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ETEROSIS and combining ability for grain yield and some

agronomic traits were studied among thirty F1 grain sorghum
crosses and their elven parents under three NPK levels during 2014
and 2015 seasons. Significant differences among genotypes were
found for all studied traits, indicating wide genetic diversity. The
interaction of genotypes with each of years and NPK levels were
significant in most studied traits. The analysis of variance for
combining ability revealed that the mean square 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. The female line 1ICSB610 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. It 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 with highest GCA effects. The observations on portioning
of combining ability variance into additive and dominance variances
indicated the role of both additive and dominance gene action. The
magnitude of non-additive variance was higher than the additive
variance by many folds for all studied traits.
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Grain sorghum (Sorghum bicolor L. Moench) is the fifth leading cereal crop in
the world after maize, rice, wheat, and barley (FAOSTAT, 2014). However,
sorghum grain is the staple food of poor and the most food-insecure people,
living mainly in the semi-arid regions (Ali et al., 2009 and Bibi et al., 2010).
Africa contributes more than 60% of the total land area under sorghum
(FAOSTAT, 2012), but the yields have remained low (less than 1t ha™) due to
continuous use of low yielding cultivars (Ringo et al., 2015). Sorghum performs
better under adverse soil and weather conditions as compared to other crops
(Ejeta & Knoll, 2007). Worldwide, crop production is restricted by the
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concentrations and chemical forms of mineral elements, and adequate supplies of
the essential mineral elements nitrogen (N), potassium (K), phosphorus (P) and
the other essential mineral elements are required for maximal crop production
(White & Brown, 2010). Phytoavailability of N, K, P, or S often limits low-input
agriculture (Fageria et al., 2011 and Mueller et al., 2012). Moreover, sorghum is
a C4 annual crop which can produce high forage biomass yields per unit of area
(Rooney et al., 2007) and uses nitrogen in a more efficient way compared to
most C3 crops (Young & Long, 2000). Sorghum was investigated under low
fertility conditions by several studies (Al-Naggar et al., 2006; Hovny & El-
Dsouky, 2007; Abd EL-Mottaleb, 2009; Omar et al., 2014 and Amir &
Mohamed, 2015). They stated that reducing N levels delayed flowering date,
reduced grain yield plant™ and reduced 1000 grain weight as well as significant
positive GCA effects of female and male lines under low nitrogen level for grain
yield plant® and 1000 grain weight. Utilization of grain sorghum hybrids can
significantly increase yields in sorghum growing areas (House et al., 1997)
because they out-yield local cultivars and improved varieties by 20 - 60%
(Bantilan et al., 2004). This potential of hybrids is estimated from the percentage
increase or decrease of their performance over the mid-parent (average heterosis)
and better-parent (heterobeltiosis) (Hochholdinger & Hoecker, 2007).
Furthermore, both types of heterosis were worked out in order to have broad
picture of performance for materials across dry lands and sub-humid
environments, and positive heterosis in a desired trend is preferred in selection
for yield and its components (Lamkey & Edwards, 1999). Combining ability
analysis is one of the powerful tools available to estimate the combining ability
effects and aids in selecting the desirable parents and crosses for the exploitation
of heterosis (Sarker et al., 2002 and Rashid et al., 2007). The general combining
ability (GCA) of parental genotypes should be examined when the objective is
the development of superior genotypes, while the specific combining ability
(SCA) effects provide information about the performance of hybrids (Cruz &
Regazzi, 1994). The differences in GCA are mainly due to the additive genetic
effects and higher order additive interactions, while the differences in SCA are
attributed to the non-additive dominance and other types of epitasis (Falconer,
1989). This information would be useful to investigate the performance and
relationship of F1 hybrids and parents and to select suitable parents and
population for designing an effective breeding program. Presence of heterosis,
GCA and SCA effects for yield and its related traits are reported by Abo-Elwafa
et al. (2005), Faiz et al. (2006), Hovny & EI-Dsouky (2007), Saleem et al.
(2008), Abd eL—Mottaleb (2009), Kanbar et al. (2011) and Omar et al. (2014).

This investigation aimed to: 1) Determine heterosis over mid- and better-
parent for yield and agronomic traits by identifying suitable heterotic parents
under NPK levels. 2) Assess the combining ability of current sorghum materials,
aiming to a parental selection improvement for low NPK fertility tolerance in
breeding programs to increase production.
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Materials and Methods

Plant materials and hybrids development

Plant material of the experiment comprised of 30 F; grain sorghum crosses
formed by crossing six inbred lines (cytoplasmic male sterility lines) to five
testers in a line x tester mating design in the summer season of 2013 to generate
the breeding material and two standard checks (Hybrid 305 and Dorado). The
female lines (ICSA20, ICSA52, ICSA608, ICSA610, ICSAG13 and ICSA93)
and male lines (ICSR29, ICSR53, ICSR89028, ICSR91020 and ICSR93004)
were obtained from India (International Crop Research Institute for Semi-Arid
Tropics, ICRISAT).

Experimental site

The 43 grain sorghum entries were grown at Assiut Agricultural Research
Farm, Assiut University, Assiut, Egypt. The preceding crop of the experimental
site for the two seasons was wheat. The physical and chemical properties of
experimental site are shown in Table 1.

TABLE 1. Some physical and chemical properties of representative soil samples of
the experimental site before sowing (0-30 cm depth) for the two growth

seasons.
Soil property 2010/2011 season* 2011/2012 season*

Particle - size distribution

Silt (%) 274 27.3
Sand (%) 24.3 25.2
Clay (%) 48.3 475
Texture Clay Clay
Organic matter (%) 1.75 1.72
Field capacity (%) 42.8 43.2
EC (1:1 extract) (dS m™) 0.74 0.77
pH (1:1 suspension) 8.2 8.1
Total nitrogen (%) 0.72 0.69
CaCO; (%) 34 35
KCl-extractable N (mg kg™) 41.23 40.26
NaHCO;-extractable P (mg kg™) 4.36 4.65
NH,OAC-extractable K (mg kg®) 49.24 50.86

* Each value represents the mean of three replications.

Experimental design and field management

The field design was a randomize compete block design (RCBD) using strip
plot arrangement with three replicates. NPK levels were allocated to the main
plots and entries to subplots. Each entry (genotype) was placed in a three rows
plot of 3 m long and 60 cm apart with 20 cm between plants. Trial was hand
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planted with 3-4 seeds per hill, which was later be thinned to secure two plants
per hill. Planting was done in the two summer successive seasons at 17" and 16"
of June in 2014 and 2015 seasons, respectively. Standard cultural practices for
optimum sorghum production were carried out in both seasons. Three fertilizers
levels, 100% (L1), 75% (L2) and 50% (L3) of the recommended doses, i.e. 240,
54 and 57.6 kg/ha of N, P and K fertilizers, respectively. Urea (46.5% N),
Superphosphate (15% P,0s) and Potassium sulphate (48% K,0) were used as a
source of N, P and K, respectively. The super-phosphate and potassium sulfate
were applied once before the first irrigation, while urea was divided into three
doses and applied before the first, second and third irrigations.

Data collection

The data was recorded for days to 50% heading (HD; day) on whole plot
basis, whereas plant height (PH; cm) and panicle length (PL; cm) on the average
samples of five random competitive plants from each genotype were tagged in
each replication (border plants were excluded). Seed index (SI; g) was recorded
on the weight of 1000-grain in grams from each genotype per each replication,
while, biological yield (BY; t ha™) and grain yield (GY; t ha™) were recorded on
the total number of plants per plot, then the data of biological yield and grain
yield per plot were transformed to t/ ha.

Statistical analysis and procedures

Analysis of Variance

30 F; hybrids, their parents and two check varieties were evaluated for grain
yield and some agronomic traits over three NPK levels and two years. Years (Y)
and NPK levels represent six different environmental conditions, according to
this, the combined analysis was performed according to Steel et al. (1997) after
carrying out the homogeneity using Bartlett test, to estimate the main effects of
the different sources of variation and their interactions.

Correlation

Phenotypic correlations among studied traits were determined under overall
NPK levels and years using Pearson’s correlation test. The ANOVA and the
correlation test were performed using SAS software (v 9.2, 2008).

Combining ability analysis

The general (GCA) and specific (SCA) combining ability of the parents and
hybrids were worked out as per the method outlined by Kempthorne (1957) in
order to determine the significance of differences among hybrids and parents.

Heritability

2
Broad (“"») and narrow , 2 o
) (H ~ ) sense heritability were measured as follows:

2 2

2 O, 2 O
H =76/, H", =74/,
e} o}
P P
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2 2 2
where, %% is the genetic variance, Op is the phenotypic variance and O4 is the
additive variance.

Heterosis
Mid-parent (MP) and best-parent (BP) heterosis percentages were computed
by using the following fomulas:

M])ij :M BPI/ :Eij _BP(1-~1ij)
Mp iz, ' BP

(F1ij)
where MPj; is the heterosis of the ijth cross; BPj; is the heterobeltiosis (best-
parent heterosis) of the ijth cross; Fy; is the mean of the ijth F;, cross; MP (Fy;) is
the mid-parent [(Parentl + Parent2) / 2] for the jjth cross; and BP(Fyj) is the best
parent values for the ijth cross. Significance was tested by the appropriate
revised Least Significant Difference (LSD) at 5% level of significant according
to Steel & Torrie (1981).

Results and Discussion

Data in Table 2 show that all the variance components, years, NPK levels,
genotypes and interactions were affected significantly in all studied traits except
plant height (PH) and biological yield which were not affected significantly by
the NPK levels and years, respectively. Moreover, significant differences among
genotypes were found for all studied traits, indicating wide genetic diversity. The
interaction of genotypes with each of years and NPK levels were significant in
most studied traits, reflecting that expression of these traits are controlled mostly
by the non-additive effects of genes that are not stable under NPK levels over
both years. Similarly, the analysis of variance for combining ability revealed that
the mean square due to entries, parents, parents vs. crosses, crosses, lines, testers,
lines x testers turned up significant for all studied characters suggesting that the
experimental materials possessed considerable variability in both general and
specific combining ability involved in the genetic expression of these characters
(Table 3). The results obtained were concur with those obtained by Al-Nagar et
al. (2007) and Abou-Amer & Kewan (2014) who found that N and NP levels and
their interaction with genotypes had a highly significant effect on sorghum green
fodder yield and grain yield (t/fad (fad=2400 m?). Variation among parents,
crosses, parents vs crosses, lines, testers and line x testers also was observed in
several sorghum studies such as Hovny & EI-Dsouky (2007), Abdel-Mottaleb
(2009), Essa (2009) and Mahdy et al. (2011).

Egypt. J. Agron. 38, No. 2 (2016)



262

M.A. SAYED AND M.T. SAID

TABLE 2. Mean squares of the combined analysis of variance for grain yield and
agronomic traits.

S.V. DF |50%HD | PH;cm |PL;cm| Sl;g |BY;T/H|GY; T/H
Year (Y) 1 2449.8 |[35710.02| 140.70 | 1308.14 | 5034.68 5.78
Y (Rep) 4 9.30 477.92 | 35.68 28.08 959.33 0.57
NPK levels (L) 2 27421 | 1674.27 | 217.83 | 118.89 | 1244.41 | 134.12
YL 2 96.42 32461 | 197.65 | 42.04 31.72 1.29
YL(Rep) 8 7.21 456.25 8.53 11.68 31.50 0.34
Genotypes (G) 42 195.59 | 7773.13 | 90.35 68.74 | 3284.03 | 17.57
GY 42 73.32 | 2035.31 | 36.95 35.50 220.58 16.70
GL 84 4.68 77.99 7.76 10.38 82.84 1.23
GYL 84 5.42 104.00 7.98 10.79 14.47 1.09
Error 504 1.72 104.55 5.99 7.95 71.94 0.38

"™ Significant at the 0.05 and 0.01 probability levels, respectively

TABLE 3. Mean squares of the combined line x tester analysis for all studied traits
overall environments (NPK levels and the two years).

Source DF 53(? PH;cm | PL; cm Sl; g BY; T/H|GY; T/H
(Eé‘r‘]’\'lric;”me”ts 5 | 626.8™ |7766.8™ | 187.5" | 318.2" | 1455.9" | 545"
Rep(Envi) 12 | 82" | 42327 | 171" 147" | 392.2™ 0.5
Entries (E) 40 | 191.9™ | 6951.8™ | 89.4™ | 6957 |3301.37 | 17.77
Parents (P) 10 | 348.2" | 2217.6™| 92.6™ | 129.2" | 2903.3™ | 5.37
PvsC 1 41.8™ (200523 | 1383.2™ | 239.6” |76785.4™| 482.4™
Crosses (C) 29 | 14327 [1909.47 | 4377 | 43.07 | 90467 | 597
Lines (L) 5 80.8” |1885.3"| 4387 | 112.4™ | 158737 | 257"
Testers (T) 4 | 57357 | 543587 | 9457 | 90.6~ | 341437 | 39.8™
LT 20 | 7277 |121027| 3357 | 1617 | 231.97 | 1527
Envi'E 200 | 1917 | 499.7" | 138™ | 15.3™ 86.5 44"
Envi'P 50 | 1577 | 60557 | 1347 | 211" 35.9 56
P vs C "Envi 5 71" 2135 | 2427 8.5 92.3 86.7"
Envi'C 145 | 2077 | 47307 | 13.77 1357 | 103.7” 1.2
Envi'L 25 15.4 584.2 | 19.9™ 20.6" 77.0 9.7”
Envi'T 20 | 49.07 | 5904 | 212" 16.2 3935 387
Envi'L'T 100 | 1647 | 421.8™ | 106 11.37 52.4 2.7
Error 480 1.8 107.5 6.1 75 71.8 0.37

" ™ Significant at the 0.05 and 0.01 probability levels, respectively.

Egypt. J. Agron. 38, No. 2 (2016)



EFFECT OF HETEROSIS AND COMBINING ABILITY ON SORGHUM 263

Days to 50% heading

As an average of the genotypes (Table 4), heading date was delayed by
decline the amount of NPK fertilizers added. Since, significant difference
between L1 (69.7 day) and L3 (71.7 day) was observed. Similar result was
observed by Omar et al. (2014) who found that mean days to 50% flowering of
hybrids and their parents were increased by increasing nitrogen stress. Under the
three NPK levels, female lines and crosses were earlier than male lines and
check varieties. About half of the crosses were earlier than the earliest check
variety (Hybrid 305), and the last was earlier than Dorado cultivar. The results
furthermore, reveal that elven crosses exhibited significant and negative mid-
parent heterosis (Table 5). Also, elven crosses show highly significant and
negative specific combining ability (SCA) indicating that these crosses can be
considered as good combiners for earliness. Among the parental lines, five lines
show negative and highly significant general combining ability (Table 6). The
cross (ICSA610 x ICSR29) shows significant and negative mid-parent heterosis
and had highest negative SCA values among crosses (Table 7). The female line
ICSB610 had the highest negative GCA among females and involved in the best
cross in days to 50% heading. The previous results indicated that this line may
be harboring the genes that underlay the earliness, whereas in testers,
ICSR91020 gave maximum GCA effect (-3.76**), these parents contributed to
improving short duration to heading in the crosses. These results are in harmony
with those obtained by Hovny & EI-Dsouky (2007), Abdel-Mottaleb (2009),
Essa (2009), Mahdy et al. (2011), Abou-Amer & Kewan (2014), Omar et al.
(2014) and Amir & Mohamed (2015).

Plant height (PH)

The plant height of sorghum genotypes decreased as a result of reducing the
amount of NPK fertilizers comparing with 100% of recommended NPK. The
average reduction in plant height was not significant. However, the majority of
the crosses were taller than their parents and the check verities indicating the
existence of heterosis under all studied NPK levels. As an average, the maximum
plant height (204.5 cm) was set by the cross ICSA608 x ICSR29 followed by
ICSA613 x ICSR53 (200.8 cm) as per se hybrid performance (Table 4). Among
female lines, ICSB93 set the tallest plant height (156.0 cm) whereas in testers,
ICSR53 gave the highest value of plant height (162.9 cm). Line ICSB613 gave
maximum (6.03**) positive GCA effects and involved in the second taller cross
(Table 6), this line tends to increase plant height. Whereas among the testers,
ICSR29 manifested maximum (10.00**) positive GCA effects and involved in
the second taller cross indicating that both the parents retain more additive
genes, thus may be utilized in hybridization programs for improving plant height
in segregating population. The crosses (ICSA608 x ICSR29) and (ICSA52 x
ICSR89028) gave maximum SCA effects of 12.06 and 11.74, respectively,
which may be considered suitable for hybrid crop development (Table 7). These
findings are in agreement with those obtained by Hovny & El-Dsouky (2007),
Abdel-Mottaleb (2009), Essa (2009), Mahdy et al. (2011) and Amir & Mohamed
(2015).
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TABLE 4. Mean performance of the 30 F1 hybrids. their respective parents and check
varieties under three NPK levels (100, 75 and 50%o) over both years for days to
50% heading, plant height and panicle length.

raits

0, - .
Genotypes 50% HD PH; cm PL;cm
Irrigation o o o o o o o o o
Hybrids 100%| 75% | 50% | Mean | 100% | 75% | 50% | Mean | 100% | 75% | 50% | Mean
ICSA20 x ICSR29 705|708 | 720 | 71.1 | 1981 | 2036 | 196.1 | 199.3 | 304 | 289 | 294 | 296
ICSA20 x ICSR53 713|722 | 747 | 727 | 1738 | 1783 | 1742 | 1754 | 304 | 275 | 286 | 288

ICSA20 x ICSR89028 710|718 |732| 720 | 1733 | 1651 | 1653 | 1679 | 31.9 | 306 | 30.6 | 310
ICSA20 x ICSR91020 66.8 | 67.7 | 69.3 | 679 | 1759 | 177.1 | 177.2 | 1767 | 322 | 30.7 | 299 | 309
ICSA20 x ICSR93004 742 | 745|752 | 746 | 1847 | 1833 | 169.7 | 1792 | 331 | 292 | 268 | 29.7
ICSA52 x ICSR29 733 | 722|753 | 736 | 1832 | 1858 | 1814 | 1835 | 31.8 | 298 | 27.7 | 298
ICSA52 x ICSR53 687 | 698 | 717 | 701 | 1864 | 1852 | 1831 | 1849 | 275 | 251 | 260 | 262
ICSA52 x ICSR89028 69.2 | 685|700 | 69.2 | 1986 | 191.7 | 189.3 | 1932 | 31.9 | 29.7 | 309 | 308
ICSA52 x ICSR91020 653 | 665|673 | 664 | 180.8 | 1798 | 181.6 | 180.7 | 28.7 | 265 | 256 | 269
ICSAS52 x ICSR93004 675|693 |703| 69.0 | 1719 | 1738 | 1659 | 1705 | 30.8 | 309 | 30.7 | 308
ICSAG08 x ICSR29 702 | 69.7 | 723 | 70.7 | 2109 | 2066 | 196.1 | 2045 | 303 | 295 | 317 | 305
ICSAG08 x ICSR53 69.3 702|723 | 706 | 1842 | 1830 | 1794 | 1822 | 31.8 | 269 | 293 | 29.3
ICSAG608 x ICSR89028 | 715 | 71.3 | 747 | 725 | 1825 | 1810 | 1756 | 179.7 | 326 | 314 | 310 | 317
ICSAG608 x ICSR91020 | 64.0 | 658 | 67.0 | 656 | 177.1 | 1726 | 166.1 | 1719 | 323 | 299 | 313 | 312
ICSAG08 x ICSR93004 | 755 | 768 | 753 | 759 | 1820 | 1734 | 1668 | 1741 | 302 | 284 | 294 | 293
ICSA610 x ICSR29 653 | 663|682 | 666 | 1958 | 1902 | 1926 | 1929 | 30.6 | 278 | 30.2 | 295
ICSA610 x ICSR53 685 | 702|723 | 703 | 1875 | 1864 | 180.9 | 1849 | 278 | 268 | 283 | 276
ICSA610x ICSR89028 | 70.7 | 72.2 | 747 | 725 | 180.7 | 1763 | 1720 | 1763 | 28.7 | 278 | 287 | 284
ICSA610x ICSR91020 | 66.8 | 67.2 | 67.8 | 67.3 | 1819 | 1823 | 181.2 | 181.8 | 30.9 | 304 | 298 | 304
ICSA610 x ICSR93004 | 68.7 | 69.0 | 70.3 | 69.3 | 189.6 | 187.1 | 171.9 | 1829 | 288 | 275 | 255 | 27.3
ICSA613 x ICSR29 713|702 |725| 713 | 1904 | 1896 | 183.6 | 187.9 | 293 | 273 | 27.1 | 279
ICSA613 x ICSR53 665 | 67.3 | 67.2 | 67.0 | 2022 | 2029 | 1974 | 2008 | 32.7 | 30.7 | 282 | 305
ICSA613 x ICSR89028 | 69.3 | 69.8 | 728 | 706 | 1949 | 189.0 | 1831 | 189.0 | 323 | 293 | 293 | 303
ICSA613 x ICSR91020 | 64.8 | 66.7 | 688 | 66.8 | 191.9 | 1936 | 1914 | 1923 | 329 | 306 | 294 | 310
ICSA613 x ICSR93004 | 71.0 | 743 | 730 | 728 | 159.8 | 1782 | 168.1 | 168.7 | 27.9 | 302 | 30.2 | 294
ICSA93 x ICSR29 725|723 |755| 734 | 1851 | 1847 | 177.1 | 1823 | 325 | 316 | 319 | 320
ICSA93 x ICSR53 678 | 68.7 | 69.2 | 686 | 1826 | 1842 | 1811 | 1826 | 287 | 261 | 263 | 27.0
ICSA93 x ICSR89028 708 | 712|742 | 721 | 1826 | 1770 | 1727 | 1774 | 328 | 288 | 324 | 313
ICSA93 x ICSR91020 645 | 655 | 660 | 653 | 167.4 | 1624 | 1651 | 1650 | 322 | 319 | 296 | 312
ICSA93 x ICSR93004 723|738 | 742 | 734 | 166.3 | 1645 | 157.8 | 1629 | 29.7 | 273 | 286 | 285

Hybrid's mean 693 701|716 | 70.3 | 1841 | 1830 | 1781 | 1817 | 308 | 290 | 29.1 | 29.6
Female lines

ICSB20 68.0 | 683 | 67.2 | 67.8 | 1325 | 1350 | 1324 | 1333 | 27.1 | 259 | 271 | 26.7
ICSB52 655 | 65.0 | 67.8 | 66.1 | 148.1 | 1430 | 1451 | 1454 | 251 | 260 | 258 | 25.6
ICSB608 673 | 67.7 | 682 | 67.7 | 1330 | 1339 | 129.6 | 1322 | 26.7 | 225 | 275 | 256
ICSB610 675|680 693 | 683 | 129.8 | 129.8 | 132.7 | 130.8 | 269 | 274 | 263 | 269
ICSB613 685|677 | 705 | 689 | 1338 | 1321 | 1318 | 1326 | 251 | 236 | 232 | 240
ICSB93 65.3 | 66.2 | 688 | 66.8 | 1539 | 1522 | 1619 | 1560 | 27.2 | 249 | 271 | 264
Female's Mean 670 | 672 686 | 676 | 1385 | 1377 | 1389 | 1384 | 264 | 251 | 262 | 25.9
Males lines

ICSR29 768 | 750 | 775 | 76.4 | 1541 | 1558 | 1551 | 1550 | 293 | 271 | 281 | 282
ICSR53 705|718 | 733 | 719 | 1625 | 1659 | 1604 | 1629 | 239 | 228 | 244 | 237
ICSR89028 782 | 755|772 | 77.0 | 1544 | 1512 | 1418 | 1491 | 28.7 | 283 | 281 | 284
ICSR91020 683 | 705|718 | 70.2 | 1462 | 1557 | 1448 | 1489 | 331 | 292 | 327 | 317
ICSR93004 780 | 783|785 | 783 | 1439 | 1454 | 1411 | 1435 | 243 | 237 | 269 | 25.0
Male's Mean 744 | 742 | 75.7 | 747 | 1522 | 1548 | 1486 | 1519 | 279 | 262 | 280 | 274
Check varieties

Hybrid 305 700 | 69.8 | 71.7 | 705 | 2042 | 2034 | 202.2 | 2033 | 31.3 | 29.2 | 30.2 | 30.2
Dorado 750 | 77.7 753 | 76.0 | 1319 | 1329 | 126.7 | 1305 | 26.0 | 25.7 | 252 | 25.6
Check's Mean 725|738 [735| 733 | 1681 | 1682 | 1645 | 1669 | 28.7 | 275 | 27.7 | 279
Overall Mean 69.74[70.38[71.7°| 706 | 173.3* | 172.7* | 168.6° | 1715 | 29.7" | 28.0° | 285° | 28.7
Rev. LSD 5% Genotypes 0.27 5.86 146

:?ev. LSD 5% for NPK 050 NS, 055

evel

gev.LSD 5% for NPK x 160 NS, 278
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TABLE 4 (Cont.) Mean performance of the 30 F1 hybrids. their respective parents
and check varieties under three NPK levels (100, 75 and 50%b)
over both years for biological yield, grain yield and seed index.

Traits
Genotypes Sl; g BY; T/H GY; T/IH
Irrigation o o o o o o o o o
Hybrids 100% | 75% | 50% |Mean|100% | 75% | 50% |Mean [100% |75% [50% [ Mean
ICSA20 x ICSR29 25.6 [25.9|27.6| 26.4 | 58.4 | 62.8|57.8(59.7 | 41 /38|38 39
ICSA20 x ICSR53 25.8 [23.6245| 24.6 | 53.6 |[55.8|54.9(548 | 59 |69 |6.0| 6.3
ICSA20 x ICSR89028 26.4 | 26.7|26.0| 26.4 | 55.7 | 54.3|55.8| 553 | 6.0 |56 |47 | 54
ICSA20 x ICSR91020 273 [26.025.1 | 26.1 | 39.6 |[50.4[39.4[43.1| 58 |52 |41 | 50
ICSA20 x ICSR93004 254 |25.3|249| 252 | 58.1 |62.4|58.1|595 | 57 |51 |47 ]| 52
ICSA52 x ICSR29 29.7 [29.6 | 26.8 | 28.7 | 46.7 |42.2/40.5[43.1 | 6.0 |38 |43 | 47
ICSA52 x ICSR53 27.8 |126.0 274|271 | 49.4 |446|448|463 | 76 |65 |57 | 6.6
ICSA52 x ICSR89028 31.7 [28.024.9| 28.2 | 54.7 [ 38.043.6| 454 | 58 |52 |50 53
ICSA52 x ICSR91020 27.9 |26.7|27.0| 272 | 32.2 | 345|254 |30.7 | 65 | 51|40 52
ICSA52 x ICSR93004 29.5 [26.826.3| 275 | 489 |53.7|478[50.1 | 72 |74 |66 | 7.1
ICSA608 x ICSR29 28.8 |28.8|27.1|28.2 | 53.7 |52.4|46.5|509 | 58 |50 |52 53
ICSA608 x ICSR53 26.2 [26.3]24.9| 258 | 52.6 |[50.5|53.0(52.0 | 51 |48 |4.0| 46
ICSAB08 x ICSR89028 27.7 |26.4|25.7| 26.6 | 43.9 |42.7|41.2| 426 | 86 |65 (63| 7.1
ICSAB08 x ICSR91020 26.1 |23.0|253|24.8 | 352 [37.0/29.033.7 | 74 |69 |56 6.6
ICSAB08 x ICSR93004 23.7 |24.4|23.0| 23.7 | 53.0 [51.2|46.1|50.1 | 81 |72 |65| 7.3
ICSA610 x ICSR29 25.8 |25.6 |26.1| 25.8 | 56.7 |48.3|44.7|49.9 | 58 |46 |43 | 49
ICSA610 x ICSR53 25.9 |23.8|24.9| 249 | 50.2 |47.5]40.0| 459 | 6.5 |58 |46 | 5.6
ICSAB10 x ICSR89028 26.5 |24.0|24.0| 24.8 | 49.9 | 45.6 406|454 | 75 |72 |59 | 6.9
ICSAB10 x ICSR91020 24.9 | 265|254 | 256 | 355 [40.3|33.7| 365 | 7.2 |62 [6.0]| 65
ICSAB10 x ICSR93004 249 |25.6 |24.1| 249 | 555 [47.0|43.8|488 | 79 |65 (6.2 | 6.9
ICSA613 x ICSR29 30.6 |26.4|28.2| 28.4 | 49.2 |59.5|51.0| 532 | 64 |45 |36 | 48
ICSA613 x ICSR53 30.5 |29.7|25.9| 28.7 | 55.3 | 63.7|56.9| 586 | 3.8 |35 |31 35
ICSAB13 x ICSR89028 30.9 |28.7|26.7 | 28.8 | 585 |52.4|52.3| 544 | 75 | 6.6 |66 | 6.9
ICSAB13 x ICSR91020 30.8 |28.9|26.3|28.7 | 46.2 [45.7|339|419 | 6.7 |37 (32 ] 45
ICSAB13 x ICSR93004 26.0 |25.2|235| 249 | 464 |45.7|42.2| 448 | 59 |51 |44 ]| 51
ICSA93 x ICSR29 28.3 130.0|28.1| 28.8 | 56.0 |56.6 |50.7 | 54.4 | 46 |44 |30 4.0
ICSA93 x ICSR53 27.2 |25.4|25.6 | 26.1 | 56.5 [43.0 442|479 | 74 |60 |48 6.1
ICSA93 x ICSR89028 25.1 |28.1|24.0| 25.7 | 45.5 |55.2[49.1| 499 | 49 |44 |36 | 43
ICSA93 x ICSR91020 27.9 |275|28.0| 27.8 | 424 |43.3|474| 444 | 68 |63 |54 6.2
ICSA93 x ICSR93004 26.2 |24.2|25.0| 25.1 | 55.7 |55.6 |50.1| 538 | 6.1 |52 |52 ]| 55
Hybrid's mean 274 |26.4|25.7| 265 | 49.8 [49.4|455|482 | 64 |55[49 ]| 56
Female lines
ICSB20 244 1223|249|239 | 126 |145]|20.2| 158 | 64 |53 |41 | 53
ICSB52 29.6 |29.4|27.0|28.7 | 16.0 | 80 |154|13.1 | 51 |46 |38 | 45
1ICSB608 24.2 |23.8|22.6| 235 | 16.7 [14.6|13.2| 148 | 58 |49 |33 | 47
ICSB610 23.0 /207|203 | 21.3 | 135 |11.8|121| 125 | 53 |47 |46 | 49
ICSB613 255 |23.1|24.7| 244 | 194 |15.0]145| 163 | 5.1 |46 35| 4.4
1ICSB93 24.8 1263|254 | 255 | 21.4 |22.6 234|225 | 6.3 |53 |45 54
Female's Mean 25.6 |24.6 244|248 | 213 |19.4(20.6|205 | 58 |50 |41 | 49
Males lines
ICSR29 31.6 |31.9|26.5| 30.0 | 58.2 |[44.5]449|49.2 | 52 |54 |45 50
ICSR53 26.4 |27.7|24.7| 263 | 352 |[37.8|31.6| 349 | 53 |41 (34| 43
ICSR89028 26.1 |27.7|283|27.4 | 39.8 [39.631.2| 369 | 6.0 |52 |44 ]| 52
ICSR91020 22,0 120.1(239|22.0 | 26.4 |225|16.7|219 | 49 |41 41| 44
ICSR93004 241 1249 247|246 | 434 |41.0|343|396 | 64 |62 |57 6.1
Male's Mean 26.0 | 26.5|25.6 | 26.0 | 406 |37.1|31.7|365 | 56 |50 |44 | 5.0
Check varieties
Hybrid 305 28.5 |26.8|30.6 | 28.6 | 56.3 |49.7|51.4| 525 | 6.7 |62 |51 6.0
Dorado 27.1 |26.7 244|261 | 28.1 |28.1|25.7|27.3 | 6.9 |66 |63 | 6.6
Check's Mean 27.8 126.8|275|274 | 422 [389|386/399 | 68 |64 |57]| 6.3
Overall Mean 26.9" |26.1%(25.6°| 26.2 | 43.8" |42.6"|39.55| 42.0 | 6.2" |5.4° |4.7°| 54
Rev. LSD 5% Genotypes 1.73 4.86 0.35
Rev. LSD 5% for NPK level 0.69 1.05 0.11
Rev.LSD 5% for NPK x G 4.34 N.S. 0.73
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TABLE 5. Heterosis of F1 hybrids over their respective mid parents (MP) and better

parents (BP) over NPK levels and years.

50% HD PH; cm PL; cm Sl; g BY; T/H GY; TIH
Hybrids

MP | BP | MP | BP | MP | BP | MP [BP | MP BP MP BP
ICSA20 x ICSR29 -1.4 | 4.8**|38.3**[28.6** 7.9 51 | -2.1 [F12.1] 83.7** | 21.3 |-24.8**|-26.4**
ICSA20 x ICSR53 4.1%*[7.2**|18.4** 7.7 [14.3*| 7.9 | -1.8 |-6.3|116.4**|57.1**31.3** [ 19.3*
ICSA20 x ICSR89028 -0.5 | 6.1** [18.9**[ 12.6* [ 12.6* [ 9.3 | 2.9 [-3.6]|109.9**[49.8** 3.4 3.0
ICSA20 x ICSR91020 -1.6 | 0.2 [25.2**[18.7**[ 5.9 | -2.4 | 14.0 | 9.5 [129.0**[97.0** 5.1 | -3.8
ICSA20 x ICSR93004 2.1 [10.0**29.5**|24.9**| 15.0%| 11.2 | 3.9 | 2.4 [115.3**|50.6**| -9.0 [-15.2**
ICSA52 x ICSR29 3.3* |11.3**|22.2**|18.4** 10.8 | 5.9 [ -2.1 (-4.2| 38.4* |-12.3| -1.1 | -6.3
ICSA52 x ICSR53 15 |6.0%*[19.9**[13.5** 6.2 | 2.2 | -1.6 |-5.8[92.7** | 32.7 |49.9%*|46.3**
ICSA52 x ICSR89028  |-3.2**[ 4.7** |31.2**[29.5**| 14.2*| 8.6 | 0.6 |-1.8|8L.7**| 23.2 ( 9.9 24
ICSA52 x ICSR91020 -2.6 | 0.4 [22.8**|21.4** -5.9 |-14.9* 7.3 [-5.2| 75.1* | 40.1 | 16.9 | 15.1
ICSA52 x ICSR93004  |-4.3**[ 4.5** |18.1**[17.3**[21.7**|20.2**| 3.4 |-4.0|90.3**| 26.8 [33.3**| 15.9*
ICSA608 x ICSR29 -1.9 | 4.4**|42.5**(32.0**[ 135 | 8.4 | 56 [-5.9|58.8**| 3.4 [ 101 | 6.1
ICSA608 x ICSR53 1.2 |4.3**[23.5**| 11.8* [19.1**| 14.8 | 3.6 [-1.9]109.3**|49.2*| 2.5 -1.6
ICSA608 x ICSR89028 0.2 | 7.1** |27.7%*[20.5**|17.4**| 11.5 | 4.6 [-2.7(64.7**| 15.5 |44.3**|36.7**
ICSA608 x ICSR91020 |[-4.9**| -3.1* [22.3**[15.5**| 8.8 | -1.6 | 9.0 | 5.5 |83.7** | 54.2 47.4**[42.6**
ICSA608 x ICSR93004 |4.0**[12.1**26.3**[21.3** 16.0* | 14.6 | -1.4 |-3.6|84.3** | 26.7 [34.5**| 18.8*
ICSA610 x ICSR29 -7.9%* -2.4 [35.0**]24.4**| 7.4 | 49 | 0.5 [13.9[62.0**| 1.5 -0.5 -2.2
ICSA610 x ICSR53 0.4 | 3.0 [25.9**[13.5** 9.2 28 | 44 |-54|94.0%*| 31.7 | 22.9* | 15.8
ICSA610 x ICSR89028 | -0.2 |6.2** |26.0**[18.2**| 2.7 | 0.0 19 |[-9.3(84.0** [ 23.1 |36.4**|31.6**
ICSA610 x ICSR91020 |[-2.8** -1.5 [30.0**[22.1**| 3.8 | -4.1 [18.2*|16.5|112.5**| 66.7* [40.2** [ 33.2**
ICSA610 x ICSR93004 |-5.4** 1.5 [33.4**[27.5** 5.3 15 | 82 |1.1|87.4**| 23.2 |25.4**| 12.7
ICSA613 x ICSR29 -1.8 1 3.5 [30.7**21.2** 7.1 | -09 | 4.4 [-53|62.5**| 8.2 2.6 -3.6
ICSA613 x ICSR53 -4.8%* -2.7 [35.9%*[23.3**|28.1**[27.5**| 13.2 | 9.2 [129.1**[68.2**| -20.9* | -22.1*
ICSA613 x ICSR89028 |-3.1** 2.6 [34.2**[26.7**[ 15.9* | 6.8 | 11.2 | 5.3 |104.4**| 47.4* [43.2**| 32.3
ICSA613 x ICSR91020 |-4.0**[ -3.1* [36.7**[29.2** 11.4 | -2.2 [23.5*%*|17.4|119.5**|91.5** 3.5 2.8
ICSA613 x ICSR93004 | -1.1 |5.6** [22.2**[17.6**[20.4**| 18.0* 1.6 | 1.3 160.3**| 13.2 | -2.3 [-15.7*
ICSA93 x ICSR29 2.6* [10.0**[17.2**|16.9**[17.3**| 13.8 | 3.8 |-4.0|51.9**| 10.7 [-23.2**[-25.5**
ICSA93 x ICSR53 -1.1 | 2.7 J145*%12.1*%( 7.9 23 | 0.7 |-0.9|67.0**] 37.3 |26.0**| 13.5
ICSA93 x ICSR89028 0.3 |7.9**[16.3**13.7* | 14.5*| 10.5 | -2.5 |-5.9(68.2** [ 35.4 |-18.8*|-19.8*
ICSA93 x ICSR91020  |-4.6** -2.2 | 8.2 5.8 75 | -1.4 |17.1*[ 9.1 | 99.9** |97.3**[26.6** [ 14.9
ICSA93 x ICSR93004 1.3 (10.0** 88 | 44 [ 110]| 7.9 | 05 [-1.2]|73.5**|36.1*| -4.1 | -10.0

*; ** Significant at the 0.05 and 0.01 probability levels, respectively. MP and BP are the mid-parent
and better-parent heterosis, respectively .
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TABLE 6. Estimates of general combining ability (GCA) of lines and testers for all
studied traits overall environments.

Parents 50% HD PH; cm PL; cm Sl; g BY; T/H GY; T/IH
Lines
ICSB20 1.36** -2.01 0.37 -0.78** 6.24** -0.42**
ICSB52 -0.65** 0.85 -0.72** 1.22** -5.11** 0.20**
ICSB608 0.75** 0.76 0.76** -0.69* -2.37** 0.62**
ICSB610 -1.11%* 2.04 -1.00%* | -1.32** -2.95%* 0.57**
ICSB613 -0.61** 6.03** 0.19 1.37** 2.35** -0.60**
ICSB93 0.25 -7.67** 0.40 0.19 1.84* -0.38**
IS.E. (gi) lines 0.140 1.093 0.260 0.833 0.893 0.065
S. E. (gi-gj) 0.198 1.546 0.368 1.178 1.263 0.092
[Testers
ICSR29 0.82** 10.00** 0.25 1.22** 3.65** -0.96**
ICSR53 -0.44** 3.43** -1.38** -0.34 2.67** -0.14**
ICSR89028 1.17** -1.13 0.96** 0.23 0.60 0.42**
ICSR91020 -3.76** -3.63** 0.63** 0.18 -9.85%* 0.10
ICSR93004 2.20** -8.66** -0.46 -1.29** 2.94%* 0.58**
S.E. (i) testers 0.128 0.998 0.237 0.760 0.815 0.059
S.E. (gi-gj) 0.180 1411 0.336 1.075 1.153 0.084

*; ** Significant at the 0.05 and 0.01 probability levels, respectively.

Panicle length (PL)

Data exhibited in Table 4 show that panicle length was affected significantly
by the reduction in NPK levels. The large panicle in the hybrid is initiated earlier
and develops faster than in its parents (Blum, 1990). However, the majority of
the crosses had longer panicle than their parents indicating the existence of mid-
parent (MP) and better-parent heterosis (BP) (Table 5). About half of the crosses
had longer panicle than the best check variety (Hybrid 305). The cross ICSA93 x
ICSR29 had longer panicle (32.0 cm) followed by ICSA608 x ICSR89028 which
recorded 31.7 cm. The testers had longer panicle than lines. For combining
ability effects, the highest positive GCA of 0.76 and 0.96 were manifested by the
line ICSB608 and tester ICSR89028, respectively (Table 6). Implying that both
the parents were good general combiners. For SCA effects, half crosses showed
positive SCA effects, hence, the cross (ICSA52 x ICSR93004) had positive and
highly significant SCA effects (2.34**) followed by the cross (ICSA613 x
ICSR53) (2.07**). The previous results indicated that these crosses can be
considered as good combiners for panicle length. This is in agreement with the
findings of Hovny & EI-Dsouky (2007), Abdel-Mottaleb (2009), Essa (2009),
Mahdy et al. (2011) and Amir & Mohamed (2015).
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TABLE 7. Estimates of specific combining ability (SCA) of 30 F, hybrids for all
studied traits overall environments.

Hybrids 50% HD | PH;cm PL; cm Sl; g BY; T/H| GY;T/H
ICSA20 x ICSR29 -1.39** 9.56** -0.67 -0.57 1.56 -0.33*
ICSA20 x ICSR53 1.48** -7.72%* 0.19 -0.78 -2.38 1.26**
ICSA20 x ICSR89028 -0.85** [ -10.68** 0.05 0.39 0.20 -0.16
ICSA20 x ICSR91020 0.03 0.64 0.28 0.21 -1.50 -0.20
ICSA20 x ICSR93004 0.73* 8.20** 0.16 0.74 212 -0.57**
ICSA52 x ICSR29 3.12** -9.08** 0.63 -0.22 -3.64 -0.10
ICSA52 x ICSR53 0.83** -1.12 -1.33 -0.36 0.46 0.95**
ICSA52 x ICSR89028 -1.62** 11.74%* 0.96 0.21 1.72 -0.85**
ICSA52 x ICSR91020 0.48 181 -2.60** -0.73 -2.60 -0.70**
ICSA52 x ICSR93004 -2.81%* -3.35 2.34%* 1.10 4.05 0.70**
ICSA608 x ICSR29 -1.17** 12.06** -0.15 1.20 1.34 0.11
.ICSA608 x ICSR53 -0.02 -3.72 0.34 0.30 3.48 -1.46**
ICSAB08 x ICSR89028 0.26 -1.65 0.31 0.54 -3.86 0.53**
ICSAB08 x ICSR91020 | -1.69** -6.93** 0.13 -1.21 -2.27 0.36**
ICSAB08 x ICSR93004 | 2.62** 0.24 -0.62 -0.84 1.30 0.46**
ICSA610 x ICSR29 -3.42*%* -0.92 0.65 -0.59 1.00 -0.27
ICSA610 x ICSR53 1.56** -2.25 0.35 0.01 -2.06 -0.39**
ICSAB10 x ICSR89028 | 2.11** -6.28** -1.21* -0.62 -0.50 0.31*
ICSA610 x ICSR91020 | 1.83** 1.68 111 0.24 1.06 0.21
ICSAB10 x ICSR93004 | -2.08** .77 -0.90 0.95 0.50 0.13
ICSA613 x ICSR29 0.80** -9.88** -2.18** | -0.70 -0.99 0.84**
ICSA613 x ICSR53 -2.27** 9.66** 2.07** 1.14 5.37** -1.39%*
ICSA613 x ICSR89028 -0.22 2.37 -0.48 0.66 3.20 1.51**
ICSA613 x ICSR91020 | 0.83** 8.22** 0.52 0.59 1.19 -0.53**
ICSA613 x ICSR93004 | 0.86** -10.38** 0.07 -1.70** | -8.76** -0.43**
ICSA93 x ICSR29 2.06** -1.75 1.73** 0.88 0.72 -0.25
ICSA93 x ICSR53 -1.57** 5.16* -1.62 -0.32 -4.88* 1.02**
ICSA93 x ICSR89028 0.31 4.50 0.38 -1.19 -0.75 -1.33**
ICSA93 x ICSR91020 -1.47** -5.42* 0.56 0.89 4.13* 0.85**
ICSA93 x ICSR93004 0.68* -2.49 -1.05 -0.26 0.78 -0.30*
S.E. SCA 0.312 2444 0.581 0.647 1.997 0.145
SE (Sij-Skl) 0.442 3.457 0.822 0.915 2.824 0.205

*; ** Significant at the 0.05 and 0.01 probability levels, respectively.
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Seed Index (g)

Presented data in Table 4 investigate that seed index was decreased upon
decreasing NPK fertilizer so that, L2 and L3 caused 2.97 and 4.83% reduction in
seed index, respectively. This reduction was not significant. Similar results were
obtained by Omar et al. (2014), who stated that plant height, 1000-grain weight
and grain yield/plant of hybrids and parents were decreased with increasing
nitrogen stress. Five crosses out of thirty gave higher seed index than the best
check variety (Hybrid 305). However, the mean performance of F1 hybrids per
se showed that hybrid ICSA613 x ICSR91020 manifested highest (28.7 g) seed
index and recorded the highest positive and significant mid-parent heterosis
(23.5%) while next maximum value (28.7 g) was given by ICSA93 x ICSR29
(Table 5). Among the lines, ICSB52 (28.68 g) and testers, ICSR29 (29.99 g)
recorded maximum seed index (Table 4). Among the parental lines, ICSB613
(1.37**), ICSB52 (1.22**) and tester, ICSR29 (1.22**) exhibited positive and
highly significant GCA effects (Table 6). The SCA effects revealed that sixteen
out of thirty F1 hybrids exhibited positive non-significant effects, yet the
maximum SCA effect (1.20) was given by ICSA608 x ICSR29 and next ranker
was ICSAG613 x ICSR53. These results are in accordance with the findings of
Hovny & El-Dsouky (2007), Abdel-Mottaleb (2009), Essa (2009), Makanda et
al. (2010), Mahdy et al. (2011) and Aminu & lzge (2013).

Biological yield (t ha™)

Biological yield was decreased significantly as NPK fertilizer decreased so
that NPK level 2 and NPK level 3 caused 2.7 and 9.7% reduction in biological
yield (t ha™), respectively as compared with level 1. This is to be logic since the
same trend was true with regard to plant height, panicle length and seed index.
Abou-Amer & Kewan (2014) stated that fodder yield was increased significantly
by increasing N and P fertilizer levels. Also, Hussein & Alva (2014) reported
that the increased rates of N, P, K increased the plant growth and biomass.
Sorghum hybrids produce more biomass as compared with their parents (Sahoo,
2010). On average, most crosses exhibited remarkable increase in biological
yield than their parents and the check varieties indicating the existence of
heterosis under all NPK levels. Nine crosses out of thirty produced higher
biological yield than the best check variety (Hybrid 305). However, the highest
cross in biological yield was ICSA20 x ICSR29 and recorded (59.7 t ha™)
followed by the cross ICSA20 x ICSR93004 and recorded (59.5 t ha™).
However, all crosses showed positive and high significant mid-parent heterosis,
whereas few crosses showed significant high-parent heterosis (Table 5). The
cross (ICSA613 x ICSR53) showed significant and positive mid-parent (129.1
%) and high-parent (68.2%) heterosis followed by the cross ICSA20 x
ICSR91020 and recorded 129 and 97% mid- and high parent heterosis,
respectively. For combining ability effects, the highest positive GCA of 6.24**
and 3.65** were manifested by the line ICSB20 and tester ICSR29, respectively
(Table 6). implying that both the parents were good general combiners.
Concerning SCA effects, few crosses showed positive SCA effects, hence, the
cross ICSA613 x ICSR53 positive and highly significant SCA effects (5.37**)
followed by the cross ICSA93 x ICSR91020 (4.13*) (Table 7). The previous
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results indicated that these crosses can be considered as good combiners for
biological yield. Haussmann et al. (1999) studied the quantitative genetic
parameters of grain sorghum under variable stress conditions. They found that
the relative hybrid mean superiority over the mid parent values was highest for
grain yield followed by plant height and above ground dry matter. Our findings
are in accordance with the findings of Hovny & EI-Dsouky (2007), Abdel-
Mottaleb (2009), Essa (2009), Mahdy et al. (2011), Omar et al. (2014) and Amir
& Mohamed (2015).

Grain yield (t ha™)

Grain yield occupies a unique place among plant characters. As an average,
grain yield (t ha™) of sorghum genotypes, decreased as a result of reducing the
amount of NPK fertilizers as compared with recommended NPK fertilizers.
Average reduction in grain yield was 12.9 and 24.2% in 75% and 50% NPK,
respectively. This is to be expected since the same obtained was observed with
regard to seed index and biological yield and consequently produced the highest
mean values of grain yield. Shrotriya (1998) reported that balanced application
of NPK caused up to 122% increase in sorghum vyield in India. EI-Aref et al.
(2005) reported that nitrogen levels significantly affected the grain yield and
stated that applying 125 kg N/fad was more effective compared with other
studied nitrogen levels. Al-Nagar et al. (2006) reported that Low-N stress caused
a significant reduction in grain yield / plant of 17.9 and 15.2% for parental lines
and their F1s, respectively. Also, significant increase in grain yield by increasing
NP levels were observed by Abou-Amer & Kewan (2014). Dorado recorded
higher grain yield than Hybrid 305 cultivar, this result is in contrast with those
obtained by Abdo et al. (2014) under water stress conditions. Among the F1
hybrids per se, the crosses ICSA608 x ICSR93004 and ICSA52 x ICSR93004
produced top (7.2 ton ha™) and next maximum (7.1 ton ha™) grain yield (Table
4). Seven crosses out of thirty produced higher grain yield than the best check
variety (Drorado). Among the parents, tester ICSR93004 produced highest grain
yield (6.1 ton ha™) whereas among the females, maximum grain yield (5.4 t ha™)
was yielded by the line ICSB93 (Table 4). This result indicated that these high
yielding hybrids and parental lines are tolerant to low NPK fertility. It was
observed that the tester ICSR93004 has participated the highest yielding crosses.
In plant breeding, it is normally assumed that when good performing parents are
crossed with each other, they are anticipated to produce better hybrids but this
assumption was not always true (Baloch & Bhutto, 2003). The majority of the
crosses showed positive heterosis in relation to their parents, thirteen crosses had
positive and high significant mid- and high parent heterosis (Table 5). The cross
(ICSA52 x ICSR53) showed significant and positive mid-parent (49.9 %) and
high-parent (46.3%) heterosis followed by the cross ICSA608 x ICSR91020 and
recorded 47.4 and 42.6% mid- and high parent heterosis, respectively. By
pooling the review of literature on heterosis studies, Abo-Elwafa (2005), Hovny
& El-Dsouky (2007) and Abdel-Mottaleb (2009) observed high relative heterosis
and heterobeltiosis for grain yield. For GCA effects, the female line ICSB608
showed the highest positive GCA effects (0.62**) whereas the male line
ICSR93004 gave maximum (0.58**) GCA effects. For SCA, effects, the crosses
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ICSA613 x ICSR89028 and ICSA20 x ICSR53 gave positive and highly
significant SCA effects indicating that these crosses can be considered desirable
combiners. This is in agreement with the findings of Hovny & EI-Dsouky
(2007), Abdel-Mottaleb (2009), Essa (2009), Mahdy et al. (2011), Omar et al.
(2014) and Amir & Mohamed (2015).

Correlation among studied traits

Data in Table 8 show the mutual correlation among traits studied overall
NPK levels and over two seasons. Looking at the correlation data under NPK
levels, it can be concluded that, heading dates was correlated positively and
significantly with each of BY (r=0.252**) and SI (r=0.090%), whereas, it was
negative but non-significant with GY and that may be due to the decline of the
amount of NPK fertilizers added as stress conditions. This decline led to
decrease GY and delayed heading time. Plant height was associated positively
and significantly with all studied traits with exception of days to 50% heading.
Biological yield was correlated positively and significantly with GY and SI.
Also, data showed that there was a positive correlation but weak between GY
and Sl and this may be due to the weakness of NPK accumulation as a result of
fertilizers deficiency. Tag EI-Din et al. (2012) found a positive and non-
significant correlation between grain yield and 1000-kernel weight. Also,
Almeida Filho et al. (2014) reported a positive association between plant height
and grain yield and negative correlation with days to flowering. Omar et al.
(2014) found that plant height had positive and highly significant correlation
with grain yield/plant under two N levels. While, 1000 grain weight had negative
and highly significant correlation with grain yield / plant under two N levels.

TABLE 8. Phenotypic correlations among six traits computed overall environments.

Traits PH; cm PL; cm Sl; g BY; T/H GY; T/H
50% HD 0.065 -0.012 0.090* 0.252** -0.034
PH; cm 0.349** 0.313** 0.594** 0.183**
PL; cm 0.133** 0.301** 0.024
Sl; g 0.267** 0.061
BY; T/H 0.088*

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

Genetic components

Data in Table 9 show the genetic components and contribution of the lines,
testers and their interaction of all studied traits overall NPK levels and years. The
line x tester analysis revealed that the contribution of the testers to the total sum
of squares was higher than of lines in all studied traits except in Sl. Since the
maximum contribution (55.26%) of the testers was noted for days to 50%
heading while the lowest values was recorded for grain yield (26.89%). Lines
were contributed as maximum value (45.07%) in seed index and the lowest one
was observed for days to 50% heading (9.73%). For the line x tester interaction,
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the maximum contribution to the total some of squares was 52.91% in panicle
length whereas the minimum contribution was 17.68% in case of biological
yield. It was observed that the variance due testers was higher than those of lines

and that confirmed by the contribution of lines and testers in previous discussion.
2

The results revealed that, dominance variance (GD) was high and additive
2

genetic variance (O-A) was low in magnitude for all the traits. The ratio of

2 2
(0/1 /JD ) ranged from 0.05 (panicle length and grain yield) to 0.55 (biological

yield). The observations on portioning of combining ability variance into
2 2

additive variance (O-A ) and dominance variance (GD) indicated role of both
additive and dominance gene action. The magnitude of non-additive variance
was higher than the additive variance by many folds for all studied traits. Broad-
sense heritability was moderate to high (43.21-85.74%) for panicle length and
days to 50% heading but low for seed index (31.46%). Whereas narrow-sense
heritability was very low and ranged between 0.69% (panicle length) and 4.18%
(days to 50% heading). Mohammed (2009) reported that additive is important in
the expression of days to flower, forage yield and stem diameter and non-
additive gene actions is important in the expression of plant height. Mahdy et al.
(2011) found that both additive and non-additive are important for the
inheritance of plant height and grain yield, while they found that the additive
effect is controlling days to 50% flowering. Several researchers have indicated
that additive and non-additive are important in the inheritance of grain yield and
some agronomic traits (Kenga et al., 2004; Abdel-Mottaleb, 2009, Mohammed,
2009 and Mahdy et al., 2011).

In conclusion, significant differences were observed among entries, parents,
parents vs. crosses, crosses, lines, testers, lines x testers, turned for all the
characters studied suggesting that the experimental materials possessed
considerable variability. The majority of the crosses were earlier, taller, longer
panicle, higher in biological yield, higher in grain yield and heavier in seed index
than their parents under combined NPK levels and two seasons. In addition,
decreasing NPK fertilizers decline in plant height, panicle length, biological
yield, seed index and grain yield/plant. While, decreasing NPK fertilizers led to
increasing days to 50% flowering. These results are in harmony with those
obtained by Abo-Elwafa (2005), Hovny & El-Dsouky (2007), Abdel-Mottaleb
(2009) and Omar et al. (2014). They concluded that most of the F1 crosses were
earlier, taller, heavier grain weight and higher grain yield compared with their
parents. A comparison of GCA effects of individual lines for grain yield showed
that much of the positive GCA obtained was contributed by ICSA608. ICSA610,
ICSR89028 and ICSR93004 under NPK levels and over two years. This suggests
a wide adaptation and high potential of these lines for use as a parent in
developing well-adapted hybrids with high yield potential and can be considered
as best general combiners. On the other hand, the female line ICSB610 showed
significant and negative GCA effects for days to 50% heading and panicle length
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and positive GCA effects for grain yield and plant height. It may be used to
develop high yielding, early flowering, and tall hybrids with short panicle length.
For SCA, effects, the crosses ICSA613 x ICSR89028 and ICSA20 x ICSR53
gave positive and highly significant SCA effects indicating that these crosses can
be considered desirable combiners. The crosses which recorded high SCA
effects, had high yield per se and one of the parents involved with highest GCA
effects. Thus, hybrid combination with high mean, with favorable SCA estimate
and involving at least one of the parents with high GCA, would tend to increase
the concentration of favorable alleles; an appreciable situation to any breeder.

TABLE 9. Genetic components estimates and proportional contribution to the total
variation of the lines x tester analysis for the studied traits over
environments.

50% HD | PH;cm PL; cm Sl; g BY; T/H | GY; T/H

Genetic components

estimates

Cov H.S. Lines 0.09 7.50 0.11 1.07 15.06 0.12
Cov H.S.Tester 4.64 39.13 0.56 0.69 29.47 0.23
Cov.H.S. (average) 0.26 2.55 0.04 0.10 2.46 0.02
Cov F.S. (Hybrids) 13.29 151.30 2.83 3.61 92.25 147
Additive var. (52 A) 0.51 5.11 0.07 0.20 491 0.04
Dominance var. (0-2 D) 3.94 61.26 1.53 0.48 8.90 0.82
o’Alc’D 0.13 0.08 0.05 041 0.55 0.05
(c*D/c® A)P®S 2.77 3.46 453 1.56 1.35 4.65
H2%g 85.74 77.95 43.21 31.46 71.43 70.62
H2y 418 1.05 0.69 1.79 1.96 2.79
Proportional contribution
to total variation (%)

Lines 9.73 17.02 17.26 45.07 30.25 21.71
Testers 55.26 39.27 29.82 29.06 52.06 26.89
LxT 35.01 43.71 52.91 25.86 17.68 51.40
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