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ABSTRACT

Seven pollen parents of pear millet were crossed with five male-sterile
lines. The twelve parents, 35 Fys and 35 Fys were grown to evaluate heterosis and
combining ability for forage yield and its components. Significant differences
among parents were observed for all characters except tillers plant” at 1" cut, and
for all traits except leaf width at both cuts and tillers plant” at first cut among
crosses. The same was true for the F, for all studied traits. Mean performance of
Fys was high for all traits except days to heading at both cuts. Significant positive
heterosis was observed for all traits at both cuts except tillers plant” at 1 cut.
Highly significant inbreeding depression was recorded for all traits except days to
heading at 2 cut. Most of hybrids exhibited increased plant height as compared
to their mid and superior parent. The highest heterosis, 79.36 and 41.90% over
mid and superior parent respective were observed in the cross CMA923333 x
IPC90 at first cut. The same cross showed highest heterosis (70.47%) and
heterobeltiosis (30.26%) in 2" cut Inbreeding depression values for plant height
ranged from —4.69 to 28.85% at first cut and from ~21.44 1o 32.02% at 2 cut.
Hybrids, CMA89111 x POPI at I" cut and CMA98777 x IPC45 at both cuts
showed highest and significant positive inbreeding depression for this trait. For
iillers plant’, the highest heterosis over mid and superior parent was observed in
CMA891II x IPC293 at first cut; and in CMARS1/1 x IPC115 at 7 cut. The
inbreeding depression of two crosses was significant pesitive for tillers plant’at b
cut.  From 22 to 33 crc sses showed significant positive heterosis for fresh and dry
weights ar both cuts and for toial fresh and dry weights. The number of crosses.
which showed significant positive heterobeltiosis, ranged from 12 crosses for fresh
and dry weights at I® cut to 28 crosses for fresh weight at 2* cut. Eight crosses
showed significani posiive heierobeiiivsis in jresh and dry wi at both cuts and
total fresh and dry wt. The hybrid CMA89111 x IPC293 had shown highest
significant heterosis for dry wt. at 2% cut (460.16%), fresh wt. at I cut (287.91%),
and dry wt at 1" cut (273.62%), followed by hvbrid CMA92333 x IPC2935 that
had shown for total fresh wt. (218.26%) and for fresh we. at 17 cut (203.39%). The
same crosses had shown highest significant heterobeltiosis for fresh and dry wt. at
2 cut and total fresh yield The variance due to specific combining ability was
larger thangeneral combining ability for alt-studied traits except fresh yieldat 2
cut. The female line CMA89111 was best combiner for total dry wt., dry wt. at first
cut and also it was good combiner for total fresh wt., fresh wt. , and tillers plant Tat
both cuts, plant height, leaves plant’ and stem diameter ot first cut and dry wt. at



second cut. The male parents, IPC45, IPC90 and IPC1135 were the best combiners
for total fresh and dry wis., fresh and dry wis. at both cuts, and most other traits,
Hybrids CMA92333 x IPC293 and CMA92333 x IPC90 had highest sca effects for
total fresh yield and showed high sca effects for fresh yield at first cut.

- Key.- words: Pear millet, Crosses, Heterosis, Combining ability, Inbreeding
depression, Forage yield

INTRODUCTION

Pearl millet is used as forage for livestock in Egypt and any
improvement in forage yield would be desirable. In some forage species
forage yield can be increased by capitalizing on the heterosis obtained in
hybrids (Sleper 1987). Most breeding procedures used in pearl millet are
aimed to maximum exploitation of hybrid vigor for both grain and forage
vields (Gupta and Guptal971, Quendeba ef @/1993, Yadav et a/ 2000,
Bidinger ef al 2003, Prester]l and Weltzien 2003, Siles ef al 2004).

Hybrids from elite pearl millet parents produce more forage than
common, open pollinated cultivars (Borton 1968, Harza and Shukla 1998).
Karad and Harer (2004) reported significant heterosis in fodder yield up to
251.9 %. The discovery of male sterility in millet made the commercial
production of hybrid seed practical and made it necessary to isolate inbred
lines that will contribute favorable genes, or combinations of genes, for
yield and other agronomic traits to the hybrids. Information about heterotic
pattern and combining ability would be helpful in the development of a
successful breeding program. The objective of this study were to evaluate
heterosis and combining ability for forage production and identify parents
that could be used to develop improved hybrids varieties.

MATERIALS AND METHODS

The materials used for this study were five male-sterile (A) lines, viz,,
CMAB9111 (A1), CMAS2111 (A2), CMA92333 (A3), CMAS6111 (A4) and
CMA98777 (AS), five restorer parents 1.e. IPC26 (P1), IPC4S (P2), IPC90
(P3), IPCI1S (P4), IPC293 (PS), kindly supplied by the International Crops
Research Institute for the Semi Arid Tropics (ICRISAT) in India, in addition
to two “populations on¢ (P8) from Sudan and the other (P7) from Yemen. (A)
lines were crossed in 2001 with the seven pollen parents. F» seed was
produced in 2002 by selfing few piants from each cross,

In 2003, the twelve parents (seven males and five fertile counterparts
of the male-sterile female lines), 35 Fy's and 35 Fy's were planted on 25 May
at the Experimental and Research Station of the Faculty of Agriculture, Caira
Tiniversity at Giza in a randomized complete black design (RCBD) with four
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replications. Plot were single rows for parents and Fy's and two rows for the
Fys. Rows were 4m long and 50cm wide with single-plant hill spaced 25¢m
apart. Hills were overseeded thin thinned to one plant hill” after complete
emergence. Recommended cultural practices were followed. Pants were cut
twice to a stubble height of 15¢m shortly after the onset of heading. . ._

Observations were recorded on five guarded plants from each row in
each replication for days to heading, number of tillers plant”, plant height,
stem diameter measured at the center of fourth internode, number of leaves
stem’, maximum length and width of the 5 " leaf from plant top, fresh and
dry weight of fodder for each cut and total fresh and dry fodder weights for
both cuts.

Data of plot means were subjected to a regular analysis of variance
of RCBD according to Steel and Torrte (1980). The degrees of freedom and
sum of squares due to genotypes were further partitioned in to parents, Fy's
and Fys, paremts vs. (Fy + Fy) and F, vs. F2. Also, sum of squares for
hybrids was partitioned to general combining ability {gca) of male and
female parents, and specific combining ability (sca) resulting from female x
male interaction according to the method employed by Beil and Atkins
(1967). The gca effects of parents and sca of crosses were calculated as
shown in the same reference. F, heterosis was calculated for each cross as
the difference between the cross performance and the mean of its parents
(mid-parent). Heterobeltiosis was, also computed as the difference between
cross means and the mean of the higher parent. Inbreeding depression (1D}
in the F; was computed for each cross as: (mean ot F; - mean of ¥;) x 100/
(mean of Fy). Significance of heterosis and inbreeding depression was tested
by appropriate least significant differences.

RESULTS AND DISCUSSION

The analysis of variance revealed highly significant differences for
ali the traits among the entries evaluated (Table 1). The mean squares due to
parents also differed significantly for all characters except tillers plant™ at
1% cut indicating great deal of diversity. Differences among F; crosses were
highly significant for all traits except leaf width-at-beth-cuts and tillers plant”
Uat first cut (Table 1). The same was true for the F; for all studied traits.
Highly significant differences were aiso observed for the comparisons
indicating heterosis, viz., parents vs. (F; + F) for all traits except leaf
length at 2™ cut and leaf width at ™ cut; and for F1 vs. F; for all characters
indicating inbreeding effect.
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Table 1. Mean squares from ANOVA analysis for 12 parents, their F: crosses and F;'s for studied traits.

LAY df Days to heading Plant height Leaves plant” Leaf length Leaf width
o 1 1" I I 1 n I I 1 |
[Genotypes T s 32.59" 15347 | 4s1.0” 11292357 1 508 161" 524827 | 119937 | 09047 .44

Parents(P) | 1 750" 6248 [1i609.117"] 3924.5" 13.27 35" 8767 | 929258 244" 13"
Crosses(Fy) 34 32.53" 26.81" | 242577 | 78289 246" 097" 206637 | 8559 0.32 0.12
Males (M) 3 58.43" 5727 | 464228 | 1492 37 14" 38497 160.8° 0.43" 02
Females(F) , 4 34.27 23.43° | 2263.0" | 7408”7 32 Lt 256.3" 3.4 0.55" 012
MxF b7} 25.78"" 1975 | 1898.67" | 610.7" 2.03 084" 15377 68.84 0.25"" 0.1
¥ ‘ 34 1417 | 1683 | 152893 | 52079 | 257" 127" | 267827 [ 712" a.51" 047"
Fva(Ft¥) ‘ 1 16763 | 143.08" |73451.44"" [13228.73™ | 37.97" 9.69"" an” 8.56 0.34 16"
| Fivs.Fs 1 58.51" 51787 ] 54480.2" | 39525 51.8" 58" 164629 | 389.29" 17.87 0.48"
{Error ! 243 7.55 6.89 288.29 141.3 0.99 0.36 44.23 42.33 4.13 0.09
Table 1. Cont. _
SV ' Df Stem diameter . Tillers plant" Fresh yield Dry yield ___Total yield B
‘ 1 1] 1 11 ] 1l I 1] fresh dry
Genotypes ' 81 11.79° 270" 171" 566 214888.6 | 439742 | 473355 S4482° | 3924764 | 8362043
Parents(P) 11 40,03 811" 1.62 7. 41247683 | 24674.05" | 2873457 | 2418.63" | 614441.67" | 4569077
Crosses(¥1) i 3 525" 1297 0.62 34" 187066.05" | 22869.1" | 45876.19"° | 8023.05" | 24325543 | $2800.8"
Males (M) i 6 8.87" 196 0.9 487 263427.687 | 3346607 | 7642414 | 11791757 | 410357.53" | 133767.197
Females(F) ! 4 5.98 1.45 0.7 3 172870.6 23847.65 48416.55 8946.3 245335.79 SE584.48
MxF ; 24 423 1.09 0.52 3.06 127841537 | 200%6.76 | 37815817 | 6926997 | 20113313 | Gore8.01"
F, ! 34 686" 1.847 0.6" 18" 83431067 | 1321267 | 1100747 21787 | 12174777 | 183719.95"
P va (F+F2) ‘ $ 29.86" 023 5.06" 972"  [22826643.1" | S9R773.68" | 224483.27" | 15926927 | 6165869.2" | 753816.99"
Fyvs Fy | 1 1 782" 22.69” 62.23” 197.06" | 1769987.6" | 1464942.9" | 1359567.8" | 82251.48 | 6455750.9" | 2076387.7"
Error ; 243 2.99 0.70 0.6 1.92 48698.96 6768.79 6384.1 1858.6 719124 10325.82 |

* A% gignificant at 0.05 and 0.01, respectively.
|



Over all performance, heterosis and inbreeding depression

The mean performance of parents, Fy's

JFrs and the percent of

heterosis and inbreeding depression for the studied traits are given in Table
2. Mean performance of Fy’s had higher values for all traits except days to
neading at both cuts compared with mean performance of their parents. All
characters showed decreasing trend in the mean performance from F, to F.
Significant pOvae heterosis was observed for all traits at both cuts except
tillers p}ant at 1% cut. However, mgmﬁcam negative heterosis was obtained

for days to heading at 1™ and 2™

cuts. Highly significant 1nbreed1ng

depression was recorded for all traits except days to heading at 2™ cut.

Table 2. Mean performance of parents, ¥1's .Fy's and the percent of heterosis
and inbreeding depression (I.D.)for the studied traits.

. T Parents | . F.s Beterosis | LD, |
Trait Cut Mean Fi's Mean Mean % %
Days to heading 1 7871 74.14 7323 207 1.237

I 68.45 67.05 66.50 205" 0.67
Plant height cm I 165.9 222.10 194.20 33.88° 12.56"
i | 95.88 117.60 114.10 265" 6.38"
Leaves plant”’ I 11.i1 11.92 8.41 7.29" 29.45"
i 6.65 6.28 599 115" 4.627
Leaf kngth cm I 61.42 .66 62.32 1517 1975
1 40.65 42.88 3932 5.49° 8.30"
Leaf width cm 1 ) 4.08 3.55 9.46 12357
I 2,31 2.58 2.47 10.39 3.14
Stem diameter. mm I 9.77 11.10 110 1361 | 901
11 6.09 .45 5.88 591" | 884"
Tillers plant” 1 4.02 4.14 320 | 299 21"
1 1 425 5.51 3.83 2965 30497 |
Freshwt g plant” I 600.84 947.47 788.44 57.69 16.78
H 151.53 3477 20 .60 127.53" 41.82" |
Drywt, g plant™ 1 104.46 34811 208,79 70,26 46.02°
1} 50.84 129.93 95.68 157.39” 263"
Total wt. g, plant” Frest | 75239 1292.24 988.50 TLT5*" 23.50~*
Dry 245.92 476,71 | 30445 3,85~ 36.14%*

® %% gizmificant at 0,05 and 0.01, respectively.

l‘ll‘ll‘rll"l‘i lll l'ﬂlt‘l.lll(. CTOSSEs

The range for mid-parent heterosis, heterosis relative to the higher
parent (heterobe1t1051s) inbreeding depression and number of hybrids showing
significant heterosis in desirable direction are presented in Tab}e 3. Large
estimates of heterosis was expressed for dry and fresh weight plant™ at 2™ cut,
total dry weight, dry and fresh weight at 1% cut, total fresh weight, tillers plant™
at 2™ cut, plant height at 1™ cut, stem diameter at 1% cut, and plant height at 2 rh

cut. The lowest estimates of heterosis were recorded for days to heading, leaves
plant™ at both cuts, leaf length and width at first and second cuts.



Tabie 3: Range of heterosis, heterebeitiosis, inbreeding depression (LD.) and number
of crosses showing significant heterosis in desirable direction in pear millet,

SR W
'

Trait Cut Heterosis Heterobeltiosis LD.
Range B0. range 0. range no.

Days to | 921788 5 -26lted30 0 27291120 3
Heading I |-11.85t0 9.16 6 -13.14 ta 6.87 1 91301340 6
\Plant T | 423167936 33 |-2071t014.90 18 4,691 2885 20
Height cm. n -6.81 to 70.47 27 |-22.43t03026 6 -21.44t0 32.02 7
Leaves I [-15421t03299 18 1-1%.i4t026.11 4 15.37 to 51.44 35
Plant™ a -8.14 to 32.58 18 [-16.671t025.00 3 -26.9310 3036 6 ]
Leaf 1 -5.93 t0 43.10 24 -1621t02584 § 307te41.03 30
Length cm 0 |-24.37 t0 38.04 5 |-29.63t019.21 @ 229303624 4
Leaf I -5.66 to 48.33 0 {-1934t02993 0 -1.861033.14 0O
width cm I 1-15.25 to 34.69 20 12063101461 O -27.71t631.07 3
Stem I [-12.24t0 77.03 13 -2911ted131 3 -13.62t0 4100 7
LDia. Mm. n |-12.21 ¢ 33.67 10 |-20.97 tu 6.56 0 ~12.641033.58 9
Tiliers I {-23.17t043.31 4 -33.50tc3788 2 -11.23t0 47.65 14
Plant?! i IT |-83.67 to 95.65 14 |-60.401t080.00 4 -4.00 0 6583 14
Fresh wi T 1-19.09ic 203.98 22 |-47.76t0118.3G 12 -38.03t047.12 8
g plant’ I | 17981028791 33 [-13.4610231.46 28 10.23 t0 67.65 21
Dry wt. I [-29.49 to 234.81 23 |46.1010 17570 12 -40.94 to 68.97 19
g, plant’ I | 24.98t0460.06 24 | -395t0388.09 17  |-3365106639 8
Total wt. Fresh | -5.69 to 218.26 26 |-32.841t0 13547 15 1654 t0 47,79 14
g plant”’ Dry | -6.25t0 273.62 26 |-30.3610197.02 I8 |-27.56t0 65.04 18

Most of hybrids exhibited increased plant height as compared to
their mid and superior parent, with 33 and 15 hybrids at 1% cut, 27 and 6
hybrids at 2™ cut showing significant positive heterosis and heterobeltiosis,
respectively. The highest heterosis, 79.36 and 41.90% over mid and superior
parent, respectively, were observed in the cross A3 x P3 at first cut. The
same cross showed highest heterosis (76.47%) and heterobeltiosis (30.26%)
in 2" cut. Positive heterosis over mid and better parent for plant height was
also shown by Lal and Singh (1968), Ouendeba et o/ (1993) and Karad and
Harer (2004). Inbreeding depression values for plant height ranged from
4.69 to 28.85% at first cut and from -21.44 to 32.02% at 2™ cut. Among the
crosses, 20 at 1™ cut and six at 2™ cut showed significant positive
inbreeding depression for plant height. Hybrids, A1 x P6 at 1 cut and A5 x
P2 at both—cots showed “highest and significant positive inbreeding
depression for this trait. The highly significant reduction in plant height in
the F, is due to the presence of large dominance gene effects in the
expression of this character (Lal and Singh 1968).

For tillers plant™, four crosses at 1% cut and 14 crosscs at 2™ cut
showed significant positive heterosis; and two crosses at 1% cut and four
crossés at 2™ cut exhibited significant positive heterobeltiosis. The highest
heterosis over mid and superior parent was observed in Al x P5 e 43.31
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and 37.88% at first cut; and in Al xP4ie 95.65 and 80.00% at 2™ cut,
respectively. The inbreeding depression of two crosses was significant
positive at 2™ cut. Lal and Singh (1968) observed similar results.

~ All__crosses showed positive heterosis for fresh and dry weight at 2
cut (Table 3) The majonty of crosses exhibited positive heterosis for fresh
and dry weight at 1% cut, and for total fresh and dry yields. Among the
crosses, from 22 to 33 crosses showed significant positive heterosis for fresh
and dry weights at both cuts and for total fresh and dry weights. The number
of crosses, which showed significant positive heterobeltiosis, ranged from
12 crosses for fresh and dry weights at 1% cut to 28 crosses for fresh weight
at 2°¢ cut (Table 3). Eight crosses showed significant positive heterobeltiosis
in fresh and dry wt. at both cuts and total fresh and dry wt. (data not shown).

Highest magnitude of heterosis over mid and superior parent cbserved
in fresh and dry wt. at both cuts and total fresh and dry wt. The hybrid Al x
P5 had shown }ughest significant heterosis for dry wt. at 2™ cut (460.16%),
for fresh wt. at 1% cut (287.91%), for dry wt. at 1% cut (273.62%), followed by
hybrid A3 x PS 218.26% for total fresh wt. and 203.39% for fresh wt. at s
cut. The same crosses had shown highest significant heterobeltiosis for fresh
and dry wt. at 2™ cut and total fresh vield.

It was noticed that the hybnids having significant heterosis for forage
yield also had sngmﬁcant heterosis for one or more characters i.e. plant
height and tillers plant”. This indicated that the heterosis for forage yield
seems to be influenced by heterosis for one or more important components
of the yield. Similar results were reported by Ahluwalia and Patnaik (1963)
and Karad and Harer (2004). High heterosis in F, was sometimes
accompanied by high inbreeding depression in F;. Most Fy crosses showed
positive heterosis for forage yield coupled with positive inbreeding
depression in the F indicating a major role for non-additive gene effects in
heterosis, Lal and Singh (196%) found similar results.

Combining ability

Estimates- of variance components for general and specific
combining ability for all traits from analysis of variance are given in Table
4. An estimate of the relative importance of the additive and non-additive
effects of genes can be obtained from the ratio of the components of
variance for general to those of specific effects. The variance due 1o specific
combining ability was larger than general combining ability for all studied

traits except fresh yield at 2" cut indicating that non-additive gene effects
were invelved in the inheritance of these traits These results ggread with the
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Table 4. Estimates of components of combining ability of ¥, crosses for studied traits.

8V Days to heading | _Plant height | Leaves plant” | Leaf length | Leaf width
I 1 I i 1 oI [ 1 11
T 03 | 013 | 1301 | 465 | 004 | 6.00 | 3.66 [ 0.16 | 0.61 |0.001
+~1m 163 [7188 {13718 4445 | 0.08 | 0.03 [11.56 [ 4.60 | 0.01 | 001
L_;";_(sca) 4.07 | 3.05 | 464 | 10877 | 601 | 0.11 [3067[0.69 | ¢.04 | 6.01

0.1 el | 772 | 252 | 001 |0.002] 0.77 | 0.25 | 0.001 | 0.00 |
hﬂ 4113 | 2948 | 55.21 | 43.10 | 197 [59.32[39.85]2.82] 41.77 [17.06

Table 4. Cont.

5V Stem dia. | Tillers plant” Fresh vield Dry yield Total yield

1 0| 1 I 1 1L 1 I | fresh | Dry

0.06 | 001 ; 001 | 061 | 160818 | 13539 | 378.6 | 72.12 | 1578.67 | 69559

023 1004 1 0.02 | 0.09 ! 677931 1 67047 | 1930.42 | 243.24 | 1046122 | 3232.9%

:h.!sca) 042 | 006  0.02 | 00° 1640928 | 6.03 |7497.44 |1009.57( 20670.8 | 13388.38

0.02 {0003 [0.001 | 0.005 | 42829 | 41.22 | 118.13 | 16.06 | 617.31 | 200.80
[i 276312050 (1208} 1717 | 3831 | 0.15 | 6347 | 8285 | 33.49 | 66.67

findings of Borton (1959) for forage yield, Murty et al (1967) for tillers
plant”; Gupta and Gupta (1971) for green fodder yield, plant height, ieaves
plant”, and stem thickness; Upadhyay and Murty (1971) for days to 50%
flowering and plant height; Ouendeba ef al (1996) for dry forage yield; Ali
et al. (2001) for forage yield.

However, fresh yield at 2™ cut recorded higher ratio of gca/sca
variances meaning that additive gene effects were of considerable
magnitude for this trait. Lynch ef al. (1995) for forage yield reported similar
results.

General combining ability effects

Table 5 shows the range of gca and sca effects, the two best general
combiners, and two best specific combinations for different traits. The
female line Al was found to be best combiner for total dry wt., dry wt. at
firsi cui cmu also it was guud combiner fortotal ﬁ'esh wt., fresh wt | and
tillers plant™ at both cuts, plant height, leaves plant™ and stem diameter at
first cut and dry wt. at second cut. The female AS had a significant positive
effect on total dry wt, dry wt. and leaf lengt}: at second cut, and it had
highly significant positive effect for pla.it heigiit and leaves plant™ at second
cut.
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Table 5: Range of gca and sca effects, the two best general combining parents and the two combinations showing highest

sca for different traits.

F Gea Scu
Female Male Range Best
Trait Cut Range Best Ranpge Best of effects combinations
of effects combiners of effects combiners |

Days to 1 -1.25t¢ 1.50 A2, A3 19910 3.66 P4",P2° 335t 321 A3XPS, A2XP2
heading 1 -1.14 to 0,95 A3 ,AS -214t0 180 P2, PT -3.01to 269 AIXP2, A4XP3
Plant height I 9.64 to 9.14 A5 A1 ~42.34 t 22.21 ri, p4” -28.84 to 3271 A3XP4", ASXP1
cm, : I | -69%tc_3.90 A3, AS -23.95t0 940 P2, PT -13.26to _15.64 A4XP4’, ASXPL
Leaves plant‘* I 058t 038 AS, A3 085t 0.61 P4, PS -1.26te 131 AIXPS, A3IXDY/

| 0 -0.17t¢_ 0.29 AS', A2 0.46t0 027 PS5, P3 £0.7T140 _ 0.90 AIXP7T  AIXPS |
Leaf length | I -6.16t0 3.76 A4T AL -11L.71 to 4.89 PT,P2 6.10t0 470 A3XP5, ASXP3
cm, 11 -1,12t0 0,89 AS, A3 -S.06t0 3,57 PT, P2 -785t0 4.79 ASXP4, AIXPS
Leaf width. | I 0.18t0 0.28 A3", A4 0.27t0 .13 P1, P7 03310 037 ASXP2', A3XP4"
cm. 1l £0.05t¢_ 0.06 A3, M 0.18t0 015 P2, P4 0.21t0 223 AIXPS, A2XP6
Stem dia. | 1 0.53t0 0.76 A3, A4 -1.71t0 052 P4, P2 -148to .85 ASXPY', A2ZXPS
mm. I 0.31t0_0.19 A2, Ad 0.38t0 047 P4, P5 488t0  1.02 AdXP4’, A2XP5
Tillers plant'li 1 -0.25t0 0.20 Al, A2 027t0 0.20 P1i, P5 0.63tc 0.48 A4XP4, AIXP?

- H -0.21to 0.28 Al, A2 0.42t0 048 P3, P6 -1.65t0  2.10 AIXP7, ASXP6"
Fresh wt, I [-87.7410111.78 A3, Al 242.82t0139.04 P3PS [-271.62 to 273.40 A3XPS, AJXP3
| g plant” I |-35.05t0 28.04 A5, A4 -73.34t0 3634  P7, P3 -78.49 to 155.16 ASXP6’ ,AdXP4
Dry wt. I [ -4140t0 52.05 A1, AS 131260 9250 P3T,P2 |-133.62 to 183.34 AIXP5 AIXPT
g plant® I |-01.25t0 0150 A5, Al -43.31t0 22.10 P2, P3 5642t 74.12 AIXPS " ASXPG™
Totalwt, | Fresh |-77.76 to195.43 A3, Al -316.15 to 173.20 P3, P2 [-334.03 to 355,32 A3XPS', A3XP3
g.plant” | | Dry |-4805to 60.38 A1", AS -173.24 10 106.29 P37, P2°  |-172.56 to 254.49 AIXPS” AXPT !
* kR

had significant positive effects at 0.05 and 0.01, respectively.
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Among the male parents, P2, P3 and P4 were the best combiners for
total fresh and dry wts., fresh and dry wts. at both cuts and most of other
traits. P6 and P7 were moderate combiners for most of yield components.
P1 was low combiner for majority of the traits. It is evident that general
combining ability for yield is, in general; related-with the general combining
ability for most of the vield components.

Specific combining ability effects

The evaluation 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.

Based on ranking of all crosses for total fresh yield, which is
controfled by non-additive gene action (Table 3}, reached it maximum sca
effects in hybrids A3 x PS5 and A3 x P3. These hybrids had highest per se
performance (1874.1 and 1884.4 g plant”) for total fresh yield. Further,
these crosses also showed high sca effects for fresh yield at 1® cut. Theses
crosses involved combinations high x high (A3 xP3) and high x low (A3 x
P5) general combiners. The performance of cross combinations is, therefore,
largely in agreement with the combining ability of the parents involved.
Since the total fresh and dry yieid along with most other component traits
were found to be controiled mainly by non-additive gene action,
exploitation of heterosis, by crossing two parents with good general
combining ability, my be recommended to increase fresh and dry vield.
Hybrids A3 x P4 and AS x P1 (at 1¥ cut), AS x P1 (at both cuts) and A4 x
P4 (at 2™ cut) showed maximum positive sca effects for plant height. For
tillers plant’, A4 x P4 and Al x P7 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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