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ABSTRACT

This study was carried out during the two successive seasons 2014/2015 and 2015/2016 at the experimental farm of
Sakha Agricultural Research Station, Kafr El-Sheikh, Egypt. Eight bread wheat (Triticum aestivum L.) cultivars and lines,
differing in their earliness were used as parents and evaluated with their 28 F1's under optimum (29th Nov.) and late (29th Dec)
sowing dates. The studied characters were earliness, grain yield and its components. significant differences were detected
between the two sowing dates and among the studied genotypes in each sowing date and across the two sowing dates. The mean
squares of GCA and SCA for most studied characters were significant or heighly significant under both sowing dates. Means of
the parents and their crosses were decreased under late sowing date for all the studied characters. The early parents and most of
their F1's had the desirable mean values for combining ability and heterosis effects for earliness characters. Moreover, the parents
Giza 171, Misr 2 and Line 1 (late parents) were the best parents for mean performance and general combining ability (GCA) for
grain yield and its components in most cases. Four crosses resulting from late and early parents under both sowing dates were the
highest ones and could be used in advanced studies for earliness and grain yield potential. The GCA/SCA ratios were more than
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unity for most studied characters under both sowing dates.
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INTRODUCTION

Bread wheat (Triticum aestivum L.) is the most
important cereal crop in Egypt as well as in most countries
of the world. Developing new early-maturing cultivars of
bread wheat without losses in grain yield ability is a major
objective of many wheat breeding program. Earliness in
wheat seems to be affected by many characters related to the
phonological development like growth and its components,
and eventually reflect that on the grain yield (Menshawy,
2005). Early heading and maturity cultivars in wheat are
advantageous in areas where temperature rises greatly during
the grain filling phase (or late sowing); They also provide
more options for farmer to adopt diverse crop pattern and
potential drought escape mechanism (Mahar et al. 2003). In
addition, early cultivars can be used in cotton-wheat double
cropping systems in North Delta region (Menshawy, 2007).
Wheat genotypes had great differences in their responses
under different environments for the studied characters and
delaying sowing date caused reduction in earliness traits,
plant height, grain yield and yield components (El-Marakby
et al., 2007). Combining ability studies are frequently used
by plant breeders to evaluate newly developed genotypes for
their parental usefulness to incorporate them in hybridization
programme. Analysis of Griffing (1956) is widely used tool
to classify lines in terms of their ability to be combined in
hybrids (Aglan, 2009). For precise information, the
combining ability should be assessed under multi
environments likes sowing dates (Aglan, 2009). Significant

desirable GCA and SCA were reported for earliness, grain
yield and yield components (Abd El-Hamid, 2013; Aglan,
2013; Ram et al., 2014; Abdallah et al., 2015; Kaur and
Mondal, 2016). Furthermore, general and specific
combining abilities ratios were reported to be more than
unity for earliness characters (Abd El-Hamid, 2013; Aglan,
2013; Ram et al, 2014; Abdallah, et al, 2015; Kaur and
Mondal, 2016; El-Saadoown et al., 2017 and Jatav et al.,
2017). In addition, Moshref (2006); and Salem and Abdel
Dayem (2006) stated desirable significant heterosis for many
characters in some bread wheat crosses.

Therefore, the objectives of the present investigation
were to: (1) investigate eight diverse early maturing
genotypes and their F1 crosses under optimum and late
sowing dates condition, (2) determine the heterosis,
combining ability estimates for earliness and agronomic
characters, and (3) obtain promising early crosses with a
relatively satisfactory grain yield.

MATERIALS AND METHODS

A- The studied genotypes and layout

This study was carried out during the two successive
seasons 2014/2015 and 2015/2016 at the Experimental Farm
of Sakha Agricultural Research Station, Kafr El-sheikh,
Agricultural Research Center (ARC), Egypt. Eight bread
wheat cultivars and lines, differing in their earliness time
were used as parents. However, the names, pedigrees and
earliness status of these parents are shown in Table (1).

Table 1. Genotypes names and selection history of the used bread wheat parents.

Earliness

Name Selection history for maturity

Giza 171 SAKHA 93 / GEMMEIZA 9 S.6-1GZ-4GZ-1GZ-2GZ-0S Late

Sids 12 BUC//TC/ALD/5/MAYAT4/ON//1160.147/3/BB/GLL/4/CHAT"S"/6/MAYA/VUL//CMH74 Late

A.630/4*SX SD7096-4SD-1SD-1SD-0SD

Misr 2 SKAUZ / BAV92 CMSS96M03611S-1M-010SY-010M-010SY-8M-0Y-0S late

Line 1 KAUZ/PASTOR//PBW343 late
CMSS00M02401S-030M-030WGY-030M-18M-0Y-0SH

Line 2 GIZA 164/ SAKHA 61 // PLO/TR810328 /6/ GIZA 168 /5/ MAIL"S" /PJ// ENU "S" /3/ KITO /POTO. 19// earl
MO/ JUP /4/K 134 (60)/ VEE S. 16601 -032S -0SY-1S -0S y

Line 3 SAKHA 94 /5/ BL1133 /3/ CMH 79A.955*2/ CNO 79 // CMH 79A.955 / BOW"s" /4/ GIZA 164/ SAKHA 61/ carly

6/SAKHA 12/5/KVZ//CNO 67/PJ62/3/ YD "S"/BLO "S" /4/ K 134 (60) / VEE S.12601-10S-4S-2S-0S
Line 4 SAKHA 12/5/KVZ // CNO 67/PJ 62/3/ YD "S"/BLO "S" /4/ K 134 (60) / VEE earl
S.14665-4S-1S-0SY-0S Y
Line 5 Mutation Line- Sakha wheat breading program. Early
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All possible parental combinations excluding
reciprocals were made among the eight genotypes to
produce their F1 seeds in 2014/2015 season. In 2015/2016
the eight parents and their 28 Fl's (36 entries) were
evaluated under two natural photothermal environments
created by adopting different dates of sowing i.e., 29" Nov.
(optimum) and 29" Dec. 2014 (late). These 36 entries were
repeated four times in a randomized complete block design
(RCBD). Each replicate included 38 rows, the two outside
rows of them were border. Each genotype was represented
by a single row 4 m long, 30 cm apart and the plants were
spaced 20 cm apart within the rows. All cultural practices
were applied according to the recommendations of the
ARC for the region. The meteorological data for the two
winter growing seasons at Sakha Meteorological Station
are given in Table 2.

Table 2. Monthly mean of air temperature (AT OC),
relative humidity (RH %) and rainfed
(mm/month) in winter season 2015/2016 at
Sakha site.

AT OC o Rainfed
Month Max.* Min* RH/ (mm)
November 22,5  11.50 72.80 17.40
December 16.6 7.36  76.40 15.00
January 158  5.61 74.50 5.11
February 22.2 9.61 65.50 -
March 21.3  14.62 67.80 4.50
April 27 18.60 65.00 -
May 269 2090 85.00 -
Mean 21.75 12.60 72.24 10.5

* Max = maximum temperature, ** Min = minimum temperature.

B- The studied characters

The studied characters were measured on five
guarded plants randomly chosen per row in each
replicate and classified into:

1- Earliness characters; number of days to heading (DH),
number of days to maturity (DM), grain filling period
(GFP, in days); equal to the number of days from heading
to maturity, and grain filling rate (GFR) in mg plant’
days-1 ; equal to grain yield (GY) divided by GFP.

2- Yield and its components characters and include:
plant height (Ph, cm), number of spikes plant™ (SP),
number of kernels spike” (KS), 100-kernel weight
(KW, g) and grain yield plant” (GY, g.).

C- The statistical and biometrical analyses:

The data were analyzed on the mean of the five
plants in each replication. The analysis of variance was
calculated for each sowing date separately for the
parents and their crosses according to Snedecor and
Cochran (1980). Genotypes were divided to parents,
crosses and parents vs. crosses. The LSD test at 5 % and
1% according to Steel and Torrie (1980) was used to
compare the mean performance of genotypes. The
effects of genotypes were assumed to be fixed. GCA
and SCA effects were calculated using Griffing (1956)
method 2 modell. The GCA/SCA ratios were calculated
according to Baker (1978). In addition, heterosis as
proposed by Wynne et al (1970), was determined as the
deviation of the F1 means from better parent mean and
expressed as percentage. Furthermore, all statistical
analysis was performed using the statistical routines
available in Microsoft EXCEL (2016).

RESULTS AND DISCUSSION

A- Analysis of variances
1- Earliness characters

Table 3 showed that significant (0.01 or 0.05
probability) mean squares were detected between the
two sowing dates for genotypes, parents, crosses, and
parents vs. crosses, except for parents vs. crosses for
DM under late sowing date and GFP under optimum
sowing date. These results are in the same trend with
those reported by Menshawy (2005); Hammad and Abd
El-Aty (2007) and Moussa and Morad (2009). It could
be concluded that most source of variations were higher
at optimum sowing date, compared with those obtained
from late sowing date. These results indicate that
selection for earliness was predicted to be more
effective under optimum sowing date.

Table 3. Analysis of variance under optimum (SD1) and late (SD2) sowing dates for DH, DM, GFP and GFR

df Days to heading  Days to maturity Grain filling Grain ﬁllling rz}te

S.0.V : (day) (day) period (day) (g plant” day™)
Sowing date SD1 SD2 SD1 SD2 SD1 SD2 SD1 SD2
Replication (Rep) 3 0.5 4.6%* 0.1 1.5 0.9 6.3*%* 0.01**  0.01*
Genotypes (G) 35 150.6%*  78.8*%*  85.1** 31.4** 20.9** 19.6%* (0.2%* 0.1**
Parents (P) 7 301.9%%  191.7** 217.9%% 77.7*¥% 27.5%% 46.1*%* (.3** 0.1%*
Crosses (C) 27 116.6%%  52.2%*%  53.8*%* 20.5%* 19.9%* 13.3*%* (.[** 0.1**
Pvs. C 1 7.6%* 7.5%* 1.9* 0.1 1.9 5.9%%  0.03**  0.2%*
Error 105 0.7 0.5 0.3 0.7 0.8 0.8 0 0

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

2- Agronomic characters

All sources of variations (Table 4) for plant
height and yield and yield components had Significant
(0.01 or 0.05 probability) values of mean squares,
except for parents vs. crosses for KS under optimum
sowing date. These results reflect the variability
between the two sowing dates and among the studied
genotypes in each sowing date and that the behavior of
each genotype was markedly differed from sowing date
to another and the presence of the heterotic effect.

The most source of variations for plant height as
well as yield and its components were higher at optimum

sowing date compared with those obtained from the late
sowing date. Therefore, the selection for agronomic
characters was predicted to be more effective under
optimum sowing date. These results are in harmony with
those obtained by Menshawy et al. (2004); Mousa (2005);
and Moussa and morad (2009).
B- Mean Performance
1- Earliness characters

From the wheat breeder view, the low values of DH
and DM are desirable. Mean values (Table 5) of the parents
and crosses were decreased under late sowing for DH, DM,
GFP and GFR. This trend was true for all parents and
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crosses. It may be due to the genotype differentiations
response and sensitivity to temperature and light changes
when plants are exposing to different degrees of temperature
and light day requirements through late sowing dates, which

Table 4. Analysis of variance under optimum (SD1),
plant” and yield components.

2018

will be certainly reflected on phases of development and the
transformation from vegetative phase to reproductive one.
Similar results were obtained by Menshawy (2007); Aglan
(2009) and Abdallah, et al. (2015).

late (SD2) sowing dates for plant height and grain yield

af Plant height  No. of 1spikes No. of lfernels 100 kernel Grailn yield
S.0.V : (Ph) plant” (SP) spike” (KS) weight (KW) plant” (GY/P)
Sowing date  SD1 SD2 SD1  SD2 SD1 SD2 SD1 SD2  SD1 SD2
Replication (Rep) 3 39.7#* 9.7 32.8%* 1.2 249 343*%  02*% 0.1  16.0%* 4.8
Genotypes (G) 35 127.5%% 127.7*%*% 70.6%* 41.7** 822.0** 602.4** 0.8** 0.5%* 309.4%¥* 100.9%*
Parents (P) 7 273.5%% 250.1*%*% 155.0%* 82.9%* 1019.2%* 934.4** 1.1** 0.6%* 663.7¥* 130.2%*
Crosses (C) 27 87.8** 90.6%* 50.3*%* 32.0%* 799.9%* 5359%* (.6%* (0.4*F 2257** 82.1**
Pvs.C 1 176.0%* 273.8*%*% 27.5%* 13.2%* 389 72.2%  43%F 40%*  89.6%* 403.6%*
Error 105 7.1 6.3 2.3 1.5 14.9 11.7 0.03 0.02 3.3 2.6

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

Table 5. Mean performance of the parents and their F1 crosses for earliness characters under optimum (SD1)

and late (SD2) sowing dates.

Days to heading (day) Days to maturity (day) Grain filling period (day)

Grain filling rate (g plant” day™)

Genotypes SD1 SD2 SD1 SD2 SD1 SD2 SD1 SD2
Giza 171 93 85 144 126 51 41 1.29 0.84
Sids 12 88 82 142 124 54 42 0.75 0.57
Misr 2 99 85 149 130 50 45 1.06 0.78
Line 1 102 90 150 127 49 38 1.10 0.84
Line 2 81 72 131 119 51 47 0.70 0.56
Line 3 82 73 133 120 52 47 0.58 0.43
Line 4 83 76 134 119 51 43 0.65 0.57
Line 5 80 72 136 119 57 47 0.57 0.48
Mean of parents 88 79 140 123 52 44 0.84 0.63
Giza 171 x Sids 12 92 82 143 125 52 43 0.85 0.73
Giza 171 x Misr 2 97 85 145 129 48 44 1.05 0.91
Giza 171 x Line 1 98 85 144 127 47 42 1.03 0.99
Giza 171 x Line 2 88 78 138 123 50 45 0.93 0.69
Giza 171 x Line 3 87 78 141 123 54 45 0.84 0.67
Giza 171 x Line 4 90 79 141 122 51 44 0.97 0.77
Giza 171 x Line § 90 79 140 123 51 43 0.65 0.66
Sids 12 x Misr 2 96 83 144 126 48 43 1.13 0.74
Sids 12 x Line 1 97 83 146 125 49 42 0.76 0.72
Sids 12 x Line 2 85 75 138 123 53 48 0.69 0.59
Sids 12 x Line 3 84 76 139 122 55 46 0.75 0.80
Sids 12 x Line 4 88 78 139 122 51 44 0.87 0.67
Sids 12 x Line 5 84 76 138 122 54 46 0.56 0.57
Misr 2 x Line 1 99 86 148 125 49 39 1.17 0.91
Misr 2 x Line 2 89 79 140 123 51 45 0.92 0.79
Misr 2 x Line 3 89 78 142 123 53 45 0.81 0.85
Misr 2 x Line 4 93 80 142 125 48 44 0.90 0.79
Misr 2 x Line 5 90 80 141 123 51 43 0.75 0.75
Line 1 x Line 2 89 79 140 122 50 43 0.80 0.71
Line 1 x Line 3 90 79 142 123 53 44 0.74 0.74
Line 1 x Line 4 93 82 142 124 49 42 0.84 0.75
Line 1 x Line 5 90 79 142 123 51 44 0.81 0.77
Line 2 x Line 3 82 73 134 119 52 46 0.65 0.52
Line 2 x Line 4 82 75 135 120 54 45 0.64 0.64
Line 2 x Line 5 80 72 134 119 54 47 0.58 0.59
Line 3 x Line 4 84 75 136 121 52 46 0.73 0.55
Line 3 x Line 5 82 74 136 121 54 47 0.50 0.53
Line 4 x Line 5 83 75 136 120 53 45 0.58 0.58
Mean of F1 89 79 140 123 51 44 0.80 0.71
Over all mean 89 79 140 123 51 44 0.81 0.70
LSD 0.05 1.2 0.9 0.8 1.2 1.3 1.2 0.05 0.05
LSD 0.01 1.6 1.3 1 1.5 1.7 1.6 0.07 0.07

Regarding parents, the days to heading ranged from
80 days for Line 5 to 102 days for Linel and from 72 days
for Line 2 and Line 5 to 90 days for Line 1 under optimum
and late sowing dates, respectively. The days to maturity
ranged between 131 days for Line 2 to 150 days for Linel
and from 119 days for Lines 2, 4 and 5 to 130 days for

Misr 2 under optimum and late sowing dates, sequently.
Values of grain filling period ranged from 49 days for
Linel to 57 days for Line5 and from 38 days for Linel to
47 days for Lines 2, 3 and 5 under optimum and late
sowing dates, consecutively. Grain filling rates differed
from 0.5g for Line 5 to 1.29g for Giza 171 and from 0.43g
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for Line3 to 0.84g for Giza 171 and Linel under optimum,
and late sowing dates, in sequence.

At the level of crosses, the days to heading ranged
between 80 days for Line 2 x Line 5 to 99 days for Misr 2 x
Line 1 and from 72 days for Line 2 x Line 5 to 86 days for
Misr 2 x Line 1 under optimum and late sowing dates,
respectively. The days to maturity were between 134 days
for Line 2 x Line 3 and Line 2 x Line 5 to 148 days for Misr
2 x Line 1 and from 119 days for Line 2 x Line3 and Line 2
x Line 5 to 129 days for Giza 171 x Misr 2 under optimum
and late sowing dates, in sequence. Values of grain filling
period were ranged from 47 days for Giza 171 x Line 1 to
54.9 days for Sids 12 x Line 3 and from 39 days for Misr 2 x
Line 1 to 48 days for Sids 12 x Line 2 under optimum and
late sowing dates, sequently. Grain filling rates differed from
0.50g for Line4 x Line5 to 1.17g for Misr 2 x Line 1 and

from 0.52g for Line 2 x Line 3 to 0.99g for Giza 171 x Line
1 under optimum and late sowing dates, consecutively.

In general, the early parents were Lines 2, 3, 4,
and 5 respectively and the moderate late parents were
Sids 12 and Giza 171. Moreover, most of their resulted
crosses gave the most superior and desirable values
toward earliness, indicating that these genotypes could
be used to obtain early wheat cultivars. These results are
in accordance with Menshawy (2005) and Aglan (2009).
2- Agronomic characters

The means of plant height, grain yield plant’ and
yield components for the parents, crosses and all genotypes
are illustrated in Tables 6. Data in this Table indicated that
all values decreased significantly in the late sowing. This
was true for the means of all genotypes. Similar trend was
observed by Menshawy (2007), and Abdallah, ez al. (2015).

Table 6. Mean performance of the parents and their F1 crosses for the agronomic characters under optimum

(SD1) and late (SD2) sowing dates.

Plant height No. of spikes No. of kernels 100-kernel Grain yield
Genotypes (cm) (Ph) plant” (SP) spike” (KS)  weight (g) (KW) plant” (g) (GY/P)

SD1 SD2 SD1 SD2 SD1 SD2 SD1 SD2 SD1 SD2
Giza 171 113 101 24 18 91 70 5.14 4.54 65.8 34.6
Sids 12 100 93 9 8 117 95 5.15 4.10 40.2 23.9
Misr 2 113 106 29 24 92 86 4.11 3.80 52.4 353
Line 1 90 84 23 19 83 70 4.35 4.13 533 31.7
Line 2 96 88 19 18 75 59 3.86 3.66 35.6 26.2
Line 3 98 89 16 14 73 55 4.03 3.84 30.0 20.5
Line 4 105 96 20 17 68 55 5.03 4.70 32.7 24.6
Line 5 95 86 15 13 75 56 4.74 4.56 32.5 22.4
Mean of parents 101 93 19 16 84 68 4.55 4.17 42.8 27.4
Giza 171 x Sids 12 103 99 15 13 113 89 5.02 4.49 43.9 30.9
Giza 171 x Misr 2 103 96 20 18 84 76 4.99 4.81 48.3 41.0
Giza 171 x Line1 104 100 20 15 79 66 5.15 4.68 46.9 30.7
Giza 171 x Line2 100 93 21 16 81 64 4.85 4.62 45.7 30.1
Giza 171 x Line3 107 101 20 16 78 66 5.33 4.80 49.3 33.9
Giza 171 x Line4 106 100 18 15 75 60 5.57 4.92 33.0 28.5
Giza 171 x Line5 110 100 21 14 101 93 4.20 3.90 54.5 32.2
Sids 12 x Misr 2 98 89 14 12 93 81 4.44 4.21 37.4 30.4
Sids 12 x Line 1 96 92 9 8 110 88 5.39 4.79 36.5 28.1
Sids 12 x Line 2 101 95 17 15 101 72 4.52 4.37 40.9 36.4
Sids 12 x Line 3 106 95 13 11 107 85 4.97 4.72 44.7 29.4
Sids 12 x Line 4 104 98 10 9 92 75 5.46 4.94 30.4 26.4
Sids 12 x Line 5 108 103 22 17 89 83 4.40 4.35 57.3 353
Misr 2 x Line 1 105 101 25 20 89 73 4.55 4.25 47.2 35.4
Misr 2 x Line 2 111 100 19 18 82 74 4.50 4.13 42.5 38.2
Misr 2 x Line 3 114 104 21 18 77 69 5.15 4.48 43.2 34.9
Misr 2 x Line 4 108 99 21 17 78 64 4.99 4.73 38.1 32.2
Misr 2 x Line 5 102 90 20 17 75 64 4.78 4.53 40.3 30.8
Line 1 X Line 2 111 104 23 20 94 84 4.66 4.47 50.3 40.6
Line 1 X Line 3 98 94 20 18 80 64 4.98 4.51 38.9 32.7
Line 1 X Line 4 104 96 19 15 76 69 5.16 4.83 40.7 31.4
Line 1 x Line 5 103 93 19 18 73 64 5.15 4.62 41.5 34.2
Line 2 x Line 3 99 90 18 15 69 59 4.75 4.44 33.7 23.9
Line 2 X Line 4 101 92 18 17 67 60 5.07 4.83 34.2 28.9
Line 2 X Line 5 100 94 17 16 58 52 5.22 4.58 31.2 27.3
Line 3 x Line 4 106 95 17 15 69 55 5.04 4.36 37.8 25.0
Line 3 x Line 5 94 85 15 14 73 57 4.78 4.26 26.6 24.7
Line 4 x Line 5 104 95 18 17 62 52 5.89 5.35 30.7 26.1
Mean of F1 104 96 18 16 83 70 4.96 4.57 40.9 31.4
Over all mean 103 95 18 16 83 70 4.87 4.48 41.3 30.5
LSD 0.05 4 4 2 2 54 4.8 .29 27 2.6 2.3
LSD 0.01 5 5 3 2 7.2 6.4 .39 .35 3.4 3.0

With respect to parents, the plant height estimates
(cm) ranged from 90cm for Line 1 to 112.5 cm for Giza
171 and Misr2 and from 84 cm for Linel to 106cm for
Misr 2 under optimum and late sowing dates, respectively.

The minimum and maximum number of spikes plant’
were detected in Sids 12 and Misr 2 and were 9 and 29 as
well as 8 and 24 under optimum and late sowing dates,
sequently. Moreover, the minimum and maximum number
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of kernels spikes™ were detected in Line 4 and Sids 12 and
were 72 and 128 as well as 56 and 96 under optimum and
late sowing dates, consecutively. Furthermore, values of
100-kernel weight (g) ranged from 3.86 g for Line2 to 5.15
g for sids 12 and from 3.66 g for Line 2 to 4.70g for Line 4
under optimum and late sowing dates, in sequence. In
addition, values of grain yield plant” (g) ranged from 30 g
for Line 3 to 65.8 g for Giza 171 and from 20.5 g for Line3
to 35.3 g for Misr 2 under optimum and late sowing dates,
respectively.

The superiority of Giza 171 in respect to grain yield
plant” ( 65.8 g ) may due to the highest number of spikes
plant” (24 ), kernel spike” (91 ) and weight of 100 kernel
(5.14g) under the optimum sowing date. In addition, the
highest grain yield plant’ (35.3 g) in Misr2 under the late
sowing date may due to the highest number of spikes plant”
(24 ) and kernel spike™ ( 86).

Concerning crosses, the plant height estimates (cm)
ranged from 94cm for Line3 x Line5 to 114cm for Misr2 x
Line3 and from 85cm for Line3 x Line5 to 104cm for Misr2
x Line3 and Linel x Line2 under optimum and late sowing
dates, respectively. Moreover, values of number of spikes
plant” ranged from 9 for Sids12 x Linel to 25 for Mist2 x
Linel and from 8 for Sids12 x Linel to 20 for Misr2 x Linel
and Linel x Line2 under optimum and late sowing dates, in
sequence. Additionally, the number of kernel spikes” ranged

from 58 for Line2 x Line5 to 113 for Gizal71 x Sids12 and
from 52 for Line2 x Line5 and Line4 x Line5 to 93 for
Gizal71 x Line5 under optimum and late sowing dates,
consecutively. Furthermore, values of 100 kernel weight (g)
ranged from 4.20g for Gizal71 x Line5 to 5.89g for Line4 x
Line5 and from 3.90 for Gizal 71 x Line5 to 5.35 for Line4 x
Line5 under optimum and late sowing dates sequently. In
addition, values of grain yield plant’ (g) ranged from 26.6g
for Line3 x Line5 to 57.3g for Sids12 x Line5 and from
24.7g for Line3 x Line5 to 41g for Gizal71 x Misr2 under
optimum and late sowing dates, respectively.

The mean performance of each F1 crosses
different from the mean performance of the
corresponding parent, subsequently the performance of
cross combinations did not wusually follow the
performance of its parents involved in respect to grain
yield and its components. It could be observed that the
rang of crosses were larger than that of the parents in
most cases of yield attributes, indicating the great
variability among the crosses.

C- Combining ability
1- Analysis of variance

Data presented in Table 7 revealed heighly
significant general (GCA) and specific (SCA) combining
ability mean squares for all studied characters under both
optimum and late sowing dates.

Table 7. Mean squares for general (GCA) and specific (SCA) combining ability and GCA/SCA ratio for all
studied characters under optimum (SD1) and late (SD2) sowing dates.

Character Genotypes (G) GCA SCA Error  GCA/ SCA ratio
df Sowing date 35 7 28 105
Days to heading SD2 T8k 300w 35w 03 123
Days to maturity Sgé g?}‘:: ngg:: §§:: 8% 15(),73
Guinfilngperiod g, oges 73 sow 0% V7
Grain filling rat D2 01 03w 00w 000l s
Plant height Sgé g;g:: jggg:: g;g:: 6?3 %g
No.ofspikesplant’  Sp)  4i%w  derem  looes 13 9
Noofkemelsspie’ Spy  goygm  dories  Sige 117 6
100 - kernel weight e 08 o 0 3es 0001 03
Grain yield plant™ Sgé 3{833:: 132215‘%'79:: 22(7):: 32 (l)g

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

These results indicate the importance role of
additive and non-additive effects in determining the
performance of these characters. Moreover, the selection
of these traits would not be effective in a single condition
but more conditions would be required. In this respect,
Naseem et al. (2015), Abdallah, et al. (2015), Hei et al.
(2016), Kaur and Mondal (2016) , El-Saadoown et al
(2017), Jatav et al. (2017)

Nevertheless, GCA variance values were higher than
SCA for all characters under these study at the two sowing
dates, proving that, selection for improve the studied
characters would be more effective using some of the
present parents and crosses. In addition, the ratios of
GCA/SCA under the two sowing dates were more than unity
for all characters, except for GFP under optimum sowing

date, KW under both conditions and GY under late sowing
date, meaning that additive gene effects predominantly
control these characters. Therefore, it could be concluded
that selection procedures based on the accumulation of
additive effects would be more effective in early segregated
generations. Similar results were obtained by Abdallah, et al,
(2015), Kaur and Mondal (2016), El-Saadoown ef al.,
(2017) and Jatav ef al., (2017) reported significant mean
squares of general and specific combining ability for
earliness and agronomic characters.
2- General combining ability (GCA) effects

Wheat breeders are interested to get significant
negative GCA for days to heading, and maturity and plant
height, and significant positive effects for grain filling period
and rate and grain yield and its components.
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a- Earliness characters

Table 8 illustrate that Line 2, Line 3, Line 4 and
Line 5 had significant negative GCA effects and so
were the best combiners for days to heading and
maturity under both conditions.

In addition, Giza 171, Misr 2 and Line 1 had
significant negative GCA and were the best combiners for
grain filling period. Also, Giza 171, Misr 2 and Line 1 were

the best combiners for grain filling rate under both
conditions base on their significant or highly significant
positive GCA. It was interested to notice the strong
relationship between GCA effect values and their
corresponding mean performances, where early mature
parents had the lowest mean performances and negative sign
of GCA effects for most earliness components. These results
were agreed with those reported by Aglan (2009)

Table 8. Estimates of general combining ability effects of the parents for days to heading and maturity and
grain filling period and rate under optimum (SD1) and late (SD2) sowing dates.

Days to heading (day) Days to maturity (day) Grain filling period(day) Grain filling rate(g plant” day™)

Parents SDI1 SD2 SDI1 SD2 SDI1 SD2 SDI1 SD2
Giza 171 2.83FF  274%F  207FF  1.77%% 20.76%%F  0.97** 0.16%% 0.08%%
Sids 12 024  0.75%*  1.04*%*  0.57** 0.8%* -0.18 -0.02%* -0.03%*
Misr 2 5.20%%  3.00%%  376%% 2 76%* J1.53%%  0.33* 0.15%* 0.1%*
Line 1 6.06%*  4.14%%  432%x ] 58%x J1.74%% D 56%* 0.11%* 0.1%*
Line 2 4.4k 3 AQFE 4 02%% D (9** 0.37%* 1.4%% -0.07%* -0.06%*
Line 3 3.88%% D 97kx D §3kx ] 37kx 1.35%* 1.6%* 0.11%* -0.07%*
Line 4 2.05%%  1.23% D46 _].36%* 0.41%* 0.14 -0.05%* -0.04%*
Line 5 4 1%F 3.04%% D 7% ] 87** 1.93%* 1.17%* -0.17%* -0.09%*
L.S.D.05 (gi) 0.25 0.199  0.165 0.244 0.27 0.259 0.011 0.011
L.S.D.0I (g) 0331  0.263  0.219 0.323 0.357 0.343 0.014 0.015

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

b- Agronomic characters

The best parents for plant height were Line 1,
Line 2, Line 3 and Line 5 corresponding with significant
negative GCA effects. In addition, Giza 171, Misr 2 and
Line 4 had highly significant positive estimates under
both conditions and could be used as good combiners
for tallness plant. For grain yield and its components,

the best parents were Giza 171 and Misr 2 since their
GCA were significant and positive under both
conditions. In addition, significant positive GCA were
showed by Linel for SP and GY; Sids12 for KS; and
Line 4 and Line 5 for KW. These results indicated that
the best combiners are superior genotypes for improving
agronomic characters, as shown in Table (9).

Table 9. Estimates of general combining ability effects of the parents for plant height and grain yield plantl
and yield components under optimum (SD1) and late sowing (SD2) dates.

Parents Plant height No. of 1spikes No. of ll<ernels 100-kernel Grailn yield
(Ph) plant” (SP) Spike” (KS) weight (KW) plant” (GY/P)
SD1 SD2 SD1 SD2 SD1 SD2 SD1 SD2 SD1 SD2
Giza 171 3.08%*  3.68** 1.74%* (0.71** 3.66**  1.84%*%  (02%* (.16** 7.71*%* 3.03%*
Sids 12 -1.07**  -0.57 -4.88%* -4.19** 20.17** 14.74**  0.05 -0.07* -0.34 -1.31**
Misr 2 6.34%*  6.38** 435%% 2.04%%  445%*  BJek  -0.32%* -(0.24%*% 6.58%* 4.48**
Line 1 -3.45%%  J3.02%% 1.42%*  1.34%*  _1.51%F 1.44%*%  0.12*%*  -0.02 3.89%* 2.45%*
Line 2 -2.92%% 2.49%%  _0.06 0.16  -5.23*%  -4.6%* -0.12%* -0.09** -3.08** -1.73**
Line 3 -2.32%% . 87FE -0.79%F  -0.2  -4.89%F  _T14%% _0.24%F -0.19*%* -4.6%* -227**
Line 4 2.29** 1.26%*  0.02 0.1 S7.74%% 0 -5.96%*F  (0.28%F  0.24%*  2.6%* -] 59**
Line 5 -1.94%* 237k J1.8%* _0.87%F 8.9%* 0. 08**  0.27**  0.22%* -7.56%* -3.06%*
L.S.D.0S5 (gi) 0.783 0.74 0445 0.361 1.137 1.011 0.061 0.056 0.539 0.474
L.S.D.01 (gi) 1.036  0.978 0.588 0.478 1.505 1.337  0.081 0.074 0.713  0.627
L.S.D .05(gi-gj) 1.184  1.118 0.672  0.546 1.72 1.528  0.093 0.084 0.815 0.716
L.S.D .0Ol(gi-gj) 1.566 1479 0.89  0.722  2.275 2.021 0.123  0.112 1.078  0.947

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

3- Specific combining ability (SCA) effects
a- Earliness characters

Days to heading data (Table 10) showed eight and
eight crosses possess desirable significant SCA effects under
optimum and late sowing dates, respectively. The most
superior crosses were Misr 2 x Line 3, Line 1 x Line 2 and
Line 1 x Line 3 under both conditions. Eight and four
crosses had significant or highly significant negative SCA
effects for days to maturity under optimum and late sowing
dates, in sequence and Misr 2 x Line5 was the best cross
under both conditions. There were nine and four crosses
possessed desirably significant SCA effect for grain filling
period under optimum and late sowing dates, consecutively,
and the most superior crosses were Giza 171 x Line 5, Misr
2 x Line 5 and Line 2 x Line 3. Significant positive SCA

effects were detected in seven and nine crosses for grain
filling rate under optimum and late sowing dates,
sequentially and best crosses under both conditions were
Sids 12 x Line 3, Sids 12 x Line 4 and Line 1 x Line 5.
Generally, the most superior and desirable crosses for most
earliness characters at optimum sowing date were Sids 12 x
Line 5, Misr 2 x Line 2, Misr 2 x Line 3 and Line 1 x Line 2.

For late sowing date the best crosses were Gizal71 x
Line4 and Misr2 x Line3. For both sowing dates the most
superior cross was Linel x Line2. The most previously
defined crosses possessed non-additive gene effects in
different earliness characters and could be useful in wheat
breeding programs for improving these characters. These
results in harmony with obtained by Aglan (2009), and
Akbar et al. (2009).

382



J. Plant Production, Mansoura Univ., Vol. 9 (4), April, 2018

Table 10. Estimates of specific combining ability effects for F1 crosses for days to heading and maturity and
grain filling period and rate under optimum (SD1) and late (SD2) sowing dates.

Days to heading Days to maturity Grain filling period Grain filling rate
Crosses (day) (day) (day) (g plant” day™)

SD1 SD2 SD1 SD2 SD1 SD2 SD1 SD2
Giza 171 x Sids 12 -0.29 0.16 0.05 -0.28 0.34 -0.44 -0.1%* -0.02
Giza 171 x Misr 2 0.37 0.15 -0.84** 1.73%* 1.21%* 1.58%* -0.07** 0.03
Giza 171 x Line 1 -0.04  -0.63* S2. 11 0.32 -2.07** 0.95% -0.04* 0.11%*
Giza 171 x Line 2 0.4 0.04 -0.41 -0.08 -0.81 -0.11 0.03 -0.03
Giza 171 x Line 3 -1.1%* -0.35 1.23%* -0.18 2.33%* 0.17 -0.02 -0.04*
Giza 171 x Line 4 0.71 1.66%** 1.41%* -0.86* 0.7 0.8%* 0.05%* 0.03
Giza 171 x Line 5 2.13%%  (.84%* 0.41 -0.2 -1.72%* -1.03* -0.15%** -0.03
Sids 12 x Misr 2 1.23**%  -0.02 -1.24%* -0.31 -2.47%* -0.29 0.18%* -0.03
Sids 12 x Line 1 2.01%*%  -0.82%* 0.69** -0.14 -1.32%* 0.67 -0.13** -0.04*
Sids 12 x Line 2 0.4 -0.79* 1. 1%* 1.47+* 0.7 2.27%* -0.04* -0.01
Sids 12 x Line 3 -0.77* -0.25 0.57* -0.06 1.35%* 0.19 0.07** 0.21%*
Sids 12 x Line 4 0.85* -0.21 0.37 -0.27 -0.48 -0.06 0.13%* 0.04*
Sids 12 x Line 5 -1.35**  -0.49 -1.09** 0.64 0.26 1.13%* -0.06%** -0.01
Misr 2 x Line 1 -0.69 0.07 0.04 -2.18%** 0.73 -2.26%* 0.1%* 0
Misr 2 x Line 2 -0.77* 0.18 0.31 -0.41 1.09* -0.59 0.02 0.05%*
Misr 2 x Line 3 -1.04%*  -0.84** 0.4 -1.18%* 1.43** -0.34 -0.04** 0.12%*
Misr 2 x Line 4 1.39**  -0.26 0.17 0.31 -1.22%* 0.57 -0.02 0.03
Misr 2 x Line 5 0.43 1.0%* -0.53* -0.93* -0.96* -1.94%** -0.04* 0.04*
Line 1 X Line 2 -1.09**  -0.77* -0.84** -0.47 0.25 0.3 -0.04** -0.02
Line 1 % Line 3 -1.38%*%  -1.4%* 0.49 -0.5 1.87%* 0.9* -0.07** 0.02
Line 1 X Line 4 0.12 -0.11 -0.53* 0.64 -0.64 0.75 -0.03 -0.01
Line 1 X Line 5 -0.52  -1.37** -0.7%* 0.09 -0.18 1.46%* 0.06** 0.06**
Line 2 % Line 3 1.0* 0.89** 0.01 -0.19 -0.99* -1.09** 0.02 -0.04*
Line 2 % Line 4 -0.77%  1.15%* 1.63%* 0.55 2.4%* -0.6 -0.06** 0.05%*
Line 2 % Line 5 -0.25 -0.2 0.22 -0.39 0.47 -0.18 0.01 0.04*
Line 3 % Line 4 0.82* 0.78* 0.4 0.85% -0.42 0.06 0.08** -0.04*
Line 3 X Line 5 1.45%%  1.03** 0.54* 1.08** -0.9* 0.04 -0.03 -0.01
Line 4 x Line 5 0.21 0.45 -0.01 0.59 -0.22 0.14 -0.01 0
L.S.D.05(s1j) 0.77 0.61 0.51 0.75 0.83 0.79 0.03 0.04
L.S.D.01(sij) 1.02 0.81 0.67 0.99 1.09 1.05 0.04 0.05

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

b- Agronomic characters

For plant height data (Table 11), three and three
crosses possess desirable significant SCA effect under
optimum and late sowing dates, respectively and Giza
171 x Line 3 and Line 3 x Line 5 were the most superior
crosses under both conditions. Four and three crosses
had significant positive SCA effects for number of
spikes plant’ under optimum and late sowing dates,
respectively and Sids 12 x Line 3 and Line 4 x Line 5
were the best crosses under both conditions. There were
five and seven crosses possessed desirably significant
SCA effect for number of kernels spike’ under
optimum and late sowing dates, respectively, and the
most superior crosses were Sids 12 x Line 2, Sids 12 x
Line4 and Line 3 x Line 5. Significant positive SCA
effects were detected in nine and nine crosses for 100
kernel weight under optimum, and late sowing dates,
respectively, and best crosses under  conditions were
Sids 12 x Line 2, Sids 12 x Line 5, Line 1 x Line 3, Line
2 x Line 3 and Line 4 x Line 5. SCA effects were
significant and positive in eight and twelve crosses for
grain yield plant” under optimum and late sowing dates,
respectively and best crosses under both conditions
were Gizal71 x Line 4, Sids 12 x Line 3, Sids 12 x Line
4, Misr 2 x Line 2 and Line 1 x Line 5.
D- Heterosis percentages

From the breeder's point of view, positive
percentages of heterosis would be of interest in most
characters under investigation, however, for days to heading
and maturity and plant height characters significant negative
percentages would be useful.

1- Earliness characters

Significant negative heterotic effects over better
parent for days to heading (Table 12) were recorded for 22
and 22 crosses and ranged from -1.64 to -12.14 % for Giza
171 x Misr 2 and Line 1x Line 2 and from -1.36 to -12.35 %
for Line 2 x Line 4 and Line 1 % Line 5 under optimum and
late sowing dates, respectively. Days to maturity showed
significant negative heterotic effects for 23 and 18 crosses
and ranged from -0.64 to -7.10 %, for Line 4 x Line5 and
Line 1 x Line 2 and from 1.00 to -5.43 %; for Gizal71x
Sids 12 and Misr 2 x Line 5 under optimum and late sowing
dates, respectively. Desirable negative and significant
heterotic effects over better parent for grain filling period
were observed in 14 and 16 crosses and differed from -3.79
to -10.65 % for Giza 171 x Sids 12, Line 1 x Line 4 and
Misr2 x Line5 and from -2.76 to -13.55 % for Line 2 x line
3 and Misr 2 x Linel under optimum and late sowing dates,
respectively. Significant negative heterotic effects over better
parent belonged to four and seven crosses and ranged from
7.04 to 34.56 % for Sids 12 x Misr 2 and Sids 12 x Line 4
and from 7.56 to 40.04 % for Misr 2 x Line 1 and Sids 12 x
line 3. As e results of using early genotypes, Aglan (2009),
and Akbar ef al. (2009) obtained useful values of heterosis
for earliness characters.

The degree of heterosis varied from cross to cross for
earliness characters under optimum and late sowing dates,
suggesting that the nature of gene action varied with the
genetic architecture of the parents. In general, better parent
heterosis effects were negatively significant for most crosses
derived from the early parents under the two sowing dates.
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Table 11. Estimates of specific combining ability effects of F1 crosses for plant height and grain yield plant™
and yield components under optimum (SD1) and late sowing (SD2) dates.

Plant height No. of spikes No. of kernels 100 kernel weight Grain yield
Crosses (Ph) plant” (SP) spike™ (KS) (KW) plant” (GY/P)

SD1 SD2 SD1 SD2 SD1 SD2 SD1 SD2 SD1 SD2
Giza 171 x Sids 12 -1.91 034  -0.39 0.45 5.76%* 2.47 -0.1 -0.08 -4.79**  -1.31
Giza 171 xMisr2  -1.24 -1.61 -1.4* 0.54 2.79 3.64* -0.09 0.08 -5.3%%  2.57%*
Giza 171 x Line 1 -0.2  -0.21 -1.51% 0.15 -1.16 2.77 0.04 0.2*  -4.61** 503**
Giza 171 x Line2  0.53 3.51*%* -0.57 -1.48** -2.68 -0.62 0.2* 0.14 0.94 -1.07
Giza 171 x Line3 -3.83** -3.61** 1.17 -0.07 -1.43 -0.04 0.02 0.18* 1.24 -1.18
Giza 171 x Line4  -1.94 1.01 -0.44 -0.18 -0.85 0.46 -0.03 -0.08  2.9%* 1.91*
Giza 171 x Line 5 2.05 3.39*%*  -0.56 -0.11 -3.58%* -2.42  0.23* 0.06  -8.47**% -1.99%*
Sids 12 x Misr 2 .16  -1.36 2.91** -0.11 -7.27%  0.25 -0.4%*%  -0.27**  6.89** -1.46%*
Sids 12 x Line 1 -1.05 -2.96* -0.52 -0.73  -8.74%%  4.4** -035%* -0.18* -7.5%%  -1.27
Sids 12 x Line 2 -2.82*%  -0.74 -4.62** -3.50%*% 11.41** 821** 0.59** 0.47** -1.44 0.64
Sids 12 x Line 3 1.57  3.39%*% 433*%* 4 14%* 249  -4.82**  -0.16 0.15  4.46** 09.48**
Sids 12 x Line 4 .21 -0.99 -0.13 -0.59  11.65*%* 6.87** -0.23* 0.07  6.28**  1.75%
Sids 12 x Line 5 3.7%*  5.64** -139* -131* -2.85 -0.61  0.27** 0.31** -3.06** 0.19
Misr 2 x Line 1 1.54 3.84** -1.86** -2.79** 234 3.58* -0.03 0.13  5.48*%* .2, 13**
Misr 2 x Line 2 -1.23  1.31  2.44** 098 6.08**  -0.84 0.12 0.1 2.33%*%  2.09%*
Misr 2 x Line 3 4.16%* 1.19 -2.71**  -04 -0.59 3.19* 0.19 0.08 -0.84  5.43%*
Misr 2 x Line 4 2.05 081 -223* -1.02 -2.6 -3.09 0.31** -0.01 -2.07* 1.51%*

Misr 2 X Line 5 0.04 -056 -04 -1.04 -0.66 -5 0.17  0.27** -23**  0.29
Line 1 x Line 2 5.18%* (.21 0.29 0.04 -1.91 -2.04 0.15 0.16  -1.82* -0.46
Line 1 x Line 3 0.2 4.34**  0.68 1.02 3.2 -0.14  0.47** 0.25** -1.75% 2%
Line 1 x Line 4 1.84 2.71* -1.29 -1.69**  1.86 3.76* 0.13 0.12  -1.94*  0.04
Line 1 x Line 5 4.83** 259* 134 1.86** -0.08 2.08 0.13 -0.06  3.83**% 428%*
Line 2 x Line 3 093  0.06 0.36 -0.72 -3.99*% 0.78 0.23*  0.24*%*  0.04 -2.64**
Line 2 x Line 4 -1.18  -2.06 -0.64 0.58 -3.01 1.41 0.04 0.2%* -1.41 1.67*
Line 2 x Line 5 1.8  331** 043 0.96 -11.04** -3.75*  0.2%* -0.03 0.49 1.59%
Line 3 x Line 4 3.21%* 131 -0.6 -0.35 -2.1 -1.89 0.12 -0.17  3.62** -1.64*
Line 3 x Line 5 -4.39** -5.06%*  -0.7 -0.94 3.56* 3.67*  -0.13  -0.24** -2.55%¢  -0.49
Line 4 x Line 5 034 0.81 1.44* 1.88** -438* -2.88  047** 041** -0.46 0.22
L.S.D.05(s1j) 24 2267 1363 1.107  3.487 3.098 0.188  0.171 1.652  1.452
L.S.D.01(sij) 3.175 2999 1.804 1464 4.613 4.099 0249 0.226  2.186  1.921

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

Table 12. Estimation of heterosis over better parent for F1 crosses for days to heading and maturity and
grain filling period and rate under optimum (SD1) and late (SD2) sowing dates .

Crosses Days to heading (day) Days to maturity (day) Grain filling period (day) Grain filling rate (g plant” day™)
SD1 SD2 SD1 SD2 SD1 SD2 SD1 SD2
Giza 171 x Sids 12 -1.92**  -3.01**  -0.78** -1* -3.79%** 1.2 -34.09%* -13.31%%*
Giza 171 x Misr 2 -1.64** -0.27 -2.27%* -0.58 -6.28** -1.52 -18.38%* 8.92%*
Giza 171 x Line 1 -4x* -5.06%*%  -3.88%* -0.48 -8.36%* 0.75 -19.85%%* 17.34**
Giza 171 xLine2 -6.16**  -8.14%** -4.6** -2.94%* -1.76 -5.3%* -27.47%* -17.54%%*
Giza 171 xLine3 -7.21**  -7.99%*  _2.43** ) 46%* 4.93%* -5.12%* -34.71%* -20.2%*
Giza 171 x Line4  -3.3%* STATHEE S 226%F 2. 98%* -0.34 1.85 -24.73%%* -7.82%
Gizal71 xLine5 -3.98**  -6.68** -2, 75%*  .2.86%* -10.62** -7.21%* -49.58%* -21.48%*
Sids 12 x Misr 2 -3.4%* -2.61%%  -323%k 3 07**  -10.43%*  -3.093%* 7.04%* -5.01
Sids 12 x Line 1~ -4.53** -7.5%* S2.71%% -1.79%* -8.69%** 0.06 -30.59%* -14.24%%*
Sids 12 x Line 2 -3.64**  -7.66** -2 .64%* -0.54 -1.01 1.45 -8.46* 4.04
Sids 12 x Line 3  -4.38**  -6.36**  -1.96** -1.2% 2.02 -3.41% -0.44 40.04**
Sids 12 x Line 4  5.78** 2.42%* 4.18%* 2.15%* 1.55 1.67 34.56** 17.38**
Sids 12 x Line 5  -5.29**  -6.74** -2 88** -1.03* -4 4% -0.89 -25.34%%* 0.34
Misr 2 x Line 1~ -2.21**  -3.89%*  _] 33*%* .3 73%* -1.6 -13.55%%* 7.09%* 7.56%
Misr 2 x Line 2 -10.11%* -7.39%* -5.6%* -5.2%* 1.44 -4.95%* -12.98%%* 1.17
Misr 2 x Line 3 -9.86**  -7.97**  _454**  .523%* 1.71 -4.84%** -23.58%%* 8.14%*
Misr 2 x Line 4~ -5.54%%  _523%*%  _4.64*%*  _4,08** -4 53%* -1.93 -15.05%* 0.77
Misr 2 x Line 5 -8.6%* -5.88%*%  -4.92%%  _543**  _10.65%* -7.78** -29.12%%* -4.37
Line 1 x Line 2 -12.14** -12.19%* 7 1** -4, 13%** -0.63 -7.79%* -26.85%* -15.54%%*
Line 1 x Line 3 -11.91** -12.31%* -521%%* -3.6%** 2.15 -6.92%* -32.91%%* -11.9%**
Line 1 x Line4  -8.64**  -8.91**  _584** .2 (9** -3.79%** -1.96 -23.6%* -11.52%%*
Line 1 x Line 5 -11.29%* -12.35%* _576**  -3.52%%* -9.63%* 5 27** -26.38%* -8.19*
Line 2 x Line 3 -0.03 0.43 0.26 -0.83 0.72 -2.76* -8.12%* -6.99
Line 2 x Line 4 -1.76* -1.36* 1.33%* 0.61 6.24%* -4.56%* -9.45%* 12.67**
Line 2 x Line 5 -0.62 -0.03 -1.62%* -0.14 -4.76%* -0.88 -18.2%* 5.32
Line 3 x Line 4 0.78 -1.16 1.53%%* 0.64 0.28 -3.58%** 12.39%** -4.2
Line 3 x Line 5 0.88 1.23 -0.29 0.41 -5.47** -0.86 -14.63%* 9.95
Line 4 x Line 5 -0.23 -1.69%** -0.64* 0.83 -7.36%* -2.92%* -9.98* 0.7
L.S.D.05(sij) 1.196 0.951 0.790 1.167 0.052 0.055 1.289 1.239
L.S.D.01(sij) 1.582 1.258 1.045 1.544 0.069 0.072 1.705 1.639

* and ** significant at 0.05 and 0.01 levels of probability, respectively.
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As observed in the present study several workers
have also reported the presence of considerable heterosis in
wheat for earliness characters (Pansuriya, 2013).

2- Agronomic characters

The heterotic effects over better parent (Table 13) for
the number of spikes plant” showed no significant positive
values for any cross. Moreover, Only Sids 12 x Line 4 had
significant positive heterotic effects for number of kernels
spike” and had values of 59.0 and 54.1 % under optimum
and late sowing dates, respectively, in addition Giza 171 x
Line 1 had significant positive heterotic effects with value of
7.9 % in the late sowing date. Negative and significant
heterotic effects of plant height were recorded for 10 and 10
crosses and ranged from -3.75 to -11.11 % for Sids 12 x
Line 2 and Giza 171 X Line 3 and from -3.53 to -8.64 % for

Misr 2 x Line 1 and Giza 171 x Line 3 under optimum and
late sowing dates, respectively. For 100 kernel weight the
data showed significant positive heterotic effects for 10 and
10 crosses and ranged from 6.0 to 17.62 % for Sidsl2 x
Line5 and Line2 x Line3 and from 5.9 to 16.63 % for and
Giza 171 x Line 1 and Sids 12 x Line2 under optimum and
late sowing dates, respectively. Desirable positive and
significant heterotic effects over better parent for grain yield
plant” were observed in three and nine crosses ranged from
7.5 to 36.8 % for Misr 2 x Linel and Sids 12 x Line 4 and
from 7.9 to 52.46 % for Line 1 x Line 5 and Sids 12 X line3
under optimum and late sowing, respectively. Desirable
significant heterotic effects for plant height, grain yield
plant’ and yield components were also reported by
Pansuriya (2013).

Table 13. Estimation of heterosis over better parent for F1 crosses for plant height and grain yield plant” and
yield components under optimum (SD1) and late sowing (SD2) dates.

Plant height No. of spikes No. of kernels 100 kernel Grain yield
Crosses (PH) plant” (SP) spike” (KS) weight (KW)  plant” (GY/P)

SD1 SD2 SD1 SD2 SD1 SD2 SD1 SD2 SD1 SD2
Gizal71 x Sids 12 -8.3**  -2.47 -37.39** -27.58** -3.85 -6.79** -259  -1.25 -33.25%* -10.6**
Giza 171 x Misr2  -1.11  -2.35 -19.62** -15.34*%* 221 =279 -9.26%*  -1.51 -23.5%% 14.9%*
Giza 171 x Line 1~ -8.89%%* -5.43** -15.49** 795 -7.57* 7.85* -2.86 5.9%  -26.54** 18.58**
Giza 171 x Line2  -7.78** -1.23 -17.79** -14.48** -13.33** 5.6 0.23 3.04 -28.71%* -11.14**
Giza 171 x Line3 -11.11%* -8.64%* -13.5%* -7.66 -11.57** -8.4* -5.53 1.79  -30.55%* -13.03**
Giza 171 x Line4  -5.33** 0 -16.9%*  -6.59 -14.08** -6 3.71 2.11 -25%* -2.1
Giza 171 x Line 5  -5.56** -1.23 -25.13** -11.75% -18.33** -14.56** 8.48** 7.75%*% -4981** -17.64**
Sids 12 x Misr 2 -2.67  -6.12%*% -27.66%* -39.05%* -14.28** -1.85 -18.45** -4.95 391  -8.77**
Sids 12 x Line 1 -2.5  -4.05% -36.48%* -37.73*%* _20.61%* -14.45%* -13.71** 1.8 -29.82** -4.05
Sids 12 x Line 2 -3.75%  -1.08 -54.62*%* -54.29%* -6.61** -7.53** 4.66 16.63** -9.35%*  7.55
Sids 12 x Line 3 1.25 2.97 9.78 10.68 -13.92%* -23.92*%* _12.19*%*  6.48 1.57 52.46**
Sids 12 x Line 4 0.6 -1.04 -34.28** -33.66** 59.04** 54.07** -1.09 0.46  36.75%*% 19.39**
Sids 12 x Line 5 3.75%  5.95%* -20.88** -29.94%* 21 .88** -21.53*%*  6* 8.26** -24.51** 10.31*
Misr 2 x Line 1 -4.44%*  _3.53% _22.34%*% .26.85%* -3.88  -3.33 1.2 5.2 7.54*%  -0.03
Misr 2 x Line 2 -6.44%* 5. 41%* _12.53%* -15.82*%* -3.87 -15.48** 10.75** 11.99** -10.02** 0.07
Misr 2 x Line 3 -1.11 -5.88%*%  -33%* 23 28%* _10.73** -13.75%* 9.65**  7.39* -18.95%* 7.98*
Misr 2 x Line 4 .11 -2.35 -28.52%* -24.63** -16.01** -19.66**  2.29 -4.77 -17.51%%  -1.17
Misr 2 x Line 5 -4.44%* J7.06%* -28.48%* -28.82%* -15.16%* -25.49**  5.32 3.6 -27.4%% -B.76**
Line 1 x Line 2 6.54** 286 -11.62* -11.33* -9.56** -7.58% 9.9** 09.63** .2432*%* -283
Line 1 % Line 3 0 5.63** -13.08** -8.15 -2.94  -8.52*% 14.59%% 9.25%* -27.01** 3.21
Line 1 x Line 4 -1.07  0.26 -18.24** -20.56** -8.03* -1.2 2.62 2.69 -23.64** -0.8
Line 1 X Line 5 7.89%* 8.19** -14.64** -7.3 -11.78** -8.1* 8.68**  1.24 -22.11** 7.94*
Line 2 x Line 3 1.28 1.41 -7.83  -15.33** -8.25*%  -0.33 17.62*%* 15.48** -535  -8.7*
Line 2 x Line 4 -3.46  -4.17* -13.13*  -6.25 -10.73** 2.76 0.9 2.76 -3.83 10.4*
Line 2 x Line 5 4.58* 7.14*%* -12.69* -9.58 -22.92** -11.33** 10.2** 039 -12.41** 448
Line 3 x Line 4 1.31  -1.04 -16.46** -8.13 -6 -1.36 0.21  -7.15*% 15.6*%*  1.67
Line 3 x Line 5 -3.16  -4.23* -282 -1.94  -2.61 2.06 0.79  -6.59* -18.02** 10.48*
Line 4 x Line 5 -1.07  -1.04 -11.44* 131 -17%% 7550 17.18*%* 13.84**  -5.99 6.07
L.S.D.05(sij) 3.743 3.536 2.126 1.726 5438 4.832 0.293 0.267 2.577 2.264
L.S.D.01(sij) 4952 4678 2813 2284 7.194 6393 0388 0.353 3409 2.995

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