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ABSTRACT

Three exotic cytoplasmic male sterile lines (A lines): ICSAl4,
ICSA88015 and ATX623 and seven restorer lines (R lines); ICSR16, ICSR21,
ICSR89022, ICSR89038 ICSR90001; ICSR93001 and Dorade of grain
sorghum, were crossed to produce 21 (A xR) F,’s. Parents and hybrids were
evaluated in field trials in 2003 at 3 locations. Mean squares due to parents were
significant for all studied characters at all locations except panicle width at
Assuit. Mean squares due to hybrids were also significant for all characters at all
location. Data indicated that the contribution of variation due to interaction
males x females was higher for all studied traits than either the contribution of
that due to males or females, suggesting that to improve these traits breeder
should use the heterosis breeding. Exceptions were for 50 % heading at South
Takrir and Assuit, panicle length at South Tahrir and panicle width at Assuit
and Shandaweel, where the contribution of parents was the highest. The cms line
(ATX623) and the restorer (ICSR89038) had the highest positive and significant
GCA effects for grain yield at South Tahrir and Assuit and ICSA14, ICSR21 at
Shandaweel. SCA variance was more important than that of GCA for grain yield
and its components. The best SCA effect for grain vield was exhibited in
{(ATX623 x ICSR93001) and (ICSA14 x ICSR 89038) at South Tahrir; (ATX623
x ICSR93001), (ICSR88015 x ICSR21) at Assuit and (ICSA14 x ICSR90001),
(ICSA88015 x ICSR89038) and (ATX623 x ICSR 93001) at Shandaweel.

Heterosis as a percentage of the better parent was manifested for all
studied traits. The highest positive and significant heterosis for grain yield was
41.41 % (ICSAI4 x ICSR89038) at South Tahrir, 75.59 % (ATX623 x
ICSR89038) at Assuit and 34,04 % (ICSA88015 x ICSR89053) at Shandaweel.
The hybrid ATX623 x ICSR93001 oatyielded other tested hybrids under different
environments and thus we recommend further testing of this hybrid in the
evaluation trails in order to release it as a commercial hybrid.
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INTRODUCTION

The major objective of grain sorghum [Sorghum bicolor L. Moench]
breeders is to derive parental lines that will produce high yielding hybrids
while maintaining or improving other agronomic characters. Information on
the relative importance of general and specific combining ability is of value



in the development of efficient breeding programs in crop species which are
amenable to commercial production of F; hybnd seed. Additional basic
information is needed on heterosis in sorghum to aid the breeder in
developing hybrids. The grain sorghum hybrid program starts with testing
various parental lines for their combining ability and heterotic effects in
order to identify the best ones in hybrid combinations. Grain yield
improvements in the small grained cereals have been achieved largely by
increasing harvest index without a significant change in biomass (Hanson,
1970). Sorghum hybrid produce more biomass as compared with their
parents (Quinby, 1974). Heterosis in sorghum grain yield results mainly
from heterosis expressed in a large number of kernels per panicle, mostly in
the lower panicle branches (Blum, 1970). The large panicle in the hybrid is
initiated earlier and develops faster than in its parents Perez (1986) found
that heterosis for grain yield depended on heterosis for grains/panicle and
panicle length. Hybrids were found to flower several days earlier than their
parents. El-Menshawi (1996), Mahmoud (1997), Amir (1999), Hovny et a/
(2001) and Mostafa and El-Menshawi (2001) used male sterile linesto
produce hybrids. They reported that hybrids were earlier, taller, had higher
1000-grain weight and higher grain yield than their best parents.

Andrews et al (1997) found that both grain sorghum and pear! millet
F, single crosses whether were made by using cytoplasimc male sterility
(CMS) or by other ways were much better than their parental lines in grain
yield as well as grain quality. They also reported the importance of early
generation testing to select for combining ability. Combining ability in grain
sorghum was studied by several workers using line x tester analysis (Reddy
and Joshi, 1993, El-Menshawi, 1996, Mahmoud, 1997, Amir, 1999, Mostafa
and El-Menshawi, 2001 and Hovny ef a/, 2001). They reported that general
(GCA) and specific (SCA) combining ability were important in the
inheritance of grain yield and other related components in some crosses.

The objectives of the present investigation were: 1. to evaluate the
agronomic performance and breeding behavior of some lines selected from
grain sorghum program, 2. to estimate combining ability and heterobeltiosis
effects as they should be useful in understanding the inheritance of the
studied characters and so in determining the most appropriate breeding
programs in sorghum to improve such traits and 3. to identify the best
parental lines in hybrid combinations.
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MATERIALS AND METHODS

Three exotic cytoplasmic male sterile line (A lines) 1ICSA14,
ICSA88015 and ATX623 and seven restorer lines (R lines) of sorghum;
ICSR-16, ICSR21, ICSR89022, ICSR89038, ICSR90001; ICSR93001 and
the varicty Dorado, were used to produce 21 single crosses at Giza
Agricultural Research Station in 2002 season. Crossing was done by
bagging the panicles of both parents (A and R lines) just before anthesis to
prevent contamination from foreign pollen. Pollen were collected from each
male parent and placed on the stigma of the female parent and were bagged
the pollinated female panicles.

Both A and R parental lines and their respective crosses were
evaluated in a field trail at three locations: South Tahrir, Assuit and
Shandaweel Agricultural Research Stations in 2003 growing season. The
experimental design used was a randomized complete block design with
three replications at each location. Single-rows plot of 6.0 m long and 0.7 m
apart were used in these experiments. Planting was done in hills of 20 ¢cm
apart. Thinning was done after three wecks of sowing (date of sowing was
nearly at mid of June for all locations) by leaving two plants/hill. All other
agronomic practices were done as recommended for grain sorghum
production.

Data were recorded for days to 50 % heading, plant height, panicie
length, panicle width, 1000-kerne! weight and grain yield (ard/fed.). Data of
each location were subjected to the analysis of variance ofrandomized
complete block design (R.C.B.D) according to Steel and Torrie (1980).

Line x tester analysis according to Kempthorne (1957) as shown by
Singh and Chaudhary (1977) was used to estimate general and specific
combining ability effects at each location. The fixed model was considered
in the statistical analysis. Percentage of heterobeltiosis was determined by
using the following equation:

F1-BP
BP

Where F; and BP are the means of the F, and better parent,

respectively. Heterosis percentage exceeding the least significant difference

between two means (LSD) in percent of the better parent mean was
considered significant.

Heterobeltiosis % = X 100
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RESULTS AND DISCUSSION

Mean Performance

Means of all studied trzits at the three locations are presented in
Tables (1 and 2}. Number of days to 50 % heading for parents ranged from
90 (Dorado) to 105 days (ICSA14) at South Tahrir, 64 (ATX623) to 74 days
- (ICSA14 and Dorado) at Assuit, 66 (ATX623) to 74 days (ICSR90001) at
Shandaweel, while for hybrids ranged from 90 (ICSA14 x Dorado) to 104
days (ICSA14 x ICSR93001) at South Tahrir, 62 (ATX623 x ICSR90001)
to 74 days (ICSA14 x ICSR93001) at Assuit and 66 (ATX623 x
ICSR89038) to 72 days (ICSA88015 x ICSR89038) at Shandaweel. In
general most of the crosses flowered earlier than their parents. The female
ATX623 was the earliest line at the three locations. I[CSA88(015 was the
second earliest line at Assuit. It was observed that most of the crosses
involving ICSR16 showed lateness at Shandaweel, but, showed earliness at
Assuit and South Tahrir except with the line ICSA88015 at Tahrir. The
earliest hybrid across the three locations was ATX623 x ICSR93001.

For plant height parents ranged from 102 cm (ICSR89022) to 136
cm (ICSR89038) at South Tahrir, 133 cm (ATX623) to 191 cm
(ICSR93001) at Assuit and 130 cm (Dorado) to 207 cm (icsr2l) at
Shandaweel, while for crosses it ranged from 90 cm (ICSA14 x
ICSR93001) to 162 cm (ATX623 x ICSR93001) at South Tahrir, 132
(ICSA14 x ICSR93001) to 233 cm (ICSA88015 x ICSR93001) at Assuit
and from 159 cm (ICSAi4 x ICSR93001) to 243 cm (ICSAB8015 x
ICSR89022) at Shandaweel Hybrids were generally taller than the parental
lines indicating the role of hybrid vigor in plant height.

With respect to panicle length, the parents ranged from 19 to 30 cm,
26 to 34 cm and 26 to 42 cm while for hybrids ranged from 20 to 29 cm, 26
to 32 com and 28 to 38 c¢cm at South Tahrir, Assuit and Shandaweel,
respectively. Some of hybrids had longer panicle length than their parents.

Concerning panicle width the means across the parental lines were
6.2, 6.1 and 5.6 cm while for hybrids were 6.0, 6.8 and 5.9 cm for South
Tahrir, Assuit and Shandaweel, respectively.

For 1000-kernel weight at South Tahrir the parental lines ranged
from 17.33 g (ICSR90001) to 31.33 g (ICSR93001} with an average of
25.59 g and for hybrids from 18 g (ICSA14 x ICSR93001) to 32 g (ATX623
x ICSR93001). Most of crosses had heavier 1000 kernel weight than their
respective parental lines. The crosses (ICSA14 x ICSR89G38), (ATX623 x
Dorado) and (ICSA88015 x ICSR93001) had the heaviest 1000 kernel
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Table 1. Average performance of 10 parental lines and their 21 hybrids for days to 50 %
heading, plant height (cm) and panicle length (cm) for three locations, 2003
South Tahrir (L,), Assuiit {I,} and Shandaweel {(L;).

0O,

Genotypes h’::ﬁ;; g)a ’;‘) Plant height (cm) Panicle length (cm)

L1 L2 L3 L1 L2 E3 L1 12 L3

ICSR1é 101 71 69 122 187 183 22 30 27

ICSR21 101 73 74 129 172 207 23 29 25

ICSRB9022 102 72 71 102 175 203 19 29 40

ICSR89%038 100 73 67 136 144 170 22 28 25

ICSR%0001 160 72 7S 115 175 169 21 29 42

ICSR93001 94 72 67 120 191 89 20 26 26

Dorado 90 74 70 122 162 130 19 28 28
Mean males 983 72.4 7042 | 1208 | 1723 | 1787 | 2085 | 1892 36.4

ICSAlL4 105 74 70 122 169 162 29 28 30

ICSA88015 93 68 70 108 142 137 30 34 36

ATX623 92 64 66 122 133 150 30 28 |. 30
Mean females 96.7 68.7 687 | 1173 148.0 | 149.67 | 296 30.0 32.0
Mean of parental lines 970 71.3 699 | 1198 | 1650 | 1700 23.5 289 30.9

ISCA14 x ICSR16 92 70 69 129 191 218 20 29 | .30

X ICSR21 98 71 69 128 202 240 28 29 ﬁ (3l

X ICSR39022 101 T2 68 114 162 174 20 36 31

X ICSR89038 102 71 65 104 147 153 26 29 30

X ICSR96001 101 70 64 129 172 200 26 29 34

X ICSR930811 104 74 72 %0 132 159 21 29 33

X Dorado 9% 71 70 125 185 206 24 28 28

ISCAS88015 x ICSR16 100 68 69 135 207 200 20 31 -3l

X ICSR21 102 67 65 143 210 215 29 30 32

X ICSR$9022 95 69 69 132 204 243 21 29 35

X ICSR89038 101 62 72 132 192 212 26 30 k11

X ICSR90001 o8 69 68 117 182 201 24 30 33

X ICSR93001 104 68 66 132 233 20 27 29 30

X Dorado 101 63 70 125 181 200 21 32 36

ATX623 xICSR16 92 &9 70 127 177 197 20 30 31

X ICSR21 26 69 70 132 200 208 26 26 30

X ICSR89022 ) 70 68 141 183 225 23 28 34

X ICSR89038 83 64 66 117 198 185 24 30 33

X ICSR9G001 82 62 68 128 173 231 22 31 3t

X ICSR93001 85 65 63 162 197 195 25 K}l 35

| X Dorado 86 6o 66 125 175 172 22 30 32
Mean of hybrids 953 68.2 67.9 | 11542 | 177.52 | 19438 | 2328 | 2952 | 3238
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Table 2. Average performance of 10 parental lines and their 21 hybrids for panicle width
(cm), 1000-kernel weight (g) and grain yield (ard/fed.) for three locations, 2003
South Tahrir (L), Assuit (L;) and Shandaweel (L;).

Panicle width

1000-kernel weight

Genotypes (cm) @ Grain yield (ard/fed.)
L1 L2 L3 L1 12 L3 Lt L2 L3

1CSR16 6 7 6 2500 | 2647 1 30.60 7.30 28.13 | 2167
ICSR21 3 6 5 3067 | 2073 | 23.83 6.47 26.13 12.37
ICSRE9022 T 6 5 2033 2437 23.00 443 23.60 19.23
ICSR89038 7 [ 6 26.00 2293 25.13 6.20 22.40 17.63
ICSRS0M01 6 6 5 171733 | 2417 | 2403 583 2303 | 2163
ICSR93001 7 6 5 3133 30.00 31.23 6.53 23.73 19.53
Dorado 4 i 6 2867 | 3040 | 3433 7.80 3237 19.57

Mean males 74 | 61 | S42 | 2548 | 2231 | 2745 | 565 | 2228 | 1880 |
ICSAl4 6 6 6 2030 2393 25.43 7.57 22,10 19.37
TCSAS8015 5 6 5 26.30 | 2040 | 21.13 7.20 17.50 1517
ATX623 6 6 7 30.00 1820 | 2043 6.13 1837 | 1737
Mean females 56 6.0 6.0 2556 | 20.80 2220 6.90 19.32 1730
Mean of parental lines 62 61 | 560 | 2559 ] 24.16 | 2587 6.54 23.75 | 18.05
ISCA14 x ICSR16 5 6 7 24.00 2893 3277 6,03 28.46 26.13
X ICSR21 5 6 7 2800 | 2860 | 3220 7.32 2920 | 2563
X ICSR89022 5 7 6 2600 | 2530 | 2743 763 3590 | 2213
X ICSRE%038 6 6 7 30.00 | 2803 28.47 9.70 32,17 | 2183
X ICSRS0001 6 6 6 3100 | 2816 | 3107 7.10 023 | 2743
X ICSR93001 5 6 6 18.00 25.43 27.93 513 17.77 16.13
X Dorado 6 6 7 2800 | 2723 29.57 9.17 3573 | 2470
ISCA88015 x ICSR16 6 6 5 |.2500 | 2540 | 2390 7.07 28.40 1933
X ICSR21 6 7 7 3000 | 2590 | 2793 523 35.77 19.43
X ICSR89%022 6 7 7 20.00 18.13 18.43 6.70 3557 | 2323
X ICSR89038 4 6 7 28.00 27.53 3517 6.23 29.07 | 2343
X ICSR90001 4 6 L 2700 ! 2633 29.97 6.00 2563 | 20.53
X ICSR93001 7 7 5 3000 | 2533 | 25.03 633 25.07 | 2053
X Dorado 6 [3 5 2600 | 2937 | 2517 533 2997 | 1930
ATX623 xICSR16 s 7 6 22.00 | 2803 | 28.63 7.20 2860 | 2457
X ICSR21 [ 3 6 26.00 27.30 30.63 6.87 23.57 2773
X ICSR89022 6 7 5 2400 | 2787 | 3153 6.07 3847 | 2183
X ICSR89038 8 6 6 2800 | 2587 | 2990 7.43 3933 | 2240
X ICSR90001 7 6 4 29.00 | 4080 | 3500 7.10 34.10 17.50
X ICSR93001 7 7 6 32.00 22.40 27.03 9.00 38.10 2333
X Dorado 6 6 5 30.00 28.73 31.60 820 28.20 2497

Mean of hybrids 60 | 628 | 595 | 2677 | 2618 | 2904 | 714 | 3058 | 22.44 |
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weight. At Assuit parental lines ranged for 1000-kernel weight from 18.2 g
(ATX623) to 30.4 g (Dorado) with an average of 24.16 g while the hybrids
ranged from 18.13 g (ICSA88015 x ICSR89022) to0 2937 g (ATX623 x
Dorado). The best crosses for 1000-kernel weight at Assuit were (ICSA14 x
ICSR16), {(ATX623 x Dorado). At Shandawee! the parents ranged for 1000-
kernel weight from 20.03 g (ATX623 x Dorado) to 34.33 g with an average
of 25.87 g, while the hybrids ranged from 18.43 g (ICSA x ICSR89022) to
35.17 g (ICSA88015 x ICSR89038). The best hybrids at Shandaweel for
1000-kernel weight were (ATX623 x ICSR90001), (ICSA14 x ICSR21) and
(ICSA14 x ICSR16).

For grain yield (ard/fed.) at South Tahrir the female lines ranged
from 6.13 {(ATX623)to 7.57 ard/fed (ICSA14), the males ranged from 4.43
(ICSR91022) to 7.80 ard/fed (ICSR93001) and the hybrids ranged from
5.13 (ICSA14 xICSR93001) to 9.70 ard/fed. (ICSA14 x ICSR89038) with
an average of 7.14 ard/fed. At South Tahrir most of hybrids had higher grain
yield than their respective parents. The crosses (ICSA14 x ICSR89038),
(ICSA14 x Dorado) and (ATX623 x ICSR93001) had the highest grain yield
at South Tahrir. At Assuit the grain yield of female parents ranged from
175 (ICSA88015) to 22.1 ard/fed. (ATX623), male parents from 224
(ICSR89038) to 32.37 ard/fed. (Dorado) and hybrids from 17.77 (ICSA14 x
ICSR93001) to 39.33 ard/fed (ATX623 x ICSR89038). Most of F) crosses
had higher grain yield than their parents at Assuit. The crosses (ATX623 x
ICSR89038), (ATX623 x ICSR93001) and (ATX623 x ICSR89022) had the
highest grain yield at Assuit. At Shandaweel grain yield of female parents
ranged from 15.17 (JCSA88015) to 19.37 ard/fed (ICSA14), males from
17.63 (ICSR89038) to 22.37 ard/fed (ICSR21) and hybrids from 16.13
(ICSA14 x ICSR93001) to 27.73 ard/fed (ATX623 x ICSR21). At
Shandaweel the best crosses for grain yieid were (ICSA14 x ICSRS0001,,
(ICSA14 x ICSRIG) and (ATX623 x ICSR21). Most of hybrids had also
higher grain yield than their parents at Shandaweel. In general, the cross
showing the highest grain yield was ATX623 x ICSR93001 at two locations
{South Tahrir and Assuit) and ICSA14 x ICSRO0001 at Shandawseel.
Therefore, it is recommended that the cross ATX623 x ICSR93001 should
be further tested in the evaluation trials in order to release it as new
improved commercial hybrid.

Heterobeltiosis

Heterobeltiosis estimates for 21 hybrids at each location for the
studied traits are presented in Tables (3 and 4).
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Table 3. Heterosls &s a percentage of the better parent of 21 hybrids for days to heading,
plant height and panicle length at three locations, 2003.

Days to 50 % heading .

. Plant height (cm Panicle len c

Hybnds (days) gh ( ) gth (

11 12 L3 L1 1.2 L3 1.1 L2
1

ISCA14 x ICSR16 11.78% -.5.41 9,064 £03%* 214 19.53%¢ | 32,95+ -4.40%
X ICsSR21 6.05%* -4 50+ -10.39% D26 170248 | 15 3% | .2500%* 0 E
X ICSR$§9022 -3.508% 315 S1217% | 6.58%¢ 7524 1 1398%% | .30.68%* 581+ 2.
X ICSR8%038 -2.55% 360%  F -15.15% [ L2506%% | _1339%s | 063+ | .1p23ee LI8 )
X ICSR90001 -3.50% 495 SE732% | 603w -1.90 18.34%+ | -17.350% 0 -5
X ICSR93001 0.64 0 £.40% | 2603%0 1 3]18%+ | .1570%% | 27074 1.18 8
X Dorado B.24%% 4.05% -8.65% 5.15% 9.25%* 2763%% | 1818+ 0 6.

ISCAB8015 x ICSR16 .66 £.45% -1.43% 10.96% | 1071 9.49% 34076 | 071%* | s
X ICSR21 132 -5.19% SI211%¢ 1 1) d0e« | 285 4.03 .5.49% -1z.62%% | -i2
X ICSR8%G22 6.3RF | G TG* 374 2154w | 15570 | 197w | 3077 | oissoee ) o1
X ICSRE9038 067 ~12.74%+ 285 294 32794 | 2475%% | J420%% | 13500+ 5.
X ICSR90001 298¢ 6.33* 9,780+ 203 381 18.93%+ | 2088 | _11.65% | .20.
X ICSR93001 9.50% 457 -6.19% 10,03 | 21.95% 3 16.40%% 0.80% | -1650%% | A7
X Dorado g gaee -12.50%% 0 219 11.75% 46.34%% | 2067+ 7T i

ATX623 xICSRi1é BG1*e 467 1.92 431* 5.36 7.66% -34.07%+ 0 2
X ICSR21 15.18%» 283 538+ 233 16.05% 0.81 -15.38%% | L12.50% L
X ICSRB89022 9.48%+ 541+ -5.14% 15,620 4.76 11.024% | 2577+* 233w 150
X ICSR89%38 16.67% | -8.96+* 1.0 -14.00%% | 37.40%% 9.04% 20.88%+ 588+ 76t
X ICSR90001 18.87%% [ .15.84%% | 0 78%e 493 0.95 36497 | .28 57+ 5.68% -26.9
X ICSR93001 -10.21ws | .3 gane -6.40% 32,88+ 279 317 -L7.58% | 1059%* | sl
X Dorado 616% 370% -4.78% 246 8254w 14448 | 28 57%% 5.88% 13.1%

* and ** indicate significance at 5 and 1 % level of probability, respectively,
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4, Heterosis as a percentage of the better parent of 21 hybrids for panicle width, 1000-
kernel weight and grain yield ard/fed at three locations, 2003.

ids Panicle width (¢m) 1000-kernel weight () Grain yield {ard/fed.)
i 1.2 L3 L1 L2 13 11 12 L3

14 1 ICSR16 2632% | 5356% 1118 .0% 9374 708* | -20.26%* 296 21.08%+
X ICSR21 21.05%% | -10.00%* | 2353%* | -BTO* | 1950 | 2661%* | 23.70%» | 1i.03%* | 146]ev
X ICSR89022 | -2857% | 10529+ 0 29.51%* 383 7.86% 088 51.90% | 1420%
X ICSR89%038 -5.00% 5.88% TLI* | 1538%% | 17.03% | 13.84%+ | 41.41%% | a360% | 12.74%e
X ICSR90001 -10.53%* -5.56% 11.76** | 52d6%*+ | tas5sex | 2215%¢ | G1e%s | 31.26%% | 2589
X ICSR93001 23.81%% | 556 0 4255%% | _15.22%% | _10.56%% | 32.16%% | 25.14%% | .17.41%+
X Dorado 5.88% o 580 116 | -10.42%% | c13Er | 17529 | 11484+ | 26344

A88015 x ICSR16 0 5.56% TLI* | -5.06% 403 | 21.00% 320 0.94 -10.77%%
X ICSR21 -5.26% o 0 217 24.92% 1 17.34% | .2731%% | 35008 | 1311w

X ICSR89022 -14.29% 10.52%¢ 333386 | 2532%% | 25.58%x | 10.86%+ -5.54% 50.49%% 15.5g%

X ICSRB89038 -35.00%+ 1L.76% 16.52%* 6.32% 20.06%* 39.924+ -13.43+* 29.7G% 34.03%*

X ICSR90001 3L3gew | 5560 6.25% 380* 8.97% 12210 | 467 | 11.29%+ -5.08%
X ICSR93001 -4.76% 1.11%+ | 625+ A426% | -15.56%¢ | 1985w | _12.04v¢ 5.62+ Sl
X Dorado 5.88% 526% | 17.65% | 930+ 3.40% | 2670% | .31.62%% | 33 20 -1.36
X623 xICSR16 -15.79% 526 | .2852%e | .1237ek | sogoe £43* 137 166 13384+
X ICSR21 -5.26% 200% | -19.05%* | .15.22%% | 3L.GT** | 28.53 6.19* -10.39%% | 23 goee
X FCSR89922 | -14.20%+ | 526* | -1420%% | G.40% 1436%* | 37.10% -1.09 62764 | 13.52e%

X ICSRS8%038 15.00% -10.53%¢ | 2381+ 7.69% 12,79+ 13,97+ 19.85%+ T5.59% 27.03%*
X ICSR90001 16.52%% | -10.52%* 9.52%% 14,294+ 65 53+ 45.63+* 15.76% 46.057% | -19.] 1%
X ICSR93001 0 526 4761 213 S25.33%% | 13447 | 37764+ 66.22%+ 19,454+

X Dorado 0 0 A15.04%s | g65¢ 5.48% -796* 513+ | 2882%s | 27.60%

1d ** indicate significance at 5 and 1 % level of probability, respectively.
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At South Tahrir heterobeltiosis was manifested for daysto 50 %
heading, plant height, 1000-kernel weight and grain yield. Most hybrids at
South Tahrir were earlier, taller, had heavier seed weight and higher yield
than their respective better parents. For panicle width, 4 crosses exhibited
significant and positive heterobeltiosis estimates; the highest estimate (15.0
%) was shown by the cross ATX623 x ICSR89038. But, for panicle length,
panicle width heterobeltiosis was not manifested. For grain yield there was a
wide range of heterobeltiosis estimates at South Tahrir. The best estimate of
heterobeltiosis at South Tahrir was —16.67 % for earliness (ATX623 x
ICSR89038), 32.88 % for plant height (ATX623 x ICSR93001), 52.46 %
for 1000-kernel weight (ICSA14 x ICSR89038) and 41.40 % for grain yield
(ICSA14 x ICSR90001).

At Assuit heterobeltiosis estimates for number of days to heading
were negative for all hybrids except one, (ATX623 x ICSRI16) which
showed positive and significant heterosis. For plant height, 12 crosses
showed positive and significant heterobeltiosis values while six showed
negative ones. The highest heterobeltiosis for plant height (32.79 %) was
shown by (ICSA88015 x ICSR89038) at Assuit. For panicle length, five
crosses showed positive and significant values of heterobeltiosis; the highest
(10.59 %) was shown by the cross (ATX623 x ICSR93001) at Assuit. For
panicle width ten crosses showed positive and significant heterobeltiosis
values at Assuit; the highest (11.76 %) was exhibited by the cross
(ICSA88015 x ICSR89038). Heterobeltiosis for 1000-kernel weight at
Assuit were positive for 13 crosses; the highest positive value was 68.83 %
for the cross (ATX623 x ICSRS0001). For grain yield heterobeltiosis at
Assuit, ranged from -33.20 % to 75.59 %. The highest estimate of
heterobeltiosis for grain vield at Assuit was 75.59 % for the cross (ATX623
x JCSR89038) and 66.22 % for (ATX623 x ICSR93001).

At Shandaweel heterobeltiosis for days to 50 % heading were
negative in the majority of crosses and ranged from ~17.32 to 2.85 %. The
best hybrid for heterobeltiosis regarding earliness was ICSAI4 x
ICSR93001 at Shandaweel. For plant height 18 out of 21 hybrids showed
positive and significant heterobeltiosis at Shandaweel. For panicle length 4
crosses in Shandaweel showed positive and significant heterosis value the
highest heterobeltiosis (15.38 %) was exhibited by (ATX623 x ICSR93001).
For panicle width 9 crosses showed positive and heterobeltiosis estimates.
The highest estimate 3333 % was manifested by (ICSA88015 x
ICSR89022). Concerning 1000-kernel weight in Shandaweel heterobeltiosis
were positive in 12 crosses, the highest positive estimate 45.63 % was
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exhibited by (ATX623 x ICSR90001). For grain yield at Shandaweel the
heterobeltiosis estimates ranged from —19.91 % (ATX623 x ICSR90001) to
3403 % (ICSA88015 x ICSR89038). Fourteen crosses at Shandaweel
showed significant positive values of heterobeltiosis for grain yield, the
highest positive estimate was 34.03 % for the cross ICSA88015 x
ICSR89038. '

In general, heterosis above the better parent in this study was
manifested for all studied traits. The existence of heterosis for different
characters in grain sorghum crosses using either cytoplasmic male sterile
and restorer lines or varietal crosses had been demonstrated by several
workers (Nandanwankar, 1990; Mostafa er al. 1992; Reddy and Joshe, 1993
and El-Menshawi, 1996). Most of these workers reported significant
magnitudes of heterosis for grain yield and its components.

The three crosses (ICSA14 x ICSR89038), (ATX623 x ICSR89038)
and (ATX623 x ICSR93001) gave positive favourable and significant
heterosis values for grain yield/plant and most studied traits under
conditions of the three locations (South Tahrir, Assuit and Shandaweel). In
addition to exhibiting the highest heterobeltiosis, these 3 crosses are also
amongst the highest yielding genotypes under the 3 locations. These crosses
are recommended for further large scale studies for yield and other traits
performance before releasing as new variety.

Analysis of Variance

Analysis of variance for studied traits at each location is presented in
Table (5). Highly significant mean squares due to genotypes, crosses,
parents vs crosses were observed for all studied characters at all locations
except mean square; due to parents for panicle width and due to parents vs
crosses for panicle length at Assuit. The significance of mean squares due to
parents vs crosses for most studied traits indicates that the crosses performed
significantly better than their respective parents, and therefore heterotic
effects are present.

Partitioning the sum of squares due to crosses into their components
by using line x tester analysis showed that mean squares due to females (A
lines) and males (R lines) were highly significant for all traits at all locations
except for plant height, panicle length, and panicle width for female parents
at South Tahrir and panicle width for male parents at Assuit which were not
significant. The highly significance of mean squares due to males and
females reveals that variances due to GCA of both males and females
played important role in the inheritance of studied traits. At the same time,
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Table 5. Analysis of variance of the genotypes for studied traits at South Tahrir (L,),

Assul{ {L;} an(l gllanJaweel (L;), seasott lm:l

Mean squares.
s.0.V. Plant height Panicle length
dr Days to 50 % heading (days) cm) (cm)
L1 L2 L3 I 12 13 L1 12 13
- 1] » . -
Reps. 2 4.01 278 11.75 334.91 4i1.39 56.90 10.46 Q.66 0352
*” - L o - % - ok >
Genotypes 3 E31.52 36.28 3268 540.83 1636.12 | 2498.16 | 33.67 8.05 48.82
. g - - - - . -
Parents ¢ T1.42 29.69 54.96 276.20 114028 & 202053 64.37 14.03 119.06
L] Lid L d LLJ »E 28 L] sk
P vs crosses 1 126.85 164.42 113.67 1089.1 867733 1m.17 1.79 4.8% 39.65
£ 23 P L] -k =a LLd - e ELd
Crasses (C) 26 156,10 3284 18.59 63249 1507.19 1741.09 | 21.45 15,52 18.62
EL) * [1] e - - L] ok
Males (M) & 1532 19.14 - 10.60 273.54 827.22 170394 | 4133 441 13.17
2 E2 ] £ L) L] - *k
Females {F) 2z 1190.78 148.77 5353 1528.83 | 5142.02 207092 9.63 4.43 3497
- L2 - - - -
FxM 12 34.04 2037 24.76 662.58 124137 1704 68 13.49 .90 1861
Error 60 3146 1.58 1387 67.53 75.28 48.33 167 0.88 1.48
Contribution of maje 294 17.49 17.73 24.17 16.40 2936 5779 | 1244 2120
Contribution of females 7628 4530 2.98 1297 34.10 1184 4.49 7.85 1878
Contribution Males x females 10,77 3724 79.39 62,85 49.42 58.75 3172 | 69.656 5944
S0V af Punicle width (em) 1000-kerne] bt Grain yield (ard/fed.
L1 12 L3 L1 L2 L3 L1 2 L3
» L1 e »k
Reps. 2 008 0le 1.11 10.6% 1.59 593 299 1.92 019
e - - - - [T} - - L)
Genotypes 34 1.04 1.09 205 47.73 52.58 55.81 542 128.7 3057
- L L) E L] £ i) 2 L L] ‘4U ELl
Parents 9 0.95 172 1.96 63.63 47.12 65.25 255 1226 i4.72
% (L] - - (1) L1 *# ‘5‘ L1
P vs crosses 1 341 3.07 234 55.92 184.33 185.76 711 2026 19478
- - P L - EL - A an
+Crosses (C) 0 231 0.7 228 40.15 48.41 45,06 645 93.44 2949
L] Lo - s L. ] ke - L2 )
Males (M) 6 055 144 239 50.51 63.24 126.40 250 93.27 16.54
£l -t L] L 1] L1 L] L1
Females (F) 2 6.33 039 439 438 5737 33.68 17.1% 77.43 4774
% - [T £l -a [zl ok
FxM 12 233 039 1.37 40.85 39.50 4.94 6.63 95.93 32.94
Error 60 071 031 032 1.53 283 118 Q.55 30 1.50
Centribuirtion of male 1232 60.94 3136 37.73 39.19 27.04 11.64 | 24.69 6.81
Contribution of femaies 2731 554 19.26 1.1 11.85 28.05 26.15 830 1698
Coutribution Males x females 6037 33.48 19.37 61.08 48.96 44.85 6171 61.70 66.29
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mean squares due to the males x females interaction were highly significant
for all studied traits except 50 % heading and 1000-kernel weight at
Shandaweel and panicle width at Assuit which were not significant
indicating that the specific combining ability (SCA) variance also played
important role in the inheritance of most studied traits. These results are in
agreement with those obtained by El-Menshawi (1996), Mohamed (1997),
Amir (1999) and Hovny et af. (2001).

 Combining ability

Analysis of variance (Table 5) indicates that the contribution of
variation due to the interaction between males x females was higher for all
traits than either the coniribution of that due to males, or females.
Exceptions were for 50 % heading at South Tahrir, Assuit and Shandaweel
and panicle width at Assuit and Shandaweel where the contribution of
parents was the highest. Non additive played more important role than
additive gene effects in the inheritance of most studied traits.

General combining ability effects (GCA)

The GCA effects of the parental lines for the studied traits at the 3
locations were presented in Table (6). For days to 50 % heading the
negative (favorable) significant GCA effects were observed for the lines
ATX623, ICSR90001, ICSR16 and Dorado at South Tahrir, ICSR88015 and
ICSR89038 at Assuit and ATX623, ICSR90001 and ICSR93001 at
Shandaweel. The negative GCA effects for these lines indicate their
superiority in giving early flowering hybrids.

For plant height, positive and significant GCA effects were exhibited
by the lines ICSA14, ICSA88015, ICSR16, ICSR21 in all locations.
ICSA14, ATX623 and Dorado at South Tahrir and ICSR89022, ICSR90001
at Shandaweel.

Positive (favourable) and significant estimates of GCA effects for
panicie length were shown by ICSR89038 at South Tahrir and Shandaweel,
ICSR21 and ICSR93001 at South Tahrir, ICSR16 and Dorado at Assuit and
ICSR89022 at Shandaweel. The female line ICSA88015 had positive and
significant effects for panicle length at all locations.

For panicle width the positive and significant GCA effects were
exhibited by the lines ATX623 and ICSR93001 at South Tahrir,
ICSA88015, ICSR89022 and ICSR93001 at Assuit and ICSA14, ICSR16,
ICSR89022 and Dorado at Shandaweel,
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Table 6. General combining ability effects at Tahrir (I,), Assuit (L,) and Shandaweel (L;),

2003.
Dayz to 50 %, beading Plant height Panicle leagth
Parent days) frm) (cr)
L1 L2 L3 L1 L2 L3 L1 L2 L3
Femules
£ & - s E - - -
ICSA14 (F1) 3.94 3.06 0.22 9.78 -15.87 949 -0.46 0.43 -1.34
*r L ] » [ (1Y L1 - -l -
ICSARSO1S (F2) 4.75 -1.75 0.36 384 15.41 1031 0.78 0.48 1.22
e L1 J L] L]
ATX 623 (F3) -8.68 ~1.32 ¢ -0.58 593 046 .83 -0.32 0.05 0.13
+ S.E. gi (femak) 041 027 0.29 1.79 1.39 1.52 028 0.20 0.27
* 5 * - . E L L] L1
ICSRI16 (M1) -0.52 0.67 1.59 3.31 5.60 241 -3.38 0.59 -1.84
L] bl d [ 1] 1] L 1] L]
ICSR21 {(M2) 0.14 (.56 0.25 1.52 18,16 18.52 217 -1.19 -1.39
*® » Ak L] &* bk
ICSRSMW22 (M3) 0.81 200 0.03 1.75 -2.73 11.41 -1.94 052 |+ L16
. ”» " * . -
ICSR89038 (M4) 003 -2.44 | -0.19 -10.25 -6.84 - 217 0.07 1.38
- - > 4925 . -
ICSR90001 (MS) -1.86 -1 -1.63 =225 ~10.17 197 0.62 0.69 @16
L 1] * L] [ 11
ICSR93001 (MS) 225 0.78 0.9 0.85 149 - 1.29 0.03 0.16
* . * o 13d4 * *
Dorado (M7) 0.86 -0.44 .92 0.92 -5.50 -0.92 -0.94 0.48 0.38
t+ S.E gj (males) 0.61 042 0.46 273 289 2.32 0.28 0.32 .41
SE (gi- g!) 0.87 0.59 0.64 387 4.09 3.28 .61 .44 9.57)
Panicle width (cm) 1000-kernel weight () Grain yield (ard/fed.)
L1 L2 L3 Lt 12 L3 L1 12 L3
Females
L1 E L) L] % [ 2] ik L]
ICSAH (F1) .43 -0.08 041 0,30 021 L09 £.74 .84 0.99
. . » - ™ . s
ICSASBS01S (F2) 0,19 0.16 0.07 ~0.25 -1.78 -2.81 -1.00 -1.34 -1.73
-k E 2 =8 L1l J *k - L 13 ak
ATX 623 (F3) 0.62 .08 | 049 0.56 1.54 L72 0.27 219 8.74
+ S.E. gi (female) 0.18 0.43 B12 0.27 037 0.14 0.16 0.38 0.27
[ 1] * -k EL ] * " *
ICSRI6 MD 0.41 0.11 0.24 -3.05 0.28 -0.47 -0.37 -2.19 0.93
» (13 Ty - -
ICSR21 (M2) 0,19 -0.22 0.09 117 0.09 1.37 0.02 -1.33 L.81
" [ (1] L 1] *E L ke
ICSR89022 (M3) .19 0.67 0.23 -3.49 -3.41 =3.10 -0.34 1.80 -).38
» - ™ - - -
ICER8%9638 (M4) 0.25 0.22 0.46 - 1.84 -0.03 244 0.98 2.67 0.17
L1 =y - -k LE) » -
ICSR900¢] (MS) 0.19 0,50 .02 239 4,59 21 .40 <0 .86 0.62
L) £l =% - L1 L] L] L L)
ICSR93661 (M8) 0.47 0.33 -1.09 -0.16 -2.78 -2.23 -0.32 3.7 -2.45
L] L2 * L * *
Dorada (M7) 0.25 <£0.18 0.23 1.29 127 £0.12 0.43 -037 0.53
+ S.E. gj (males) 0.28 0.20 0.19 0.41 0,57 0.21 025 -0.29 9.41
SE (gi—g 040 | 026 | 027 | o068 062 | 043 | 034 981 0.60

* and ** indicate significance at 5 and 1 % level of probability, respectively.
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For 1000-kernel weight the positive and significant GCA effects
were shown by ATX623, ICSR90001 at the three locations, ICSR89038 and
ICSR21 at South Tahrir and Shandaweel, Dorado at South Tahrir and
Assuit. These results indicated that these lines seem to be good general
combiners for increase of grain weight of hybrids.

For grain yield the positive (favourable) and significant GCA effects
were exhibited by ATX623 at all locations, ICSR89038 at Assuit and South
Tahrir and ICSR21 at Shandaweel. In general, ATX623 and ICSR89038
showed the highest significant GCA effects for grain yield indicating that
these lines are good combiners for increasing grain yield of their hybrids.

5. Specific Combining Ability (SCA)

Estimates of SCA effects are presented in Tables (7 and 8). At South
Tahrir significant SCA effects were shown in 14 crosses for days to 50 %
heading and plant height, 12 for panicle length, 11 for panicle width, 15 for
1000-kernel weight and 18 for grain yield, positive and significant SCA
effects were exhibited by 8 crosses for days to 50 % heading, 5 for plant
height, 6 for panicle length, 7 for panicle width, 8 for 1000-kernel weight
and 9 crosses for grain yield. While, 6 crosses had negative and significant
SCA effects for days to 50 % heading. The best SCA effects for grain yield
at South Tahrir were shown by the crosses (ATX623 x ICSR93001),
(ICSA14 x ICSR89038) and (ICSA14 x ICSR16).

At Assuit the favourable significant SCA effects were shown by 8, 7,
1, 8 and 9 crosses for plant height, panicle length, panicle width, 1000-
kernel weight and grain yield, respectively. But for days to 50 % heading
seven crosses had negative and significant SCA effects. At Assuit (ATX623
x ICSR93001) (ICSA88015 x ICSR21), (ICSA14 x Dorado) showed the
best SCA effects for grain yield.

At Shandaweel the favourable significant SCA effects were shown
by 8, 9, 8 8, 9 and 10 crosses for days to 50 % heading, plant height,
panicle length, panicle width, 1000-kernel weight and grain yield,
respectively. The best SCA effects for grain yield at Shandaweel were
shown by (ICSA14 x ICSR90001) and (ICSA88015 x ICSR 89038) and
(ATX623 x ICSR93001). Combining ability in grain sorghum was studied
by several workers using line x tester analysis. It was reported that both
GCA and SCA were important in the inheritance of grain yield and its
components (Jagadeshawer and Shinde 1992) and Reddy and Joshi (1993).
Other workers pointed out that SCA effects were of considerable magnitude
(Hugar et al 1980, Mostafa et al 1992 and El-Menshawi 1996).
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Table 7. Specific combining ability effects for days to heading, plant height and panicle
length at Tahirir (Ly), Assuit (L;) and Shandaweel (Ls), 2003,

Days to 50 % heading Plant height Panicle length
Genotypes {days) (cm) (cm)
1.1 L2 L3 L1 L2 L3 1 12 L3
ISCA14 x ICSR16 5.38% [ 199+ 0.44 B.56** | 1521%F | 2g3e 0.24 -0.68* 079+
X ICSR21 .05 | -LiT* 0.55 3.67 | 13.65% { 2838+ | 298%% [ 142%+ | 163ee
X ICSRS89022 095 -162¢ 056 5224 546* | 30,17 0.54 1.76** 087
X ICSR89638 2,73+ 249% | 267 522% | -1135%% | 20.51%% | L35+ 234 2094
X ICSR90001 3.62%% 0.16 239 14.11%% | 11.98% -1.06 257 046 246+
X ICSR93001 2.51%% 1.94%» 4.7g4» 0.28 30.68% | 2267%% | .276% -0.46 1.46%%
X Dorado 238 016 1.22%+ 1210 | 20.65%% | 23.16%% 213+ -1.24%* 3420
ISCASB8015 x ICSR16 0.48 0.52 0.92¢ 0.94 .08 15320 067 0.42 L1
X ICSR21 Z14%e .0.03 325% s05% 930%% | _jsd43er | 244 1.19%* 0.56
X ICSR89022 -5.86%* 052 030 0384 5 59+ 18.35%* BRI .31 as6
X ICSR89038 039 2374 3.;;3-" 1L16%* .2.63 18.01%+ 0.22 025 3330
X ICSR98001 0352 363+ 097 | -niames | 930 | 987 0.67 037 0.44
X ICSR93001 137+ 0.15% 1.69%+ 0.05 30.69%* | 18.24%* 0.2** 43P L ATE
X Dorado 1.80% 3.03%* 075 5170 | 1497 298 -L.78% 119+ 2.00%*
ATX623 x ICSRIG 5.50%+ 1434+ 137+ D40% | (15.13% | .75)* 0.43 0.27 032
XICSR21 -1i0 1.21%¢ 2,704+ B30 .35 11,954 0.54 2618 § 1 13ee
X ICSR89022 400%* L10% 025 -6.06" 013 15830+ 1.65% 095+ 032
X ICSRB%38 3.32%e 0.12 -L1g%* 5.94% 18.95%* 2.49 -1.13* 0.60% -1.24%+
X ICSR90001 30w | 370w 192¢ 293 268 2003 | .190% 0.82* 2.07%e
X ICSR93001 387 | 268e | 308 | 2795+ | R0gex 438" 0.76% 1.83% 23704
X Dorado 057 2870 -197* 5.94* -5.68* L2017 033 005 1.43*»
SE ( Sg-Sw) 107 0.73 0.79 4.74 5.01 4.01 0.7% 0.54 0.70
SE ( sca effects) 151 1.03 111 6.71 7.08 5.68 1.06 0Ty 0.99

* and ** indicate significance at 5 and 1 % leve! of probability, respectively.
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Table 8. Specific combining ability effects for panicle width, 1000-keruel weight and grain
yield/fed at Tahirir (L,), Assait (I,) and Shandaweel (L,), 2003,

Genotypes Panicle width (cm) 1000-%kernel wei Grsin yield (ard/fed.)
11 12 1.3 L1 L2 L3 L1 12 L3
ISCA14 x ICSR16 035 .48+ 0.14 0.52 127 3.24% | .147%= | L16* 1.86*
X ICSR2t 024 0.08 0.81%¢ 0.30 1.23* 0.84% L47%* 0.54 0.37
X ICSRB%022 0.24 019 | -086** | 3.30* 132* 0.54* lL.og** 0.10 0.93
X ICSR8%038 0.65%* 008 0.08 1.63* 067 347 1 L84 0.51 -1.78%
X ICSRY0001 0.43 0.08 0.03 202* | -3.80%* | _1.03° .37 1L09* | 4.62%s
X ICSR93001 -0.57* -0.14 0.48% | -832%* 0.83 0.18 -2.42%% | B50** | 4 BGer
X Dorado 0.32 0.19 0.52% 0.52 .1.42% 030 086* | 6.lo** 0.72%
ISCAS8015 x ICSR16 1.08** £0.05 0.48 147+ 031 -1.72% 131* 1.09* 2.31%
XICSR21 0.52 0.51 § -L19* | 225* 0.38 0.51 091% | 760** | 3.10°
X ICSR89022 0.52* 0,05 0.48% 3.41% | 389 | 456 | 091* 0.27 1.90*
X ICSR89038 | -1.59** | 0.17 0.59% -0.41 2.14% | 663% | 0.88% { 311%* [ 275
X ICSR90001 | -l.i4** | 016 | 097+ | -163* [ -369* | -123+ | ozzs | -3.06% 0.45
X ICSRY3001 0.52% 005 0.14 3.50% 269 1.18* 0.52* -0.70 227+
X Dorado 0.07 -0,38% 0.48* -1.86* 2.67% -0.81 <1.22%% | L2167 | 995%
ATX623 xICSRI16 073 | 052 | -062% | 2004 0.9 -1.52¢* 0.16 | 225 0.45
X ICSR21 028 059 | 038 | -256% | -1.50% | -135% | 0.50% | 4 | 272
X ICSR89022 £0.28 -0.14 038+ 01i 2.56* 401 | -1.00* 038 0.97
X ICSR8M38 0.93* 025 051 | -1.22% | -2.82¢ | 3.16%% | -096* 3.61* -0.96
‘; X ICSRY0001 0.71% 0.08 | 0.94% 044 | 7.80%* 2.27 0.10 1.91* | -5.06%*
| X ICSR93001 0.05 0.19 0.62* | 478* | .353= | _1.35¢ | 191%* | 939 | 2500
' X Dorado 039 0.19 0.05 133% | 125+ 1.10% 036* 394+ 1.24%
SE ( sca effects) 0.49 035 0.33 0.71 0.98 0.37 0.42 180 a7t
" SE (SySw) 0.69 0.49 046 LM L3¢ 0.53 0.60 142 1.00

* and ** indicate significance at 5 and 1 % level of probability, respectively.
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In general, the restorer line ICSR9300] was a good combiner with
the female line ATX623. Moreover, the parental lines (males) used in this
study had the ability to restore fertility of the hybrids and therefore, these
male lines may be classified as restorer lines as suggested by Murty ef al.
(1994) and therefore, can be used commercially in hybrid seed production
on grain sorghum.
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