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ABSTRACT

Six wheat varieties were single crossed at 2017/18. Six parents and its 15 F1 single-crosses were
cultivated under N-normal and N-stress at 2018/19, to study heterosis and the genetic parameters for yield
and its components under normal and N-stress. Mean squares of wheat-gentypes, parent, Fi-crosses and
parent versus cross were highly significant or significant for most of traits under both conditions. The highest
desirable heterosis and heterobeltiosis were detected by crosses No. 7 and No.8 for earliness; No.14, No.8
and No.3 for 100-Grain weight; crosses No.8 and No.13 for number of spikelets/spike; crosses No.9, No.7
and No.13 for number of grains per spike; cross No.4 for number of spikes/plant; crosses No.3, No.12 and
No.10 for grain yield per plant, therefore, it might be decided that these crosses may be beneficial for
enhancing wheat grain-yield programs under low or high N conditions. The median grade of dominance
was greater than one for all characters under both conditions, suggesting the importance of over dominance
gene effects in the genetics of these traits. Heritability in broad sense (hos) had high values for all traits
under both conditions. Lower heritability estimates in narrow sense (h%s) were detected for all the studied
traits under both conditions, except each of spikes number /plant, weight of 100-grain and protein % at both
conditions which had moderate values of narrow sense heritability, reflecting the part of environmental
factors and dominance genes in heirloom scheme of these characters.
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INTRODUCTION

Wheat (Triticum aestivum L.) is an essential supplier
of both carbohydrates and protein in human and livestock
nourishment (El-Hosary et al, 2019). Grains protein
contents are essential quality factor in wheat, as it helps to
determine baking quality (Bushuk 1977). Protein contents
of wheat are mainly influenced by varieties, available
nitrogen, wetness, and temperature specifications under
which the crop is cultivated (Fowler et al. 1990). Changes
in protein content with application of fertilizer N differ with
cultivar (Clarke et al. 1990 and Fowler et al. 1990). Hybrid
wheat may be one way of increasing yield. Numerous
genetic studies have shown the existence of major genes
conferring enhanced grain protein concentration without
adverse effects on yield (El-Saadoown, 2017 and 2018).
Nevertheless, plant breeders' experience shows that
simultaneous selection of grain protein concentration and
yield exists only occasionally successful at enhancing both
characters (Bakhsh et al., 2003). Al-Naggar et al. (2016)
showed that meams of heterobeltiosis were either significant
or nonsignificant but non-favorable, except for height of
plant under both low and high N, and grains number/spike
under low N. However, some crosses for each trait showed
significant and favorable heterobeltiosis, and under low—N,
the highest favorable and significant heterobeltiosis estimate
was shown by L27 x Gem 7 for grain yiled per plant
(14.94%), and grains per spike (25.82%), L25 x L26 for
100-grain weight (13.87%), L 25 x L 27 for spiks per plant
(12.53%), L 27 x Gem 9 for grtains per spike (26.19%) and
Gem 7 x Gem 9 for BYPP (28.99%). The improving of
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yield-rich and qualitly better wheat cultivars is not feasible
with no previous awareness of their genetic-properties. The
breeders consequently strive, with the help of appropriate
quantitative genetic techniques, to merge the preferred
properties of various cultivars.

Heterosis in wheat F1-crosses for early maturity,
along with grain yield and its attributes and grain-quality traits
were researched by Ahmad et al. (2016), Maich et al. (2017),
Yadav (2017) and Ranjitha et al. (2018) they established that
heterosis values over the mid- and better- parent differed from
positive to negative and from significant to non-significant for
the studied characters. Selection would be successful during
the early generations when additive gene action is
predominant. Otherwise, the selection would be at later
generations when these effects are fixed in the homozygous
lines. Analysis of diallel crosses for grain-yield and its
associated characteristics might provide fascinating
knowledge about gene action sort, which would be useful in
specific circumstances to comprehend the kind of gene action
engaged in the manifestation of a characteristic. It be able to
detect genotypes having the most dominant and recessive
alleles accountable for the representation of particular
characteristic. This facilitates breeders to achieve effective
selection in the isolating generations, prominent to the
development of specific traits in breeding inhabitants at stress-
conditions.

The current study targeted to estimate heterosis and
heterobeltiosis, genetic parameters for yield and its
components of wheat varietal crosses at N-natural and N-
shortage restrictions.
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MATERIALS AND METHODS

The genetic structural utilized in this study as
parental varieties consist of 6-bread wheat -cultivars

(Triticum aestivum L.), representative a broad range of
diversity for numerous characteristics. Names and the
history of these cultivars are submitted in Table-1.

Table 1. Names of parents and the history of the utilized parental cultivars.

No Name Pedigree

P1 Giza 168 MRL/BUE/SERI CM93046-8M-0Y-0M-2Y-0B

P2 Sakha 94 Opata / Rayon // Kauz CMBW90Y3180-0TOPM-3Y-010M-010M-010Y-10M-015Y-0Y-0AP-0S.

P3  Shandweel 1 SITE//MO/4INACITH.AC//3*PVN/3/MIRLO/BUC.

P4  Gemmeiza 11 BOW"S"/KVZ"S"/[TCISER182/3 /IGIZA168/SAKHA 61 GM7892-2GM-1GM-2GM-1GM-0GM

p5 Sids 12 BUC//7C/ALD/5/MAY A74/0ON//1160.147/3/BB/GLL/4/ICHAT"S"I6/MAY AIVUL/ICMH74A.630/4*SX
SD7096-4SD-1SD-1SD-0SD

P6 Misr 1 OASIS / SKAUZ // 4*BCN /3/ 2*PASTOR CMSS00Y01881T-050M-030Y-030M-030WGY-33M-0Y-0S

At 2017/2018, the parental cultivars were planted at
3-various times to overwhelm the variations in time of
flowering. All the feasible parental mixtures not including
reciprocal crosses were produced among the 6-varieties,
giving 15 Fi-crosses. At 2018/2019, the 21 entries (6-
parents and their 15-F; crosses) were assessed in two
individual nitrogen fertilization levels trials. The 1% trial
(high-N environment) was fertilized with 80 kg N/fed. The
2" trial (low-N environment) was fertilized with 40 kg
N/fed. The fertilizer of nitrogen as ammonium nitrate type
(33.5% N) with the previous rates were included in two
guantities. The 1 amount was 30% with sowing and the 2"
dosage was 70% before the 1% watering. The two trials were
conducted in a Randomized Complete Block Design
(RCBD) in 3 replicates in the Farm of Agron. Dept., Fac. of
Agric., Mansoura Univ., Governorate of Dakahlia, Egypt.

Every replicate comprised of 21-genotypes as well
as two borders, each genotype was planted in one row, 4 m
lengthy and 25 cm width with 20 cm among plants. Twenty-
seeds were penetrated by hand in the lines on 10™ Nov.
2018, in every line. Both two experimentations were given
fertilizer of calcium super-phosphate by rate of 15 kg
P»Os/fad, in one and only dosage during soil preparing. All
the rest agricultural procedures, except for N-fertilization,
were employed as advised for wheat farming. The two outer
plants from every line and the two outer rows of every plot
were eliminated to escape the effect of border line.

Data of the following characteristics were recorded
for 10 protected plants randomly chosen for each line in evry
replicate; days to flowering (day), spike length (cm),
spikelets number/spike, grains number/spike, spikes
number/plant, weight of 100-grain (g), grain yield per plant
(9) and protein content.

Statistical analyses:

The data of measured characteristics were analyzed
on basis of plot mean. All achieved data were exposed to the
statistical analysis of the Randomized Complete Block
Design by 3-replicates to assess the variations amongst the
studied different genotypes in every nitrogen regimes
according to Snedecor and Cochran (1980). The means of
the studied wheat genotypes were assessed utilizing the
values of Least Significant Differneces (LSD) at 0.05 and
0.01 probability levels, conferring to Gomez and Gomez
(1984).

Heterosis Estimates:

Heterosis as suggested by Mather and Jinks (1982)

was established for single cross as the proportion variation
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of means of F; from mid parents (MP) and better parents
(BP) means and conveyed as percentages for each situation
of high-N and low-N, as follows:
Heterosis over the mid parents (Hwr) % = (F1-MP)/MP x 100
Heterosis over the better parents (Hesp) % = (F1— BP)/BP x 100
Where:
F1 = mean values of the 1% generation, MP = value of the mean of the
mid parents computed by utilizing the median mean of the two parents
and BP = value of mean of the better parents.
The heterosis effect significance for F; values for the

mid and better parents were tested agreeing to the
subsequent recipe:

LSD for heterosis over mid parents =t o.0sor0.01) X (3MSe/2r)12
LSD for heterosis over better parents =t @osorooz X (2MSe/r)Y2
Where:
t= value of tabulated "'t at stated level of probability for degrees of
freedom of the experimental error, MS, = experimental error mean
sguares from the analysis of variance, and r = replicates number.

Hayman Analysis:

Dividing the total genetical variance to its consistent
sections; effects of additive and dominance genetical were
estimated utilizing the diallel-analysis technique as outlined
by Hayman (1954 and 1958). Estimates of the genetic
variation components were components of variability due to
effects of additive gene (D), effects of mean of covariance
of additive and dominance over the arrays (F), component
of variability due to effects of dominant gene (Hi),
dominance indicated a symmetry of positive and negative
effects (H.), dominance effects as the algebraic sum over all
loci in heterozygous phase in all crosses (h?) and component
of variation due to environmental effect (E). To test each of
these components, standard error for each component was
calculated according to Singh and Chaudhary (1985).

The above estimates were then used to compute the
following proportions: the mean grade of dominance at each
locus (H1/D)Y?, the ratio of genes with positive and negative
effects in the parents (H2/4H.), the ratio of dominance and
recessive genes in the parents (Ko/Kg), an estimator of
groups number genes which are involved in the performance
of the trait and exhibit dominance to certain degree (K).
Moreover, broad (h%s) and narrow senses (h2s)
heritabilities were assessed utilizing the formulation of
Mather and Jinks (1982), for the F; generations as follows:

Heritability in narrow sense (hns%6) = V2D+1/2H -1/2H,-1/2F
U2D+1/2H,-1/4H, -1/2F+E

U2D+1/2H-UdH,-U2F
U2D+1/2H,- Uk, -U2F +E

Heritability in broad sense (hns%6) =
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RESULTS AND DISCUSSION

Analysis of variance:

Analysis of variance for grain-yield, its attributes
and grain-quality characteristics are represented in Table-2.
Results directed visibly that mean squares due to all wheat
genotypes, parents, crosses and parents versus Crosses were
highly significant or significant for all the studied grain-
yield, its attributes and grain-quality characters under both
high-N and low-N environments, excepting each of;
genotypes, parents and crosses for spike length under
normal condition, parents and crosses for spike length under

N-stress, parents for grains number/spike and spikes
number/plant under both conditions, parents versus crosses
for spikes number/plant under both conditions, reflecting a
sort of heterosis for these characters. The significance of
source of variations due to the genotypes comprising parents
and its cross combinatios were also noticed in most
aforementioned investigations, as in Abdel-Moneam &
Sultan (2009); Abdel-Moneam (2009); Kumar & Kerkhi
(2015); Ahmad et al. (2016); Farhat & Darwish (2016);
Saeed et al. (2016); Qabil, (2017); Thomas et al. (2017);
Abdel-Moneam & Leila (2018) and Bhumika et al. (2018).

Table 2. Mean squares of wheat genotypes, parents, crosses and parents versus crosses for the examined grain-yield,
its attributes and gran-quality characteristics at high-N and low-N environments.

sV DE Flowering date (day) Spike length (cm) Spikelets number/spike

' ) High-N Low N High-N Low N High-N Low N
Genotypes 20 51.70** 63.23** 1.597 2.086** 5.03** 6.06**
Parents 5 9.56** 12.99** 1.556 1.556 3.12* 4.27%*
Crosses 14 46.66** 78.09** 0.724 0.737 2.98** 1.95
P. V Cross 1 332.96™* 106.48** 14.025** 23.625** 43.21** 72.69**
Error 40 0.93 1.02 0.890 0.840 111 1.01

Grains number /spike Spikes number /plant 100-Grain weight (g)
S.V D.F High-N LowN High-N Low N High-N LowN
Genotypes 20 272.67** 196.11** 8.97** 4.65** 0.55** 0.77**
Parents 5 76.37 69.52 5.33 1.87 0.63** 0.76**
Crosses 14 176.20** 116.89** 10.58** 5.50** 0.55** 0.76**
P.V Cross 1 2604.70** 1938.13** 4.63 5.34 0.11 1.04**
Error 40 58.57 3452 3.26 1.55 0.07 0.03
Grain yield / plant (g) Protein %
S.V D.F High-N Low N High-N Low N

Genotypes 20 37.45** 17.00** 2.347** 2.192**
Parents 5 30.61** 9.08** 2.554** 0.926**
Crosses 14 38.30** 15.44** 1.895** 2.287**
P.V Cross 1 59.70** 78.47** 7.638** 7.185**
Error 40 0.58 0.87 0.367 0.209

*,** significant at 5% and 1% levels of probability, respectively.

Estimates of heterosis:

For flowering time, results presented in Table-3
clearly indicate that crosses No. 7 (P2 X Ps) and No.8 (P2 x
Ps) had highly-significant negative (suitable direction for

earliness) heterosis relative to their mid- and better-parents
under N-stress conditions, and cross No.11(Ps x Ps) over
better parent at N-stress condition.

Table 3. Heterosis percentages relative to mid- and best-parents for flowering-date and weight of 100-grain under

high-N and low-N situations.

Flowering date

100-grain weight

Crosses High-N Low-N High-N Low N

MP BP MP BP MP BP MP BP
1-P1XP2 0.52 1.04 1.59* 3.23** -9.17** -14.75** -3.56** -6.31**
2-P1XP3 0.17 1.03 3.19** 4.30** -6.41** -11.43** -5.36** -8.62**
3- P1XP4 2.62** 4.26** -0.87 2.15* 0.86™** -6.12** 10.11** 5.93**
4-P1XP5 8.33** 9.47** 1.57* 4.30** -1.67** -6.31** 3.29** 2.36**
5-P1XP6 7.69** 8.25** 3.16** 5.38** -4.38** -10.72** 0.48** -6.17**
6- P2XP3 1.71* 3.13** 0.52 1.05 8.95** 7.99%* 1.09** -5.06**
7- P2XP4 4.21** 5.32%* -3.42%* -2.08* 9.19** 8.22** 6.48** -0.36**
8- P2XP5 9.95** 10.53** -4.12%* -3.13** 9.01** 7.30** 12.30** 10.08**
9- P2XP6 5.15%* 6.25** 10.88** 11.46** -5.48** **6.00- 8.82** -1.07**
10-P3XP4 0.69 3.19** 0.52 2.46** 6.34** 4.48** -1.14** -1.52%*
11- P3XP5 8.43** 10.53** -1.55* 0.00 -5.90** -6.56** -1.23** -5.46**
12- P3XP6 9.83** 10.20** 11.46** 12.63** 1.06** -0.38 0.50** -2.93**
13-P4XP5 11.11** 11.70** 8.81** 9.18** 11.50** 8.78** 8.39** 3.37**
14- P4AXP6 9.38** 11.70** 6.30** 7.22%* 3.54** 3.19** 12.93** 9.48**
15- P5XP6 -0.52 1.05 6.67** 7.22%* 1.56** -0.58 9.34** 1.25%*
LSD 5% 1.38 1.59 1.44 1.66 0.37 0.42 0.24 0.28
LSD 1% 1.84 213 1.93 2.23 0.49 0.57 0.32 0.37

*and **, indicate significant at 0.05 and 0.01 levels of probability, respectively.

For one-hundred grains weight, results submitted in
Table-3 reveal that highly-significant or significant positive
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heterosis values relative to mid- and better-parents were
noticed by eight and six crosses, respectively, under normal
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nitrogen fertilization condition. However, under nitrogen
stress condition, highly-significant or significant positive
heterosis relative to mid- and best-parents were identified by
11 and 6 crosses, respectively. The greatest percentages of
heterosis and heterobeltiosis under N-stress condition were
showed by cross No.14 (12.93 and 9.48%), cross No.8
(12.30 and 10.08%) and cross No.3 (10.11 and 5.93%),
respectively.

With respect to length of spike, highly-significant or
significant positive heterosis values were revealed over mid-
and best-parents for 13 and 11 crosses, and extended from
1.64 % for cross No.1 to 9.24% for cross No.13 for mid-
parent heterosis, and ranged between 1.56% for cross No.12
to 6.67% for cross No.9 for heterobetiosis pecentages under
normal nitrogen fetilization condition. While under N-stress
condition, highly-significant positive heterosis values were
demonstrated over mid-parents for all the studied Fi-
crosses. The highest heterosis relative to mid-parents were
verified by cross No.3 (17.65%), cross No.14 (16.83%) and
cross No0.9 (10.48%) under N-stress condition. While,

positive and significant heterobetiosis were obtained by 12
crosses at N- stress condition, and ranged between 1.79 %
for cross No.2 and (15.69%) for cross No.14, as shown in
Table-4.

Concerning to spikelets number/spike, results in
Table-4 showing that highly-significant and positive
direction heterosis values relative to mid-parents at both
high-N fertilization and low nitrogen conditions were
obtained by all the studied 15 F; crosses. The highest
percentages were recorded by cross No.8 (15.38% and
20.0%) followed by cross No.13 (13.24 and 18.26%) under
normal and N-stress condition, respectively. On the other
hand, heterotic percentages over better parent were
significant or highly significant and positive values for 12
and 14 crosses under normal and N-stress conditions,
respectively. The largest heterobeltiosis percentages were
belonged to cross No.8(11.94 and 17.86%) followed by
cross N0.13(11.59 and 15.75%) under normal and N-stress
conditions, respectively.

Table 4. Heterosis percentages relative to mid- and best-parents for length of spike and spikelets No. /spike under

high-N and low-N environments.

Spike length Spikelets number/spike

Crosses High-N Low-N High-N Low-N

MP BP MP BP MP BP MP BP
1-P1XP2 1.64* 0.00 3.77** 1.85* 2.20%* -1.47 10.09** 9.09**
2-P1XP3 0.00 -1.56* 5.56** 1.79* 5.80** 4.29%* 10.34** 4.92%*
3- P1XP4 7.32%* 6.45** 17.65** 15.38** 6.57** 5.80** 12.28** 8.47**
4-P1XP5 8.33** 4.84** 8.57** 7.55** 5.19%* 4.41** 13.51** 12.50**
5-P1XP6 4,13** 1.61* 8.74** 7.69** 10.00** 6.94** 15.25** 7.94**
6- P2XP3 3.23** 0.00 1.82** 0.00 12.78** 7.14** 14.78** 8.20**
7- P2XP4 2.48** 1.64* 7.69** 3.70** 4.55%* 0.00 9.73** 5.08**
8- P2XP5 6.78** 5.00** 6.54** 5.56** 15.38** 11.94** 20.00** 17.86**
9- P2XP6 7.56** 6.67** 10.48** 7.41%* 11.11** 4.17** 12.82** 4.76**
10-P3XP4 -0.80 -3.12** 3.77** -1.79* 5.04** 4.29%* 10.00** 8.20**
11- P3XP5 8.20** 3.13** 2.75%* 0.00 6.57** 4.29%* 9.40** 4.92**
12- P3XP6 5.69** 1.56* 8.41** 3.57** 8.45%* 6.94** 9.68** 7.94**
13-P4AXP5 9.24** 6.56** 6.80** K23.77** 13.24** 11.59** 18.26** 15.25**
14- P4XP6 8.33** 6.56** 16.83** 15.69** 9.22** 6.94** 11.48** 7.94**
15- P5XP6 5.98** 5.08** 7.69** 5.66** 5.04** 1.39 7.56** 1.59
LSD 5% 1.35 1.56 131 151 1.50 1.74 143 1.66
LSD 1% 1.80 2.08 1.75 2.02 2.01 2.32 1.92 2.22

*and **, reveal significant at 5% and 1% probability levels, respectively.

For grains number spike?, results in Table-5
exhibited that highly-significant or significant and positive
heterosis relative to mid- and best-parents were achieved by
10 and 6 crosses under high-N fertilization condition,
respectively. The greatest heterosis were showed by cross
No0.13(34.25 and 27.04%) followed by cross No.9 (32.94
and 27.17%) cross No.7 (25.39 and 18.89%) and cross No.3
(21.25 and 27.17%) cross No.7(25.39 and 18.89%) and
cross No.3 (21.25 and 19.93%) relative to mid- and better
parents under high-N situation. However, under low-N,
there were 11 and 9 crosses showed positive highly-
significant or significant heterosis and heterobeltiosis,
respectively. The highest percentages of heterosis relative to
mid- and better-parents were documented by cross No.9
(33.62 and 27.87%), cross No.7 (27.15 and 25.22 %) and
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cross N0.13(24.94 and 20.87%) under N-stress condition,
respectively.

Regarding spikes number plant?, results (Table-5)
demonstrate that highly-significant or significant and
positive direction heterosis percentages relative to mid- and
best- parents at high nitrogen fertilization condition were
postulated by 10 and 5 crosses. These desirable heterosis
percentages ranged from 3.37% for cross No.9 to 20.88%
for cross No.12 over mid parents and form 6.52% for cross
No.3 to 14.0% for cross No.15 over better parent under
normal condition. On the other side, under N-stress
condition, there were 8 and 1 crosses showed significant or
highly significant positive heterosis and heterobeltiosis,
respectively, and the highest heterosis and heterobeltiosis
were exhibited by cross No.4 (22.86% and 16.22%).
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Table 5. Heterosis percentages relative to mid- and best-parents for grains No./spike and spikes number/plant under

high-N and low-N environments.

Grains No. spike™

Spikes No. plant?

Crosses High-N Low-N High-N Low-N
MP BP MP BP MP BP MP BP

1-P1XP2 12.36* 543 17.65** 14.41** -18.60** -23.91** -13.85** -15.18**
2-P1XP3 10.46 9.06 6.72 2.75 - 2.27** -6.52** -1.49 -291
3-P1XP4 21.25%* 19.93** 20.17** 18.64** 10.11** 6.52** 15.49** 7.89
4-P1XP5 10.25 3.26 17.07** 11.86* 4.17** 0.00 22.86** 16.22**
5-P1XP6 9.80 7.61 9.17* 7.38 11.58** 8.16** 15.94** 11.08
6- P2XP3 18.20** 12.27 17.15%* 9.80* 7.32%* 4.76** 6.06** 3.00
7- P2XP4 25.39** 18.89** 27.15%* 25.22%* 6.02** 2.33 2.86** -5.29
8- P2XP5 4.76 4.55 3.20 1.35 -6.67** -16.00** 1.45 -5.35
9- P2XP6 32.94** 27.17*%* 33.62** 27.87*%* 3.37* -6.12** 0.00 -5.58
10-P3XP4 13.17* 12.96* 11.34** 5.88 3.53** 2.33 -2.78 -7.89
11- P3XP5 12.55* 6.69 8.09 0.39- -4.35%* -12.00** -4.23%** -8.11
12- P3XP6 8.24 743 5.01 2.75 20.88** 12.24 11.43** 8.33
13-P4XP5 34.25** 27.04** 24.94** 20.87*%* 1.08- -8.00** 1.33 0.00
14- P4XP6 15.51** 14.44* 18.99** 15.57** 8.70** 2.04 13.51** 10.50
15- P5XP6 17.39** 12.08 17.65** 10.66* 15.15** 14.00** 12.33** 10.87
LSD 5% 10.94 12.63 8.40 9.70 2.58 2.98 1.78 2.05
LSD 1% 14.64 16.90 11.24 12.97 3.46 3.99 2.38 212

*and **, reveal significant at 5% and 1% probability levels, respectively.

For grain yield plant™, results showed that highly-
significant and positive direction heterosis relative to both
mid- and best-parents were gotten from 11 and 8 crosses and
ranged from 3.71% for cross No.15 to 41.78 % for cross
No.6 and form 2.91% for cross No.5 to 32.76% for cross
No.12 relative to mid and better parents, respectively, under
high nitrogen condition. While, under low-N, highly-
significant or significant and positive direction heterosis
values relative to mid- and best-parents were detected by 13
and 11 crosses, and the highest heterosis heterobeltiosis
were showed by cross No.3 (33.90 and 23.23%) followed
by cross No.12 (30.01 and 27.77%) and cross No.10 (30.61
and 17.13%), respectively. Consequently, it might be
decided that these crosses may be beneficial for developing

wheat grain-yield program under low or high N conditions
(Table-6). Similar results were obtained by Abdel-Moneam
(2009); Abdel-Moneam, et al. (2014) and Abdel-Moneam
and lbraheem (2015).

For protein %, data in Table-6 confirmed that
greatest and positive percentages of heterosis relative to
mid- and best-parents were documented by crosses No.7 (P2
X P4), N0.8 (P2 X Ps), No.11 (P3 x Ps) and No.12 (Ps X Pe) at
both situations. Also, heterosos and heterobeltiosis were
recorded by crosses No.1 (P1 X P2) and No.9 (P2 x Ps), and
over mid-parents were detected by crosses; No.2 (P1 X P3),
No.3 (P1 X P4), No.4 (P1 X Ps), N0.6 (P2 X P3), No.10 (Ps X
P4) and No.13 (P4 X Ps) under high nitrogen condition.

Table 6. Heterosis percentages relative to mid- and best-parents for grain yield plant™* and protein % at high-N and

low nitrogen environments.

Grain yield /plant Protein %

Crosses High-N Low-N High-N Low-N

MP BP MP BP MP BP MP BP
1-P1XP2 -10.80** -23.61** 7.59*%* 4.10%* 8.81** 7.30** 1.06** -3.73**
2-P1XP3 31.86** 19.27** 15.19** 11.96** 5.03** -2.32%* 6.68** 6.03**
3- P1XP4 -1.04 -4.52%* 33.90** 23.23** 4.15%* 1.56** 10.28** 6.18**
4-P1XP5 5.49** 4.81** 23.95%* 19.05** 411%* -5.93%* 4.84** 2.08**
5-P1XP6 14.67%* 291** 6.01** 4.82%* 0.06 -4.90%* 6.15** 6.05**
6- P2XP3 41.78** 33.35%* 14.06** 7.37** 2.85** -3.09%* 17.93** 11.69**
7- P2XP4 12.79** -0.35 16.46** 10.58** 6.03** 4.83** 5.58** 4.42%*
8- P2XP5 7.53%* -TA1** 8.85%* 1.30 16.40** 6.51** 21.52** 12.86**
9- P2XP6 14.70** 8.79** 9.15** 4.47%* 8.82** 4.83** -3.76** -8.25**
10-P3XP4 18.99** 11.28** 30.61** 17.13** 5.91** 0.89 1.49** -2.86**
11- P3XP5 -18.58** -25.93** -10.13** -11.22** 26.55** 22.65** 29.68** 27.02**
12- P3XP6 33.63** 32.46** 30.01** 27.77** 12.59** 10.04** 13.36** 12.57**
13-P4XP5 -19.88** -22.22%* 4.33%* -7.44%* 5.39** -2.55%* 11.76** 4.88**
14- PAXP6 11.78** 3.68** 12.83** 2.78** -3.20** -5.72%* -5.94** -9.36**
15- P5XP6 3.71%* -6.40** -5.45** -8.19** -1.57** -6.70** -0.92** -3.62**
LSD 5% 1.09 1.26 1.33 1.54 0.87 1.00 0.65 0.75
LSD 1% 1.46 1.69 1.78 2.06 1.16 1.34 0.87 1.01

*and **, reveal significant at 5% and 1% probability levels, respectively.

Hayman analysis:

Assumptions of the diallel-analysis are diploid
segregations, no reciprocal variations, homozygous parents,
no multiple alleles, no epistasis, uncorrelated gene
distribution and no interaction between genotypic X
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environment (Hayman, 1958). Breakdown of any one or any
combinations of these assumptions overturns to some levels
the supposition achieved by the means of the analysis.
Consequently, two tests were commissioned to screen the
characteristics for such breakdowns. These two tests, which
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were adopted by Verhalen et al. (1971), are: uniformity of
Wr and Vr and analysis of the (Wr, Vr) regression.
Estimates of genetic and environmental components:

The assessments of genetic and environmental
elements of variation for yield, its components and grain
quality traits at normal and N-stress conditions are given in
Table-7.

The additive component (D) for vyield, its
components and grain quality traits under both studied
conditions was not significant, except spikelets
number/spike and 100-grain weight at N-stress condition,
which were highly significant. These results indicated that
the non-additive gene effect is important in the genetic
control for all investigated grain-yield, its attributes, and
grain-quality characters at both high and low nitrogen
fertilization, excepting of spikelets No. spike? and weight of
one-hundred grains at low-N condition, which the additive
gene effect is important in the genetic control in it.

It is obvious that dominance genetic variances i.e.
(H1) and (H2) were extremely significant instead of all the
investigated grain-yield, its attributes, and grain-quality
characteristics at both high and low N environments. Similar
results were obtained by Mohamed (2004) for No. of
grains/spike at normal and stress conditions. Also, Farhat
(2005) and Sultan et al. (2010 and 2011) reported the same
for plant height, grain yield per plant, weight of 100-grain at
normal and stress conditions.

It's interest to note that additive genetic variances (D)
were smaller than those of dominance genetic variances
(H1) for all the studied yield, its components and grain
quality traits at both normal and N-stress conditions,

indicating that the selection for these characters might be
extra effective in lately segregating  generations for
improving such characters. Abd EL-Aty (2002), Farhat
(2005) and Sultan et al. (2010 and 2011) found similar
results for plant height.

Negative and significant or insignificant (F) value
were recorded for spikes number /plant at both conditions,
spikelets number/spike and grains number /spike at normal,
and 100-grain weight at N-stress condition, indicating
excess of recessive alleles in the parents. However, (F) value
was significant or insignificant and positive for the other
traits, reflecting that the dominant genes were more frequent
than recessive genes among the parental genotypes. Similar
results were obtained by Mohammed (2001), Mohamed
(2004), Abdel-Moneam and Sultan (2009) and Sultan et al.
(2010 and 2011) for height of plant, grains No. per spike and
grains-yield plant™ at high and low nitrogen conditions.

The estimates of (h?) values, the algebraic sum of
dominant effects over all loci in heterozygotes, were found
to be significant and positive for all the investigated grain-
yield, its attributes, and grain-quality characters at both
high-N and low-N environments, excepting of spikes
number /plant at both conditions, and 100-grain weight and
grain yield / plant at normal condition, indicating the
prevalence of positive genes controlling these characters and
suggesting that dominance was unidirectional. These results
are in accordance with that obtained by Mohamed (2004)
and Sultan et al. (2010 and 2011) for height of plant and
grains-yield per plant at normal and stress conditions and
Farhat (2005) found the same results for plant height and
weight of 100-grain.

Table 7. Genetic components estimations for grain-yield, its attributes, and grain-quality characteristics under high-

N)and low-N environments.

Characters Cond. D F Hi Ha h? E
Flowering date High-N  2.18+3.19 1.68+7.79 69.36+8.09**  64.96+7.23**  71.38+4.87** 1.01+1.20
Low-N 3.27+6.53 -5.05+£15.96  72.07£16.59** 58.01+14.82**  22.42+9.97* 1.06+2.47
Spike length High-N 0.23+0.13 0.30+0.31 1.25+0.32** 1.17+0.28** 2.87+0.19** 0.286+0.05**
Low-N 0.25+0.34 0.61+0.84 2.18+0.87* 1.88+0.78* 4.95+0.53** 0.270+0.13*
Spikelets /spike High-N 0.63+0.36 -0.41+0.87 3.55+0.91** 3.63+0.81** 9.11+0.55** 0.41+0.13**
Low-N  1.07+0.28** 0.02+0.67 4.24+0.70** 4.40+0.63** 15.51+0.42** 0.35+0.10**
Grains /spike High-N  5.77+27.60 -17.73+67.43  259.18+70.06** 246.56+62.59** 551.81+42.13**  19.69+10.43
Low-N  11.15+23.43 7.15+¢57.24  203.59+59.48** 185.83+53.14** 412.05+35.77**  12.02+8.86
Spikes /plant High-N 0.60+0.55 -3.02+1.34 3.51+1.39* 2.80+1.24* 0.35+0.83 1.17+£0.21**
Low-N 0.13+0.59 -1.37+1.43 3.00+£1.49* 2.66+1.33* 0.88+0.89 0.49+0.22*
100-grain weight High-N  0.19+0.10 0.30+0.25 0.79+0.26** 0.58+0.23* 0.01+0.16 0.02+0.04
Low-N  0.25+0.04** -0.01+0.10 0.49+0.11** 0.35+0.09** 0.22+0.06** 0.01+0.02
Grain yield / plant High-N 9.04+5.54 13.63+13.53  52.50+14.06** 41.36+12.56** 12.25+8.45 1.17+2.09
Low-N 2.05+2.18 2.0245.32 20.43+5.52**  18.21+4.94**  16.41+3.32** 0.98+0.82
Protein % High-N 0.68+0.36 0.37+0.88 2.00£0.92* 1.75+0.82* 1.56+0.55** 0.169+0.14
Low-N 0.17+0.34 0.12+0.84 2.49+0.87** 2.02+0.78** 1.47+0.52** 0.141+0.13
Proportion of genetic components: Sajid (1995) for weight of 100-grain and grain yield per
Proportion of genetic components for the plant at normal conditions, and by Farhat (2005), Abdel-

investigated grain-yield, its attributes, and grain-quality
characteristics at high-N and low-N environments are
presented in Table-8.

The average grade of dominance as specified by
(H1/D)¥2 was greater than one for all the investigated grain-
yield, its attributes, and grain-quality characteristics at high-
N and low-N environments, suggesting the importance of
over dominance gene impacts in the inheritances of these
characteristics. The results are in a line with that attained by
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Moneam & Sultan (2009) and Sultan et al. (2010 and 2011)
for number of spikes per plant at normal conditions, number
of grains per spike and grain yield at stress conditions.

The proportion of genes with positive and negative
effects (Hz/4H;) was nearly equal to 0.25 for all the studied
yield, its components and grain quality traits under normal
and N-stress conditions, except each of 100-grain weight at
both conditions, spikes number /plant and grain yield / plant
at normal condition, and protein % at N-stress condition,
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indicating that the positive and negative alleles were equally
distributed among the parents. However, 100-grain weight
at both conditions, spikes number/plant and grain yield/plant
at normal condition, and protein % at N-stress condition
exhibited unequal distribution. In this regard, (H2) was less
than (H1) for number of grains per spike at both conditions,
confirming the above results. These results are in good
agreement with those obtained by Mohamed (2004) for
plant height, number of grains per spike at normal and stress
conditions and grain yield per plant at stress condition and
Farhat (2005) and Sultan et al. (2010 and 2011) for number
of grains per spike at normal conditions and grain yield per
plant at normal and stress conditions.

The proportion of dominant to recessive alleles
(Ko/KR) in the parents was extra than one for all the
investigated grain-yield, its attributes, and grain-quality
characteristics at high-N and low-N environments,
suggesting the preponderance of dominant alleles, except of
spikes number /plant at both conditions, spikelets
number/spike, grains number /spike at normal condition,
and 100-grain weight at N-stress condition (Kpo/Kg) which
was lesser than unity, viewing an extra of recessive alleles
among parents. Farhat (2005) observed similar results for
number of grains per spike, weight of 100-grains and grain
yield per plant at normal and stress conditions; Mohamed
(2004) for number of grains per spike and grain yield per
plant at normal and stress conditions and by Awaad (2002),
Mostafa (2002) and Sultan et al. (2010 and 2011) for grains-
yield per plant at normal condition.

Regarding the gene blocks No. (h?/H2), the data
showed that spikes number /plant, weight of 100-grain,

grain-yield/plant, protein % at both conditions had (h?/H,)
values less than one, indicating that these traits were
governed at least by one gene block. While the other traits
were controlled at least by three gene blocks. Similar results
were obtained by Farhat (2005) for number of grains per
spike at normal condition, weight of 100-grains and grain-
yield per plant at normal and stress environments.

Lower estimates of narrow sense heritability (h?s)
were noticed for all the investigated grain-yield, its
attributes, and grain-quality characteristics at high-N and
low-N environments, excepting each of spikes/plant, weight
of 100-grains and protein % at both environments, reflecting
the role of environmental factors and dominance type of
gene action in inheritances scheme of the characteristics.
Meanwhile, the exceptions characteristics which had
moderate values of heritability in narrow sense, reflecting
the necessity of additive gene action in influencing these
agronomic characters, and so selection could be
accomplished in the medium segregating generations.
Generally, the results are in harmony with that formerly
acquired by EI-Borhamy (2000), Mohamed (2004), Farhat
(2005) and Sultan et al. (2010 and 2011) at normal and stress
conditions.

Heritability in broad sense (hys,) had high values for
the investigated grain-yield, its attributes, and grain-quality
characteristics at high-N and low-N environments, implying
that most of the phenotypic variances in these characters was
due to genotypic impacts. Similar results were obtained by
El-Morshedy (2004) and Sultan et al. (2010 and 2011).

Table 8. Proportion of genetic components for the investigated grain-yield, its attributes, and grain-quality

characteristics at high-N and low-N environments.

Characters Cond. (HyD)Y? Ho/4H:1 Ko/Kr h?/H: h?(n.s) h(b.s)

Flowering date High-N 5.64 0.23 1.15 1.10 0.12 0.95

Low-N 4.69 0.20 0.72 0.39 0.42 0.96

Spike length High-N 2.32 0.23 1.75 2.46 0.02 0.51

Low-N 2.96 0.22 2.40 2.63 0.04 0.62

Spikelets /spike High-N 2.37 0.26 0.76 251 0.27 0.77

Low-N 1.99 0.26 1.01 3.53 0.24 0.81

Grains /spike High-N 6.7 0.24 0.63 224 0.18 0.80

Low-N 4.27 0.23 1.16 2.22 0.16 0.83

Spikes /plant High-N 241 0.20 -0.02 0.12 0.54 0.71

Low-N 4.80 0.22 -0.04 0.33 0.44 0.76

100-grain weight High-N 2.05 0.18 2.29 0.02 0.23 0.90

Low-N 142 0.17 0.98 0.63 0.68 0.97

Grain yield / plant High-N 241 0.20 191 0.30 0.22 0.92

Low-N 3.16 0.22 1.37 0.90 0.17 0.85

Protein % High-N 171 0.22 1.38 0.89 0.32 0.81

Low-N 3.85 0.20 121 0.73 0.28 0.84
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