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ABSTRACT _

Fifteen diallel crosses among six Egyptian bread wheat cultivars and lines
showing clear differences in earliness were made and evaluated under full and stress
irrigation regimes. Water stress caused a significant reduction in all studied traits; with
grain yield of Fi; showing maximum reduction (22.3%). Genetic differences were found
in all earliness and grain filling traits under both irrigation treatments. Line-1 and
Sakha-61 X Sids-4 were early heading and maturing as well as having high yielding
ability. Line-1 X Line-3 had the best yield under both irrigation regimes and the lowest
reduction due to drought besides its imtermediate earliness. Some crosses showed
significant desirable heterobeltiosis for all studied traits under both irrigation regimes.
Both general (GCA) and specific (SCA) combining ability variances were significam for
all studied traits under stress and non-stress; with higher magnitude for GCA than SCA.
The best general combiners were Sids-4, Line-1 and Line-2 for days to heading (DTH)
and to maturity (DTM) and Sakha-61, Line-3 and Gemmeiza-10 for grain filling rate
(GFR} and grain yield (GY). Additive and dominance genetic variances were significant
under both irrigation regimes, for all studied traits. Additive was more important than
dominance for DTH, DTM and grain filling period (GFP), while the opposite was true
Jfor grain yield / plant. The degree of dominance was partial for DTH, DTM and GFP,
complete for GFR and overdominance for GY. Number of genes (geme groups)
controlling the inheritance was one for GFP, GFR, two for DTH under stress and DTM
under non-stress, three for DTH and DTM under stress and four for DTM under stress
conditions. Narrow-sense heritability estimates were very high for DTH and GFF, high
Sfor DTM, moderate for GFR and low for GY, A very strong negative genetic association
(rg} was detected between DTH and GFP, suggesting that early Reading genotypes
showed longer GFP and a strong positive r, between GFR and GY, suggesting that GFR
was the most important factor for increasing GY. '
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INTRODUCTION

Developing new early-maturing cultivars of bread wheat (Triticum
aestivum L.) without loss of inherent yielding ability is an objective of the
Wheat Breeding Program in Egypt. Yield losses due to certain stresses may
be minimized in early-maturing cultivars, since they would escape such
stresses that might occur late in season (Clarke ef al 1984 for drought and




Menshawy 2005 for heat stress). In Egypt, the success of wheat to be
cultivated in the rainfed area of the Nosthern Coast and late planting in the
North Delta, may depend entirely on the early maturing cultivars. However,
many investigators reported that carly-matoring cultivars were more drought
tolerant than late ones (Fischer and Maurer 1978 and Kheiralla et al 1993).

The possibility of double cropping wheat and cotton in Egypt has
also heightened interest in high-yielding early-maturing wheats (Menshawy
2007). Early harvest of the wheat crop is critical to allow cotton crop
sufficient time to develop and to produce an adequate yield.

A better understanding of the inheritance and type of gene action for
earliness and grain filling traits would help wheat breeders to increase and
stabilize grain yield. Several scientists found that maturity is controlled by
one gene (Johnson et af 1966 and Shebab El-Din 1997) with earliness being
dominant or partially dominant. Other rescarchers found that a two-gene
model was more likely (Pinthus 1963. Shehab El-Din 1997). Three-gene
(Crumpacker and Aliard 1962) and four-gene (Wehrhahn and Allard 1965)
models have been proposed and some data indicated the presence of another
dominant gene for lateness. Modifying factors have been suggested (Klaimi
and Qualset 1973 and Pinthus 1963). Polygenic control also has been
reported (Edwards et al 1976). However information is laking regarding
inheritance of grain filling rate and duration in wheat.

Additive gene action is evidently accounted for a large amount of the
variation for days to heading (Bhatt 1972, Avey er al 1982, and Menshawy
2000 and 2005) days to maturity (Menshawy 2000, 2005 and 2007), grain
filling duration and rate (Rasyad and Van Sanford 1992, Beiquan and
Kronstad 1994, Mou and Kronstad 1994 and Menshawy 2004), but
dominance also was important (Crumpacker and AHard 1962, Avey er al
1982 and Menshawy 2005) for earliness traits, while epistasis was reported
in several studies (Amaya et al 1972, Ketata er al 1976 for earliness and
Przulj and Mladenov 1999 for grain filling traits).

To exploit different types of gene action involvad in inheritance of
earliness and grain filling traits of some Egyptian bread wheat genotypes,
information regarding their relative magnitude and estimates of combining
ability are essential. Such information will help wheat breeders in their
identification of parents and selection strategies. This study was undertaken:
(1) to determine the mode of inheritance, combining ability and heritability
estimates fcr the duration to heading and maturity and the duration and rate
of grain filling in some Egyptian bread wheat genotypes under different
irrigation regimes, (2) to test the relationships between grain yield, earliness
and grain filling traits and (3) to identify some early maturing and high-
yielding genotypes under drought stress conditions.



MATERIALS AND METHODS

The experimental field work of this investigation was camied out at
Sakha Agricultural Research Station, Agricultural Research Center (ARC)
during 2003/2004, 2004/2005 and 2005/2006 scasons.

Materials

Based on the results of previous experiments conducied by Wheat
Research Department of the ARC, six bread wheat cultivars and
experimental lines, showing clear differences in earliness were chosen to be
used as parents of this study (Table 1).

The F, diallel crosses _

All possible crosses (excluding reciprocals)were made among the six
parents. So, seeds of 15 direct Fy crosses were obtained. Siare the produced
hybrid seed was not enough to start the evaluation expesinent, the six
parents were repeatedly sown in 2004/2005 seasor m the same ficld and
seeds of the same 15 F,’s were produced in sufficient quantities. Seeds of
the 6 parents were also increased by selfing in the same season (2004/2003).

Evaluation of parents and Fy’s

One field experiment was carried out in 2005/2006 growing seasomn,
for evaluating the 15 F; crosses and their 6 parents under drought stress and
non-stress conditions. The planting date was on 23™ of November, 2005. A
split-plot design with three replications was used. Main plots were devoted
to the two irrigation regimes, i normal imigation by giving the
recommended number (5) of irrigations and stress irrigation by giving only
two irrigations (sowing irrigation and the next one after 21 days) afier which
irrigation was stopped till the end of the season. A bosder of 30 meters
width was left between the two main plots. Besides, a canal in the middle of
this border of a 5 m width and ! m depth was digped. The pmposc of
making this border was 10 prevent water interference from the foll-inigased
main plot to the stressed one. Moreover, the whole experiment was isolased
by a border of at least 14 m width far away from any soorce of arigation
water . Sub-plots were devoted to the 21 genotypes (6 pavenss < IS F, s ).
Each experimental sub-plot consmted of one row of 2.50 m long and 30 cm
wide with a total area of 0.75 m’. Individual seeds were sown in hills along
the row at 25-cm space between each 2 hills. The mechanical soil analysis
of the experimental site showed that the soil texture was claycy and the
particle size distribution was about 46% clay, 37% silt and 17% sand .
Fertilization, pest control and other cultural practices were appliod
according to the recommendations of the ARC for the region.
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Table 1. Name, pedigree and expected earfimess of the six Egyptian genotypes

of bread wheat.
No Genotype Pedigree Maturity

1 Sakha 61 Lina/RIAZ20/7c/Yr"S™ Early
CM 15430-25-55-85-0S .

2 Sids 4 Maya"S"Mon"S"/ICMH74.A592/3/sakha8* Very early
25D10002-1405d-3sd-193-8sd

3 Cemmeiza 10  Maya74"S"/0ON//1168-147/3/BB/GIV 4/ Late
CHAT"S"/S/Crow"S"
CGM5820-3GM-1GM-2GM-9GM

4 Line#1 SAKHA 12 /S/KVZ//ICNO&T/PI62 /YD "S" / Early
BLO "S" A4/ K 134 (68)/ VEE
S$.14665-4S-1S.05Y-0S

L] Line # 2 CNO™s"/ GLL/3/ SON 64/ KLRE/ BB/M/ UP 301/5/ Early

TL //FN.TH2*NAR 59 N (BB* CNO** CNO*
TOTA / JAR) 2F5 / 21F2** (IN* TGLR** CNO"'s"
*PJ 62*JAR"S"™) 2F1 /7 BLN13VYN CMH
TIA955*2/ CNO 79/ CMH T9A.955 /BOW™s”
§.13299-18-15-15-15-68

6 Line# 3 SHI # 4414 / CROW "S" /| GIZA 163 Late
S.12601-10S-48-25-08

Data recorded

The following earliness and grain filling characters, were recorded
on a plot basis, while grain yield / plant was recorded on five guarded plants
per plots: (1) Days to heading (DTH) as number of days from sowing date
to the date at which 50% of main spike awns/ plot have completely emerged
from the flag leaves, (2) Days to maturity (DTM) as number of days from
sowing date to the date at which 50% of main peduncles / plot have turned
to yellow color (physiological maturity), (3) Grain filling period (GFP) as
number of days from 50 % anthesis to 50% physiological maturity,(4) Grain
filling rate (GFR) in g / day determined by dividing grain yield / plant on the.
duration of grain filling period and (5) Grain yield / plant (GY/P) in g
recorded as the weight of grains of each individual plant.

Biometrical analysis ..

The collected data were subjected to the normal analysis of variance
of the split-plot design according to Spedecor and Cochran (1989).Under
each imrigation regime data were subjected to the normal analysis of
variance for randomized complete blocks design. Genotypes degrees of
freedom were partitioned into parents, crosses and parents vs crosses.
Percentages of F; relative to the better parent mean (heterobeltiosis) were
calculated as follows: Heterobeltiosis (%) = (F1 — BP) / BP X 100, where:
F; = mean of the F) cross and BP = mean of the better parent. General
(GCA) and specific (SCA) combining ability variances and effects were
estimated according to Griffing’s (1956) Method II Model 1. The genetic
parameters were estimated under each irrigation regime by using Hayman’s
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approach as developed by Hayman (1954 a and b). The genotypic
correlation coefficients were calculated, according to Falconer (1989).

RESULTS AND DISCUSSION
Analysis of variance

Analysis of variance of the split-plot experiment (data not presented)
indicated that mean squares due to genotypes and irrigation regimes were
highly significant for all studied traits. This suggests the presence of significant
differences among the studied genotypes and among the irrigation regimes for
all studied traits. Genotypic differences in earliness, grain filling and grain yield
were previously recorded by many researchers (Gebeyehou et al 1982, Ehdaie
and Waines 1996 and Menshawy 2007). This suggests that improving of such
traits is possible via breeding procedures.

Mean squares due to the interaction between irrigation regimes and
genotypes were significant or highly significant for 3 traits (DTH, DTM and
GFP), suggesting that genotypes responded differently to the different irrigation
regimes for these traits and supporting previous results (Fischer and Maurer
1978 and El-Morshidy et of 2001).

Separate analysis of variance under each imrigation regime (Table 2)
indicated that mean squares due to genotypes( parents, Fy crosses and parents
vs F) crosses) were highly significant for all studied traits. under both water
stress and non-stress, except for grain filling period and rate under normal
irrigation. The significant mean squares due to parents vs Fyy indicated
significant heterosis.

Table 2. Partioning genotypes degrees of freedom and mean Squares
for studied traits under stress and non-stress.

S.0.¥ daf Mean squares

DTH DTM GFP GFR GY/P
Non-stress

Genotypes 20 260.8" 463" 1e.a1” s 862.7"
Parents (P) 5 72.8" 6.4~ 132" 09" 41207
Crosses (C) 14 342.7° 3" £ 1 ([ Th 547.9™
PvsC 1 585" 5037 28 0.1 1523
GCA 5 10231 151.7" 418.1" 14" 1053.6"
SCA 15 68" 12" 75" 02" 399.0"

GCA/SCA 158.1 13.5 559 6.8 246

Stress

Genotypes 20 20537 406" 788" a3” 2823
Parents (P) 5 750~ 21.7° 1693" 06" 1152
Crosses (C) 14 2653 486" sL1” 82" kLI
PvsC 1 172" 23.2" 140" 01" 152.2"
GCA ) 806.9" 138.0™ 914" 89" 4624
SCA 15 48" 81" 79" ot 223"

GCA/SCA 168.5 17.¢ 370 6.1 2.1

* *a= giguificant at 0.05 and 0,01, probability levels, respectively. DTH= days toheading ,
DTM= days tc maturity, GFP= grain filling period, GFR = grain filling rate snd GY/P =
grain yield/plant
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Mean performance

Means of different studied traits of 6 wheat parental genotypes and
their 15 diallel F; crosses under water stress and non-stress conditions are
presented in Table (3). Water stress caused a significant reduction in all
studied traits. The greatest reduction was exhibited by GY (20.0 and 22.3%)
followed by GFR (9.1 and 14.3%), while the lowest reduction was shown by
DTH (1.4 and 1.1%) for parents and hybrids, respectively. In other words,
water stress caused significant earliness in heading (1.4 and 1.0 days) and in
maturity (7.1 and 7.2 days), shortness in GFP (3.6 and 4.2 days) as well as
reduction in GFR (0.1 and 02 g / day) and in grain yield / plant (10.3 and
13.6 g) for parents and F1 crosses, respectively. Reductions due to water
stress were also reported by previous investigators (e.g. El-Ganbeechy 2001
and Farhat 2005).

Data in Tabie (3) indicated great genotypic differences in earliness,
grain filling and yield charactenistics. The F1’s were generally earlier in
heading (by 2.0 and 1.6 days) and maturity (by 2.6 and 2.7 days), shorter in
GFP (by 0.5 and 1.1 days) and greater in GFR (by 0.3 and 0.2 g/day) and
grain yield / plant (by 8.0 and 4.7 g) than parents under normal and water
stress conditions, respectively. This indicated the superionty of
heterozygotes over bomozygotes in wheat performance under both
conditions. Similar conclusions were also reported by Ashoush et al (2001).

As indicated from Table (3) Sids-4 was the earliest parent in heading
and maturity under normal and stress conditions, respectively. Line-1 and
Line-2 showed also earliness in heading and maturity. On the other hand,
Line-3 was the latest parent in heading and maturity. Moreover, Gemmeiza-
10 showed lateness in heading and maturity. These results agreed with the
previous expectations when these genotypes were chosen as parents for the
present investigation.

The earliest F; cross was Sids4 X Line-1 followed by Sids4 X
Line-2 in heading and Sids-4 X Line-2 followed by Sids-4 X Line-1 in
maturing under normal and stress conditions, respectively. It is worthy to
note that all parents of these early maturing F; crosses were the earliest ones
in both heading and maturity. On the contrary, the F; cross Gem.-10 X Line-
3 (both parents were the latest maturing ones) was the latest cross in both
heading and maturity under stress and non-stress.

The highest parental means were exhibited by Sids—-4 for GFP, Line-
3 for GFR and grain yield / plant, while the lowest means were recorded by
Line-3 for GFP and Sids-4 for GFR and grain yield / plant under both stress
and non-stress. It is worthnoting that the low grain yield / plant shown by
Sids-4 could be attributed to the very low number of tillers / plant (data not
presented).

The highest means of Fy crosses were shown by Sids4 X Line-1 for
GFP, Sakha-61 X Line-3, Gem.-10 X Line-3 and Sids-4 X Line-1 for GFR .
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Table 3. Mean performance of studied traits in wheat parents and F, crosses evaluated under stress (S) and non-stress (N) conditions at Sakha in

2005/2006.
Genotypes DTH DTM GFP (days) GER (g/day} GY/P{g)
N 8 Red.% S N Red, % S N Red.% S N Red.% S N Red.%
Sak. 61{1) 93.3 933 0.0 150.0 145.0 33 427 397 7.0 13 1.1 15.4 571 430 246
Sids 4(2) 80.7 803 0.5 146.7 1410 kX 520 48.7 6.4 0.4 0.3 250 190 153 19.5
Gem.10(3) 1033 101.0 22 158.3 513 4.4 41.0 83 6.5 1.5 12 200 6.6 45.9 243
Line 1{4) 82.0 813 0.8 147.7 141.0 4.5 51.7 47.7 78 1.3 19 23.1 4.9 411 274
Line 2(5) 833 83.0 0.4 14%.0 1403 5.8 51.7 453 123 L0 1.0 0.0 494 453 83
Line 3(6) 113.3 168.3 4.4 1583 149.9 59 3.0 28.7 7.5 2.1 1.7 19.1 65.8 49.7 126
Average 92.6 91.2 14 151.7 144.6 4.7 450 414 8.0 1.1 1.9 9.1 513 410 200
1%2 873 86.7 0.7 146.7 139.7 48 453 41.0 9.6 L6 14 124 n9 571 1.7
1x3 91.7 95.0 28 154.3 144.7 6.2 417 ky i) 1.7 L5 12 20.0 63,0 454 279
1x4 863 84.7 19 1473 144.7 45 470 4490 6.4 1.2 1.0 16.7 579 42.7 263
1%5 86.0 85.7 04 148.3 141.0 49 483 433 10.4 1.2 1.1 83 57.9 458 209
1x6 140.3 38.0 13 1520 146.7 35 317 36.7 2.7 L7 1.4 177 63.7 524 17.7
23 913 920 0.3 147.0 1417 6 40.7 311 7.4 1.7 13 235 69.4 433 303
%4 8.7 78.7 0.0 145.7 13717 55 530 470 113 0.6 05 16.7 299 23.7 208
%8 79.7 79.7 0.0 144.7 1373 51 510 45.7 105 0.9 0.9 0.0 478 40.2 16.0
2%6 950 - 940 1.1 148.3 1420 4.3 393 360 8.6 1.6 13 188 610 468 234
3x4 90.0 90.0 0.0 149.0 1427 42 458 407 926 14 12 14.3 640 481 248
3§ 9%.3 9.0 03 1493 1427 44 450 407 9.6 1.5 1.1 267 674 449 313
Ixh 0o 1030 28 1567 1473 6.0 367 323 11.8 1.7 14 176 601 453 245
45 810 803 0.9 148.6 131.7 70 530 453 14.5 08 0.9 -12.8 430 387 %9
46 943 93.0 1.4 149.7 1433 43 413 383 13 1.5 1.6 6.7 618 601 2.7
£x6 94.0 93.0 1.1 150.0 143.7 42 4.0 8.7 19 1.7 1.2 294 69.3 45.6 342
Average 40.6 89.6 1.1 149.1 1419 48 44.5 403 9.4 14 1.2 14..3 593 45.7 223
LSbh 1 0.4 19 1.8 0.1 39
0.0% G 11 2.0 1.5 03 10.0
IxG 1.5 20 2.2 0.4 142

DTH= days to heading, DTM= days to maturity, 1 = irrigations, G = Genotypes, GFR= grain filling period, GFR = grain filling rate and GY/P= grain yleld/plant, [ =
irrigations; G = Genotypes.
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and Sakha-61 X Sids-4 for grain yield / plant, while the lowest ones were
exhibited by Gem.-10 X Line-3 for GFP and Sids4 x Line-1 for GFR and
grain yield / plant.

It is worthy to note that the parent Line-1 and F; cross Sakha-61 X
Sids-4 had two advantages, iLe. earliness in heading and maturity and high-
yielding ability. Moreover, the F; cross Line-1 X Line-3 had the best
drought tolerance (expressed by the highest absolute yield under drought
and the lowest yield reduction due to drought) besides its intermediate
earliness. These genotypes could be recommended for developing more
early maturing, high-yielding and more drought tolerant cultivars.
Heterobeltiosis

Percentages of heterosis relative to better parent (heterobeltosis or
useful heterosis) in F;’s for the studied traits are presented in Table (4). It is
worthnoting that the most desirable heterotic effects were considered as the
lowest negative heterobeltiosis estimates for DTH, DTM and GFP and the
largest positive for GFR and GY traits. Some crosses showed
heterobeltiosis for all studied traits under both irrigation regimes. The F,
cross Sids4 X Line-1 showed significant pegative (favorable)
heterobeltiosis for days to heading under water stress and non-stress and for
days to maturity under water stress conditions.

Regarding grain filling rate, a relatively high heterobeltiosis estimate
was shown by Sids-4 X Gem.-10 under non-stress and Sakha-61 X Sids-4,
Sids-4 X Gem.-10 and Line-1 X Line-3 under stress.

Significant positive heterobeltiosis percentages for grain yield / plant
were also recorded by Line-2 X Line-3 (21.9%) under non-stress and Sakha-
61 x Sids4 (32.9%) and Line-1 X Line-3 (21.0%) under water stress
conditions.

It is worthy to note that the crosses Sids4 X Gem.-10 under non-
stress and Sakha-61 X Sids-4 and Line-1 X Line-3 under water stress
showed the highest positive and significant heterobeltiosis estimates for
both GFR and GY traits. The crosses showing the best heterobeltiosis could
be recommended to improve the respective traits.

Combining ability

Analysis of variance of general (GCA) and specific (SCA)
combining ability is presented in Table (2). Results showed highly
significant estimates of GCA mean squares for the five studied traits. Highly
significant estimates of SCA variances were also observed for the same
traits. These results indicated that both additive and non-additive gene
effects played important roles in the inheritance of earliness and grain filling
traits as well as grain yield / plant.



Table 4. Estimates of heterobeltiosis (%) in wheat F, crosses under stress and
non-stress conditions.

Crosses DTH DTM GFP GFR GY/P
Noo-siress
ix2 82" 09 62" 990 =29
1x3 47" 2.8 41" 170" -16.1
x4 527 03 102" -29.9” 229"
1x5 2" 05 1337 322" 229
1x6 18" 1.3 213" 37 152
2x3 144" 0.2 038 142" 145
x4 25" 07 26 556" 539"
2x5 -12 14 -13 40" -32
2x6 177" 11 269" -16.2" 1.4
Ix4 93" 09 93" 34" -13
Ix5 84" 0.2 98" 14" 112
In6 26" -1.0 183" -10.8" 03
45 -12 0.2 26 357" -33.8"
4%6 150" 1.4 33" 195 -48
5x6 129" 0.7 385" -10.8" 219
Average 1.0 03 128 -15.9 -32
Stress .
142 80" 09 347 306" 329"
1x3 22" 02 -1 08" 11
1x4 42" 0.2 10 9 -19.2" -93
1x5 33" 05 91" 19" 11
1x6 50" 12 27.9" -16.8" 55
2x3 tET I 0.5 17 (% 54
x4 24™ 23 -1.4 495" -49.7"
2x5 -0.8 21" 08 1207 1Y
2%6 171" 0.7 256" 51" 53
x4 10.7" 1.2 61" -7 23
3x5 84" 1.7 61" 83" 2.1
36 2.0” 1.1 128" -18.5" -8.7
4x5 -12 -1.9 0.0 -50.3" -17.8"
4x6 144" 1.6 kx 495 21.0™
5x6 121" 24 349” 3247 83
Average 6.5 0.1 11.1 -1.9 -3.1

***= sjgaificant at 0.05 and 0.01, probability levels, respectively. DTH= days to
headmg DTM= days to maturity, GFP~ grain filling period, GFR = graia filling
rate and GY/P = grain yield/plant.

In general, for all studied traits, the magnitude of mean squares due
to GCA was much higher than that due to SCA, since the ratio of GCA/SCA
exceeded the unity, suggesting that additive was much larger and more
important than non-additive gene effects in the inheritance of these traits.
['his was more pronounced in days to heading followed by grain filling
duration than other traits. The higher importance of GCA over SCA
variance for studied traits was also reported by Bhatt (1972), Avey er al
(1982) and Menshawy (2000) for duration to heading, Menshawy (2002,
2005 and 2007} for duration to maturity, Mou and Kronstad (1994) and
Beiquan and Kronstad (1994) for GFR and GFP and Larik et al (1995} for
grain yield. It is interesting to note that breeding procedures that take
advantage of additive genetic variance would be recommended to improve
earliness and grain filling traits.
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Estimates of GCA effects for stdied traits are presented in Table
(5). Data showed that the parents Sid-4, Line-1 and Line-2 had the lowest
significant and negative GCA effects (favorable) for days to heading and to
maturity under both water stress and non-stress conditions. These parents
could be considered the best gencral combiners for the improvement of
earliness traits (DTH and DTM) in the breeding programs.

Results also showed a great concordance between per se
performances and GCA effects of the parents for earliness traits. Early
heading and maturity parents (per se) were good general combiners for
these traits and the opposite was troe.

For grain filling period, Line-1 and Line-2 followed by Sids-4
showed the highest sigpificant and positive GCA effects, while Line-3
followed by Gem.-10 exhibited the Jowest significant and negative GCA
effects under both water stress and non-stress conditions. Line-3 followed
by Sakha-61 (under no stress) and by Gem.-10 (under water stress) had the

For grain yield / plant the best general combiners were Sakha-61
followed by Gem.-10 and then Line-3 under no stress and Line-3 followed
by Sakha-61 and then Gem.-10 under water stress.

Specific combining ability (SCA) effects of the F; crosses for the
studied traits are shown in Table (6). The resulis of earliness revealed that
the F crosses showing ncgative SCA effects (desirable) outnumbered those
showing positive SCA effects (undesirable) for days to heading and days to
maturity under both water stress and non-stress. The best SCA effect for
days to heading was obtained from the crosses Sids-4 X Line-1, Sakha-61 x
Line-3 under both stress and non-stress, Line-2 X Line-3 and Gem.-10 X
Line-2 under non-stress and Sids-4 X Line-2, Sakha-61 x Gem.--10 and
Sakha-61 X Linc-1 under water stress conditions. Considering days to
heading, the cross Sids-4 X Gem.10 under both stress and non-stress, Gem.-
10 X line-2, Gem.-10 X Line-1 under non-stress and Sakbha-61 X Gem.-10,
Sakha-61 X Sids-4 and Line-1 X Line-2 exhibited the lowest negative
(desirable) and sigmificamt SCA cffects among all tested crosses. It is
interesting to note that all these crosses were produced among early X late
or early x carly maturing parents. Moreover, such good SCA crosses might
came from two parents possessing good GCA or from one with good GCA
and other with poor GCA effect for earliness traits.

The lowest significant and negative SCA effects for grain filling
period was obtained from the cross Sids4 x Gem.-10 under stress and non-
stress and Sakha-61 X Sids-4 and Sids4 X Linc-3 under water stress.



Table 5. Estimates of general combining ability effects of wheat parents
under stress and non-stress conditions.

Parents DTH DTM GF?P GFR GY/P
Non-stress
Sakha 61 0.75" 0.04 479 017" 7.59"
Sids 4 -5.50" 29" 258" 029" -10.70°
Gemmeiza 10 558" 3.00° -2.58" 016" 501"
Line 1 -5.50° 175 315 £0.17 232
Line 2 -5.08" -1,33° 315 £.17 -2.61
Line 3 975" 3.047 471" 0.29" 3.07
S.E. 0.05 (g) 023 027 032 0.05 212
S.E. 0.05 (g -g) , 035 0.42 0.49 0.03 - 343
Stress

Sakha 61 07" 0.49" 031 0.05 236
Sids 4 483 231 253 024" 797
Gemmeiza 10 521" 2.86 238" 0.09" 1.68
Line 1 -5.13%" -1.88" 328 20.10 037
Line 2 -4.46° -1.98 2.49° .10 £.59
Line 3 8.48 .78 564 031" 4.89"
S.E. 0.05 (g) 0.18 027 029 0.04 1.62
S.E. 0.05 (g; -g) 0.28 0.42 0.45 0.07 2.51

*= significant at 0.05 probability level DTH= days to heading , DTM=days to maturity, GFP=
grain filling period, GFR = grain filling rate and GY/P = grain yield/plant.

Four crosses showed the best SCA effects for both grain filling rate
and grain yield / plant: Sakha-61 X Sids-4 and Sids-4 X Gem.-10 under both
stress and non-stress conditions, Sids-4 X Line-3 under no stress and Line-1
X Line-3 under water stress. These crosses were also the best ones in per se
performance for both traits (GFR and GY).

Genetic variance components and proportions

Components of genetic variance for the studied traits calculated
according to Hayman (1954 a and b) are presented in Table ( 7 ). Additive
genetic component of variation (D) for the five studied traits was highly
significant under both water-stress and non-stress conditions. Moreover, the
dominance component of variation (H; and H;) was significant or highly
significant for all studied traits under both stress and non-stress. These
results indicated the importance of both additive and dominance genetic
variances in the inheritance of these traits under both conditions. The
magnitude of additive was greater than that of dominance genetic variance
for all studied traits except for grain yield, indicating that additive was more
important than dominance and played the major role in the inheritance of
earliness and grain filling traits under the two irrigation regimes. On the
contrary, dominance gene effects were more important than additive ones in
the inheritance of grain yield / plant under both irrigation regimes. Similar
conclusions were reported by Bhatt (1972), Avey et al (1982) and
Menshawy (2000, 2004 and 2005) for days to heading and to maturity, Mou
and Kronstad (1994), Rasyad and Van Stanford (1992), Beiquan and
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Table 6. Estimates of specific combining ability cffects of F; crosses for

studied characters.
Cresses PTH DIM GFP GFR GY/®
Neu-stresms
1x2 0.9 a0 -1.13 0.39° 18.24°
1x3 0.14 15" 1.38 0.20° -7.44
1x4 £.11 o 0.63 0.11° 518
1x8 436 415 o.M 20.14" 495
16 -136" 456 0.50 -0.11° -4.34
2x3 1.86¢° a5 -4.00 0.48° 1728
1x4 -1.82" (7 2.00° -0.33" -14.89"
2x5 0.94 494 0.00 0.06" 3
1x6 o044 168" -128 0.21" 10.85"
Ix4 _ -127 2ar 28 0.09" 3.5
3x5 -1.3¢" 2.9 2.8 0.16" 713
3x§ o5 *“n 129 -0.15° -5.83
4x5 0.3 123 0.83 -0.39" -9.95
4x6 -1ar° -1.48" -0.38 0.03 317
sx§ -1.86 157 029 0.19" 10.99"
S.E. 0.05 (Sp) 0.63 (% 0.87 0.01 5.00
S.E.0.05 (S;-Sa) 093 L2 1.30 0.02 7.10
S.E 0.05 (S Su) 086 1.4 1.20 0.06 6.42
Stress
1x2 0.66 129 -1.86" 0.47 18.37
<3 -1.88 -1.36 £0.32 -0.08" 299
1x4 -1.85 .56 039 -0.10° -3.94
1>5 2.7 120 0.52 o0 -0.38
1x6 -12¢" wn 1.98° 0.04 0.81
23 158" 157 315 0.31° 10.28°
2x4 -1.42" 4.5 0.56 -0.28" -1234°
2x5 -1.0%" 197 0.02 0.09° 4.39
2%6 037 116 -1.52° 0.10" 558
3x4 2.13 -1 2.9 0.07 248
3x§ T .m . am -2.11 0.0 -0.50
Ixg 067 099 0.00 011" -5.58
4x5 .13 -120 -1.07 0.06" 468
4x6 234 2123 0.06 0.24" 11.24"
5x§ -181" 013 1.19 0.16" -3.07
S.E. 0.05(Sp) 0.4 5 0.79 0.01 445
S.E. 0.05 (Sy—Sa) [ Ty 112 118 0.02 6.64
S.E. .05 (S °es 1M 1.10 0.04 514

*= gignificant at 0.05 prebability level DTH= days # heading , DTM= days to maturity, GFP= grain
filling peried, GFR = grain {illing rate and GY/P = grala yicld/plaut.
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Table 7. Components of variznce for studied traits under stress (S) and non-stress (N) at Sakha in 2005/2006 season.

Parameter DTH DTM GFP GFR GY
N 5 N 8 N S N ) N S

D 176.89™ 135.18™ 27.07" 21.24" 70.10" 58,79 0.29™ 0.19° 337.24" 43.38"
1021 +0.33 £ 1.26 +0.25 £189 +104 +0.03 £0.03  +£54.82 t 39.43

F 9.59™ 167" 35 -1.33 2.43 14.30™ 0.15 0.09 349.17 137.02
+0.52 £0.80 +£3.07 +0.06 +4.63 x 253 +0.08 £0.06 13393 1 96.32

H, 67" 508" 1027 6.53" 8.55 90" 0.26" 0.16" 51387 264.39"

£0584 £083 £3.19 + 0.62 +4.81 +2.88 +0.08 1007  £139.17 £ 100,09

H, 550" 416" 938" 554" 6.70 2.98' 0.19" 0.1 359.42" 213.07
+0.49 £0.75 +2.85 + 0.56 +4.30 +258  +0.07 006 112433 + 89.41
h? 11.66™ 1.38" 17.34™ 19.94" 0.07 2.01 0.01 0.02 44.0% 48.77
+0.33 +0.50 +1.92 + 038 +2.89 174 1008 £0.04  83.68 + 60,18
E 036" 036" 0.88 0.56" 0.96 0.63 0.02 0.01 34,84 2028
: +0.08 +0.08 +0.47 +009 072 043  £0.01 $001 2072 + 14.90
(H,/D}? 0.19° 0.19 0.62 055 038 042 095 0.92 1.23 1.36
H/4H, 0.20 0.21 0.23 0.21 0.20 0.18 0.18 0.20 0.17 0.20
Ko/Ky 1.32 1.07 1L.24 0.89 110 1.89 1.76 LS 2.44 2.00
xq.’m,) 212 177 1.85 3.60 0.01 0.34 0.06 0.16 0.12 0.23
b (n.s) 0.98 0.98 0 0.86 0.93 0.91 0.62 0.59 0.36 028
h? (b.s) 0.99 0.99 0.92 0.96 09 0.97 0.9 0.58 0.82 0.80
£ 0.01 0.01 0.03 0,01 0.01 0.01 0.13 0.17 0.29 0.57
r 0.74 .01 0.97 0.54 0.60 0.13 .89 0.65 0.7 0.1

% **m significaut at 0.05 and 0.01, probability levels, respectively. DTHi= days to beading , DTM= days to maturity, GFP= grain filling period, GFR = grain filling
rate and GY/P = grain yicld/plant.
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Kronstad (1994), Mashiringwani et al (1994) and Menshawy (2004 and
2007) for grain yield in bread wheat.

The results suggested that selection in segregating generations would
be effective in the improvement of carliness, grain filling traits and grain
yield of bread wheat.

The estimates of H; were relatively smaller in magnitude than H,,
indicating that the positive and negative alleles at loci controlling each
studied trait were not equal in proportion in the parents. These results agreed
with those reported by Abd El-Aty and Katta (2002) and Menshawy (2004
and 2005).

The F estimates were positive and significant for all studied traits
except for days to maturity under water stress conditions, suggesting that
dominant genes were more frequent than recessive ones among the parental
genotypes, in the majonty of cases. A similar conclusion was also reported
by Menshawy (2005).

The overall dominance effects of heterozygous loci (h?) controlling
days to heading and days o maturity under both stress and non-stress in all
crosses were highly significant, indicating that the effect of dominance in
these traits were unidirectional and due to heterozygosity. On the other
hand, h? estimates for grain filling period and rate and grain yield were not
significant, under the two imrigation regimes in spite of the significance of
H; and H,; that could be due to the presence of a considerable amount of
canceling dominance effects in the parental genotypes. A similar conclusion
was reported by Menshawy (2005) for grain ﬁllmg period and rate.

Average degree of dominance (Hy/D)"? was less than unity for days
to heading, -days to maturity and grain filling period, indicating that partial
dominance played the most important role in the inheritance of these traits.
In this respect, Przulj and Mladenov (1999), Abd El-Aty and Katta (2002)
and Menshawy (2004 and 2005) reported that partial dominance was
important in the inheritance of these traits.

Results indicated that the (H, / D) was close to unity for GFR and
greater than unity for GY, indicating that the degree of dominance was
complete for GFR and overdominance for GY under both irrigation regimes.
The proportions of the gemes with positive and negative effects in the
parents (H, / 4H,) which estimate the frequencies at non-additive loci
controlling the studied traits under both irrigation regimes, were less than
0.25 (Table 7), suggesting some asymmetrical distribution at loci showing
dominance. These results confirmed those obtained from H, estimates
which showed also upequal frequencies of positive and negative genes
controlling inheritance of studied traits under the two irrigation regimes. A
similar conclusion was reported by Menshawy (2004 and 2005).
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The proportion of dominant and recessive genes (Kp / Kg) was more
than unity for all studied traits under the two irrigation regimes, except for
days to maturity under water stress, which was less than unity, indicating
the existence of more dominant than recessive alleles in the parents. This
conclusion confirmed the previously reported positive estimates of F.

Number of genes or genes groups (K controlling the inheritance of
studied traits was one for each of grain filling period and rate and grain yield
/ plant, two for days to heading under stress-and days to maturity under non-
stress, three for days to heading under non-stress and four for days to
maturity under water stress conditions. In this regard, conflicting resuits
were reported by different investigators,

Several scientists found that one gene controlled heading and
maturity traits (Jobnson et al 1966, Shehab El-Din 1997 and Menshawy
2004 and 2005). Others proposed. two-gene (Pinthus 1963), three-gene
(Crumpacker and Allard 1962) and four-gene (Wehrhahn and Allard 1965)
models for controlling such traits. Polygenic control has also been reported
(Edwards et af 1976).

The correlation coefficient (r) between the order of dominance (V,,
W) and parental measurements was positive and high for DTH, DTM and
GFP under both irrigation regimes, except DTH and GFP under water stress,
indicating that the expression of high parental values for these traits were
associated with recessive genes. Therefore, dominance appeared to be
unidirectional in the parents, showing complete recessiveness. On the
contrary, the r value was negative and high for grain filling rate and grain
yield / plant, under both irrigation regimes, suggesting that the expression of
high scores in the parents is associated with dominant genes, showing
unidirectional dominance in the parents for these fraits, ie. completely
dominant. Therefore, data indicated that dominance direction was towards
earliness in heading, maturity and GFP traits and towards higher grain
filling rate and. grain yield / plant. Low r values were exhibited by days to
heading and grain filling period under water stress, indicating that
dominance was bidirectional in the parents for these cases.

Narrow sense heritability estimates (ha?) were very high for days to
heading, grain filling period, high for days to maturity, moderate for grain
filling rate and low. for grain yield / plant under both conditions (Table 7).
High values of narrow-sense heritability of ali studied iraits; except grain
yield / plant indicated that the expected gain from selection for these traits
would be high and few cycles of selection are needed for the improvement
of these traits. This conclusion was supported by many investigators
(Shehab El-Din 1997, Abd El-Aty and Katta 2002 and Menshawy.2004 and
2005).
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Trait interrelationships .

Estimates of genotypic comrelation coefficients (rg) between pairs of
studied traits are presented in Table (8). In general, r, values were little
higher in magnitude under water stress than those under non-stress, but
showed similar trends under both zrigation regimes.

A very strong positive genetic association was found between days
to heading and days to maturity (r; = 0.93 under stress and 0.9]1 under non-
stress). This means that selection for carly heading will simultaneously help
in improving early maturity. Days to heading was highly positive correlated
with grain filling rate (r; = 0.83 and 0.85 under stress and non-siress,
respectively). Moreover, a very strong negative genctic association was
exhibited between days to heading and grain filling period (rg = -0.97 under
water stress and -0.96 under non-stress) indicating that selection for earlier
heading would be accompanied by longer grain filling doeration. Menshawy
(2007) also reported that days to beading was significantly and positively
correlated with days to maturity and grain filing rate and vice versa with
grain filling period. It is worthnoting that grain filling period was negatively
correlated (ry = -0.91) with grain filling rate under both irrigation regimes.
Table 8, Estimates of gesotypic correiation coefficients(r,) Between studied

wheat traits under stress (below diagonal) and non-stress (above

Trait DTH DTM GFP GFR GY

DTH el £.9¢ 0.33 0.52

DTM 0.93 .77 0.60 0.31
GFP -0.97 -an -0.91 -0.61
GFR 0.85 067 091 0.39
GY 0.5¢ [ X -A.64 0.89

DTH= days to heading , DTM= duys t» matuxily, GFP= grain filling. period, GFR = grain filling
rate andGY/P= grain yield/plant.

Grain yield / plant exhibited a high positive genetic correlation with
grain filling rate, but showed moderate negative genetic correlation with
grain filling period and moderate positive genctic correlation with days to
heading under both irrigation regimes. This suggested that the high grain
filling rate is the most important factor for increasing grain yield / plant.
Sofield et al (1977) found the rate of grain filling was more important for
grain weight than the duration of grain filling. Little genetic association
between grain filling rate and grain filling duration has been found in wheat
by Gebeyehou et al (1982) and Wong and Baker (1986); these authors
suggested that yield might be increased by breeding for an increased grain
filling rate without altering grain flling period. Menshawy (2007} also
reported that grain filling rate was highly significantly and positively
correlated with grain yield, reflecting the importance of grain filling rate in
grain yield improvement. :
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