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ABSTRACT

Thirty grain sorghum genotypes [twenty Fi crosses, nine parents and a
commercial check hybrid H-306] were assessed under two levels of nitrogen (100 kg.
N/fed. as a recommended level and 60 kg. N/fed. as a stress level, one feddan = 4200 m?).
These crosses and their parental lines were evaluated in the summer seasons of 2017 and
2018 at Shandaweel Agric. Res. Station. The obtained data showed significant
differences between years for all the studied traits. Likewise, highly significant
differences between the two levels of fertilizer and among genotypes. As well, the
differences among crosses, lines, tester, lines x tester and parents were highly significant
for all the studied traits in the two seasons except the lines effects for days to 50%
flowering and panicle length in 2017 season. Beside, highly significant differences were
obtained for crosses vs. parents for all the studied traits in the two seasons, reflecting the
presence of heterosis for all the studied traits. A number of crosses was earlier than their
parents and several crosses were heavier in 1000- grain weight than the best parents.
Moreover, most of the crosses were taller and higher in grain yield per plant than the
best parents under the two levels of nitrogen fertilizer and combined across the two
seasons. Additionally, decreasing nitrogen fertilizer from 100 kg N/ fed., to 60 kg N/ fed
resulted in a decline in plant height, panicle length, 1000 grain weight and grain
yield/plant. Decreasing nitrogen fertilizer from 100 kg N/fed. to 60 kg N/ fed led to
increasing the days to 50% flowering. Results indicated that the best crosses were (Ash-
33 xRsh-76), (Ash-32 xRsh-38) and (Ash-32 x ICSR-92003) each of them gave the
highest grain yield / plant across the two seasons under both nitrogen levels. Also, these
crosses significantly out-yielded the check hybrid H-306. The female line Ash-32 and the
male line ICSR - 92003 were good combiner for grain yield per plant. Thus, these two
lines can be used in sorghum breeding program for improving grain yield. Moreover,
some crosses showed positive and highly significant SCA for grain yield per plant and
1000 grain weight under both nitrogen levels.
key words: Sorghum, Heterosis, Line x Tester, Nitrogen fertilizer.

INTRODUCTION

Sorghum (Sorghum bicolor L. Moench) is one of the world leading
cereal crops, providing food, feed, fiber, fuel, chemical/biofuels and feed-
stocks across a range of environments and production systems. Its
remarkable ability to produce a crop under adverse conditions, in particular,
with much less of water and nitrogen fertilizer than most of other grain
crops. The cultivated area was about 147,961 hectares produced about
727648 tons of grains (FAO 2017). Seventy percent of this area is located in
Assiut and Sohag governorates.

Heterosis is the fraction of F1 hybrid that falls out side the range of
the parents with respect to such characters as vigor, growth, size and yield.
Amir (1999) stated that most of the crosses were earlier, taller, longer in
panicle length and wider in panicle width, 1000- grain weight and grain



yield/plant than the better parent. Besides, most of crosses had positive and
highly significant heterosis for all studied traits except for days to 50%
flowering. He added that grain yield/ feddan was positively and significantly
correlated with each of plant height, panicle length, 1000-grain weight,
grain yield/plant and panicle width. Similarly, Haussmann et al (1999) they
pointed out that the relative hybrid mean superiority compared with the mid
parents values was highest for grain yield followed by plant height and
above ground dry matter. Hybrid vigor was expressed in a higher harvest
index, earlier anthesis and less green leaves at 95 days after planting.
Heterosis for the number of kernels per head and 1000 grain weight
contributed most to heterosis for grain yield. Ali (2000) presented that the
correlation between grain yield/plant and each of plant height, panicle
length, panicle width, panicle weight and1000-grain weight was positive
and highly significant. Hovny (2000) established that the crosses had highly
significant differences among all studied traits at two successive growing
seasons and combined across the two seasons. Moreover, Hovny et al
(2001), Mahmoud (2002) and Abd El Halim (2003) described that some of
F1 crosses were earlier, taller, higher in 1000 grain weight and higher in
grain yield per plant compared with their parents. Amir (2004) and
Mahmoud (2007) mentioned that some crosses were earlier than the parents
and most the crosses were heavier in 1000-grain weight than best parents. In
addition, all the crosses were taller, higher in number of grains per panicle
and higher in grain yield per plant than best parents. In addition, correlation
between grain yield/plant with each of plant height, number of green leaves,
panicle length and panicle width was positive and highly significant, By
contrast, it was negative and highly significant with days to 50% flowering
and 1000-grain weight. Al-Niggar et al (2006) pointed out N levels and
genotypes x N levels interactions were highly significant for all studied
traits.

Low-N as a stress factor caused a significant reduction in grain
yield/plant of 17.9 and 15.2% for parental lines and their F1's, respectively.
The lines B-91003, R- 93002 and RTX-86 and the crosses (A-1 x R-89022),
(A-47 x R-90001) and (A-91003 x RTX-86) had maximum low-N tolerance.
Abo- Zaid (2007) and Abd EI- Mottaleb (2009) stated that decreasing
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nitrogen fertilizer from 100 kg N/ fed., to 50 kg N/fed caused a drop in plant
height, panicle length, panicle width, 1000 grain weight and grain
yield/plant. While, falling nitrogen fertilizer from 100 kg N/fed., to 50 kg
N/fed led to increasing the days to 50% flowering.

El-Dardeer (2011) assessed heterosis in 49 grain sorghum crosses,
their parents and hybrid check shandweel-1. He mentioned that the cross
(ICSA-610 x ICSR-31) had highest positive significant heterosis for grain
yield (66.97%). Crosses (ICSA-364 x ICSR-66), (ICSA-364 x ICSR-66)
and (ICSA-490 x ICSR-66) had higher grain yield than the check
shandweel-1 and it should be produced commercially after tested on a large
scale. Mahdi et al (2011) revealed that heterosis was found for more than
half of the hybrids studied. Several cross combinations showed significant
positive 1000-grain weight heterosis, significant negative days to heading
heterosis and good performance. They showed that selection of grain
sorghum hybrids in their study should be based on high grain yield, early
maturing, taller plants and heavier grain weight. They added that
information on general and specific combining ability and heterosis for
those four traits could contribute to more efficient breeding program.
Mahmoud (2011) decided that some crosses were earlier than their parents
and most the crosses were heavier in 1000 grain weight than the best
parents. Moreover, most the crosses were taller, had higher panicle length,
and higher in grain yield per plant than the best parents under two levels of
nitrogen fertilizer and their combined across the two levels in 2007 and
2008 seasons. In addition, decreasing nitrogen fertilizer from 100 kg N/fed.,
to 60 kg N/ fed caused decline in plant height, panicle length, 1000 grain
weight and grain yield/plant. On the other hand, decreasing nitrogen
fertilizer from 100 kg N/fed. to 60 kg N/ fed led to increasing days to 50%
flowering. Abd-Elrheem (2012) evaluated 36 grain sorghum hybrids derived
from six male sterile and six restorer lines and their parental lines with the
check shandaweel-6 (Sh-6). He revealed that most of the crosses were
earlier, taller, longer in panicle length and higher in panicle width, 1000-
grain weight and grain yield/plant than the best parent. Also, most of the
crosses had positive and highly significant heterosis for all studied traits
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except for days to 50 % flowering. He added that nine crosses significantly
out yielded the highest check Shandaweel-6.

Mohamed (2014) found that most of the crosses were taller, had
higher green leaves/plant, higher panicle length, higher panicle width and
higher in grain yield per plant than the best parents over two seasons under
two nitrogen levels. He mentioned that all of two types of crosses had
positive and highly significant heterosis across the two seasons under the
two levels of nitrogen, indicating that these crosses gave higher grain yield
per plant than the highest parents. Sayed et al (2016) stated that, significant
differences among genotypes were found for all studied traits. The
interaction of genotypes with each of years and NPK levels used were
significant in most studied traits. The analysis of variance for combining
ability revealed that the mean squares due to entries, parents, parents vs.
crosses, crosses, lines, testers, lines x testers turned up significant for all
studied characters and suggesting that the experimental materials possessed
considerable variability that both general and specific combining ability
were involved in the genetic expression of these characters. He added, that
the female line ICSB610 showed significant and negative general
combining ability (GCA) effects for days to 50% heading and panicle length
and positive for grain yield and plant height. In their opinion, these entries
may be used to develop high yielding, early flowering, and tall hybrids with
short panicles. For specific combining ability (SCA), effects, the crosses
ICSA613 x ICSR89028 and ICSA20 x ICSR53 gave positive and highly
significant SCA effects which indicated that these crosses can be considered
desirable combiners. These crosses had also high grain yield per se and one
of the parents has highest GCA effects.

The objective of this study was to examine the expression of specific
adaptation of F1 crosses to nitrogen stress conditions. Also, quantify the
effect of N on genetic response and decrease the quantity of N with using
stressed N tolerant genotypes to conditions in order to increase the farmer's
income and to overcome the expected increase in the price of fertilizers.

MATERIALS AND METHODS

The experiments were conduct at Shandaweel Agric. Res. Station,

Sohag, Egypt, during 2016, 2017 and 2018 seasons. In season 2016 twenty
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grain sorghum crosses were developed from five introduced cytoplasmic
male sterile lines (A-lines) and four restorer lines (R-lines). The origin and
some agronomic characters of the five male sterile lines (CMS- lines) and
the four restorer lines (R- lines) are presented in Table (1). The heads of
both parents (A-lines and R-lines) were bagged at flowering time and before
anthesis. The pollen was collected from each of the four restorer lines and
stigmas of the five male sterile lines (A-lines) were pollinated with the
collected pollen to produce the twenty crosses seeds.

In 2017 and 2018 seasons, twenty crosses, their parents and one
check hybrid (H-306) were evaluated at Shandaweel Station Farm under two
levels of nitrogen fertilizer (100 and 60 kg/fed. of nitrogen as a normal (N1)
and stress nitrogen fertilizer (N2), respectively). A randomized complete
block design (RCBD) with three replications were used for each nitrogen
level. The experimental unit was one row, four meter along and 60 cm. apart
and the sowing was done with 20 cm. between hills. Two plants/hill were
left after thinning. Sowing date in both of the 2017 and 2018 seasons was on
21% and 25 June, respectively. The recommended cultural practices of
sorghum production in the two years were implemented except the amount
of nitrogen added.

Table 1. Origin and agronomic characteristics of (CMS lines) and

R-lines used.
No Lines Origin Days to 50% Plant height cm
flowering
Male sterile (C. M. S.) lines
1 BSH-17 Shandaweel 70 143
2 BSH-20 Shandaweel 71 142
3 BSH-22 Shandaweel 68 126
4 BSH-32 Shandaweel 67 135
5 BSH-33 Shandaweel 67 125
Restorer (R) lines
1 RSH-10 Shandaweel 70 152
2 RSH-38 Shandaweel 68 163
3 RSH-76 Shandaweel 71 152
4 ICSR92003 India 69 168
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Data were recorded on days from sowing date to 50% flowering
(days), plant height (cm.), panicle length (cm.), 1000-grain weight (gm.) and
grain yield per plant (gm.). Grain yield was adjusted with grains moisture to
14% moisture.

Data of each season and combined across the two seasons under
different nitrogen fertilizer levels were subjected to a regular analysis of
variance of a randomized complete blocks design according to Gomez and
Gomez (1984). Line x tester analysis was performed according to
Kembthorn (1957).

Lines were considered fixed, because they were selected, but, the
replications and years were considered random. Moreover, the nitrogen
fertilizer levels were considered fixed. In this analysis the mean squares for
male and female parents are considered independent estimates of general
combining ability (GCA) and the male x female interaction mean squares
provides an estimate of specific combining ability (SCA). According to
Singh and Chaudary (1985) general and specific combining ability (GCA &
SCA\) effect were estimated.

Heterosis (H) was calculated as the percentage of deviation from
better parent according to following formulas:

Ho F.—-B.P

———x100
B.P

Where: Bp two parents mean, F1 average of cross and its significant
was tested by LSD test Stress susceptibility index (S.S.1.):

Stress susceptibility index was calculated according to Fischer and
Maurer (1978) equation:

SSI=(1-YS/YN)/(1 - YMS/YMN)

Where YS is the yield under nitrogen stress (60 kg. nitrogen)
YN is the non-nitrogen stressed yield (100 kg. nitrogen)

YMS is the yield means for all genotypes under 60 kg. nitrogen.
YMN is the mean yield for all 100 kg. N genotypes.
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S.S.1 values >1.0 indicate relatively stress susceptible genotype and
<1.0 indicate relatively stress tolerance genotype.
Results and Discussion

Twenty Fi grain sorghum crosses, their parental lines (five
cytoplasmic male sterile and four restorer lines) along with the check hybrid
Shandaweel-306 (H-306), were evaluated under two nitrogen levels (100
and 60 Kg N/ fed) at two successive seasons, 2017 and 2018 for days to 50
% flowering, plant height, Panicle length, 1000- grain weight and grain
yield / plant to identify the best parental lines in order to produce nitrogen
tolerant crosses. Also, to study heterotic effects for yield and its
components.

The combined analysis of variance across the two years is presented
in Table (2). The anova Table showed significant differences between
seasons for all the studied traits reflecting the sensitivity of genotypes to
fluctuation of climate factors.

Table 2. Mean squares values of combined analysis across two seasons
and two levels of nitrogen fertilizer for studied traits.

Mean square
Sov df | Days t050% - Panicle 1000 grain | Grain yield
flgwering Plant height length Weight per pI);nt

Years (Y) 1 9.501** 213.14* 67.60** 30.45* 495.85**
Rep./Years (Ea) 4 2.03 33.56 2.16 2.48 11.08
Nitrogen (N) 1 1727.91** | 23216.34** | 4987.78** | 1597.28** | 13258.10**
Y x N 1 1.38 148.23 2.84 57.36* 44.87
Error (b) 4 042 20.31 2.08 3.26 7.02
Entries (E) 29 25.01** 4880.80** 305.63** 72.78** 2958.15**
Y x E 29 5.29** 59.72** 15.66** 20.38** 32.36**
N x E 29 1.86 72.40** 10.24** 2.54 20.78**
Y xNx E 29 1.10 52.99** 1.31 2.81 12.43*
Error (c) 232 1.74 21.91 2.63 1.89 7.25

*, ** significant at 0.5 and 0.01 probability levels, respectively.

Also, highly significant differences were found between N levels

and among genotypes for all the studied traits. But, the interaction between
seasons x N levels showed significance for only 1000-grain weight.
Moreover, the genotypes were highly significant for all studied traits.
Beside, that the interactions between genotypes x seasons were highly
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significant for all the studied traits. The interactions between genotypes x N
levels were highly significant for all the studied traits except days to 50 %
flowering and 1000-grain weight. Highly significant differences between N
levels and genotypes were obtained at each seasons Tables (3, 4) for all the
studied traits indicating that genotypes responded differently to the quantity
of N applied and the variability among crosses and their parents. Also, the
contrast between crosses and their parents was highly significant.

Table 3. Combined analysis of variance of 20 F1’s and 9 parents across
the two levels of nitrogen fertilizer in 2017seasons.

Mean square
SOV | D@y 10509% | i gt panicteengry 19008ren | Grain
Nitrogen (N) 1 908.08** 9357.33** 2302.81** 1087.65** 5687.51**
error a 4 0.46 9.25 2.41 2.86 8.29
Genotypes(G) | 28 15.23** 2434.64** 145.82** 36.38** 1620.05**
Crosses (C) 19 15.87** 561.45** 35.37** 42.48** 285.95**
Female effects(F) | 4 2.93 148.46** 4.97 55.31** 167.09**
Male Effects(M) | 3 25.23** 401.79** 189.54** 92.94** 516.73**
FxM 12 17.84** 739.03** 6.97** 25.59** 267.88**
Parents (P) 8 13.49** 1176.39** 38.13** 17.76** 438.63**
Cvs. P 1 17.05** 48091.19** | 3105.96** 69.51** 36419.33**
GxN 28 1.84 50.05** 5.35** 171 12.93*
CxN 19 1.96 64.87** 4.90** 1.07 12.13
FxN 4 0.36 72.37** 0.20 1.34 22.53*
M x N 3 2.62 72.16** 7.23* 144 4.55
FxMxN 12 2.33 60.54** 5.89** 2.26 10.55
PxN 8 0.39 20.89 1.02 2.76 14.62
Cvs.PxN 1 1.02 1.72 48.38** 5.49 14.84
Error b 112 1.79 19.88 2.03 1.72 7.42

*, ** significant at 0.5 and 0.01 probability levels, respectively.
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Table 4. Combined analysis of variance of 20 F1’s and 9 parents across
the two levels of nitrogen fertilizer in 2018 seasons.

Mean square
SOV df Days to 50% Plant Panicle 1000 grain Grain
flowering height length weight yield/plant
Nitrogen (N) 1 802.60** 12469.71** | 2541.52** 431** 7131.26**
error a 4 2.08 24.29 3.06 3.09 7.46
Genotypes(G) | 28 15.59** 2685.02** 182.60** 50.89** 1435.44**
Crosses (C) 19 15.94** 616.32** 49.72*%* 47.18** 322.34**
Female effects(F) | 4 12.21** 87.41*** 23.72*%* 37.03** 24.32*
Male Effects(M) | 3 12.0611** 489.3** 229.14** 46.59** 517.44**
FxM 12 18.13** 824.38** 13.54** 50.71** 372.9**
Parents (P) 8 11.81** 1326.89** 83.75** 41.86** 401.8**
Cvs. P 1 39.30** 52855.43** | 3498.02** 193.64** | 30853.59**
GxN 28 1.37 75.56** 6.59** 5.95** 21.35**
CxN 19 1.55 99.85** 5.41 6.78** 26.79**
FxN 4 1.16 121.28** 2.11 10.01** 16.17
M x N 3 1.18 48.03* 11.79* 4.67 11.25
FxMxN 12 1.77 105.66*** 4.92 6.23** 34.22%*
PxN 8 1.11 26.78 1.02 1.85 10.22
Cvs. P xN 1 0.01 4.44 73.67** 23.14** 6.97
Error b 112 1.74 17.38 3.24 2.21 7.24

*, ** significant at 0.5 and 0.01 probability levels, respectively.

Mean performance

Mean performance of the 20 F1 crosses, their parents and the check
hybrid H-306 in the two studied seasons under two nitrogen levels and
combined across seasons is presented in Tables 4, 5 and 6

The combined data across the two seasons (Table 5) indicated that
days to 50% flowering for the parental lines under 60 kg N level ranged
from 72.15 (BSH-32) to 75.55 (BSH-20) with an average of 73.91 days.
Moreover, for the crosses it ranged from 71.45 (ASH-32xRSH-76) to 76.33
(ASH-33xRSH-10) with an average of 73.14 days.

Days to 50% flowering for the parental lines under 100 kg N level
ranged from 67.38 days (BSH-33) to 71.78 days (RSH-76) with an average
of 69.58 days.
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Table 5. Mean performance of 20 F1’s and their parents for days to
50% flowering and plant height under two levels of nitrogen
fertilizer in the two seasons and their combined.

Days to 50% flowering Plant height
Genotypes 100Kg 60Kg 100Kg 60Kg
2017 | 2018 [Comb| 2017 [2018 [Comb| 2017 | 2018 |Comb | 2017 | 2018 |Comb
IASH-17 x RSH-10 66.17 |68.33|67.25(71.77|72.00|71.88|185.67|184.33|185.00{178.33|176.33(177.33
IASH-20 x RSH-10 67.87 |65.67(66.77(72.00(71.17|71.58|182.33|180.00|181.17{177.33|174.33(175.83
ASH-22x RSH-10 68.33 |70.80|69.57(73.17|74.00{73.58|183.67|194.67|189.17|174.33]|172.67|173.50
IASH-32 x RSH-10 66.90 |65.67|66.28(72.63|71.00{71.82|177.00|176.67|176.83|162.00|166.67|164.33
ASH-33x RSH-10 71.27 |73.33|72.30(76.00(76.67|76.33|175.00|{177.33|176.17|151.67|155.00{153.33
IASH-17 x RSH-38 69.33 |67.67(68.50(73.50(72.57|73.03|172.67|172.33|172.50{157.67|160.00{158.83
IASH-20 x RSH-38 69.10 |67.33]68.22|73.90(71.87|72.88|180.00|171.33|175.67|164.00|159.00|161.50
ASH-22x RSH-38 69.73 |65.33|67.53|74.33|71.67|73.00|{158.00|188.33|173.17|157.33|154.00|155.67
IASH-32 x RSH-38 68.40 |71.10{69.75|75.33|73.57|74.45|176.00|176.67|176.33|155.00|159.67 {157.33
ASH-33x RSH-38 66.83 |68.03]67.43|71.67|72.73|72.20{186.00/190.00{188.00|{173.00|176.67|174.83
IASH-17 x RSH-76 66.57 (67.67|67.12(71.23(72.27|71.75|179.67|181.33{180.50(167.00|178.33(172.67
IASH-20 x RSH-76 66.37 |67.27(66.82(72.47|72.77|72.62|190.00|{205.00|197.50{163.67|182.33(173.00
ASH-22x RSH-76 70.60 |68.00]69.30(75.67|72.33|74.00{179.67|175.00{177.33|160.33]|162.00|161.17
IASH-32 x RSH-76 68.43 68.10(68.27(70.90{72.00|{71.45|174.00|176.67|175.33|160.00|163.33|161.67
ASH-33x RSH-76 67.57 |68.00|67.78|73.33|72.67|73.00|203.33|205.00({204.17|180.33|177.33|178.83
IASH-17 xICSR-92003 72.67 |70.67|71.67|76.00(74.03|75.15|179.67|182.33|181.00{165.67|161.67 {163.67
IASH-20 xICSR-92003 | 71.90 |70.67|71.28]|74.90|74.10|74.50|171.00{170.00{170.50|153.67|158.00{155.83
ASH-22xICSR-92003 | 68.10 |68.00|68.05|73.77|73.23|73.50|178.00{176.67|177.33|167.00(161.67|164.33
IASH-32 xICSR-92003 70.00 |68.23(69.12|74.00(72.10|73.05|208.33|214.00|211.17{186.00|183.67 {184.83
ASH-33xICSR-92003 | 69.77 |70.33]|70.05|72.77|73.23] 73 |176.33/180.00|178.17|166.00|160.67|163.33
Average 68.74 |68.41|68.58|73.47(72.80|73.14|180.82|183.88(182.35|166.02|167.17|166.59
BSH-17 70.40 |70.33|70.37|74.07|74.17|74.12|145.67|142.00|143.83|126.33|127.00{126.67
BSH-20 71.57 |71.10{71.33|76.33|74.77|75.55|142.67|141.33|142.00{128.00|128.33(128.17
BSH-22 69.00 |68.33]68.67|73.00{73.67|73.33|124.67|129.00|126.83|114.67|115.67|115.17
BSH-32 67.33 |68.00{67.67(71.97|72.33|72.15|137.33|134.00|135.67|125.33|121.00{123.17
BSH-33 68.43 |66.33|67.38|73.43|72.33|72.88|122.00|128.00{125.00{110.00|105.00|107.50
RSH-10 71.00 |70.83]70.92|75.00{75.17|75.08|148.33|156.00{152.17|135.33]|133.00|134.17
RSH-38 68.33 |69.00(68.67(72.33|73.00{72.67|160.67|166.00|163.33|148.67|144.33|146.50
RSH-76 71.67 |71.90{71.78|75.67|75.10|75.38|153.67|152.00|152.83|138.67|135.33(137.00
ICSR-92003 69.00 |69.90{69.45(74.00(74.00|74.00|167.00|{170.67|168.83|145.67|152.67 {149.17
Average 69.64 |69.53]69.58|73.98|73.84|73.91|144.67|146.56|145.61|130.30|129.15|129.72
H-306 70.33 |71.00{70.67|73.00{74.20{73.60{179.00|178.67|178.84|161.00|156.00|158.50
LSD 0.05 2.60 [239]|250|1.66|1.92|1.79| 761 | 954 | 858 | 7.13 | 6.23 | 6.68
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While for the crosses it ranged from 66.28 days (ASH-32x RSH-10)
to 72.30 days (ASH-33x RSH-10) with an average of 68.58 days. Moreover,
The data showed that increase in an average of days to 50% flowering
across the two seasons for the parental lines and crosses by decreasing
nitrogen fertilizer from 100 to 60 Kg N/fed was 4.33 and 4.56 days,
respectively. The results indicated that 9 and 4 out of 20 crosses were
significantly earlier compared to the check hybrid H-306 in a combined
analysis across the two seasons under two nitrogen levels (100 and 60 Kg N/
fed) respectively.

The plant height for the parent lines across the two seasons Table (5)
under 60 kg N level varied from 107.50 cm (BSH-33) to 149.17 cm (ICSR-
92003) with an average of 129.72 cm. Moreover, for the crosses it ranged
from 153.33cm (ASH-33xRSH-10) to 184.83cm (ASH-32xICSR-92003)
with an average of 166.59 cm Plant height under 100 kg N level for the
parent lines varied from 125.00 cm (BSH-33) to 168.83cm (ICSR-92003)
with an average of 145.61cm. Moreover, the crosses varied from 170.50 cm
(ASH-20x ICSR-92003) to 211.17 cm (ASH-32xICSR-92003) with an
average of 182.35 cm. The reduction in the average of plant height for the
parent lines and crosses under 60 kg N level was 15.89 and 15.76 cm,
respectively.

Most of the crosses were taller than its parents in all cases (across
the two seasons and under the two N levels), reflecting the presence of
hybrid vigor for this character.

Moreover, the tallest cross was (ASH-32xICSR-92003) under the
two nitrogen levels in the two seasons and combined across them. Five and
8 out of the 20 crosses were significantly taller compared to the check
hybrid H-306 across two seasons under two N levels (100 and 60 Kg N/fed),
respectively.

Highly significant differences between N levels were obtained at
each season and across the two seasons, indicating that panicle length
responded differently to the quantity of N fertilizer applied. Mean squares
for genotypes were highly significant at each season and across the two
seasons, indicating the presence of variability among the crosses and their
parents.
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Panicle length data are presented in (Table 6). Data showed that
most of the crosses were significant in panicle length across the parental
lines under the two levels of nitrogen combined in the two seasons. This
reflecting the presence of hybrid vigor. Moreover, the tallest panicle cross
was (ASH-17xICSR-92003) under 100kg nitrogen level, and cross (ASH-
33xICSR-92003) under the 60kg nitrogen level. Five and 1 out of 20 crosses
had significantly longer panicl length compared to the check hybrid H-306
across the two seasons under two N levels (100 and 60 Kg N/ fed)
respectively.

Regarding to 1000-grain weight data (Table 6) for the parental lines
under the two levels of nitrogen across the two seasons under 60 kg N
varied from 21.50 (BSH-20) to 29.32 (ICSR-92003) with an average of
24.68 g. While, under 100kg N, it ranged from 26.16 (BSH-20) to 33.15
(ICSR-92003) with an average of 28.47 g. Wherase, 1000- grain weight of
the crosses across the two levels and across seasons for 60 kg N and 100 kg
N varied from15.16, 21.99 g. (ASH-33%x ICSR- 92003) to 25.81, 30.12 g
(ASH-33x RSH-76) with an average 22.60, 27.00 g., respectively. The
reduction in the average of 1000-grain weight for the parental lines and
crosses under 60 kg N level across two seasons were 3.79 and 4.40 ¢
respectively. Whereas, in a combined over two seasons 11 and 10 out of the
20 crosses had highly significant 1000-grain weight compared to the check
hybrid H-306 under the two nitrogen levels, respectively.

The grain yield/plant under the two levels of nitrogen across the two
seasons is shown in (Table 7). Grain yield\plant for the parent lines under
60 and 100 kg N levels ranged from 30.45, 41.40 (BH-20) to 52.05 , 66.79
(RSH-38) with an average of 40.17, 53.02 gm respectively. Wherase, the
crosses under 60 kg N level ranged from 53.06 (ASH-22 x RSH-10) to
78.62 (ASH-32xRSH-38) with an average of 70.73gm. Moreover, grain
yield/plant under 100 kg N level for the crosses ranged from 70.46 (ASH-33
x RSH-38) to 90.10 (ASH-33xRSH-76) with an average 82.52gm. The
reductions in the average of parent lines and crosses under 60kg N level
across the two seasons were 12.85 and 11.79 gm respectively. The female
line ASH-32 gave the highest crosses compared with the other female lines
across the two seasons.
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Table 6. Mean performance of 20 Fi’s and their parents for panicle
length and 1000 -grain weight under two levels of nitrogen
fertilizer in two seasons and across two seasons.

Panicle length (cm.) 1000 grain weight (g)

Genotypes 100Kg 60Kg 100Kg 60Kg
2017 | 2018 {Comb| 2017 | 2018 |Comb| 2017 | 2018 |Comb| 2017 | 2018 |Comb
IASH-17 x RSH-10 | 37.00 | 39.67 | 38.33 | 31.00 | 29.00 | 30.00 | 26.00 | 27.11 | 26.56 | 21.73 | 22.13 | 21.93
IASH-20 x RSH-10 | 36.00 | 39.33 | 37.67 | 30.33 | 28.00 | 29.17 | 28.41 | 28.18 | 28.30 | 22.73 | 23.91 | 23.32
ASH-22x RSH-10 | 39.33 | 37.33 | 38.33 | 32.00 | 30.00 | 31.00 | 28.79 | 26.12 | 27.46 | 22.58 | 21.54 | 22.06
IASH-32 x RSH-10 | 36.33 | 38.67 | 37.50 | 28.67 | 31.00 | 29.83 | 27.73 | 26.55 | 27.14 | 23.73 | 22.06 | 22.90
ASH-33x RSH-10 | 40.33 | 42.33 | 41.33 | 28.67 | 30.67 | 29.67 | 25.60 | 24.12 | 24.86 | 19.83 | 18.62 | 19.23
IASH-17 x RSH-38 | 34.00 | 36.33 | 35.17 | 26.67 | 29.00 | 27.83 | 28.60 | 27.23 | 27.92 | 24.90 | 23.54 | 24.22
IASH-20 x RSH-38 | 35.00 | 32.67 | 33.83 | 28.00 | 25.67 | 26.83 | 29.62 | 18.17 | 23.90 | 25.94 | 13.82 | 19.88
ASH-22x RSH-38 | 33.33 | 31.00 | 32.17 | 27.00 | 24.67 | 25.83 | 30.73 | 28.90 | 29.82 | 26.00 | 25.13 | 25.57
IASH-32 x RSH-38 | 33.67 | 35.67 | 34.67 | 26.00 | 28.00 | 27.00 | 28.40 | 27.23 | 27.82 | 24.52 | 23.69 | 24.11
ASH-33x RSH-38 | 34.33 | 31.33 | 32.83 | 27.67 | 24.67 | 26.17 | 29.73 | 26.79 | 28.26 | 25.73 | 22.96 | 24.34
IASH-17 x RSH-76 | 35.00 | 38.00 | 36.50 | 28.00 | 31.33 | 29.67 | 23.95 | 25.58 | 24.76 | 19.47 | 22.63 | 21.05
IASH-20 x RSH-76 | 35.33 | 38.33 | 36.83 | 26.00 | 28.33 | 27.17 | 30.01 | 30.23 | 30.12 | 24.63 | 26.98 | 25.81
ASH-22x RSH-76 | 34.67 | 37.33 | 36.00 | 27.67 | 30.33 | 29.00 | 29.88 | 28.45 | 29.16 | 24.70 | 25.50 | 25.10
IASH-32 x RSH-76 | 36.00 | 39.00 | 37.50 | 26.67 | 29.67 | 28.17 | 30.73 | 28.50 | 29.62 | 25.73 | 25.32 | 25.52
ASH-33x RSH-76 | 32.33 | 36.33 | 34.33 | 25.33 | 29.33 | 27.33 | 25.52 | 25.84 | 25.68 | 21.91 | 21.03 | 21.47
IASH-17 xICSR- 41.00 | 44.00 | 42.50 | 30.33 | 33.33 | 31.83 | 27.20 | 26.16 | 26.68 | 23.17 | 22.31 | 22.74
IASH-20 xICSR- 39.33 | 42.00 | 40.67 | 30.00 | 32.67 | 31.33 | 29.10 | 28.12 | 28.61 | 24.49 | 23.26 | 23.88
ASH-22xICSR- 42.67 | 40.00 | 41.33 | 30.67 | 28.00 | 29.33 | 23.98 | 21.63 | 22.81 | 18.64 | 20.74 | 19.69
IASH-32 xICSR- 40.67 | 38.67 | 39.67 | 33.00 | 31.00 | 32.00 | 27.35 | 29.84 | 28.60 | 21.53 | 26.69 | 24.11
ASH-33xICSR- 38.00 | 41.00 | 39.50 | 31.00 | 34.00 | 32.50 | 20.95 | 23.03 | 21.99 | 15.38 | 14.94 | 15.16
Average 36.72 | 37.95 | 37.33 | 28.73 | 29.43 | 29.08 | 27.61 | 26.39 | 27.00 | 22.87 | 22.34 | 22.60
BSH-17 27.00 |1 29.00 | 28.00 | 20.67 | 22.67 | 21.67 | 30.40 | 25.59 | 27.99 | 21.79 | 21.95 | 21.87
BSH-20 25.00 | 22.67 | 23.83 | 21.00 | 18.67 | 19.83 | 27.73 | 24.59 | 26.16 | 22.58 | 20.42 | 21.50
BSH-22 24,331 22.33 | 23.33 | 18.33 | 16.33 | 17.33 | 27.88 | 27.54 | 27.71 | 23.14 | 26.03 | 24.59
BSH-32 22.33124.33 | 23.33 | 16.00 | 18.00 | 17.00 | 27.58 | 27.41 | 27.50 | 23.57 | 26.74 | 25.16
BSH-33 24.67 | 23.67 | 24.17 | 19.00 | 18.00 | 18.50 | 30.45 | 28.08 | 29.26 | 24.67 | 26.29 | 25.48
RSH-10 30.67 | 32.67 | 31.67 | 24.00 | 26.00 | 25.00 | 29.33 | 26.53 | 27.93 | 23.57 | 24.78 | 24.18
RSH-38 28.00 | 30.67 | 29.33 | 23.00 | 25.67 | 24.33 | 29.70 | 28.24 | 28.97 | 25.42 | 26.59 | 26.01
RSH-76 27.67 | 26.00 | 26.83 | 22.33 | 20.67 | 21.50 | 27.79 | 27.41 | 27.60 | 22.51 | 25.54 | 24.02
ICSR-92003 28.33 | 30.33 | 29.33 | 22.33 | 24.33 | 23.33 | 33.57 | 32.73 | 33.15 | 27.41 | 31.23 | 29.32
Average 26.44 | 26.85 | 26.65 | 20.74 | 21.15 | 20.94 | 29.38 | 27.57 | 28.47 | 23.85 | 25.51 | 24.68
H-306 35.33|38.33 | 36.83 | 28.33 | 31.33 | 29.83 | 25.47 | 24.43 | 24.95 | 19.39 | 21.54 | 20.47
LSD 0.05 238 | 3.04 | 271 | 229 | 291 | 260 | 200 | 259 | 2.30 | 2.34 | 2.08 | 2.21
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Table 7. Mean performance of 20 F1’s and their parents for grain
yield/plant under two levels of nitrogen fertilizer in two
seasons and across the two seasons and stress susceptible
index.

Grain yield per plant
Genotypes 100Kg 60Kg ss|
2017 2018 | Comb | 2017 2018 | Comb

ASH-17 x RSH-10 82.00 | 87.87 | 8494 | 76.66 | 78.38 | 77.52 0.61

ASH-20 x RSH-10 85.00 | 85.34 | 85.17 | 78.23 | 75.46 | 76.85 0.68

ASH-22x RSH-10 68.00 | 73.67 | 70.83 | 54.56 | 51.55 | 53.06 1.76

ASH-32 x RSH-10 7329 | 7265 | 72.97 | 60.56 | 6455 | 62.56 1.00

ASH-33x RSH-10 82.00 | 85.03 | 83.52 | 70.90 | 79.25 | 75.08 0.71

ASH-17 x RSH-38 79.00 | 76.24 | 77.62 | 68.90 | 65.95 | 67.43 0.92

ASH-20 x RSH-38 72.00 | 73.52 | 72.76 | 59.36 | 59.17 | 59.27 1.30

ASH-22x RSH-38 79.00 | 8158 | 80.29 | 65.10 | 74.13 | 69.62 0.93

ASH-32 x RSH-38 88.58 | 89.15 | 88.86 | 79.57 | 77.67 | 78.62 0.81

ASH-33x RSH-38 68.00 | 72.92 | 70.46 | 56.59 | 54.87 | 55.73 1.46

ASH-17 x RSH-76 8230 | 83.78 | 83.04 | 71.44 | 65.07 | 68.26 1.25

ASH-20 x RSH-76 80.00 | 83.92 | 81.96 | 67.64 | 70.20 | 68.92 1.11

ASH-22x RSH-76 85.00 | 90.02 | 8751 | 71.00 | 74.33 | 72.67 1.19

ASH-32 x RSH-76 87.00 | 8569 | 86.34 | 7857 | 74.67 | 76.62 0.79

ASH-33x RSH-76 86.83 | 93.37 | 90.10 | 74.97 | 82.25 | 78.61 0.89

ASH-17 xICSR-92003 | 86.83 | 88.69 | 87.76 | 73.33 | 73.00 | 73.17 1.16

ASH-20 xICSR-92003 | 82.66 | 85.74 | 84.20 | 7532 | 73.50 | 74.41 0.81

ASH-22xICSR-92003 | 86.55 | 92.08 | 89.31 | 70.06 | 81.55 | 75.81 1.06

ASH-32 xICSR-92003| 89.22 | 86.72 | 87.97 | 7745 | 78.25 | 77.85 0.81

ASH-33xICSR-92003 | 84.44 | 85.02 | 84.73 | 76.63 | 68.50 | 72.57 1.00

Average 81.39 | 83.65 | 8252 | 70.34 | 71.11 | 70.73
BSH-17 45.00 | 47.86 | 46.43 | 36.53 | 35.73 | 36.13 0.92
BSH-20 39.56 | 43.24 | 4140 | 28.60 | 32.31 | 30.45 1.09
BSH-22 40.23 | 4558 | 42.91 | 28.33 | 33.87 | 31.10 1.14
BSH-32 4756 | 53.91 | 50.74 | 28.53 | 38.53 | 33.53 1.40
BSH-33 50.67 | 57.24 | 53.96 | 37.67 | 40.00 | 38.83 1.16
RSH-10 61.23 | 65.75 | 63.49 | 48.20 | 52.25 | 50.23 0.86
RSH-38 64.66 | 68.92 | 66.79 | 50.57 | 53.53 | 52.05 0.91
RSH-76 52.23 | 57.37 | 54.80 | 43.20 | 48.23 | 45.72 0.68
ICSR-92003 55.56 | 57.82 | 56.69 | 44.32 | 42.63 | 43.48 0.96
Average 50.74 | 55.30 | 53.02 | 38.44 | 41.90 | 40.17
H-306 81.23 | 85.86 | 83.55 | 69.90 | 7253 | 71.22
LSD 0.05 3.86 2.66 3.26 5.06 5.60 5.33
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The male line ICSR-92003 gave the highest crosses compared with
the other male lines followed by RSH-76 across the two seasons under the
two N levels. It can be concluded that 6 crosses(No. 9, 13, 15, 16, 18 and
19) produced significantly higher grain yield/plant compared to the check
Sh-306 across two seasons under 100 Kg N level. Morevere, 6 crosses (No.
1, 2, 9, 14, 15 and 19 produced significantly higher grain yield/plant
compared to the check H-306 across the two seasons under 60 Kg N level.

Generally, the best crosses (ASH-33x RSH-76), (ASH-32x RSH-38)
and (ASH-32x ICSR-92003) gave the highest yield under the two levels of
nitrogen. Also, these crosses are nitrogen tolerant and significantly out
yielded the check H-306. fertilizer in 2017 and 2018 seasons and over two
seasons.

These crosses can be used in sorghum production under low nitrogen
level after testing them in a large scale. Also, the male lines which was used
for proudcing these crosses can be considered the best tolerant restorer line
and it can be used in crossing with more female lines. These results are in
harmony with those obtained by Hovny and El-Dsouky (2007) they reported
that twenty two crosses out of twenty eight studied crosses had high NTI
more than the check Sh-6. Abd EI- Mottaleb (2009) fond that the best
crosses (SPDM-94002-A x ICSV-273), (SPDM-94002-A x ZSV-14),
(SPDM-94021-A x ICSR-90012) and (SPAN-94037-A x ICSV-273) gave
the highest yield in 2006, 2007 and over two seasons under both nitrogen
levels. Also, these crosses are nitrogen tolerant and significantly out yielded
the check Shandaweel-6.

Stress Susceptibility Indexes (SSI)

The results of stress susceptibility index for grain yield/plant (Table
6) cleared that the different genotypes (lines and crosses) differed greatly in
their response to nitrogen stress, some genotypes scored stress susceptibility
index >1.0 indicate relatively stress susceptible and some genotypes scored
stress susceptibility index <1.0 indicate relatively nitrogen stress tolerance.
For example the best parent lines were BSh-17 0.92, RSH-10 0.86, RSH-38
0.91 and RSH-76 0.68. Moreover, the best three crosses were (ASH-
17xRSH-10) 0.61 (ASH-20 xRSH -10) 0.68, (ASH-33x RSH-10) 0.71. The
tolerant lines and hybrids scored the lowest stress susceptibility index and
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selection should be for high yielding genotypes at severe nitrogen which
showed SSI lower than the unity. In general, most of the nitrogen stress
tolerance crosses were developed from one or two nitrogen stress tolerance
lines. Also, restorer lines BSh-17, RSH-10 RSH-76 and ICSR-92003 had
good nitrogen stress tolerance. These results are in harmony with these
obtained by Mahmoud (2002), EI-Abd (2003) and Amir (2008).

Heterosis

Estimates of heterosis for days to 50% flowering, plant height,
panicle length,1000-grain weight and grain yield per plant for 20 crosses as
a percentage of the better parent under two levels of nitrogen fertilizer (100
and 60 Kg N/levels) in 2017 and 2018 seasons and combined across the two
seasons are presented in Tables (8, 9 and 10).

The combined data across the two seasons under 60 Kg N level
(Table 8) showed that heterosis for days to 50% flowering ranged from -
4.66 (ASH-20x RSH-10) to 4.73% (ASH-33xRSH-10). Four crosses out of
twenty crosses had negative and highly significant heterosis (earliness).
Whereas, under 100 Kg N level heterosis values for days to 50% flowering
ranged from -6.33 (ASH-20xRSH-76) to 7.33 % (ASH-33xRSH-10) and
four crosses out of the twenty crosses had negative and significant or highly
significant heterosis. Generally, negative significantly heterosis values
means that these crosses had favorable gene action for earliness compare to
the earlier parent.

Under nitrogen stress condition heterosis for plant height (Table 8)
ranged from 4.47 (ASH-20x ICSR-92003) to 32.17% (ASH-17x RSH-10)
and all the crosses had positive and significant or highly significant
heterosis. On the other hand, under optimum nitrogen level across the two
seasons heterosis values for plant height ranged from 0.99 (ASH-20x
ICSR-92003) to 33.59% (ASH-33x RSH-76) and nineteen crosses had
positive and significant or highly significant heterosis. Most of the crosses
were significantly taller than the better parent and the heterosis of ninteen
crosses were highly significant across the two seasons under two nitrogen
levels. Generally, positive and significant heterosis values means that these
crosses had favorable gene action for tallness.

1754



Table 8. Heterosis of days to 50% flowering and plant height in
percentage from the better parent under two levels of
nitrogen fertilizer and combined over two levels of nitrogen
in 2017 and 2018 seasons.

Days to
50% flowering
No. F1 cross 100Kg 60Kg
2017 2018 |Comb| 2017 2018 Comb
1 Ash-17 xR-sh-10 | -6.01** | -2.84** |-4.43*| -3.11** | -2.92** | -3.01**
2 Ash-20 xR-sh-10 | -4.41** | -7.29** |-5.85**| -4.00** | -4.81** | -4.66**
3 Ash-22xR-sh-10 -0.97 3.61** 1.31 0.23 0.45 0.34
4 Ash-32 xR-sh-10 -0.64 -3.43** | -2.04 | 0.93* | -1.84** | -0.46
5 Ash-33xR-sh-10 | 4.14** | 10.55** |7.30**| 3.5%* | 5.99** | 4,73**
6 Ash-17 xR-sh-38 1.46* | -1.93** | -0.24 | 1.61** -0.59 0.50
7 Ash-20 xR-sh-38 1.12 -2.42%* | -0.66 | 2.17** | -1.55** 0.30
8 Ash-22xR-sh-38 | 2.05** | -4.39** | -1.65 | 2.76** | -1.83** 0.46
9 Ash-32 xR-sh-38 1.58* 456** | 3.08 | 4.68** | 1.71** | 3.19*
10 | Ash-33xR-sh-38 | -2.20** | 2.56** | 0.07 | -0.92* 0.55 -0.64
11 | Ash-17 xR-sh-76 | -5.45** | -3.79** |-4.62*| -3.83** | -2,56** | -3.19*
12 | Ash-20 xR-sh-76 | -7.27** | -5.39** |-6.33**| -4.23** | -2.67** | -3.67**
13 | Ash-22xR-sh-76 | 2.32** -0.49 0.92 | 3.65** | -1.81** 0.91
14 | Ash-32 xR-sh-76 1.63* 0.15 0.89 | -1.48** | -0.46 -0.97
15 | Ash-33xR-sh-76 -1.27 2.51** | 0.59 -0.14 0.46 0.16
16 |Ash-17 xICSR-92003| 5.31** 1.10 3.19 | 2.70** 0.05 1.37
17 |Ash-20 xICSR-92003| 4.20** 1.10 2.64 | 1.22** 0.14 0.68
18 |Ash-22xICSR-92003| -1.30* -0.49 -0.9 | 1.05** -0.59 0.23
19 |Ash-32 xICSR-92003| 3.96** 0.34 2.14 | 2.83** -0.32 1.25
20 |Ash-33xICSR-92003| 1.95** | 6.03** | 3.96* | -0.91* | 1.24** 0.16
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Table 8. Cont.

Plant height

No. F1 cross 100Kg 60Kg

2017 2018 | Comb | 2017 2018 Comb
1 Ash-17 xR-sh-10 25.17** |18.16**|21.58**|31.77**| 32.58** | 32.17**
2 Ash-20 xR-sh-10 22.92** |15.38**|19.06**|31.03**| 31.08** | 31.06**
3 Ash-22xR-sh-10 23.82%* |24.79%*|24.32**|28.82**| 29.82** | 29.32**
4 Ash-32 xR-sh-10 19.33** |13.25%*|16.21**| 19.7** | 25.31** | 22.48**
5 Ash-33xR-sh-10 17.98** [13.68**|15.77**|12.07**| 16.54** | 14.29**
6 Ash-17 xR-sh-38 7.47** | 3.82** | 5.61* | 6.05** | 10.85** | 8.42**
7 Ash-20 xR-sh-38 12.03** | 3.21** | 7.55** {10.31**| 10.16** | 10.24**
8 Ash-22xR-sh-38 -1.66* [13.45**| 6.02* |5.83** | 6.70** | 6.26**
9 Ash-32 xR-sh-38 9.54** | 6.43** | 7.96** | 4.26** | 10.62** | 7.39**
10 Ash-33xR-sh-38 15.77** |14.46%*|15.10%*(16.37**| 22.40** |19.34***
11 Ash-17 xR-sh-76 16.92** | 19.3** |18.10**|20.43**| 31.77** | 26.03**
12 Ash-20 xR-sh-76 23.64** |34.87**|29.23**|18.03**| 34.73** | 26.28**
13 Ash-22xR-sh-76 16.92** 15.13**|16.03**|15.63**| 19.70** | 17.64**
14 Ash-32 xR-sh-76 13.23** |16.23**|14.72**|15.38**| 20.69** | 18.00**
15 Ash-33xR-sh-76 32.32** |34.87**|33.59**|30.05**| 31.03** | 30.54**
16 | Ash-17 xICSR-92003 7.58** | 6.84** | 7.21** |13.73**| 5.90** | 9.72**
17 | Ash-20 xICSR-92003 2.40*%* | -0.39 | 0.99 |[5.49** | 3.49** | 4.47*
18 Ash-22xICSR-92003 6.59** | 3.52** | 5.03* (14.65**| 5.9** | 10.17**
19 | Ash-32 xICSR-92003 | 24.75** |25.39**|25.07**|27.69**| 20.31** | 23.91**
20 Ash-33xICSR-92003 5.59** | 547** | 553* |13.96**| 5.24** | 9.50**

*, ** Significant at 0.05 and 0.01 probability levels, respectively

For panicle length (Table 9), heterosis vaules uner 100 kg N level in
2017, 2018 seasons showed that all the crosses exhibited significant or
highly significant positive heterosis the highest cross vaules is 44.89%
(ASH-17 x ICSR-92003). Whereas, under stress levels of nitrogen fertilizer
( combined across the two seasons heterosis vaules ranged from 6.16%
(ASH-22x RSH-38) to 39.29% (ASH-33x ICSR-92003), 17 crosses were
significantly or highly significantly positive under stress levels of nitrogen

fertilizer.
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Table 9. Heterosis of panicle length and 1000 grain weight in
percentage from the better parent under the two
levels of nitrogen fertilizer and combined.

panicle length

No. F1 cross 100Kg 60Kg

2017 2018 Comb | 2017 | 2018 | Comb
1 |Ash-17 xR-sh-10 20.65%* | 21.43** [21.05%*|29.17**|11.54**| 20.00**
2 |Ash-20 xR-sh-10 17.39%* | 20.41** |18.95%*|26.39**| 7.69** | 16.67**
3 | Ash-22xR-sh-10 28.26** | 14.29%* (21.05%*|33,33**|15.38%*| 24.00**
4 |Ash-32 xR-sh-10 18.48** | 18.37** |18.42**|19.44**|19.23%*| 19.33**
® | Ash-33xR-sh-10 31.52%* | 29.50%* |30.53%*|19.44**|17.95%*| 18.67**
6 |Ash-17 xR-sh-38 21.43** | 18.48** [19.89%**|15.94**|12.99%*| 14.38*
7 |Ash-20 xR-sh-38 25.00%* | 6.52** [15.34**|21.74**| 0.00 | 10.27
8 | Ash-22xR-sh-38 19.05** 1.09 9.66* |17.39**| -3.90* | 6.16
9 |Ash-32 xR-sh-38 20.24** | 16.3**  [18.18**|13.04**| 9.09** | 10.96*
10 | Ash-33xR-sh-38 22.62** 2.17 11.93* [20.29**| -3.9* | 7.53
11 |Ash-17 xR-sh-76 26.51** | 31.03** |30.36**|25.37**(38.24**| 36.92**
12 |Ash-20 xR-sh-76 27.71%* | A7.44%* |37.27**|16.42%*| 37.1** | 26.36**
13 | Ash-22xR-sh-76 25.30%* | 43.59%* (34.16%*|23.88**|46.77**| 34.88**
14 |Ash-32 xR-sh-76 30.12%* | 50.00%* |39.75%*|19.40%**|43.55%*| 31.01**
15 | Ash-33xR-sh-76 16.87** | 39.74** |27.95%*|13.43**|41.94%*| 27.13**
16 |Ash-17 xICSR-92003 | 44.71** | 45.05** |44.89%*|35.82%*|36.99%*| 36.43**
17 |Ash-20 xICSR-92003 | 38.82** | 38.46** [38.64**|34.33**|34.25%*| 34.29%*
18 | Ash-22xICSR-92003 | 50.59** | 31.87** |40.91**|37.31**|15.07**| 25.71**
19 |Ash-32 xICSR-92003 | 43.53** | 27.47** |35.23%*|47.76%*|27.40%*| 37.14**
20 | Ash-33xICSR-92003 | 34.12** | 35.16** |34.66**|38.81**|39.73**| 39.29**
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Table 9. Cont.

1000 grain weight

No. F1cross 100Kg 60Kg

2017 2018 | Comb | 2017 | 2018 | Comb
1 |Ash-17 xR-sh-10 -14.47** | 2.17 -5.14 | -7.78** |-10.69%* -9.27
2 |Ash-20 xR-sh-10 -3.14%* | .22** | 131 | -354* | -351* | -3.52
3 |Ash-22xR-sh-10 -1.86 | -5.14** | -1.71 | -4.20* |-17.26%* -10.28*
4 |Ash-32 xR-sh-10 5.47*%* | -3.15* | -2.84 0.69 |-17.5**| -8.98
° | Ash-33xR-sh-10 -15.92%* | -14,09%* | -15.04** | -19.50%* |-29.17**| -24 53**
6 |Ash-17 xR-sh-38 -5.92%* | -358* | -3.64 | -2.06 |-11.47** -6.87
7 |Ash-20 xR-sh-38 -0.26 |-35.66%*|-17.51** | 2.03 |-40.51**-19.71**
8 | Ash-22xR-sh-38 3.48* | 234 2.92 227 |-547**| -1.69
9  |Ash-32 xR-sh-38 -4.37%* | -356* | -3.98 | -3.55% |-11.4**| -7.30
10 | Ash-33xR-sh-38 -2.35% | -5.13%* | -3.42 1.21 |-13.65** -6.39
11 |Ash-17 xR-sh-76 -21.22%% | -6.7** |-11.54**|-13.51**|-11.38**| -12.38*
12 |Ash-20 xR-sh-76 7.99%* | 10.27** | 9.12* | 9.08** | 5.63** | 7.42
13 | Ash-22xR-sh-76 7.15%* | 3.30* 5.24 | 6.76** | -2.06 | 2.09
14 |Ash-32 xR-sh-76 10.58** | 3.98* 7.30 | 9.18** |-533**| 146
15 | Ash-33xR-sh-76 -16.19%* | -7.98** | -12.25%* |-11.18**|-20.01**| -15.73**
16 |Ash-17 xICSR-92003 | -18.98** | -20.08** | -19.52%* | -15.47** |-28 55%*| -22 44**
17 |Ash-20 xICSR-92003 | -13.31** | -14.09%** | -13.69** |-10.65** |-25.51**| -18.56**
18 | Ash-22xICSR-92003 |-27.58** | -33.9** | -30.7** |-32.00** | -33.6** | -32.85**
19 |Ash-32 xICSR-92003 |[-18.51** | -27.89%** | -23.14** |-21.45%* |-14.53**| -17.76**
20 | Ash-33xICSR-92003 |-37.59%** | -29.62** | -33.65** |-43.88** |-52.15**| -48.29**

*, ** Significant at 0.05 and 0.01 probability levels, respectively

1758




Under nitrogen stress, heterosis values for 1000-grain weight (Table
9) across the two seasons heterosis ranged from -33.65 (ASH-33 x ICSR-
92003) to 9.12% (ASH-20x RSH-76) and from -48.29 (ASH-33x ICSR-
92003) to 7.42% (ASH-20x RSH-76) under optimum nitrogen fertilizer,
respectively. Most of the crosses had negative and highly significant
heterosis for 1000-grain weight. This indicates that the increase in grain
yield may be attributed to the increased number of grains.

For grain yield per plant (Table 10, most of the crosses showed

positive and highly significant heterosis in 2017 and 2018 under the two
levels of nitrogen and their combined, indicating that these crosses had
higher grain yield per plant than the highest parents. The respective
superiority of these hybrids in grain yield per plant from the highest parents
may be due to the superiority of 1000 grain weight and number of grains per
panicle.
In general, some crosses were earlier, taller plant height and heavier in 1000
grain weight than the best parents. Moreover, most of the crosses were
higher in grain yield per plant than the best parents in 2017, 2018 seasons
under two levels of nitrogen and combined over two seasons. These results
are in harmony with those obtained by Mahmoud (1997), Amir (1999),
Hovny et al (2001), Mahmoud(2002) and Abd EIl Halim (2003) they
concluded that most of the F1 crosses were earlier, taller, heavy grain
weight and higher grain yield compared than their parents. Mahdi et al
(2011) concluded that heterosis was found for more than half of the hybrids
studied. Several cross combinations showed significant positive 1000grain
weight heterosis, significant negative days to heading heterosis and good
performance. Mahmoud (2011) concluded that some crosses were earlier
than the parents and most of the crosses were heavier in 1000 grain weight
than the best parents. Moreover, most the crosses were taller, higher panicle
length, and higher in grain yield per plant than best parents under two levels
of nitrogen fertilizer and combined over two levels in 2017 and 2018
seasons. In addition, decreasing nitrogen fertilizer from 100 kg N/ fed., to
60 kg N/ fed decline in plant height, panicle length, 1000 grain weight and
grain yield/plant. While, decreasing nitrogen fertilizer from 100 kg N/fed. to
60 kg N/ fed led to increasing the days to 50% flowering.
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Table 10. Heterosis of grain yield per plant in percentage from the
better parent under two levels of nitrogen fertilizer and their

combined.
Grain yield/plant

No. F1 cross 100Kg 60Kg

2017 2018 Comb | 2017 2018 | Comb
1 |ASH-9x RSH-14 33.92**| 33.65** | 33.78** |59.05**| 50.02** |54.35**
2 |A-SH-11 RSH-14 38.82**| 20.79*%* | 34.15%* | 62.3** | 44.42** |53.00**
3 |ASH-12x RSH-14 11.06**| 12.04** | 11.57** | 13.2**| -1.34 5.63
4 |ASH-13x RSH-14 19.7%* | 10.5** | 14.94** |25.64**| 23.54** |24.55**
5 |ASH-18x RSH-14 33.92**| 29.33** | 31.54** |47.10**| 51.67** |49.48**
6 |ASH-9x RSH-39 22.18**| 10.63** | 16.22** |36.26**| 23.19** |29.54**
7 |A-SH-11x RSH-39 11.35*%*| 6.68** | 8.94** | 17.4** | 10.52** |13.86**
8 |ASH-12x RSH-39 22.18**| 18.38** | 20.22** [28.74**| 38.48** |33.75**
9 |ASH-13x RSH-39 36.99**| 29.35** | 33.05** |57.35%*| 45.08** |51.04**
10 |ASH-18x RSH-39 5.17** | 5.80** | 5.49** |11.92** 249 7.07*
11 |ASH-9x RSH-79 57.57**| 46.04** | 51.54** |65.38**| 34.9** | 49.3**
12 |A-SH-11x RSH-79 53.17**| 46.28** | 49.56** |56.58**| 45.54** |50.76**
13 |ASH-12x RSH-79 62.74**| 56.91** | 59.69** [64.35**| 54.11** |58.95**
14 |ASH-13x RSH-79 66.57**| 49.36** | 57.56** [81.87**| 54.8** |67.59**
15 |ASH-18x RSH-79 66.25**| 62.74** | 64.41** |73.53**| 70.53** |71.95**
16 |ASH-9x ICSR93001 56.28**| 53.39** | 54.81** |65.46**| 71.23** |68.29**
17 |A-SH-11x ICSR93001 |48.78**| 48.30** | 48.53** [69.94**| 72.4** |71.15**
18 |ASH-12x ICSR93001  |55.78**| 59.26** | 57.55** |58.08**| 91.28** |74.36**
19 |ASH-13x ICSR93001 |60.58**| 49.99** | 55.18** |74.75**| 83.54** |79.06**
20 |ASH-18x ICSR93001  |51.98**| 47.05** | 49.47** |72.91**| 60.67** |66.91**

*, ** Significant at 0.05 and 0.01 probability levels, respectively

Combining ability
General and specific combining ability GCA & SCA effects for days
to 50% flowering, plant height, panicle length, 1000-grain weight and grain
yield\plant are presented in Tables 11&12.
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Table 11. Combined data across the two seasons to estimate general
combining ability for all studied traits of five females and
four restorer lines under two nitrogen levels.

Days to Plant height | Pnicle length | 1000- Grain Grain
No.| Genotypes | 50%heading (cm) (cm) yield (9) yield/plant (g)
100% [ 60% |100% | 60% | 100% | 60% | 100% | 60% | 100% | 60%
Female lines
1| A-SH-17 | -0.02 |-0.21|-2.60 | 1.563 | 0.79 | 0.75 | -0.38 | -0.17 | 0.82 | 0.86
2 | A-SH-20 -0.38 | -0.24 | -1.14 | -0.05 | -0.08 | -0.46 | 0.88* | 0.82* | -1.50* | -0.87
3| A-SH-22 | -0.04 | 0.39 |-3.10*|-2.93*| -0.38 | -0.29 | 0.50 | 0.45 | -0.53 [-2.94**
4 | A-SH-32 -0.30 | -0.44 | 257 | 045 | 0.01 | 0.17 0.66 |1.51**| 1.52* |3.18**
5| A-SH-33 0.74 | 0.50 |4.28**| 0.99 | -0.33 | -0.17 |-1.66**|-2.60**| -0.32 | -0.23
S.E (gi) 0.44 032 | 1.33 | 1.15 | 0.47 | 0.46 0.40 0.41 0.59 0.94
S.E.(gi-gj) 062 | 045 | 188 | 1.63 | 0.67 | 0.66 | 057 | 057 | 0.83 | 1.32
Male lines
1| R-SH-10 | -0.22 | -0.09 | -0.68 | 2.28* |1.30**| 0.85* | 0.01 |-0.77* |-3.03**| -1.72*
2 | R-SH-38 | -0.37 | -0.02 [5.22**-4.96**-3.60**|-2.35**| 0.69 |1.17** |-4.52**|-4.60**
3| R-SH-76 | -0.80* [-0.57*|4.62**|2.88**|-1.10* | -0.82 |1.01**|1.14** |3.27** | 2.29**
4 |ICSR-92003| 1.38** | 0.68* | 1.28 | -0.19 |3.40**| 2.32** |-1.71**|-1.54**| 4.28** | 4.03**
S.E (i) 039 | 028|119 | 1.03 | 042 | 041 | 036 | 0.36 | 0.53 | 0.84
S.E.(gi-0j) 056 | 040 | 168 | 1.46 | 0.60 | 059 | 051 | 051 | 0.74 | 1.18

*, ** significant at the 0.05 and 0.01 levels, respectively.

For number of days to 50% flowering, the male line RSH- 76 had
negative and significant GCA under combined data. These lines had
favorable genes and would be good combiners for earliness. Whereas, the
male line ICSR-92003 had positive and significant or highly significant
GCA under the two levels of nitrogen fertilizer and combined across the two
seasons. Specific combining ability (SCA) effects for days to 50% flowering
Table (10) showed that crosses No. (4 and 18) under 100 Kg N level and
crosses No. (10 and 20) under 60 Kg N combined across the two seasons
had negative and significant means. These crosses would be considered as
good combiners for earliness. These results are in harmony with those
obtained by Ali (2000), Biradar et al (2000), Kenga et al (2004), Bakheit et
al (2004), Hovny et al (2005), Mohamed (2007) and Eatemad (2015).
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Table 12. Estimate of specific combining ability (SCA) effects for all the
studied traits of the twenty F1 crosses across the two seasons
under two nitrogen levels.

Days to . Panicle length| 1000-Grain |Grain yield / plant|
No. |Genotypes 50%heading Plant height (cm) (cm) Weight (g) 9)
100% | 60% | 100% | 60% | 100% |60% | 100% | 60% | 100% | 60%
1 |Ash-17 xRsh-10] -1.16 | -0.95 | 5.93* |693%*| -1.09 |-0.68| 0.07 | 0.21 |463**| 7.65%*
2 [A-20" 129 | 122 | 064 |7.02%¢| 088 |-031| 056 | 062 |7.18%*| 8.70%*
3 | Qo2 117 | 016 | 10.60** | 7.56* | 0.08 | 136 | 0.10 | -0.28 |-8.12%*| -13.01%*
4 (32> -1.85% | 0.78 | -7.40%* | -4.98* | -1.13 [-0.27| -0.38 | -0.50 |-8.03%%| -0.64%
5 QZE‘_:’BX 313|279+ | 978~ | =.[303|-0.10| -035 | -0.06 [435%| 630~
g (Ash-17x 023 | 013 | 203 | 433 | 064 |035| 0.75 | 056 | -1.20 | 0.43
R-sh-38
7 (Ash-20x 031 | 001 | -033 | -008 | 0.18 |056 |-4.52%%|-3.76%*|-3.75%*| 5.10%*
R-sh-38
e 071 | 050 | -087 | -3.04 | 119 |-061| 1.78* | 129 | 2.82* | 643+
g o2 176 |178%| 337 |-475%| 093 |0.10| -0.38 | -122 |9.34% | 9.30%*
10 [£5h33 159 | -141% | 650% |12.20%%| -0.57 |-0.40 | 2.38%* | 3.12%% |-7.20%%| -10.17
11 (ASh-17 x 072 | 060 | -387 | 167 | -053 | 065 |-2.73%%|-2.57%%|-3,57%%| .5 pxx
R-sh-76
12 [R50 066 | 029 | 11.68** | 358 | 068 |-0.64| 1.38 | 1.20 | 234 | -3.22
13 QS22 148 | 105 | -653¢ |-538%| 014 |1.03| 080 | 0.86 | 225 | 2.60
14 (A132 071 | -0.67 |-14.20% |-825%| 127 |-027| 1.09 | 023 | -0.97 | 042
15 |pn-38 081 | -0.06 | 12.08 |8.38* | -1.57 |-0.77| -0.53 | 028 |4.62%*| 583+
IAsh-17 x - ) ) ) - - B
16 [ 165 | 142% | 003 | -427 | 098 |-032| 1.91% | 1.79% | 0.14 | -2.46
IAsh-20 x -
17 (e o 163 | 092 [-1n99= | © | 002 039|250 | 194* | 110 | 052
Ash-22x * * % % * *
1 |02 o |194¢| 070 | 320 | 086 | 0.98 |-L76|2.67*|-188% | 305+ | 399
Ash-32 x ox "
19 (o os | 062 | 0.32 | 2497 [17.98++| -L07 |0.43 | -033 | 149 | 034 | -0.09
Ash-33x
20 | RT3 o | 072 | 131 | 974w | 406 | 090 |127| -150 |-3.35%| 175 | -196
SEep) 088 | 063 | 266 | 231 | 095 |093| 081 | 081 | 118 | 187
S.E.(55-50) 125 | 089 | 377 | 327 | 134 |131] 114 | 115 | 166 | 265
*, ** significant at the 0.05 and 0.01 levels, respectively.
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CMS-line ASH-33 under 100 Kg N and R-lines RSH-10 under 60
Kg N across the two seasons had positive and significant or highly
significant GCA effect for plant height. These lines had favor gene action
for tallness. While, the crosses No.1, 3, 10, 15 and 19 had positive and
significant SCA effect for plant height under the two nitrogen levels across
the two seasons. These results are in agreement with those obtained by
Hovny and EI-Dsouky (2007), Abd-El-Mottaleb (2009) and Amir (2015).
They found that both additive and non-additive gene action were involved in
the inheritance of plant height.

For the panicle length under the two levels of nitrogen across the
two seasons the parent lines RSH-10 and ICSR-92003 had positive and
significant or highly significant GCA effect for panicle length. These lines
had favor gene action for panicle length. Whereas the cross No. 5 under
100Kg N level across the two seasons only had positive and highly
significant SCA. It may be considered as the best combiner for panicle
length.

For 1000-grain weight, the female parent ASH-20 and the male
parent RSH-76 displayed significant or highly significant positive GCA
effects under the two levels of nitrogen across the two seasons. These
parents are considered to be good combiners for grain weight. The crosses
No. 10, 16 and 17 under both nitrogen levels and combined across the two
seasons and the cross No. 8 combined across the two seasons under 100 Kg
N had positive and significant SCA effect for 1000-grain weight. These
crosses were considered as the best combinations for 1000-grain weight.
Similar results were obtained by Bakheit et al (2004), Hovny et al (2005),
Mohamed (2007), Essa (2009) and Eatemad (2015). They found that general
and specific combining ability were significant for 1000-grain weight.
Sayed et al (2016) supposed that, specific combining ability (SCA), effects,
the crosses ICSA613 x ICSR89028 and ICSA20 x ICSR53 gave positive
and highly significant SCA effects which indicated that these crosses can be
considered desirable combinations. These crosses had also high grain yield
per se and one of the parents with highest GCA effects (i.e. good combiner
parent).
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Parental lines such as the female line ASH-32 and the male lines
RSH-76 and ICSR-92003 had positive and highly significant GCA effects
for grain yield across the nitrogen levels and the two seasons. These lines
had favor gene action and considered the best combiners for grain yield. It
could be expected these two parents could show better heterosis in Fi
hybrids and produce earlier and high yielding genotypes. These results are
in harmony with those obtained by Ali (2000), Biradar et al (2000), Kenga
et al (2004), Bakheit et al (2004), Hovny et al (2005), Mohamed (2007),
Essa (2009) and Hussien (2015).

The crosses No. 1, 2, 5, 8, 9, 15 and 18 had positive and significant
SCA effect under nitrogen levels across the two seasons and would be
considered as the best combinations for grain yield / plant. Moreover, the
crosses (ASH-20 x RSH-10) and (ASH-32 x RSH-38) had positive and
highly values and would be considered a good combinations for grain
yield/plant under optimum and stress conditions. These results are in line
with those reported by Haussmann et al (1999), Mahmoud (2002), Amir
(2004), Mahmoud (2007), Amir et al (2015) and Eatemad (2015).

REFERENCES

Abd El-Halim, M. A. (2003). Heterosis and line x tester analysis of combining ability in
grain sorghum (Sorghum bicolor (L.) Moench). M. Sc. Thesis, Fac. of Agric. Assiut
Univ., Egypt.

Abd El-Mottaleb, A. A. (2009). Heterosis and combining ability in grain sorghum
{Sorghum bicolor (L) Moench}under optimum and low level of nitrogen. Ph. D.
Thesis, Faculty of Agric. Minia Univ., Egypt.

Abd-Elrheem, O.A.Y. (2012). Heterosis and combining ability in some grain sorghum
genotypes. M. SC. Thesis, Fac. of Agric. Al- Azhar University, Egypt.

Abo-Zaid, Z. S. H. (2007). Genetic behavior of some characteristics of drought tolerance
in grain sorghum. M. Sc. Thesis, Faculty of Agriculture, Cairo University, Egypt.

Ali, M.A. (2000). Heterosis, combining ability and stability studies in grain sorghum .Ph
.D. Thesis, Fac. Agric., Assiut Univ, Egypt.

Al-Naggar, A.M., D.A. El-Kadi and Zeinab S.H. Abo-Zaid (2006). Quantitative genetic
parameters of grain sorghum traits contributing to low-N tolerance. Egypt J. Plant
Breed, 10: 79-102.

Amir, A. A. (1999). Line x tester analysis for combining ability in grain sorghum
(Sorghum bicolor (L) Moench). M. Sc. thesis Faculty of Agric. Assiut Univ., Egypt.

1764



Amir, A. A. (2004). Breeding for drought tolerance in some grain sorghum genotypes and
their hybrids. Ph. D. Thesis, Faculty of Agric. Assiut Univ, Egypt.

Amir, A.A. (2008). Evaluation of some grain sorghum crosses and their parents under two
levels of irrigation. (The Second Field Crops Conference), FCRI, ARC, Giza, Egypt;
241-261.

Amir, A. A. and E.L. Mohamed (2015). Inheritance of sorghum yield and its components
under low nitrogen fertilization using line by tester analysis.

Bakheit, B.R. A.H. Galal, M.R.A. Hovny and A.A. Abd EI-Mottaleb (2004). Heterosis
and combining ability in grain sorghum (Sorghum bicolor (L.) Moench). Assiut J.
Agric. Sci., 35: 165-183.

Biradar, B.D. S.M. Vastrad, R.A. Balical and J.M. Nidajundi (2000). Combining ability
studies in rabi sorghum . Karnataka J. Agic. Sci., 13 (3): 721-723 (C.F. Plant Breed.
Abst. 2001, 71. (12), 12270).

El-Abd, M.H.H. (2003). A genetic analysis of moisture stress tolerance in sorghum MSc.
Thesis, Faculty of Agic. Assiut Univ, Egypt.

El-Dardeer, A.A. (2011). Combining ability and heterosis in grain sorghum(Sorghum
bicolor (L.) Moench) under different environments M. Sc. Thesis, Fac. of Agric.,
Assuit, Univ., Egypt.

Essa, H.M.H. (2009) Breeding grain sorghum for drought tolerance M.Sc. Thesis, Faculty
of Agriculture, Ain Shams University, Egypt.

FAO, (2017). http:// appst. Fao. Org / Servlet / Xte Servelet. Jrun.

Fischer, R.A. and R. Maurer (1978). Drought resistance in spring wheat cultivars. 1.
Grain yield response. Aust. J. Agric. Res, 29: 897-912.

Gomez, K.A. and A.A. Gomez. (1984). Statistical Procedures for Agricultural Research.
John Wiley and Sons, New York.

Haussmann, B.1.G., A.B. Obilana, P.O. Ayiecho, A. Blum, W. Schipprack and H.H.
Geiger (1999). Quantitative genetic parameters of sorghum [Sorghum bicolor (L.)
Moench] grown in semi-arid areas of Kenya. Euphytica 105: 109-118.

Hovny, M.R.A. (2000). Heterosis and combining ability in grain sorghum (Sorghum
bicolor (I.) Moench ). Assiut J. Agric. Sci. 31: 17-30.

Hovny, M. R. A. (2005). Developing new grain sorghum crosses using cytoplasmic male
sterile lines (Sorghum bicolor (L.) Moench). Eleven Conference of Agronomy,
Agron. Dept., Fac. Agric., Assiut Univ., Nov., 15-16: 195-204.

Hovny, M.R.A. and M.M. EI-Dsouky (2007). Performance of some grain sorghum lines
and their hybrids under optimum and low input nitrogen conditions. Assiut J. Agric.
Sci. 38 : 67-90.

Hovny, M.R.A., M.M. EI-Menshawi and O.O. El-Nagouly (2001). Combining ability
and heterosis in grain sorghum (Sorghum bicolor (L.) Moench) Bull. Fac. Agric.,
Cairo Univ. 52: 47-60.

Hussien, E. M. (2015). Line X tester analysis and heterosis in grain sorghum hybrids under
Arab-El Awamer Conditions Assiut J.Agric. Sci., (46) (4) 1-11.

1765



Kempthorne, O. (1957). Yield stability of single, three ways and double cross hybrids.
Sorghum News- letter, 33-59.
Kenga, R., S. O. Alabi and S. C. Gupta (2004). Combining ability studies in tropical
sorghum (Sorghum bicolor (L.) Moench). Field Crops Res., 88, (2-3): 251-260.
Mahdy, E.E, M.A. Ali and A.M. Mahmoud (2011). The effect of environment on
combining ability and heterosis in grain sorghum (Sorghum bicolor L. Moench).
Asian Journal of Crop Science, 3: 1-15.

Mahmoud, Kh. M. (2002). Breeding for yield and related traits of grain sorghum under
water stress conditions. Ph.D Thesis, Fac. Agic. Assiut Univ., Egypt.

Mahmoud, K. M. (2007). Performance, heterosis, combining ability and phenotypic
correlations in grain sorghum (Sorghum bicolor (L) Moench), Egypt. J. of Appl.
Sci., 22(4B): 389-406

Mahmoud, K.M. (2011). General, specific combining ability and heterosis in grain
sorghum under two levels of Nitrogen fertilizer. Egypt. J. of Appl. Sci., 26(I12B):
891-915.

Mahmoud, Kh. M. (1997). Combining ability and heterosis in grain sorghum (Sorghum
bicolor (L.) Moench) M.Sc. Thesis, Fac. Agric., Assiut Univ., Egypt.

Mohamed, M.E. (2007). Genetic studies on some grain sorghum genotypes. M.Sc.Thesis,
Fac. Agric., Minia Univ., Egypt.
Mohamed, M.E. (2014). Evaluation of three way crosses derived from some grain
sorghum genotypes. Ph.D. Thesis, Fac. of Agric. Al- Azhar University., Egypt.
Sayed, M.A. and M.T. Said (2016). Estimation of heterosis and combining ability effects
on grain yield and some agronomic traits of sorghum under three NPK fertilizers
levels. Egypt. J. Agron. 38, (2) .257-280.

Singh, R. K. and B. D. Chauahary (1985). Biometerical Methods in quantitative Genetic
Analysis. Kalyani. Publisher.New Delhi,3"Ed.,39-68.

1766



Aad ) 3,0 A8 ) ol qus) 1 (amy B UL o 3,8l 5 cuagl) B 6B
Op il el Cig B Ciad o guall
M\WM\WJ&W\;M&W;Mﬁ
Zeh 30 rgadl S m — Aiad Jealadl gy sne — Fad N 53 Cigay and

sl £ ase g A lines Aede clllu o alusiul ded lf cigad] 5,0 G cpas 1o die gl a7

ST e 218 ardT AT VAN g V1Y awga F . Vo) P auwga Al g R- lines 4padll 5ins
O Ot plns ad Yy gaidh Cigay dbae B (Ll P T Cuas A DlaUL g U 4 omas 1) g
U] gedlild < pplif | (adiia JinaS GGl aaS T g Slaf JieaS Gl aa€ ) o) i g il duewdd
L pinad) Lulle caldllis) il gl IS A jilf Jas cilbead) apand Duailly S ghealf o A ginal) Lulle
A il S 5 bl g LT o S oy IS 9 180 ) AN g i 5 5D ) s G
gl £l G ol OIS LaS Aol jtlf s pa Gldeal] st &y pinad Mo clgalll g oL o Jo Ll
gl S dpag o8 e e L Al jal) Jas cilical) gnd duadlyy Gpsnn gpil) JUs & plned] o
uils IS dua il g A el G S gl aline lS S g gLl A jlha 5 S Gagd] e lS
i g gl unly Ul i JS cigund] Jpana (A o]y Sl Job o) g Jsbl Gagl) abins
I il s gt sl s b gls ciady s g ol Seacill] (o glens g adill] pan o JUS
ldal) A I s g i paaS T e AL G g i aaS e G o g il Sead) Java dlédl]
O pblll wae Sul i oo Ly Gl JSI i guad] Jpana g dun il G gg faill) Job g Sltdl Job
tell] (o s iady g Al il Jpana A gl i) ) gl gl - ) g e
igle .Ash-32 x ICSR-92003 s Ash-32 xRsh-38 s ASh-33 XRsh-76 2 g,
Ulead) i pglif gt fil) clidl] Jpuanad ducadlly ¥o T Cpnt L lhe pas Ao oagl) Al clgds i do
s g A Gl fpans ddeat dunnilly Lulle 4udlli]) § 448 [CSR-92003 <l bty ASh-32 all
Gl gl i o §glle gl Jpwana Gpendd Lyl galiy s bl 00s Jlaria Sy 4df Ui
A (g A b S o guad) Jowans ddeal Duadlly Ligins g A pa Ldle dals LU 5 a8 gl

(P V)WYV IYP (M) Clail) Ly il 4y ] ULl

1767



