2" .13.85t096.19 35 -34.00t067.0325 -60.06 to 36.1221i
Total yield -12.86 to

Leaf length

plottiig  Fresioa o7 32 -36.75t090.0321 -68.25 0328719
f::‘.’:; ™0 Dry-0.05 10763439 -31.84t0 64.8628 - 70.83 10 33.0220

magnitude of heterobeltiosis in the first cut was recorded by the cross 17 A
- x ICMV05333 (102.3 %) followed by 861 A x ICMV05444 (83.63 %), 14
A x 87/059IPCNo45 (78.51 %) and ICMA98777 x ICMV05444 (76.04 %),
while in the second, the highest magnitudes were expressed in the crosses
ICMA98777 x ICMV05333 (67.73 %), 1x9 (5772 %) and 14 A x
87/059IPCN0293 (50.85 %).

.. Among the crosses, 32 and Z1 crosses for total fresh yield; 39 and 28
crosses for total dry yield showed significant positive heterosis and
heterobeltiosis, respectively. The highest heterosis over the better parent
was observed in the cross 861A x 87/059"PCN0293 (90.03 %) for total fresh
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fodder yield and in the cross 17 A x ICMV05333 (64.86 %) for total dry
yield, Significant positive heterosis over mid and better parent for plant
height, number of tillers/plant, fresh yield and dry yield was also reported
by Desai et al (2000), Karad and Harer (2004), Agrawal and Shrotria (2005}
and Soliman (2005). It was noticed that the hybrids expressing significant
heterosis for fresh yield also had significant heterosis for one or more
characters i.e. plant height, stem diameter, number of leaves/plant and
number of tillers/plant. This indicated that the heterosis for fresh yield
seems to be influenced by heterosis for one or more important components
of the yield. Similar conclusion was reported by Karad and Harer (2004)
and Soliman (2005).

For most studied characters, a large number of hybrids showed
significant positive inbreeding effects (Table 3). The significant reduction in
forage yield and its component characters in the F, are due to the presence
of larger non-additive gene effects in the expression of those characters. It
may be seen from the present study in general that the hybrid combinations,
that showed higher estimates of heterosis, found to show substantial
inbreeding depression. Shull (1914) reported that high positive inbreeding
depression is the reflection of higher heterosis, especially in cross-pollinated
crops. In the present study, most of heterotic hybrids for number of
leaves/plant, leaf width, number of tillers/plant, fresh and dry yields/plot as
well as total fresh and dry yields exhibited significant inbreeding depression
in F,. The magnitude of inbreediv:z effects varied for total fresh and dry
yields from -68.25 to 32.87 % and -70.83 to 33.02 % respectively. Similar
results were also reported by Sheoran et al (2000), Agrawal and Shrotria
(2005) and Soliman (2005).

Negative and significant estimates of inbreeding effects have been
observed for number of tillers/plant and dry yields/plot in first cut as well as
total dry yields. Inbreeding gain may be attributed to the occurrence of
transgressive segregants in the F, population. The formation of new gene
combination as a result of segregation may lead to increase expression of the
trait in the F, population. For those crosses, showing negative and
significant inbreeding gain, there is a scope for selection of desirable plants
in the F, population for improvement of these traits in such crosses.

Analysis of combining ability

Estimates of variance components for general (6” gca) and specific
(c* sca) combining abilities are presented in Table (4). The relative
importance of additive and non-additive gene effects can be obtained from
the ratio of variance components for general to those of specific effects.
Results in Table (4) cleared the predominance of variance due to sca over
gea, indicating non-additive type of gene action involved for the control of
all studied traits except for days to 50% flowering in the second cut.
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Table 4. Fstimates of variance components of combining ability of F, crosses
for forage yield and its coraponents in pearl millet.

No. of Stem

Genetic Plant height leaves/plant diameter

Leaflength Leaf width
parameter

Cutl Cut2 Cutl Cut2 Cut1Cut2Cutl Cut2 Cutl Cut2
czgca 0.01  3.02 0.02 0.001 0.03 0.01 3.07 057 0.0 0
o’sca 167.37 80.78 020 020 0.53 0.10 56.57 6.75 0.09 003

o’sca/c’gea 16737.00 26.75 10.00200.0017.67 10.00 18.43 11.84 9.00 3.00
No. of Days to Total Total

Fresh Dry
. 50% . . fresh dry
tillers/plant flowering yield/plot  yield/plot yield yield

 gca 0.i2 001 1.83 0.10 047 002 001 00" 066 06.02

o’ sca 023 258 1825 0.00 271 0.13 0.17 031 3.34 023

2 2
o'scalo’ged 95 258.00 9.97 0.00 577 6.50 17.00 31.60 5.06 11.50

o’ gea= general combining ability variance, o’ sca= specific combining ability variance.

The importance of specific combining ability variance (non-additive type of
gene action) stresses the need for exploiting it production of hybrids to
ootain high yielding combinations. These findings are in accordance with
those reported by (Basavaraju ef al, 1980 and Kumari e al, 2003 ) for
number of tillers, (Ouendeba er af, 1996 , Ali er al, 2001 and Rohitashwa et
al, 2006) for forage yield, (Soliman, 2005 ) for plant height, number of
leaves/plant, leaf size, stem diameter, number of tillers/plant and dry yield

General combining ability effects

Table (5) shows the range of gca and sca effects, the best general
combiners, and the best specific’ combinations for different traits. The
female line L1 was found to be best combiner for number of leaves/plant,
stem diameter, leaf length, days to 50% flowering and fresh yield/plot at
both cuts as well as total fresh yield/plot over tow cuts, number of
tilters/plant and plant height at second cut. The female L4 was found to be
the best combiner for stem diameter, leaf width and number of t:llers/plant
at both cuts as well as total dry yield/plot over tow cuts, plant height, leaf
leagth and dry yield/plot at first cut and days to 50% flowering at second
crt,



Table 5. Range of gca and sca effects, the best general combining parents and the two combinations showing highest sca for

different traits.
' ' GCA ‘SCA
. Traits Cut Female Male
Range of effects oon?bqlﬁers Range of effects Best combiners | Range of effects Best combinations
et height ® (237 t0 2.69 13,14 l90sto 8.81 T3, T10 12838 10 28.34 L2xT2*, L2xT1*
314 gt .
Rl i 13.89 to 5.86 L1* 113,16 10 14.57 Ta%», Taws | 19.84 t0 16.96 LixTé* , LAXT5*
o oavesolamt 10.879 to 0.95 L1 10.69 to 0.85 T1, T4 [1.82 10 1.92 L3xT10%, L3xT3
o oi leaves/p e 0.13 to 0.24 L1 L0.60t0 1.19 T5**, T4 LL35to 1.56 L1xT6* , LAXTS*
o diamet " L0.70 to 0.48 L1% L4* |146t0 1.45 T1%*, Tg** L1.45 to 2,04 L1xT8**, L3xT10*
T
Stem ¢ e L0.38 to 0.39 L1* 14 10.91t0 0.82 T3#% Tass L1.28 t0 1.26 L2XT1*, L4xT1
e tensth i* h4.54 10 8.46 L1* 1775 to 16.65 T1%%, T3%e L1533 t0 16.22 L2xT4%* , L1xT8**
. Vi
ave lengt pw 12.88 to 2.43 L1, 1A* 1628t 4.10 Tae*, Tows 18,13 t0 6.72 L2XT4* , LAXTS**
e widh 1" L0.19 to 048 La*+ 10297 to 0.26 T1%, T3* L0.51 to 0.92 LIxT8** , L1xT3
Ave wi e L0.10to 0.1 L4*s L0.31 to 0.26 T3+, T2 .0.43 to 0.34 LIXT3*, L2xT10*
1 L0.95to 1.16 Li*, 14 120710 2.84 T1%*, T6** [1.73 10 2.41 LIXT7*, L1xT6*
. of tillers/ .

o- of tillersiplant 0.65 to 1.2 L3+, 14 |l4dt0 1.68 TI%, T9* 338 10 4.42 LOXT1* , LAXTT*
e to heads 1" [3.13 t0 6.4 L1+ 155510 9.87 T1%*, T2** 7570 7.13 LAXT6** , L2XT4**
Bys to heacing et [1.03t0 128 L1**, 14 [1.94t0 2.23 Ty%*, T1* 1256 t0 3.64 L1xT5* , LoxT4

- 1= .01 to 2.43 Liss (41210 6.0 Ti%s T2*s 481 to 8.41 LIXT8** , L2XT4*
Fresh yield p o L0.56 t0 0.29 L1,L3 [121t 143 Tg**, T2* 191 10 2.23 L2XT1* , LAXT3
oy yiold plot* 1" L0.25 10 0.199 4 10.82t0 1.63 T2%%, T1 L1.18 t0 1.79 LAXTS** , L2XT4

. :
Ty yiep ™ 1032 t0 0,18 L3 078 to 0.62 T8** T3* 11,04 to 131 L3XT8** , L2XT5%*
ol vield Fresh 157t 265 Lls+ 1527 to 6.82 T2% T]** 15.55 t0 9.37 LIXT8%* , L2xT4*
8] .
yie 03410 028 14,13  }1.60to 134 T2*% T8 L1.20t0 175 LAXTS* , L3XT2*

+ *+ significant at .05 cnd 0.01 respectively.
* Lines: Li= 8614, LI=ICMA8777, L3=14A, Ld=17A

Testers: TI=PECOMS, T2+PEN020S, T3~=PE00208, T4=ICMV05111, TS=ICMV05333, Te=ICMVQ5444, T7=87/059IPCN045, T8=87/059TPCN0293, T9=Sudan population,

T10=B7089TP0 N0L1S
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Among the male parents, T2 was the best combiner for total fresh
and dry vield/plot over two cuts, fresh yield/plot at both cuts and dry
yield/piot at first cut as well as most of other traits. T1 showed significant
positive cffects on most of studied traits. T9 was low combiner for majority
of the traits. It was evident that general combining ability for yield is, in
general, related with the general combining ability for most of the yield
components.

Specific combining ability cffects

The cvaluation of hybrids becomes necessary to consider whether a
hybrid my be used as a commercial hybrid or further utilized in breeding
programme. The specific combining ability is one of the best criteria to
evaluate the hybrids. It included both dominance and epistatic effects, which
can be related to heterosis.

Data obtained in Table (5) showed that the maximum sca effect for
total fresh yield/plot was shown by hybrids L1 x T8 and L3 x T2. These
hybrids had highest per-se performance (40.97 kg/plot and 41.15 kg/plot)
for total fresh yield/plot. These involved combinations of high x low (L1 x
T8) and low x high (L3 x T2) general combiners. The performance of cross
combinations is largely in agreement with the combining ability of the
parents involved.

Since the total fresh and dry yield along with most other component
traits were found to be controlled mainly by non-additive gene action,
exploitation of heterosis by crossing two parents with good general
combiner my be recommended to increase fresh and dry yield. Hybrids L2
x T2 (at ™ cut), L4 x T5 and L1 x T6 (at 2™ cut) showed maximum positive
sca effects for plant height. For number of tillers/plant, L1 x T6 and L1 x T7
(at 1% cut) appeared to be the most superior combinations with regard to sca
effect. The previous hybrids could be of value in the future breeding
program for improvement of the forage yield and its components.
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