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ABSTRACT

To estimate the efficiency of single trait selection for days to heading in the
Fa4, Fs and Fs-generations of population (Giza 168 x Sids 4) (Triticum aestivum L.) two
experiments conducted under normal irrigation and drought stressed environments.
Mean squares in F4 and Fg-generations of all the studied traits were significant
(p<0.01) for the selected families to days to heading under both environments. The
pcv and gcv % tended to be low under the two environments and close to each other,
which resulted in high estimates of broad sense heritability; 98.49 and 98.06 and high
estimates of expected genetic advance of 11.72 and 10.27% of the Fs-mean under
normal and stressed environments; respectively. After two cycle of pedigree selection
for days to heading the gcv and pcv was 6.03 and 6.15 compared to 6.42 and 6.47%
in the F4 under irrigation, and was 4.46 and 4.61 compared to 5.63 and 5.69% in the
Fs-generation under drought stress; respectively. The average direct gain was
significant (p<0.01) and reached -16.36 and -10.17% from the bulk sample under
normal irrigation and drought stress environments; respectively. Average direct gain in
percentage of the earlier parent Sids4 was significant (p<0.05) under normal irrigation
(-2.55%), but, insignificant (-1.39%) under drought stress. On the level if individual
families four families (No.44, No.48, No.68 and No0.147) showed significant (p<0.01)
earliness than the earlier parent Sids4 under normal irrigation. However, under
drought stress two families out of ten (N0.63 and No.147) showed significant (p<0.05)
earliness from Sids4 and showed significant observed gain in grain yield/plant from
the better parent, and could be considered the best families. These results indicate
that selection for earliness was more effective under normal irrigation than under
drought stress in detecting the early family. The genotypic correlation of DH with GY/P
was very weak in both of the F4 and Fs-generations, but, changed from 0.02 to -0.09.
Meaning that early families slight increased grain yield/plant under normal irrigation.
Keywords: Bread wheat, Drought stress, Heritability and Selection for earliness.

INTRODUCTION

Earliness is an important goal in plant breeding. Early mature wheat
cultivars are highly needed to crop intensification as planting cotton after
wheat and planting wheat after harvesting short duration vegetable crops,
etc. Also, early cultivars are also preferred to escape from drought, heat,
diseases, pests and injuries that occur at the end of the growing season
(Menshawy., 2007). Early heading cultivars out performed later heading
cultivars because of two distinct advantages, the early heading cultivars had
longer post-heading and, therefore, longer grain filling period than the later
heading cultivars. In addition, early-heading cultivars completed a greater
fraction of the grain filling earlier in the season when air temperatures were
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lower and generally more favorable (Tewolde et al. 2006). Early cultivars
could be suitable for cultivation at the northern cost of Egypt (rainfall ranged
from 150 to 200 mm/year) with supplement of one irrigation.

Pedigree selection method has become the most popular of the plant
breeding procedures. Most of the Egyptian wheat cultivars were produced
through this method. It is preferred by plant breeders because it is versatile,
relatively rapid and makes possible conducting of genetic studies along with
the plant breeding work (Mahdy, 2012b). EI-Morshidy et al. (2010) found high
broad sense heritability values for days to heading under normal and water
stress in F4-generation. Mahdy et al. (2012a) observed the pcv decreased
rabidly by selection for days to heading from 10.88 in Fzto 7.99 in F,-
generation. Ali (2011) revealed that pedigree selection for either earliness
was effective in isolating genotypes for early heading. EI-Ameen (2012)
observed indirect response to selection for early families, significant positive
correlated responses to selection were obtained in grain yield (12.63%).Ali
and Abou-El-wafa (2006), Ali (2011) found that selection for days to heading
decreased grain yield/plant. Kilic and Yagbasanlar (2010), Bilgin et al. (2011)
and Subhani et al. (2011) noted negative correlation of grain yield with days
to heading. Meaning that early families slight increased grain yield/plant. The
objective of this study was to estimate the efficiency of single trait selection
for earliness in segregating population (Giza 168 x Sids 4) (Triticum aestivum
L.) under normal irrigation and drought stressed environments.

MATERIALS AND METHODS

The present work was carried out during the period of 2011/2012 —
2013/2014 seasons at Fac. Agric. Edu. Farm, Minia University, Egypt. The
basic materials consisted of 240 families in the F,;-generation derived from
the segregating population (Giza 168 x Sids 4).The families were planted in
two separated experiments for normal irrigation and drought conditions. The
recommended cultural practices for wheat production were adopted
throughout the growing seasons except irrigation which was applied as
follows:

1- First experiment (normal irrigation) in which the families were irrigated six
times.

2- Second experiment (drought) in which the families were irrigated only two
times (planting irrigation and another one three weeks later).

Tablel. The pedigree of the parents of the wheat population

Parental cultivars Pedigree
Giza 168 MIL/Buc//Seri CM93046-8M-04-0M-2Y-0B
Sids 4 Maya (S’ /Man (S’ //ICMH 74A-592/3/Giza 157*2

In 2011/2012 season, The 240 F,-families were grown in Nov.28" in
two separated experiments (irrigation and drought conditions) along with the
two parents and the unselected bulk sample. The bulk sample consisted of a
mixture of equal number of grains from each family. A randomized complete
block design of three replications was used. The plot size was one row, 1.5m
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long, 30cm apart and 5cm between grains within the row. At the end of the
season, the earliest 20 plants from the earliest 20 families were saved.

In 2012/2013 season, the 20 selected plants (Fs-generation) along
with the two parents and bulk sample were sown on Nov.14%n two separate
experiments. The experimental design and plot size were as in the previous
season except for the distance between plants in a row was 10 cm. the
earliest 10 plants from the earliest 10 families were saved.

In 2013/2014 season, the 10 selected families (Fg-generation) were
evaluated and sown on Nov.20™ in two separate experiments as in the
previous season.

In the F,4, Fs and Fg-generations data were collected on ten guarded
plants per row from each family; hence the mean of the ten plants was
calculated. The studied traits were as follows: days to heading [DH], plant
height [PH] in cm, spike length [SL] in cm., number of spikes/plant (NS/P),
number of grains/spike (NG/S), weight of grains/spike in g.(WG/S), 100-grain
weight [100-GW] in g. biological yield/plant [BY/P] in g., grain yield/plant
[GY/P] in g., and harvest index% [HI].

Data were subjected to proper statistical analysis of RCBD according
to Steel and Torrie (1980) on plot mean basis.

Table 2.The form of analysis of variance, covariance and their
expectations.

S.O. V. d.f M. S. - E.M.S. -
Variance Covariance

Replications r-1 M o’e+ga’r

Genotypes g-1 M. o’e+ro’g cov.e +rcov.g

Error (r-1) (g-1) M, o’e cov.e

where: r and g are number of replications and genotypes; respectively, o’e
and cov.e are error variance and covariance; respectively, and o’ g
and cov.g are genetic variance and genetic covariance; respectively.
Two analysis of variance were done. The first, was for all entries
(selected families + parents + bulk sample), and the second one was
for the selected families to calculate heritability, genotypic and
phenotypic coefficients of variations.

The phenotypic (o°p) and genotypic (6°g) variances were calculated
according to the following formula:
o’ g = (MM, /r. o’p=a’g +o’el.
Heritability in broad sense “H” was estimated as o” g / 6° p according

to Walker (1960).

Realized heritability (h%) was calculated as: h?=R/S (Falconer, 1989)

where R = response to selection and S = selection differential.

The phenotypic (pcv %) and genotypic (gcv %) coefficients of
variability were calculated as outlined by Burton (1952), as follows:
pcv % =op/ x . 100. gev % =og/ x . 100.
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where: op and og are the phenotypic and genotypic standard deviation of the

families mean, respectively, and x is families mean for a given trait.
Estimates of heritability in broad sense (H), pcv and gcv % were base on
number of families, only.

The calculation of the phenotypic covariance (cov.pi»), and genotypic
covariance (cov.gi,) between pairs of traits (1 and 2) followed the same form
as variance analysis.

Genotypic correlation coefficient (rgxy) was calculated as outlined by
Walker (1960) as follows: Oxy = COVQyy, / (00x .0Qy).

Mean comparisons were calculated by using revised L.S.D where,
L.S.D = least significant difference, at 0.05 and 0.01 level of probability,
according to El-Rawi and Khalafala (1980) and was calculated as:

RLSD Family = t'. 4/ ZMSEfT to compare families with the better parent
and the bulk sample.

RLSD Average =t . \/MSEfT + Mse/fr to compare average with the

better parent and the bulk sample.

The significance of observed direct and correlated response to
selection was measured as deviation percentage of families mean from the
bulk or the better parent using L.S.D. where, L.S.D = least significant
difference between mean of the selected families and the bulk or the better
parent, and was calculated as:

LSD Family =t . ./ 2Mse/r to compare families with the better parent

and the bulk sample.

LSD Average =t . JMSEXT + Mse/fr to compare average with the
better parent and the bulk sample.

LSD % = (LSD value fthe bulk or the better parent)*100

Where f= number of families, r= number of replicates and t'is the t value from
" minimum-average-risk t-table" at F-value of treatments, treatment
d.f. and experimental error d.f.

RESULTS AND DISCUSSION

1- Description of the base population

Mean squares in F4-generation (Tables 3 and 4) of all the studied
traits were significant (p<0.01) under normal irrigation and stressed
environments indicating the presence of variability in the criteria of selection,
days to heading. Similar results were observed by EI-Morshidy et al. (2010),
Ferdous et al. (2011), Subhani et al. (2011), Mahdy et al. (2012b).

Days to heading ranged from 52.67 and 109.00 with an average of
87.30 under normal irrigation, which fell outside the range of the two parents
(Table 3), and showed nearly complete dominance towards the later parent
Giza 168 (86.00 day). Means under drought stressed showed the same trend

532



J. Plant Production, Mansoura Univ., Vol. 6 (4), April, 2015

(Table 4). Furthermore, days to heading under stressed (86.94) and non-
stressed environments (87.30) were fairly the same indicating that two
irrigations in clay soil (planting irrigation and first irrigation) did not affect days
to flowering, because of the high water holding capacity of the clay soil. The
results indicated that the families mean under drought (86.94) exceeded
significantly (p<0.01) the later parent Giza 168 (83.33) indicating over
dominance towards lateness.

Table 3. Mean squares of the studied traits for the 240 families in F4-
generation under normal irrigation, family mean, the parents
and the bulk sample, phenotypic(pcv) and genotypic (gcv)
coefficients of variability, expected genetic advance (AG) and
heritability in broad sense (H).

items |df| DH | PH | sL |NsP 1c-;ov?/- NG/S |WG/iS| BY/P | GYP | HI%
MSRep | 2 | 2.00 | 12.42 | 0.14 | 2.93 | 0.70 | 6.63 | 2.51 | 36.93 | 9.62 | 8.65
MS Entries |242|102.27|191.93 | 7.15° | 2.98** | 0.32 |428.71*| 1.56™ |202.41*| 37.64" | 49,01
VS Eror |484] 1.43 | 4.93 | 0.44 | 0.81 | 0.24 | 10.34 | 0.25 | 6.76 | 1.53 | 6.99

87.30+(92.07+ | 13.75+ | 6.67+ | 5.50+ | 67.92+ | 3.77+ | 51.13+ | 19.82+ | 38.91+

Mean +SE 17037 | 051 | 010 | 0.05 | 001 | 0.76 | 0.04 | 052 | 022 | 0.24
Min 52.67 | 73.67 | 10.00 | 4.48 | 4.64 | 44.55 | 2.47 | 29.21 | 10.42 | 25.78
Max 109.00 |117.33 | 18.00 | 11.36 | 6.96 |113.74| 6.66 | 74.47 | 30.68 | 48.73
9.c.\% 6.42 | 858 | 10.88 |12.30 | 3.12 | 17.42 | 17.56 | 1558 | 17.28 | 9.69
b.c.v% 6.47 | 8.69 | 11.23 | 1459 | 6.03 | 17.64 |19.17 | 15.85 | 17.65 | 10.43
H% 98.49 | 97.46 | 93.84 | 71.05 | 26.78 | 97.60 | 83.91 | 96.58 | 95.85 | 86.17
AG 10.23 | 14.35 | 2.67 | 1.27 | 016 | 21.52 | 1.12 | 14.40 | 6.17 | 6.44
AG/mean% | 11.72 | 15.50 | 19.39 | 10.08 | 2.97 | 31.68 | 29.61 | 28.17 | 31.14 | 16.55
Giza 168 86.00 | 94.00 | 15.11 | 5.06 | 5.38 | 59.34 | 2.07 | 37.44 | 13.08 | 35.25
Sids 4 65.00 | 79.78 | 16.00 | 3.80 | 5.71 | 70.75 | 4.03 | 35.54 | 14.03 | 39.49
Bulk 75.67 | 86.83 | 12.92 | 471 | 5.17 | 53.57 | 2.01 | 36.59 | 14.07 | 38.55

RLSD Aver0.05 | 1.19 | 2.26 | 0.70 | 1.10 | 0.76 | 3.20 | 055 | 2.65 | 1.26 | 2.89
RLSD Aver0.01 | 1.56 2.97 0.92 1.37 | 1.54 4.19 0.72 3.47 1.65 3.81
* ** significant at 0.05 and 0.01 levels of probability; respectively.

AG = expected genetic advance from selection the superior 8.33% of the families.

RLSD. Aver. =to compare families mean with the bulk sample or the better parent.

The phenotypic and genotypic coefficients of variability tended to be
low under the two environments and close to each other, which resulted in
high estimates of broad sense heritability; 98.49 under normal irrigation and
98.06 under stressed environment. El-Morshidy et al. (2010) found high
broad sense heritability for days to heading under normal and water stress in
F4-generation. The high estimates of heritability obtained resulted in high
estimates of expected genetic advance of 11.72 and 10.27% of the F4,-mean
under normal and stressed environments; respectively. It should be indicate
that under normal irrigation the minimum days to flowering was 52.67 was
significant (p<0.01) earlier than the earlier parent Sids 4 (65.00) indicating
transgressive segregation. However, under drought stress Sids 4 (63.00
days) was earlier than the earliest family (66.00 day).
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1-1.Genotypic correlation.

Days to heading (Table5) showed weak correlation with the other
traits under irrigated and stressed environments except with 100-GW under
drought stress which was negative (-0.34). Plant height showed weak
negative correlation with NS/P (-0.21), BY/plant (-0.20) and GY/plant (-0.12)
under irrigation. Otherwise, under stressed environment, PH showed positive
correlation of 0.27, 0.26 and 0.24 with the respective above traits. Likewise,
positive correlation of 100-GW with PH of 0.30 was found. Therefore; it was
expected to increase earliness by selection with slight decrease in GY/P,
100-GW, and NG/S under normal irrigation, and vice versa under stressed
environment. The results are in agreement with those of Ahmed et al. (2014).
Table 5. Genotypic correlation under irrigation (above diagonal) and

drought (below diagonal) among traits in the F4,-generation.

Trait DH PH SL | NS/P |100GW | NG/S |WG/S| BY/P | GY/P HI

DH - -0.22 | 0.14 | 0.00 0.08 0.18 0.09 -0.01 0.02 0.06
PH 0.00 - 0.04 | -0.21 0.06 0.05 0.07 -0.20 -0.12 | 0.09
SL -0.06 | 0.11 0.07 -0.32 -0.63 | -0.40 | -0.37 -0.26 | 0.10

NS/P 0.03 | 0.27 | 0.20 -0.11 0.19 0.17 -0.49 -0.57 | -0.21

100GW | -0.34 | 0.30 | 0.16 | 0.13 -0.23 | -0.34 | -0.19 -0.17 | -0.01

NG/S -0.05 | 0.06 | 0.66 | 0.30 -0.03 -0.70 | -0.26 -0.26 | -0.04

WG/S -0.11 | 0.12 | 043 | 0.12 0.41 0.55 -0.22 -0.24 | -0.07

BY/P -0.04 | 0.26 | 0.37 | 0.77 0.09 0.44 0.33

- -0.81 | 0.14
GY/P -0.09 | 0.24 | 0.39 | 0.84 0.25 0.48 0.37 0.87 - -0.46
HI -0.12 | -0.04 | 0.06 | 0.18 0.36 0.12 0.12 -0.20 0.29 -

2- Pedigree selection for days to heading.
Variability and heritability estimates.

All the studied traits (Table 6) of the selected families, parents and the bulk
sample showed significant (p<0.01) after two cycles of pedigree selection for days
to heading indicating the presence of variability for further cycles of selection.
Similar results were observed by Ali (2012), Mahdy et al. (2012b), El-Ameen
(2012) and Ahmed et al. (2014).

After two cycle of pedigree selection for days to heading (Table 6) the gcv
and pcv was 6.03 and 6.15 compared to 6.42 and 6.47% in the F4 under irrigation,
and was 4.46 and 4.61 compared to 5.63 and 5.69% in the F4;-generation under
drought stress; respectively. Mahdy et al. (2012a) observed the pcv decreased
rabidly by selection for days to heading from 10.88 in F5to 7.99 in F4-generation.

Close estimates of genotypic and phenotypic variability., in addition to
small variance of experimental error under both environments, and evaluation of
the selected families in one site for one year which inflated families mean square
by the confounding effects of the interactions of the families by years and locations,
all these factors resulted in very high and unreliable estimates of broad sense
heritability over all traits under both environments. These results are in agreement
with Mukherjee et al. (2008) and Mahdy et al. (2012b). The realized heritability of
days to heading was 68.63 and 70.72 under normal irrigation and 78.73 and 66.97
under drought stress after two cycles of selection, respectively.
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Means and direct observed gain after two cycles of selection.

Mean days to heading ranged from 61.00 to 77.00 with an average of
70.17 under normal irrigation (Table 7), and from 64.33 to 75.33 with an
average of 71.17 under drought stress (Table 10). These range of variability
which wasl6 and 11 days under irrigated and stress environment;
respectively, was sufficient for further cycles of selection.

The ten selected families for days to heading were significantly
(p<0.01) earlier than the bulk sample under both environments. The average
direct gain was significant (p<0.01) and reached -16.36 and -10.17% from the
bulk sample under normal irrigation and drought stress environments;
respectively. These results are in line with Ali (2011), Ali (2012) and EI-
Ameen (2012).

Table 7. Mean of the studied traits of the selected families for days to
heading after two cycles of selection under normal irrigation.

Fam. No. DH |PH; cm irl;] NS/P G%/S;Og NG/S \g%/ g;Yg/ FC,;Yg/ HI%
39 72.00| 89.17 |13.00| 3.17 | 6.54 | 58.87 | 3.96 |75.49|18.02|23.86
42 70.67| 82.17 |12.50| 7.82 | 5.15 | 77.54 | 3.93 |72.58|27.39 |37.74
44 67.33| 76.00 |16.33| 2.76 | 6.02 [114.67| 6.98 |64.04|22.15|34.60
48 68.33| 77.17 |16.00| 3.99 | 6.30 | 84.70 | 5.38 |[39.61|14.68|37.03
63 77.00| 92.00 |17.17|2.90 | 6.71 | 94.68 | 6.24 |66.81|19.37|29.00
68 61.00| 81.33 |16.17| 4.97 | 6.70 | 95.25 | 6.26 |71.20|26.46 |37.14
147 68.33| 79.50 |15.50| 2.62 | 6.56 | 95.66 | 5.87 [42.69|14.83|34.76
186 72.67|104.67|14.67|6.34 | 591 | 79.45 | 4.88 |79.47|28.57 |35.94
194 73.67| 94.67 |12.92| 7.36 | 5.71 |65.14 | 3.66 |77.57|22.17|28.61
459 70.67| 85.17 |1550| 7.18 | 6.38 | 71.36 | 4.29 [89.09|28.58 |32.07
IAverage 70.17| 86.18 |14.98| 4.91 | 6.20 | 83.73 | 5.14 |67.86|22.22|33.08
bulk 83.89| 95.12 |13.70| 4.81 | 5.38 | 76.20 | 4.23 |72.74|16.84 |23.19
Sids4 72.00| 82.59 |16.31| 4.18 | 594 |87.11 | 493 |60.72|16.24 |26.70
Gizal68 99.17|103.84|15.69| 6.65 | 5.11 | 75.60 | 3.87 |79.23|23.27 |29.38
R.L.S.D0.05Fam | 1.99 | 4.27 | 1.29 | 0.95| 0.41 279 | 058 | 2.68 | 1.85 | 2.19
R.L.S.D0.01Fam | 265 | 567 | 1.72 | 1.26 | 0.54 3.71 | 0.76 | 3.57 | 2.46 | 2.91
R.L.S.D0.05Aver | 1.48 | 3.16 | 0.95 | 0.71 | 0.30 2.07 | 043 | 1.99 | 1.37 | 1.63
R.L.S.D0.01 Aver | 1.96 | 4.21 | 1.27 | 0.94 | 0.40 275 | 057 | 2.65 | 1.83 | 2.16

R.L.S.D (Fam.), to compare families with the better parent and the bulk sample.
R.L.S.D (Aver.), to compare average with the better parent and the bulk sample.
*, ** significant at 0.05 and 0.01 level of probability; respectively.

The average direct gain in percentage of the earlier parent Sids4
(Table 9) was significant (p<0.05) under normal irrigation (-2.55%), but,
insignificant (-1.39%) under drought stress. On the level if individual families
four families (No.44, No.48, No.68 and No0.147) showed significant (p<0.01)
earliness than the earlier parent Sids4 under normal irrigation. However,
under drought stress two families out of ten (N0.63 and No0.147) (Table 12)
showed significant (p<0.05) earliness from the Sids4. These results indicate
that selection for earliness was more effective under normal irrigation than
under drought stress in detecting the early family. Ali (2011) revealed that
pedigree selection for earliness was effective in isolating early genotypes.
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Correlated gains under normal irrigation after two cycles of selection.
The average correlated gains of the ten selected families (Table8)
showed significant increase over the bulk sample for spike length (9.28%),
grain vyield/plant (31.96%), harvest index (42.64%), grain weight/spike
(20.86%), number of grains/spike (9.89%) and 100-grain weight (15.13%). EI-
Ameen (2012) observed indirect response to selection for early families;
significant positive correlated responses to selection were obtained in grain
yield (12.63%). However, significant decrease (-9.40%) was recorded for
plant height. Mahdy et al. (2012b) found that selection for heading date
significantly decreased plant height, and increased significantly in grain
yield/plant. Otherwise, the average correlated gain from the better parent
(Table 9) showed significant increase of 12.58% for harvest index only, and
significant decrease was recorded for spike length (-8.19%), biological
yield/plant (-14.36%), number of spikes/plant (-26.16%) and number of
grains/spike (-3.88%).
Table 8. Observed direct and correlated responses to pedigree
selection for days to heading after two cycles of selection
(F6) in percentage of bulk sample under normal irrigation
conditions; season 2013/2014.

?:Er)ilteecrtilgﬁ Correlated traits

Fam. No.

DH z';]; Er';] NPS/ G%/S;Og NG/S \é"Gg’ F'?;Yé FC,';;Yé HI%
39 -14.17** | -6.26* | -5.14 |-34.11**|21.55**|-22.74**| -6.97 | 3.79 7 2.9
42 -15.76** |-13.62**| -8.78 [62.65** -4.4 1.76 | -7.75 | -0.21 [62.63**(62.75**
44 -19.74** |-20.10**|19.19**-42.66**| 11.83** [50.49**63.98**|-11.95**(31.54**49.21**
48 -18.54** |-18.88**|16.76**-16.91 | 16.97** [11.16**26.47**|-45.54**|-12.84*|59.7 1**
63 -8.21* | -3.28 [25.27*%-39.72**| 24.71** [24.25**46.67**-8.15**| 15.05* [25.09**
68 -27.28** |-14.50%*|17.97* 3.39 |24.46**[25.01*47.14*% -2.11 [57.12**60.16*
147 -18.54** |-16.42**| 13.11* |-45.53**| 21.80** [25.53**37.82**|-41.30**[ -11.94 |49.90**
186 -13.38** [10.03** 7.03 [31.88*% 9.85* | 4.26* | 14.57 | 9.26** |69.67**55.01*
194 -12.19** | -0.48 | -5.74 [53.04*% 6.07 |-14.52**|-14.02|6.64** [31.67**23.40**
459 -15.76** |-10.47*%|13.11*|49.35*% 18.45**|-6.35**| 0.7 [22.48**69.71*%38.31**
IAverage -16.36** [-9.40**| 9.28* | 2.14 |15.13**|9.89** [20.86**-6.71**|31.96**42.64**
L.S.D0.05Fam%| 2.74 5.17 |10.14 | 22.26 | 8.17 | 4.23 | 15.27 | 4.26 | 12.71 | 10.91
L.S.D0.01 Fam% 3.71 7.00 |13.72|30.16 | 11.15 | 5.72 | 20.67 | 5.76 | 17.16 | 14.79
L.S.D0.05 Aver% 2.03 3.84 | 752 |16.43| 6.13 | 3.14 |11.28| 3.16 | 9.38 | 8.06
L.S.D0.01 Aver% 2.75 519 |10.22|22.26 | 8.17 | 4.25 |15.27 | 4.28 | 12.77 | 10.95

L.S.D (Fam.), to compare families with the better parent and the bulk sample.
L.S.D (Aver.), to compare average with the better parent and the bulk sample.
* ** significant at 0.05 and 0.01 level of probability; respectively.

Based on the individual families, and depending on earliness and grain
yield/plant, three superior families; No0.68, N0.186, and No0.459 were obtained.
Family No. 68 showed significant (p<0.0) superiority over the better parent of -
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15.28, 13.71, 26.40, 26.28, 9.35 and 12.79% for days to heading, grain
yield/plant, harvest index, grain weight/spike, number of grains/spike and-grain
weight; respectively The superiority in grain yield of this family depended on grain
weight/spike, number of grain/spike and 100-grain weight. Families No. 168 and
No. 459 were comparable to Sids4 in earliness and outyielded the better parent
in grain yield by 22.79 and 22.82%; respectively.

It could be noticed that families No. 44, No. 48, and No. 147 which
showed significant direct gains in days to heading from the earlier parent,
showed adverse effects on grain yield/plant, biological yield/plant and number
of spikes/plant. Ali and Abou-El-wafa (2006), Ali (2011) found that selection
for days to heading decreased grain yield/plant.

2-4. Correlated gains under drought stress after two cycles of selection.

Significant (P<0.01) average positive correlated gains for most traits
were obtained and reached 17.97% for biological yield/plant, 46.94% for grain
yield/plant, 25.65% for harvest index, 27.24% for number of spikes/plant,
26.81% for grain weight/spike, 22.15% for number of grains/spike and
12.29% of the bulk sample for 100-grain weight (Tablell). Likewise,
significant average correlated gain for biological yield/plant, grain yield/plant,
harvest index, grain weight/spike, number of grains/spike and 100-grain
weight of 19.26, 31.46, 11.40, 16.80, 12.65 and 8.04% of the better parent;
respectively (Table 12).

One of the main goals of this study was develop high yielding early
lines under irrigation and drought stress environments. Therefore, the families
similar or earlier than the earlier parent Sids4 and showed significant
observed gain in grain yield/plant from the better parent could be considered
the best families. Families No. 63 and No. 147 showed significant direct
observed gain in days to heading from the earlier parent Sids4 of -10.86 and -
3.47%; respectively (Table 12). Family No.63 showed significant (p<0.01)
correlated gains of 24.21 and 29.61% for biological yield/plant, 66.63 and
49.07% for grain yield/plant, 30.15 and 21.45% for harvest index, 78.26 and
64.19% for grain weight/spike, 32.82 and 22.49% for number of grains/spike
and 37.41% for 100-grain weight from the bulk sample and the better parent;
respectively. Family No. 147 showed significant (p<0.01) correlated gains of
21.00 and 22.32% for biological yield/plant, 31.97 and 18.66% for grain
yield/plant, 83.19 and 68.73% for grain weight/spike, 38.42 and 27.65% for
number of grains/spike and 28.02 and 23.17% for 100-grain weight; from the
bulk sample and the better parent; respectively. It is of the interest to note
that grain yield of the above two families depended on superiority of grain
weight/spike, number of grains/spike and 100-grain weight, and their spike
length similar to the long spike parent Sids4. Furthermore; families No. 1, No.
45, No. 62 and No. 95 were early as the earlier parent and showed significant
(p<0.01) correlated gains in grain yield/plant of 31.32, 55.88, 55.88 and
38.27%; respectively from the better parent.
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Table 10. Means of the studied traits of the selected families for days to
heading after two cycles of selection under drought

conditions.
Fam. No. DH 'Z';'n Er';] NS/P le?/?g NG/S ‘é\’Gg’ E;Yé S;Yé HI%
1 70.33| 77.83 |13.33| 4.70 | 4.85 | 90.71 | 2.79 | 56.45 | 20.78 |36.79
45 69.67| 83.17 |14.00| 490 | 533 | 77.08 | 3.60 | 74.08 | 18.98 |25.63
62 71.33|103.50|14.17| 6.67 | 570 | 71.05 | 3.87 | 62.99 | 24.66 |39.15
63 64.33| 88.67 |16.00| 3.73 | 6.64 | 85.05 | 575 | 67.23 | 23.58 |35.18
95 70.33| 81.83 |14.50| 6.35 | 4.86 | 62.17 | 3.16 | 59.16 | 21.87 |37.03
147 69.67| 77.83 |17.17| 3.39 | 6.18 | 88.63 | 591 | 63.45 | 18.68 |29.46
150 71.00| 83.50 |13.00| 5.97 | 5.02 | 58.36 | 2.93 | 50.32 | 16.46 |33.56
186 75.33| 78.50 |17.67| 4.71 | 560 |10553| 583 | 78.69 | 26.09 |33.18
245 75.00| 88.33 |15.33| 5.02 | 4.99 | 76.73 | 3.66 | 50.25 | 18.68 |37.16
459 74.67| 93.83 |12.83| 5.78 | 507 | 66.86 | 3.39 | 55.97 | 18.19 |32.53
Average 71.17| 85.70 |14.80| 512 | 542 | 78.22 | 4.09 | 61.86 | 20.80 |33.97
bulk 79.22| 91.83 |13.94| 4.03 | 483 | 64.03 | 3.22 | 52.44 | 14.15 |27.03
Sidsa 72.17| 81.72 |16.39| 3.23 | 502 | 69.43 | 3.07 | 47.18 | 11.64 |24.66
Giza168 92.17|102.53|15.25| 5.59 | 4.37 | 66.37 | 3.50 | 51.87 | 15.82 |30.49
R.LSDO5Fam| 1.93 | 507 | 1.25 | 0.87 | 044 | 3.96 | 040 | 587 | 155 | 4.24
R.LSDOLFam| 2.57 | 6.72 | 1.67 | 1.16 | 056 | 527 | 053 | 7.78 | 2.06 | 541
R.L.S.DO5 Aver| 1.43 | 3.76 | 0.93 | 064 | 032 | 294 | 030 | 435 | 1.15 | 3.14
R.LS.DOLAver| 1.91 | 499 | 1.24 | 086 | 041 | 391 | 040 | 577 | 153 | 401

R.L.S.D.(Fam.), to compare families with the better parent and the bulk sample.
R.L.S.D.(Fam.), to compare average with the better parent and the bulk sample.
***_Significant at 0.05 and 0.01 level of probability; respectively.

Genotypic correlations among traits after selection for days to heading

It is well known that the early plants, in other words short span life
mostly affect grain yield and plant growth. Furthermore, under normal
irrigation the genotypic correlation between days to heading and plant height
before selection (in the F4-generation) was negative (-0.22) meaning that long
vegetative growth period, acted positively in plant height and the correlation
changed from 0.22 to 0.64 after selection (Table 13). Therefore, the
genotypic correlation between days to heading and biological yield changed
from -0.01 to 0.27, and harvest index decreased from -0.06 to -0.61. The
genotypic correlation of DH with GY/P was very weak in both of the F, and
Fs-generations, but, changed from 0.02 to -0.09. Kilic and Yagbasanlar
(2010), Bilgin et al. (2011) and Subhani et al. (2011) noted negative
correlation of grain yield was observed with days to heading. Meaning that
early families slight increased grain yield/plant.

Under normal irrigation in the base population (F,;) the correlation
between days to heading and plant height was -0.22 and 0.14 with spike
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length. Therefore, selection for earliness increased the correlation with PH
and BY/P and decreased it with HI and SL. Also, in the F, (base population)
days to heading showed 0.00 and 0.02 correlations with number of
spikes/plant and grain yield/plant, and positive correlations with each of 100-
grain weight (0.08), number of grains/spike (0.18) and grain weight/spike
(0.09). So, it is expected that early families in Fg could show positive
correlation between plant height with number of spikes/plant (0.39), grain
yield/plant (0.37; in the direction of increased correlation with biological yield),
negative correlations with each of grain weight (-0.14), number of
grains/spike (-0.50) and grain weight/spike (-0.44). These correlations
indicate that grain yield/plant of the early families will depend on number of
spikes/plant.

Tablell. Observed direct and correlated responses to pedigree
selection for days to heading after two cycle of selection
(F6) in percentage of bulk sample under drought conditions;
season 2013/2014.

Selection Correlated traits

Fam. No.

o | Tl S | | owg [NOS | Sy | py | g | %
L 1122 [15.24~| 433 | 1683 | 041 |41.67|-1343| 7.64 |46.79"[36.12
45 -9.96" |12.71| 165 |65.78"| 18.08™ |10.97|20.18] 20.13 |74.23+[44.82"
62 -9.96% 1271 | 165 |65.78%| 18.08™ |10.97*[20.18%| 20,13 [74.23" [44.82"
63 -18.79" | -3.44 | 14.81" | -7.48 | 37.41 |32.82"|78.26" | 28.21" [66.63" [30.15™
o5 -11.22" |-10.88"| 4.04 |57.89~| 062 | 291 | -1.98 | 12.83* 5456 |36.99*
147 -12.06™ |-15.24*| 23.18" | -15.81 | 28.02" |38.42|83.19" | 21.00~ [31.97 8.99
150 -10.38" | 007 | -6.72 |48.33~| 3.86 | -8.85* | -9.19 | -4.04 | 16.27* [24.14"
186 -4.917 |-14.51| 2677~ | 16.93 | 1587 |64.80+|80.70] 50.06* |84.35+|22.74"
245 5.33% | 381 | 1002 |2456*| 324 |19.83%| 13.63 | -4.17 |32.017[37.46"
459 575 | 218 | 792 |4364~| 504 | 442 | 504 | 6.75 |28.52"|20.35"
Average 1047+ | 667 | 62 |27.247| 12,20 [22.15"|26.81%| 17.97* [46.94|25.65+
L.S.0005Fam%| 281 | 620 | 969 | 2335 | 9.73 | 7.14 | 1427 | 12555 | 1258 | 16.20
LS.D0.0LFam%| 381 | 840 | 1313 | 3154 | 1325 | 9.67 | 19.54 | 17.01 | 17.10 | 2194
LS.D0.05Aver%| 208 | 460 | 748 | 1714 | 7.5 | 529 | 10.55 | 9.31 | 933 | 1199
L.S.0001 Aver%| 283 | 623 | 9.76 | 2335 | 9.73 | 7.47 | 1427 | 1261 | 1265 | 16.28

L.S.D.(Fam.), to compare families with the better parent and the bulk sample.
L.S.D.(Fam.), to compare average with the better parent and the bulk sample.
***_Significant at 0.05 and 0.01 level of probability; respectively.

Under drought stress the correlation between days to heading and
other traits was weak except for number of spikes/plant which increased by
selection from 0.03 to 0.41, 100-grain weight decreased from -0.34 to -
0.63,and grain weight/spike decreased from -0.11 to -0.25.
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Table 12. Observed direct and correlated responses to pedigree
selection for days to heading after two cycle of selection (F6)
in percentage of the better-parent under drought conditions;
season 2013/2014

Scfilfecrti'g: Correlated traits

Fam. No.

on | T TS [ [ [ e Ty [ S | e
1 -2.54  |-24.09**|-18.65**| -15.85 | -3.39 |[30.65**|-20.27**| 8.82 |[31.32**|20.68**
45 -1.16  |-18.89**|-13.57**| 19.40* | 13.61** | 2.34 | 10.7 |21.44** |55.88*|28.39**
62 -1.16 0.95 |-13.57**| 19.40* | 13.61** | 2.34 10.7 | 21.44** | 55.88** | 28.39**
63 -10.86** |-13.52**| -2.38 |-33.36**| 32.20** | 22.49** | 64.19** | 29.61** | 49.07** | 15.38*
95 -2.54 [-20.19%*|-11.53*| 13.68 | -3.19 |[-10.46**| -9.71 | 14.06* |38.27**|21.45**
147 -3.47% |-24.09**| 4.74 |-39.36**| 23.17** | 27.65** | 68.73** | 22.32** | 18.06** | -3.38
150 -1.62 |-18.56**|-20.68**| 6.84 -0.07 |[-15.94**| -16.35*| -2.99 4.02 10.05
186 4.38* |-23.44*| 7.79 | -15.78 | 11.49* |51.99** |66.44** | 51.70** | 64.92**| 8.81
245 3.92* |-13.85**| -6.45 | -10.28 | -0.66 |10.51**| 4.67 -3.12 | 18.10** | 21.87**
459 3.46* -8.48** -21.70**| 3.45 1.06 -3.7 -3.25 7.91 |14.98* | 6.69
IAverage -1.39  [-16.41**| -9.70** | -8.36 | 8.04* |[12.65**|16.80**|19.26** |31.46**| 11.40*
L.S.00.05 Fam %|  3.09 6.96 | 824 | 1682 | 9.36 6.58 | 13.14 | 12.69 | 11.25 | 14.37
L.S.00.01 Fam%|  4.18 9.43 | 11.17 | 22.72 | 12.75 | 8.92 | 18.00 | 17.20 | 15.30 | 19.45
L.S.D0.05 Aver % 2.29 5.16 6.10 12.34 6.97 4.88 9.71 9.41 8.34 10.63
L.S.D0.01 Aver % 3.10 7.00 | 830 | 16.82 | 9.36 6.61 | 13.14 | 12.74 | 11.31 | 14.43
L.S.D.(Fam.), to compare families with the better parent and the bulk sample.

L.S.D.(Fam.), to compare average with the better parent and the bulk sample.
*** Significant at 0.05 and 0.01 level of probability; respectively.

Table 13. Genotypic correlation for selected families for days to heading
under irrigation (above diagonal) and drought (below
diagonal) in Fe-generation.

Trait DH PH SL | NS/P |100GW|NG/S| WG/S | BY/P | GY/P | HI

DH - 0.64 |-0.29 | 0.12 -0.20 | -0.43 | -0.43 0.27 -0.09 | -0.61
PH 0.06 - -0.34 | 0.39 -0.14 | -0.50 | -0.44 0.58 0.37 |-0.39
SL -0.07 | -0.39 -0.61 0.73 0.81 | 0.93 -0.39 | -0.22 | 0.26

NS/P 041 | 056 |-0.71 -0.72 | -0.55 | -0.74 0.63 0.75 | 0.20

100GW | -0.63 | 0.11 | 0.68 | -0.67 0.23 | 0.54 -0.25 | -0.46 | -0.33

NG/S 0.03 | -0.47 | 0.76 | -0.74 0.43 0.97 -0.48 | -0.14 | 0.53

WG/S -0.25 | -0.18 | 0.96 | -0.73 0.89 0.68 -0.49 | -0.25 | 0.36

BY/P -0.19 | -0.21 | 0.61 | -0.41 0.54 0.65 | 0.66

- 0.81 |-0.35
GY/P -0.08 | 0.17 | 0.51 | -0.04 0.41 0.54 | 0.49 0.65 - 0.26
HI 0.14 | 047 |-0.15] 0.49 -0.21 | -0.16 | -0.26 | -0.42 0.41 -
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