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ABSTRACT

~ These exotic genctypes, (ICBA- 1,234 and 5) as well as Dorado as a local
genotype of grain sorghum were crossed in a complete diallel cross system to
produce Fy's. Parents and hybrids were evaluated in field traits in 2004 at Ras Sudr,
South Sinat , Egypt under two irrigation water salinity levels i.e. 4000 and 7000 ppm.
Mean squares due to parents were significant for all studied traits characters under
both salinity levels. Data indicated that heterosis related to the better parents was
manifested for al! studied traits. The highest positive and significant heterosis for grain
yield was 10.40% (ICBA-4 x [CBA-3) under 4000 ppm. However, -3,28 % (Dorado x
ICBA-4) was the highest negative heterosis under 7000 ppm. ICBA-2 and ICBA-3 as
well as the local variety Dorado had the highest positive and significant GCA effects
for all the studied characters under low and high salinity levels. ICBA-1 x ICBA-2 was
earliest for 50% heading under low salinity level. While, ICBA-5 x ICBA-4 was the best
SCA effects under high salinity levels. iCBA-3 x ICBA-1 had the shortest plant SCA
effects under low salinity 4000 ppm. However, ICBA-2 x ICBA-4 was preferred piant
height SCA effects under high level 7000 ppm. Dorado x ICBA-5 had the tallest
panicle length SCA effect under both salinity levels. Dorado x ICBA-3 was largest
panicie width SCA effect under 4000 ppm. While, ICBA-5 x ICBA-4 was the best
panicle width under 7000 ppm . Dorado x ICBA-4 and ICBA-3 were the heaviest grain
weight for SCA effects under both salinity levels. However, ICBA-5 = ICBA-4 and
Dorado x ICBA-4 were best crosses for grain yield/ plant SCA effects under 4000 and
7000 ppm respectively. SCA variance was more important than that of GCA for grain
yield and its components.

The hybrids (ICBA-5 x ICBA-4) and the reciprocal { Dorado *x ICBA-4 ) out
yielded other tested hybrids under different environments and thus we recommend
further testing of this hybrids in the evaluation fraits In order to release. It was
improved the commercial sorghum  hybrids under saline condition and it use sorghum
genotypes ICBA-3, 4 and ICBA-5 with the local variety i.e. Dorado.

Keywords: Sorghum, Grain, Heterosis, Hybrid, Crosses, Combining .ability,
Reciprocals.,

INTRODUCTION

The major objective of grain [Sorghum bicolor L.Moench] breeders is to
derive parental genotypes that will produce high vielding hybrids, while
maintaining or improving other agronomic characters under saline conditions.
Information on the relative importance of general and specific combining
abiiity is of value in the development of efficient breeding programs in crop
species which are amenable to commercial productions of F, hybrids seeds.
Additional basic information is needed on heterosis in sorghum to aid the
breeder in developing hybrids . The grain sorghum hybrids program starts
with testing various parental genotypes for their combining ability and
heterosis effect in order to identify the best ones on hybrids combinations.
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Grain yield improvements in the small grain cereals have been achieved
largely by increasing harvest index without a significant change in biomass
(Ashraf 1994, Bahadouryia and Saxena 1997 and Bidinger et al 2003 ) ,
Sarghum hybrid produce more biomass as compared with their parents
{Mostafa and El- Menshawi 2001 ). Heterosis in sorghum grain yield results
mainly from heterosis expressed in a large number of kernels  per panicle,
mostly in the lower panicle branches. The iarge panicle in the hybrids is
initiated earlier and develops faster than in its parents. Bahadouryia and
Saxena (1997) 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. Al-Naggar et al (1999), Hovny et a/ ( 2001) and
Mostafa and El-Menshawi (2001} used male sterile lines to 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),
Haussmann et af {1999), Hovny ef al (2000) and Sayed (2003) were found
that both grain sorghum and pearl millet F; single crosses whether were
made by using cytoplasmic male sterility 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 was to select for
combining ability.

Combining ability in grain sorghum was studied by several workers
using diallel analysis. Radwan et al (1997) , Haussmann et af (1999), Mostafa
and El-Menshawi (2001), Hovny et af (2000) and Bidinger et al. (2003)] .
These authors reported that in Fy hybrids between eleven cytoplasmic male
sterile lines and two restorer lines of grain sorghum appeared both additive
and non additive gene effect were significant for grain vield, 1000- grain
weight, plant height and leaf area and those reported that general (GCA) and
specific (SCA) combing ability were important in the inheritance of grain yield
and other related components in some crosses,

The objectives of this study were to estimates heterosis and combining
ability for forage production and identify parents that could be used to
improve hybrid genotypes under saline condition at Ras Sudr, South Sinai,
Egypt because a forage breeding program under this respect may have to
consider several desirable treats of genetic improvement for seed forage
productivity under Egyptian desert to improve animal wealth, This
investigation will discuss some growth and forage vyield for parents and
crosses to provide the greatest forage of sorghum productivity under saline
condition throughout hybridization between exotic sorghum genctypes were
more tolerant for salinity and its had best growth character and yield under
saline condition when compared with the local genotypes and selections to
get new crosses which more adapted salinity conditions each of soil or water
irrigation .

MATERIALS AND METHODS

Five exotic of grain sorghum genotypes (Sorghum Bicolor {L..) Moench)
from ICBA (International Center for Biosaline Agriculture ) i.e, ICBA -1,2,3,4
and 5 ) were used in this study. These genotypes were differing in plant
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height, panicle iength and all most growth characters and grain yield under
saline condition and these results were deducted in summer season (2003) at
Ras Sudr, Scuth Sinai, Egypt and it were evaluated throughout program
of improving salt tolerance, forage production system to salt project and their
use two levels of salinity irrigation water at 4000 and 7000 ppm through plant
life. The Dorado, local grain sorghum was used the check genotypes with the
exotic genotypes in respective traits . Dorado , ICBA -1,2,3,4 and 5 were
crossed in a complete diallel cross technique under saline conditions at Ras
Sudr Station of the Desert Research Center ({ DRC) in (2004). Crosses were
made by using bhand and plastic bages emasculations and poilention
technigues . Crossing was done by bagging the panicles both parents , Just
before anthesis to prevent contamination from foreign pollen under low fevel
of irrigation water salinity { 4000 ppm) to produce F, seeds. Pollen were
collected from each male parent and placed on the pollinated femaile
panicles. Table (1) showed the name , pedigree, entry name and origin for six
sarghum genotypes were used in this study.

The parents hybrids and their reciprocal crosses were evaluated in the
field trail at Ras Sudr Research Station in (2005) under two irrigation water
salinity levels i.e. 4000 and 7000 ppm through growing season . The
experimental design was used a randomized compilete block design under
both salinity levels. Plot area was 3 m long and 2.8m width, 70 cm apart in
rows were used , planting was done in hilis of 20cm apart plant to plant.
Thinning was done after three weeks of sowing (date of sowing was 2™ June
for each two experiments) by leaving two plants / hill, every plot was
consisted four rows.

Table (1): Name, pedigree, origin and grain color for six sorghum
genotypes were used

No Name Pedigree Origin Grain Color
P ICBA -1 ICSV-1041 Indian White

P2 ICBA -2 ICSV-112 indian Red

3 ICBA -3 SP- 47529 - Omani Green

4 ICBA -4 ICSV.745 Sudan Mixture

5 ICBA -5 ICSR — 93046 Syria White

6 Dorado ARC, Egypt ._Egypt Green

All other agronomic practices were done as recommended for grain
sorghum production to evaluate and select the best genotypes under two
levels of irigation water salinity (4000 and 7000 ppm ) using 6 parents and
15 crosses as well as, their reciprocals (15) to estimate some growth and
yield characters. Growing season (20086), all parents and their F; crosses to
produce F, seeds were used. The plot consisted of four rows, two rows for
parents { Py and P, ) and two rows for F, for the same parents hybrids and
their reciprocals under both salinity tevels .

Data were recorded for days to 50% heading , plant height , panicle
length, panicle. width , 1000 grain weight and grain vield / plant. The .
randomize complete block design were used in each experiments. Analysis of
variance was accorded by Steal and Torre (1980). Combining ability analysis
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for the crosses and their parental genotypes was camied out according to
Griffing (1956).

Percentage of heterosis was determined using Singh and Chaudhary
(1977) equation as following:

Fi-Bp
Heterosis % = —————x 100
BF

Where F, and BP are the means of the Fi and better parent,
respectively. Heterosis percentage exceeding the least significant (LSD})
difference between two means of the better parent was considered
significant.

RESULTS AND DISCUSSION

Average performance of all studied traits under two salinity levels 4000
and 7000 ppm of irrigation water at Ras Sudr, South Sinai Governorate,
Egypt are presented in Table (2). Average performance of days to 50%
flowering of the parents ranged from 100 days for Dorado to 103 days for
[CBA-5 under the low salinity level of imigation water (4000 ppm ). While,
under high saiinity level (7000 ppm), average performance were ranged
from 71.0 days for |CBA-1 to 74 days for ICBA-4. While, days of 50%

- flowering for the crosses ranged from 62.0 to 74.0 days, most crosses and
their reciprocals were flowered earlier than the average of the parental
genotypes except ICBA-2 x |CBA-4 (74 days) had later than that means for
parental genotypes. Under low salinity level, average performance for plant
height /plant of the parent ranged from 143 cm ICBA-5 to 187 cm ICBA-1.
The range of the hybrids for plant height ranged from 132 cm {CBA-2 x ICBA-
4 to 202 cm ICBA-1 x [CBA-3 and ICBA-3 x Dorado. While, the average
performance of plarit height for the reciprocals ranged from 132 ecm ICBA-4 x
ICBA-1 to 200 cm ICBA~4 x [CBA-2. Plant height of the parents ranged from
102 cm IGBA-3 to 126 cm for ICBA-4 and 125 cm for ICBA-5. The range of
the hybrids for plant height ranged from 90 em for cross ICBA-2 x |CBA-4 to
130 cm for cross ICBA-3 x ICBA-5. While, the plant height for the reciprocais
ranged from 90 cm { ICBA-4x ICBA-1) to 162 cm for ( Dorado x ICBA-4}
under irrigation water salinity levels 7000 ppm . In general, most crosses and
their reciprocals were taller than the parental genotypes mean of plant height
for all crosses and their reciprocals (121 ¢m) were taller than mean average
(118.2 c¢m) for the mean parental genotypes under low leveis of irrigation
water salinity 4000 ppm. These results were in agreement with that obtained
by Mostafa and El-Menshawy (2001} and Mervat et al. (2003). Under low
salinity imigation water(4000ppm), panicle length of the parental genotypes
ranged from 28cm ICBA-4 to 30 cm ICBA-1 and ICBA-5. Average
performance of panicie length was the direct hybrid ranged from 27 cm ICBA-
5 x Dorado to 31 ICBA-3 x ICBA-4. While, the reciprocals hybrids were
ranged from 26 cm ICBA-4 x {CBA-2 to 32 Dorado x ICBA-1.
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attributes under two levels of irrigation water salinity 4000 and 7000 ppm at Ras Sudr.

Table 2: Average performance of six parental genotypes of sorghum and their 30 hybrids for grain yield and its

Panicle width

Genotypes 50% days Plant height | Panicle length (cm) 1000 grain weight Grain yield

4000 | 7000 | 4000 7000 4000 | 7000 | 4000 [ 7000 | 4000 7000 4000 7000

ICBA-1 101 71 187 122 30 22 6 7 23.00 2647 | 127.30 | 12813
ICBA-2 101 | 73 172 119 29 23 6 6 30.67 20.37 | 126.47 | 126.13
ICBA-3 102 72 175 102 29 19 7 6 20.33 2437 | 12443 | 123.60
ICBA-4 * 100 73 144 126 28 22 7 6 26.00 2293 | 126.20 | 122.40
ICBA-5 103 74 143 125 30 23 7 7 31.00 26.50 | 127.41 | 128.50
Dorado 100 72 175 115 29 21 6 6 17.33 2417 | 125.83 | 123.03
Mean of parentallines| 101.2 | 725 | 166 118.2 202 t 1.7 6.3 6.5 24 14 24.72 1 12535 | 126.27
ICBA-1 = [CBA-2 92 70 199 128 29 20 6 5 28.93 24,00 | 12846 | 116.03
ICBA-1 x ICBA-3 98 71 202 128 30 28 6 5 28.60 28.00 | 129.30 | 117.32
ICBA-1 xICBA-4 101 72 162 114 30 20 7 5 25.30 26.00 | 135.90 | 117.63
ICBA-1 x ICBA-5 94 70 194 106 29 26 7 5 27.8 27.00 | 13530 | 116.75
ICBA-1 x Dorado 102 71 147 104 29 26 6 6 28.03 30.00 | 13217 | 119.70
ICBA-2 x ICBA-3 101 70 172 129 29 26 6 6 28.16 31.00 | 130.23 | 117.10
ICBA-2 x ICBA4 104 74 132 S0 29 21 6 5 25.43 18.00 t 117.77 | 11513
ICBA-2 x ICBA-5 99 69 164 99 30 23 7 4 25.51 26.4 118.00 | 117.00
ICBAZ x Dorado 96 7 185 125 28 24 6 6 27.23 28.00 | 13573 | 119.17
ICBA-3 x ICBA-4 100 68 191 129 K| 20 & 6 25.40 2500 | 128.40 | 117.07
ICBA-3 x ICBA-5 99 69 188 130 30 24 6 5 24.4 27.14 128.0 | 116.80
ICBA-3 x Dorado 102 67 202 128 30 29 7 6 25.90 30.00 | 135.77 | 115.23
ICBA-4 x ICBA-5 105 68 198 129 28 23 6 6 26.4 25.41 129.50 | 115.90
ICBA-4 x Dorado a5 69 162 114 29 21 7 6 18.13 20.00 | 13557 | 116.70
ICBA-5 x Dorado 88 85 164 110 27 24 7 5 19.90 25.40 | 131.50 | 117.00
ICBA-2 x ICBA-1 101 62 147 104 30 26 6 4 27.53 28.00 | 129.67 | 116.23
ICBA-3 x ICBA-1 98 69 172 128 30 24 6 4 26.33 27.00 | 12563 | 116.00
ICBA-4 x ICBA-1 104 68 132 a0 29 27 7 7 2533 30.00 | 125.07 | 116.33
ICBA-5 x |ICBA-1 102 67 140 91 a0 25 7 7 27.10 28.00 ; 127.10 | 115.90
Dorado x CBA-1 101 63 185 125 32 21 6 6 29.37 26.00 | 129.97 | 115.33
ICBA-3 x ICBA-2 92 69 177 127 30 20 -7 5 28.03 22,00 | 128.60 | 117.20
ICBA-4 x ICBA-2 86 69 200 132 26 26 5 6 27.30 26.00 | 123.57 | 116.87
ICBA-5 x ICBA-2 191 68 184 130 27 24 6 -4 26.00 2500 | 130.10 | 117.00
Dorado x ICBA -2 92 70 183 141 28 23 7 6 27.87 2400 | 13847 | 116.07
ICBA-4 x |CBA-3 83 64 198 117 30 24 6 8 2587 28.00 | 139.33 | 117.43
ICBA-5 x ICBA-3 84 85 180 120 H 23 7 8 31.50 2911 132.10 | 117.00
Doradox I1CBA-3 82 62 173 128 3N 22 6 7 40.80 29.00 | 134.10 | 117.10
ICBA-5 x ICBA-4 85 64 166 127 29 24 5 7 29.10 30.00 | 131.00 § 118.80
Doradox 1CBA-4 85 65 197 162 3 25 7 7 22.40 32.00 | 138.10 | 119.00
Doradox |CBA-5 84 66 187 124 30 26 8 6 25.10 30.00 [ 128.00 | 119.00
Mean of hybrids 95 70.0 78 121 29.4 24 6.2 5.6 26.9 26.8 130.50 | 127.00
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Under high salinity level of irrigation water ( 7000 ppm ), panicle length
of the parentai genotypes ranged from 19 cm ( ICBA-3) to 23 cm for ICBA-2
and ICBA-5. Panicle length was the direct hybrids ranged from 20.0 cm
{ICBA-1 x ICBA-2 ), (ICBA-1 x ICBA-4), and { ICBA-3 x ICBA-4) to 28 cm
{ICBA-1 x ICBA-3 ).While, the reciprocais hybrids ranged from 20.0 cm by
{ICBA-3 = ICBA-2 ) to 27 cm by (ICBA-4 x ICBA-1). The average
performance of parental genotypes were the shortest panicle length than their
crosses and reciprocals were noticed taller than parental genotypes under
the same respective (7000 ppm). The panicle width was opposite ,whereas,
the parental genotypes were larger than crosses and their reciprocals and its
averages were 6.5 cm when compared the average 5.6 cm for the crosses
and recipracals. Sorghum is & moderately crop for salinity tolerance and
these study showed that sorghum growth characters were decreased by
increasing imigation water salinity levei from 4000 to 7000 ppm. We are
notice decreasing in plant height, panicle length and panicle width and were
preferred earliest for days of flowering and the shortest genotypes and their
crosses under this respect.

Under low salinity level 4000 ppm, average performance of 1000 grain
weight were ranged from 17.33 gm for Dorado to 31.00 gm for ICBA-5. While,
the direct hybrids were ranged from 18.13 gm for ICBA-4 x Dorado to
28.93gm for ICBA-1 x |CBA-2, the reciprocal Dorado * ICBA-4 was the
lowest weight of grain. While, Dorado x ICBA-3 was the heaviest weight of
average performance for 1000-grain weight .Under high salinity level  of
water irrigation (7000 ppm),1000 —grain weight for the parental genotypes
ranged from {20.37 gm) ICBA-2 to (26.5 gm) ICBA-5 with average 24.72
gm for them. While, mean average of 1000-grain weight for crosses and
reciprocals were 26.80 gm. The direct crosses ICBA-2 x JCBA-3 (31 gm) and
the reciprocai ( Dorado x ICBA-4) (32 gm) were heaviest 1000-grain weight
than the average of crosses and their reciprocals . These resuits showed
that hybridization was improved the 1000-grain weight under saline
conditions, Mostafa and El-Menshawi (2001), Bidinger et al. (2003), Mervat
et al. ( 2003 ) and Sayed {2003) were deducted these results.

Under low salinity levels of water irrigation (4000 ppm), average
performance of grain vield / plant of the parental genotypes ranged from
124.43 gm for ICBA-3 to 127.41 gm for ICBA-5. The performance average of
hybrid ranged from 117.77gm for cross ICBA-2 x ICBA-4 to 135.9gm for
cross ICBA-1 x ICBA-4 . While, the reciprocal ICBA-4 x ICBA-1 was the
lowest value for grain yield / plant, (125.07 gm). However, Dorado = {CBA-4
was the heaviest value of grain yield /plant performance average (138.1
gm).Grain vield / plant of the parental genotypes was ranged from 122.4 gm
for ICBA-4 to 128.5 gm for ICBA-5 with an average of mean parentai
genotypes (126.27 gm) under high level of irrigation water salinity. These
results indicated that grain yield / plant was decreased by increasing salinity
from 4000 up to 7000 ppm. Grain yield/plant for the crosses varied from
115.13 gm ( ICBA-2 x ICBA-4 ) to 119.70 gm ( ICBA-1 x Dorado). Most of the
crosses were lower grain yield / plant than the average of the parental
genotypes under high level of salinity, grain yield / plant of the reciprocal
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crosses ranged from 115.33 gm { Dorado x ICBA-1) to 119 gm (Dorado
ICBA-5 ). Also, the reciprocal hybrids had lower grain yield than the parental
average. These results were took the same ways for the same respect under
the low levels of salinity (4000 ppm) where Dorado = ICBA-4 or ICBA-S were
heaviest grain yield/ plant. The results showed that sorghum genotypes and
crosses were moderately salinity tolerant and therefore it was recommended
to use the selection methods for improving sorghum grain yield/plant, This
agreed with Ashraf (1994), Al- Naggar et al. {1999), El-Bakry et al. ( 2000),
Hovney (2000) , Ali et al. (2001}, Bidinger et al. (2003), Mervat et al. (2003},
Bakheit et af {2005) , Hassaballa ef al, (2005) and Saoliman (2005) whose
obtained the differences between genotypes.

Finally these results revealed that the crosses ( {CBA-1 x I[CBA-4} and
the reciprocal {Dorado x ICBA-4 or ICBA-5) had the high yielding ability
suggesting that most of crosses were earlier flowering , heaver grain weight
and the highest grain vield / plant than their parents under saline condition
and it was used the selection criteria under this respect.

Heterosis effects

Heterosis percentage estimates for 30 hybrids under irrigation water
salinity levels i.e. { 4000 and 7000 ppm ) at Ras Sudr, South Sinai, Egypt, for
the studied traits are presented in Table (3).

Under low irrigation of water salinity levels (4000 ppm), heterosis
percentage as better parents were estimated and manifested for days to 50%
heading, the cross ICBA-5 x Dorado and the reciprocal Dorado x [CBA-3
were earlier for heading. While, the cross ICBA-2 x ICBA-4 and the reciprocal
ICBA-4 = ICBA-1 were shorter than the better parent heterosis for plant
height. Whereas, for panicle length, the cross ( ICBA-3 x ICBA-4) and
reciprocal Dorado x ICBA-3 were taller than that heterosis percentage of
better parents. The cross { ICBA-2 x ICBA-5) and eight crosses were the best
heterosis percentage and the reciprocal ( Dorado x ICBA-2 ) were highly
significant and positive heterosis percentage for panicle width. However, the
cross (ICBA-3xDorado) and this reciprocal (Dorado x ICBA-3) were heavier
than grain weight, for grain yield / plant, the cross (ICBA-1 x ICBA-4 and
[CBA-4 x Dorado and their reciprocal Dorado * ICBA-4 had higher grain
yield/ plant than the respective better parents under the same order. The best
estimate of heterosis under low irrigation water salinity was 14.56 % for
earliness (Dorado x ICBA-3), 29.41% for plant height (ICBA-4 x ICBA-1)
6.59% for panicle length , { ICBA-3 x ICBA-4) 16.67 for panicle width (
Dorado x {CBA-2), 100.69% for 1000-grain weight (Dorado x ICBA-3) 10.4%
for grain yield (ICBA-1 x [CBA-3). .

Under high salinity level of imrigation water {7000 ppm) heterosis
percentage estimates for number of days to heading were negative and
highly significant for all the hybrids except {ICBA-2 x |CBA-3)} was positive
and not reach the signiticant. Fer piant height, seventeen crosses showed
positive and significant heterosis values while thitleen crosses showed
negatives significant anes,
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Table (3) : Heterosis percentage of the better parent of 30 hybrids for grain yield and its attributes under irrigation
water salinity (4000 and 7000 ppm) at Ras Sudr.

Hybrids  [50% heading (days )| Plant heighticm) | Panicle lengthcm) P*‘"'f":‘:n";"’“‘ 1000 - 9(;‘:1'1'; welght | ain yield / plant
Sallnity lavel 4000 7000 4000 7000 4000 | 7000 | 4000 | vooo 4000 7000 | 4000 | 7000
[CBA-1xICBA-2 | -891" | 411 [ 214" | 574_ | 233 11304 | 000 | -2857. | -1740 | -9.33 | 081 | -8.44.
ICBA-1 = ICBA3 | -2.97 -2.74 802" | 4927 000 | 17.86. | -14.29" | 2857 | 24.35 | 578 157 | -844"
ICBA-1xICBA-4 | 000 | -1.37 |-13.37" | 9527 | 000 | 9007 | 000 |-2857" | -1839" | -1.78" | 676 | -B.19.
ICBA-1xICBA-S | -6.93" | 4117 | 374" | -1520" | -333" | 1304 | 000 | -2857" | -10327 | 1.89_ | 619" | -9.14"
ICBA-1x Dorado | 0.09 | 274" | -21.39° [ -14.75" | -3.337 | 13.04" | 000 | -1429" | 21.87 | 13.34" | 383 | -6.58
ICBA-2 % ICBA-3 | -0.98 | -2.74 71 | 8407 | 000 | 13.047 | 114297 | 000 | -8.48" | 27217 | 4727 | -0.05
ICBA-2x ICBA-4 | 297 | 137 | -23.26" | -2857" | 0.00 | -8.60° | -1429" | 1667 | -17.09 | -21.50" | 297 | -7.16
ICBA-2x ICBA-S | -3.887 | 675 | -4.65 | -20.80 000 | 000 | 000 |-57144" | 47.717 | .0.38 | -7.57 | -10.40Q
[CBA2 x Dorado | 4.95" | -274 | 5717 | 6047 | -345" | 435 | 000 | 000 [-11.22"| 1585 | 670" | -7.27.
ICBA-3 % ICBA4 | -1.96 | -8117 | 9147 | 238 | 6.89 909 | -14297 | 000 | -231* [ 259 | 755 | -3.58
ICBA-3 % ICBA-5 | -3.30° | 676 | 743" | 4007 | 000 | 435 | -14297 | -2857 | 21.29% | 2.42 078 | -9.02]

CBA-3xDorado | 000 | 694 | 1543 | 11.30° | 3.45 | 38.09 000 | 000 ! 27407 | 2329 | 552 .77
CBA4=ICBA-5 | 194 | 811 | 3750 | 238 | 667 000 | -14.29" | -14.207 | -14.84" | 4117 | 168 | -9.81
CBA-4 x Dorado | -5.00" | -548" | 743 | 8527 | 000_| 455 | 0.00 000 | -30277 | -17.25" | 7.42 -9.18"
ICBA-5 » Dorado | -14.56 | -12.16" | -6.29" | -12.00” | -10.00 4.35 000 | -2857" | -3581" | 415 | 321 | -8.95
ICBA-2 « ICBA-1 0.00 | -15.07 | -21.39 | -14.75 000 | 13.04° | 0.00 [ -4286. | -10.24 | 578 | 1.86 | -0.28_
ICBA-3 % ICBA-1 | -6.10" | -447_ | 8027 [ 574" | 000 | 443" | 000 | -2857" | 1448 2007 | -1.31 | -0477
ICBA-4 = ICBA-1 | 2.97 685 | 29417 | 2857 | 3337 | 22737 | 0.0 000 | -258 | 1334 | 175" | e
ICBA-5 % ICBA-1 | -0.97 | .046" | -2513 | -27.20 000 | 8707 | 0.00 000 | 1258 | 5677 | -0.24 | -9.81
ado xICBA-1 | 0.00 | -12.50" | -1.07 248 | 333 | 454 | 000 | -14297 | 27707 | 1760 | 210 | -9.89]
ICBA-3% ICBA-2 | -9.807 | -548" | 1.14 | 672 | 345 | -13.04 | 000 | -1667" | -8617 | 973 | 180 | -507"
ICBA-4 x ICBA-2 | -14.85" | -548~ | 16.28" | 4.76_ | -10.34_ | 13.04" | -2857_ | o000 | -1099 | 1339 | -229 | -7.347
ICBA-5% ICBA-2 | 5837 | 8117 | 6987 | 4007 | -1000" | 435 | -1429" | -42.86" | -16.13" | -5.67 211 | -8.95
orado x ICBA-2 | -B.91 4117 | 457 | 1849 | -345 | 000 | 16.67" | 000 | -9.13 070 | 949”7 | -7.977
[CBA-4 x ICBA-3 | -18.63 | -12.337 | 13147 | 714" | 345 | 0.09" | -14.297 | 33337 | -050 | 1490 | 10.40° | -4.99"
CBA-5 % ICBA-3 | -18.47° | 12167 | 857 | ~.00" | 3.33° 000 | coo | 1429° | 161 | 985 | 368 | -8.95
orado x ICBA-3 | -19.61" | -13.89" | -1.14" | 11.30" | 890 | 476 | -14297 | 1667 | 10069" | 18.99" | 6.57° | -8.51
CBA-5 % ICBA-4 | -17.48” | -13.51 | 1528 | 079" | -345 | 4.35" | -28.57 000 | 613" | 1321 | 282 | .7.58
radox ICBA-4 | -15.00" | -10.96_ | 1257 | 28.57 3.33 8707 | 000 | 000, |-27.74" | 20.75" | 943" | -3.28
radox |CBA-5 | -1845” | 10817 | 6.86 -0.81 600 | 1304 | 14.29" | -14.207 | -19.03" | 13.21 046 | -7.39

*and ™ indicate significant at 5 and 1 % probabllity level, respectively.
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The highest heterosis percentage preferring for plant height (-28.57%) was
shown by (ICBA-2x ICBA-4). For panicle length, seventeen crosses showed
positive and significant value of heterosis, the tallest panicle length heterosis
(38.09%)} was shown by the cross (ICBA-3x% Dorado). For panicle width four
crosses showed positive and significant heterosis percentage, the largest
panicle width heterosis (33.33%), while fifteen crosses showed negative and
significant was exhibited by the cross (ICBA-4 x ICBA-3), heterosis
percentage for 1000-grain weight under high safinity level were positive and
significant for nineteen crosses, the heaviest positive value was 100.69% for
the cross (Dorado x ICBA-3. For grain vield/plant heterosis percentage
under high salinity level, ranged from --9.99% to 0.05 % . The highest
estimate of heterosis for grain yield was -0.054% for the cross ICBA-2x
ICBA-3 and -9.99% for (Dorade x ICBA-1). -

In general, heterosis above the beiter parent in this study was
manifested for all studled traits. The existence of heterosis for different
characters in grain sorghum crosses using varietal crosses had been
demonstrated by several workers (Pillal ef al. {1995}, Al-Naggar et al. (1999)
, E-Bakry ef al. (2000), Bidinger &t al. (2003), Bakheit ef al. (2005} and
Soliman {2005 ). Most of these workers reported significant magnitudes of
heterosis for grain yield and its components. Finally four crosses ( ICBA-2 x
ICBA-3), -0.05%, (Dorado x ICBA-4) -3.28% for grain yield of socrghum under
salinity level 7000 ppm thus, it could be use the crosses (ICBA-3 x {CBA-4)
and {ICBA-3 x Dorado) were the best parents in hybridization in sorghum
under saline condition to produce the best crosses for improving sorghum. In
addition to, exhibiting the highest heterosis percentage , these two crosses
are also amongst the highest yielding genotypes under this respect. These
crosses are recommended for further large scale studies for yielding and
other traits performance before releasing as new variety. These results were
in harmony with those obtained by Al et al. (2001}, Moustafa and
El-Menshawi (2001), Bidinger et al. (2003), Presteri and Weltizem (2003),
Bakheit. et al. (2005) and Soliman (2005).

Analysis of Variance

Analysis of variance for studied tralts under salinity level of irrigation
water (4000 and 7000 ppm) and these reciprocals were prasented in Table
(4). Highly significant mean squares due to genolypes, crosses, parents vs
crosses were observed for all studied traits under both salinity irrigation water
levels. These results are in agreement with those obtained by Andrew et
al.(1997), Radwan et al. (1998}, Hovny ef al. (2000) , Ali et al. (2001) Siles
et al. (2004) and Bakheit et a/l. (2005)

Mean squares from the analysis of variance indicated the presence of
significant variance due to GCA and SCA for all the studied traits. The
significance of the reciprocals indicated the presence of maternal effects. The
ratio of GCA / SCA were ranged from (3.8) for flowering days to {3.02) for
plant height and { 29.7) for panicle length to (1.63) for panicle width, as well
as (6.14) for 1000-grain weight and 2.05 for grain yield/ plant and the result of
GCA/ SCA ratic indicating that additive gene effect was controlled in
inheritance of all studied traits under high levels of irrigation water salinity
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{7000 ppm). These results were deducted to improve sorghum under saline
condition using selection methods after hybridization. Mervat et al. (2003) and
Scliman (2005). They are noticed the same results under normal conditions.
General combining ability effects { GCA)

The GCA effects of the parental genotypes for the studied traits under
two salinity levels of irrigation water (4000 and 7000 ppm) at Ras Sudr
conditions were presentéd in Table (5).

For 50% heading days, GCA effects appeared significantly negative for
the genotypes (ICBA-3), While, GCA effect was significantly positive for
ICBA-1 and ICBA-2 and these true was observed under low salinity level
4000 ppm. However, under high salinity level 7000 ppm, GCA effect was
significantly negative for ICBA-2 and ICBA-5. However, ICBA-1 was
appeared significantly positive GCA effects if compared with the other
parents, these results for GCA effects indicated their earlier flowering crosses
under saline conditions. For plant height, negative GCA effects and
significant were exhibited by genotypes ICBA-3, and Dorado,

Under both irrigation water salinity levels 4000 and 7000 ppm. positive
and significant GCA effects was recorded by ICBA-1 under low salinity level .
While, ICBA-2 and ICBA-5 under high salinity level and these results were
indicated that preferred the shortest piant under saline condition. ICBA-2 was
significantly positive GCA effects for panicle length under both irrigation water
salinity levels, while, ICBA-1 was negative and significant GCA effect under
this respect. Dorado and ICBA-5 were contrasted between positive and
negative significantly GCA effects for panicle length by increasing salinity in
irrigation water from 4000 to 7000 ppm. For panicle width, GCA effects were
differed for all parents used under both irrigation water salinity leveis 4000
and 7000 ppm except Dorado genotypes was negative GCA effect under
both levels, but it was not reached to significantly. For 1000 grain weight,
Dorado was positive and significant GCA effect under low salinity level.
However, ICBA-3 positive and significant GCA effect under high salinity level,
and the GCA effects for other genotypes under this study were contrasted
under both irrigation water salinity levels 4000 and 7000 ppm. Al-Naggar et al
{1999), El-Bakry et al. (2000), El-Hosary et al. (2004}, El-Menshawi and EI-
Bakry {2004) and Hassaballa {2005). They found that GCA effects for growth
and vield of sorghum character were differed under drought and normal
environments. However, Haussmann (1999) was found grain yield / plant
GCA effect was positive and significant under the arid'and semi arid area.

For grain yield / plant, ICBA-1, ICBA-2 and ICGBA-5 were negative and
highly significant GCA effects under both irrigation water salinity levels.
While, ICBA-3 was positive and significantly under the same respect.
However, Dorado was differed GCA effect from positive significantly under
low salinity to negative significantly under high salinity level.

These results are in agreement with those obtained by Hovny (2000),
Hovny et al. (2000), Bidnger et al, (2003) , Mervat ot al. (2003} and Abo- El-
Wafa et al. (2005).
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Table 4: Analysis of variance of sorghum for combining ability for yield and its attributes of

two salinity levels 4000 and 7000 ppm at Ras Sudr,

sorghum under

50% heading Plant height Panicle length |Panicle widthj 1000-grain | Grain yield (ard/
5.0V df {days) (cm) {cm) weight (g) fed)
i 4000 7000 4000 7000 4000 7000 [ 4000 | 7000 | 4000 | 7000 | 4000 7000
Replication 2 3.18 4.50 13.7. | 17.16 237 | 3.51 0.70 | 1.07 3.17 | 4.80 | 20.18 | 1417
enotypes 35 580 | 716  [1399.1 | 145 11303 1§ 1444 |1.98 | 241 | 40.59 | 51.7 | 8451 | 771.4
CA 5 480 | 17.16, |1245.3 (1711 | 147.2 | 170.8 (240 | 571 | 41.77 1467 | 541.7 | 6451
SCA 15 251, | 451 | 664 | 56.7 | 4.77 576 |070_ ] 3.51 | 510 [ 7.61 | 205.1 [ 314.6,
Reciprocat 15 4.84 6.88 440.7 | 341.0 | 35.6 40.1 |033 [ 166 | 7.76 471 | 2444 | 350.1
Residual 70 255 7.11 10.00 | 8.10 3.30 3.1 0.41 | 2.51 1.55 | 2.00 | 24.11 26.6
GCA/ SCA - 1.91 38 18.75 3.02 30.86 | 29.7 | 3.00 { 1.63 819 | 614 | 264 2.05

“and  significant at 0.05 and 0.01 probability levels, respectively.

Table 5 : Generafl combining abllity effects of sorghum traits under salinity of irrigation water ( 4000 and 7000

ppm) at Ras Sudr, South Sinal, Egy

t

Panicle length

50% heading . 1000-grain weight Grain vield

Parent (days) Plant height (cm) (cm) P anicle width (cm) (gm) (ard/fed)
4000 | 7000 | 4000 | 7000 | 4000 | 7000 | 4000 | 7000 | 4000 [ 7000 | 4000 | 7000
CBA-1  Pq| 3947 | 36" | 9787 |-14847 | -046 | 043" | 043" | -018 | 030" | 021, { -0.74. | -084"
ICBA-2  P2{ 475 | -1.75 | 384 |[1231° | 054 | 078 | -019 | 016 | -0.25 | -1.78 | -1.00 | -1.34
ACBA-3 P3|-868" | -1.32 | 593" | 541 | 032 | 005 | 062" | -0.08 | 056" | 1.54 127 | 219
CBA4 P,| 041 | 027 | -379 | a75 | 128 | 020 | 018 | 013 | 027 | -0.37 | 0.16 | 3.48
CBA-5 Ps|-052 | -067 | 331 | 714" | -338° { 059 | -0.41 011 | -305 | 0418 | -0.37 | -219"
Dorado  Pe| 014 | 070 | -7.30" |-10.88" | 217" | -1.19" | -0.19 | -0.22" | 217 019 | 046" | -1.33
SE(gi-gi) | 087 | 059 | 387 [ 409 | 051 | 044 | 040 | 026 | 0.68 | 062 | 034 | 0.81
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In general, ICBA- 3 and ICBA-4 showed the highest significant GCA effects
for grain yield indicating that these genotypes are good combiners for
increasing grain yield of their hybrids under saline condition.

Specific Combining Ability (SCA).

Estimates of SCA effects are presented in Table (6) under 4000 ppm,
significant negative SCA effects were observed in nine crosses for days to
50% heading and plant height respectively, as well as, five crosses for
panicte fength, four crosses for panicle width, eight cross for 1000-grain
weight and nine crosses for grain yield under low salinity irrigation levels
4000 ppm, eight crosses for panicle length, two crosses for panicle width,
nine crosses for 1000-grain weight and seven crosses for grain vyield, Under
high salinity irrigation level 7000 ppm and nine crosses for plant height, 50%
heading days shown by the crosses (ICBA-3x ICBA-4), (ICBA-4 x ICBA-5)
and (Dorade x ICBA-4). Whereas, the other hybrids and their reciprocals
were differed with increasing water salinity in irrigation from 4000 to 7000
ppm. For specific combining ability (SCA) where, some crosses were positive
the results appeared some others were negative. However, the third parts of
crosses were not reached the significantly each of positive or negative and
these were true under both salinity ievels , respectively.

Under high level of irrigation water salinity, the favorable significant
SCA effect were shown by cross ICBA-2 x ICBA-4 for 50 % heading days,
ICBA-4 = Dorado for plant height , ICBA-1 x ICBA-5 for panicle length, and
panicle width. While, the cross Dorado x ICBA-3 for 1000- grain weight and
ICBA-4 x Dorado cross for grain yield / plant and these resuits showed that
both GCA and SCA were impoartant in the inheritance of grain yield and its
components. This result was harmony with that obtained by Haussmann af
al {1999}, Hovney et al {2000), Presterl and Weltziem (2003), Sayed {2003),
Mervat ef al. (2003), Bakheit ot al. (2005), Hassaballa et af (2005) and
Soliman (2005) who pointed out that SCA effects of considerable magnitude
and important in the inheritance of grain vield and its components.

In conclusion, the ICBA-1, 2 and 3 were a good combiner with the
fernale line Dorado and ICBA-4 .Moreover, the parental lines (males) used in
this study had the ability to restorer fertility of the hybrids and could be used
commercially in hybrid seed production on grain Sorghum under saline
condition through the hybridization and selection methods to improve crops of
forage under this respect in summer season by using radish water and soil
such as Ras Sudr region- South Sinai, Egypt.
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Table 6: Specific combining ability effects of sorghum characters under salinity of irrigation water (4000 and

7000 ppm ) at Ras Sudr.
Genotypes _{30% heading (days)!  Plant height P a""’:f n:?"“"‘ Panicle width { cm)| 200 ""(“e' weight cz'.‘:'(';‘,’;!:g:;
2000 | 7000 | 4000 | 7000 | 4000 7000 | 4000 | 7000 | 4000 | 7000 | 4000 ! 7000
ICBA-1 % ICBA-2 6.36 | -0.195 | 856 | 15217 | 024 | -068 | -035 | -048 052 127 | 147, | 118
ICBA-1 x ICBA-3 108 | -117 | 367 | 1366 | -298 1427 | -0.24 0.08 030 | 123 i 147 | 054
CBA-1x |CBA-4 095 | -162 | 522 | -546 | -0.54 | 1.76 0.24 0.19 3.30 1.32 1.00 0.10
ICBA-1x ICBA-5 084 | 170 | 45 | -65_| 141 34 1.53 1.71 2.21, 0.99 071 | 1.00
ICBA-1 x Dorado 273 | 249 522 | -1145 | 135 | 034 | 065 0.08 1.63 067 | 164 -0.51
ICBA-2 x ICBA-3 363 | 0416 | 14117 | 11987 | 257 | -046 | 043 | 008 | 202 | -3.80 037 | 1.09
HCBA-2 x ICBA-4 2.51 1.94 0.28 | -39.68" | -2.76 046  -0.57 | -014 | -8.32 0.83 1 242" ) -850
CBA-2x ICBA-5 | 3.7 | 1.1 351 ) 1168 | 3.16 241 ) -1.11 1.81 341 16 211 | 041,
CBA-2 x Dorado -2.38 016 | 12417 [ 2056 213 | -1.24 032 | 019 052 | -142* | 086 | 610
CBA-3 x |CBA-4 0.48 0.52 0.94 008 | -0.67 0.42 1.08 -0.05 | 147 -0.31 1317 | 1.09
CBA-3 % |CBA-5 470" | 0.50 214 | 741 | 200 | 3.00 211 1.80 2.00 4.00 155 | 2.4
JCBA-3 x Dorado 214 003 | 505 | -0307 | 244 119" | 0.52 -0.51 | 225 038 | -0981 | 7.60
ICBA-4 x [CBA-5 1.51% 0.0 3.11 476 1.55 2.11 171 2.00 188 | 1.10, 1.89 3.51
ICBA-4 x Dorado -5.86 052 | -0.84 ) 559 -1.11 -0.81 } 0.52 -0.05 | -341 | -3.89 0.91 .27
{CBA-5 x Dorado 315 | 188 | -1.71 3.51 4.71 0.00 1.00 177 2.51 0.77 3.00 141
CBA-2 % ICBA-1 050 | 237 [ 11.16_ | -263 | -0.22 025 | -159" | 017 041 | 214 | -088 | -3.11.
CBA-3 x {(CBA-1 -052 | 3637 | -11147 | 9307 | -087 [ -0.37 [ -1.14 | -016 | -1.63 | -3.69 0.28 | -3.06
ICBA-4 x ICBA~1 1.37 0.75 0.05 | 30.69 0.2 -1.37 0.52 -0.05 | 3.59 2,69 0.52 -0.70
ICBA-5 x ICBA-1 1.51* 111, | 251 1971 17, 1.00 | -2.00 0.66 211, [ 21 144 | -1.00,
orado X [CBA-1 180 | -3.03° | -517 | -14.97 | -1.78 1.19 007 | -038 | -1.86 | 267 | -1227 | -218
CBA-3 x ICBA-2 590" 1 1437 | 9497 | 15137 | o043 027 | 073 052 | -200 | -0.96 016 | -2.25°
. kcBA4 x 1ICBA-2 1.0 | 1217 | -8.71 435 { 054 | -261 028 | -0.59° | -258° | -1.500 | -0.50° | -8.14
CBA-5 x ICBA-2 250 | 100 | 351 [ -1.00 1.00 151 | -1.00 111 | 281" | -311 2117 | -1.00*
orado X ICBA-2 | 480" | t.10 806 ! -013 | 165 | -095 | -0.28 | -0.14 o1, | 256 | -1.000 [ -8.38
CBA-4  ICBA-3 -3.32 012 | -504 | 1898" | -1.13 0:60° | 0.93 025 | -1.22 | -282 | 096 | 361
ICBA-5 x ICBA- 271 | -251* | 211 | 1671 | -1.51 -1.71 099 3.11 25 | -141 | 261 351
Dorado X ICBA-3 31407 | -a79- | 293 | 268 | -190° | 0.82 8.7 008 | 044 | 780 0.10 1.91
ICBA-5 x ICBA~ -3.00* | -5141= | 1450 [ -3.00 | 3.11 031 | 611 4.11 1.41 251 | 400 [ 371
Doradox ICBA~4 -3.87 268 | 2795”7 | 298 076 | 183 0.05" 0.19 478 | -353 1.91 9.10
Dorado x ICBA-5 a7 | 3 10.3 5.17 4.11 4.00 1.31 1.55 3.68 1.71 1.81 1.71
ISE. (S-Sg) 1.07 0.73 474 5.01 0.75 0.54 0.49 0.35 0.7 0.98 0.42 1.00
5.E._{SCA effect) 1.51 1.03 6.71 7.08 1.06 0.77 0.69 0.49 1.01 1.39 0.60 142

*and** indicate significant at 5 and 1% level of probability , respectively
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