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ABSTRACT: Six populations (P, Py, Fy, F;, B; and B;) of five
wheat crosses, namely 1) Sakha 69 x Sahel 1, 2) Sakha 69 x Shi#
- 4414/Gow “s™ // Seri 82, 3) Sahel 1 x Bocro-4, 4) Gemmeiza 5 x Giza
168 and 5) Shi# 4414/Gow “s™ // Seri 82 x Bocro — 4, were raised in a
randomized complete block design during the three successive
seasons of 1998/1999, 1999/2000 and 2000/2001 at Ismailia
Agricultural Research Station, Ismailia Governorate, Egypt. Aim of
the study was to determine the adequacy of genetic model and gene
action controlling relative water content, transpiration rate, osmotic
pressure, proline content, leaf chlorophyll content, flag leaf area,
days to heading and grain yield / plant. The results indicated.the
importance of additive genetic variance (D) in the genetic control of
days to heading in all crosses, relative water content in 1* cross;
transpiration rate in 1* and 3™ crosses; proline content in 1%, 2™ and
4™ crosses; leaf chlorthyll content in 1%, 4™ and 5™ crosses; flag leaf
area 2"9, 3™, 4™ and 5 crosses as well as osmotic pressure and grain
yield / plant in 3'9 and 5™ ones, whereas, the dominance genetic
variance (H) was found to be the prevailent type controlling the
remaining crosses. Narrow sense heritability was high (>50%) for
relative water content, transpiration rate, osmotic pressure, proline
content, leaf chlorophyll content, flag leaf area and days to heading
in most cases, and ranged from low (25.25%) to moderate (46.95%)
for grain yield / plant.
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Scaling test, provide evidence of non-allelic interaction in
controlling relative water content in 1* and 5™ crosses; transpiration
rate in 1%, 2°9 and 4 crosses; osmotic pressure and leaf chloros)hyll
content in 1%, 3™ and 4™ crosses; proline content in 1*,2", 3" and
5™ crosses; flag leaf area in 2" cross as well as days to heading and
grain yield / plant in all crosses. However, the simple genetic model
was adequate for explaining the inheritance of relative water content
in 2%, 3" and 4™ crosses; transpiration rate in 3" and 5™ crosses;
osmotic pressure and leaf chlorophyll content in 2" and 5™ crosses;
proline content in 4™ cross and flag leaf area in 1%, 3™, 4™ and 5™ -
crosses. The additive gene effect (d) was more important in the
genetic system controlling relative water content and osmotic
pressure in 2" cross; transpiration rate in 3™ cross; proline content
in 4™ cross; leaf chlorophyll content in 5™ cross and flag leaf area in
all crosses except 2" one. The additive (d) and its digenic interaction
type additive x additive (i) were significant and involved in the
inheritance of days to heading in 1* cross. However, the dominance
(h) and dominance x dominance (I) were involved in the genetic
control of osmotic pressure in 1%, 3™ and 4™ crosses; proline content
in 1* cross; days to heading in 1% and 3™ crosses as well as grain
yield / plant in 3™ one. The additive x dominance (j) was significant
for relative water content in 1* cross; osmotic pressure in 3 Cross;
proline content in 3" and 5™ crosses; Leaf chlorophyll content in 1* -
and 3" crosses; days to heading in 2" cross and grain yield/plant in
2" and 4" crosses.

used in wheat breeding programs

INTRODUCTION

Improving drought
tolerance of wheat has long been a
major challenge of most breeding
programs because water deficit
during critical stages of wheat life
are common to most regions of the
world where wheat is produced. At
the present, the best and ultimate
indicator of drought resistance

is grain yield measured under well
- watered and water. — stress .
conditions. The effects of drought
on the physiology of plants and
crops are well documented and
putative  physiological traits
associated with drought resistance
have been identified (Ludlow and
Muchow 1990; Turver 1997).
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Plant breeders  have
measured selected phystological
parameters like relative water
content, transpiration rate, osmotic
pressure, proline content, leaf
chlorophyll content, flag leaf area
and days to heading supplimented
grain yield / plant for the purpose
of identifying selection criteria
which would be used to screen
germplasm for drought tolerance.

Therefore, studying the
type of gene action controlling
physiological characters along
with wheat grain yield accounted
the major. importance in wheat
breeding program. Since, decision
‘making about the effective
breeding procedure to be used is
mainly dictated by the type of
gene  action controlling the
physiological characters. Thus, the
genetic information obtained from
multigeneration  are  reliable
compared with those based on one
generation, thus six populations
(P], Pz, Fl, Fz, B] and’Bz) are
considered the one which may give

detailed information for the
employed genotypes.
Assessment the type of

gene action in wheat have been
studied by many investigators, and
they reported that epistasis and
non-additive ~  gene effects,
contributed an important role in
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the inheritance of days to heading
and grain yield (Ketata er al,
1976) and days to heading only
(Eissa 1994, Hassan 1993 and
Awaad 1996 and 2002). Additive
and dominance gene action and
their digenic interaction, (additive
x additive), (additive x dominance)
and (dominance x - dominance)
were more important in the
inheritance of grain yield / plant
(Singh et al, 1985; Awaad, 1996
and 2002 and Salama 2002). Dedio
(1975) concluded from a
controlled—environment study of'a -
wheat cross, Pitic 62 x ACEF-125,
that the water retention trait was
under simple genetic control and
governed by genes with dominant
effect. Whereas Dhanda and Sethi
(1998) concluded that additive
gene action played a major role in
determining the inheritance of
relative  water  content, and
selection for this trait appeared to
be more effective at anthesis.
Heritability of initial minus wilted
water concentration ranged from -
0.08 to 0.61 in the F4 / F¢ and from
0.15 to 0.41 in F¢ / Fg comparisons
(Clarke and Townley-Smith,
1985). The transpiration efficiency
was simply inherited and
controlled mainly by. additive .
genetic  variation  which Wwas
reflected in high (88 to 89%)
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narrow sense heritability (Malik et
al., 1999). .

The predominant of non-
additive gene action controlling
leaf chlorophyll content, flag leaf
area and grain yield/plant was
reflected in moderately low narrow
sense - heritability (Ismail et al.,
2000 and Awaad, 2001) as well as
grain yield / plant and proline
content (Hassan, 2002). However,
additive genetic variance was
found to be the prevailed type
controlling the inheritance of days
to heading and flag leaf area
reflecting high heritability
estimates in narrow sense (Salem
et al., 2000 and Awaad, 2002) as
well as days to heading with
moderate heritability in narrow
sense (Salama, 2002).

This investigation was
performed to study the inheritance
of some physiological characters
related to drought tolerance using
generation mean analysis.

MATERIALS AND METHODS

The present investigation
was conducted during the three
winter growing seasons; 1998/
1999, 1999/2000 and 2000/2001 at
Ismailia, Agricultural Research
Station, Ismailia Governorate. Five
wheat crosses have been used in
the present study derived from six
diverse  parental bread wheat
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genotypes (Table 1). These
genotypes were used to obtain the
following five crosses; 1) Sakha 69
x Sahel 1, 2) Sakha 69 x Shi #
4414/Gow “s”// Seri 82, 3) Sahel 1
x Bocro - 4, 4) Gemmeiza 5x
Giza 168 and 5) Shi # 4414/Gow
“s”// Seri 82 x Bocro-4.

In the first season of
1998/1999, the six parental wheat

‘genotypes were evaluated in a

randomized complete block design
with three replications, at the
meantime, pair Crosses were
performed to obtain F,’s grains. In
the second season, 1999/2000, five
F; cross grains were sown to
produce F; plants. Each of the F,
plants were crossed back to their
respective parents to produce first
(F] X P]) and second (F] X Pz)
backcrosses. In the meantime, pair
crosses were made to produce
more F; grains, also the F, plants
were selfed to produce F, grains.
In the third season, 2000/2001, the
obtained grains of six populations
Py, Py, Fy, F;, B; and B;) for each
of the five crosses were evaluated
using a randomized complete
block design  with  three
replications. Wheat grains were
sown on the last week of
November. Row was 2m long, row
to row and plant to plant spacings
were 20 and Scm, respectively.
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Table (1): Pedigree of the evaluated bread wheat genotypes.
No. Genotype Pedigree Origin
1 Sakha 69 Inia / RLA4220//7C/Yr “s” R Egypt
2 Sahell N.S.732/Pim/AVeery “s” sd735-4sd-1sd-osd  ~ Egypt
3  Gemmeiza$ Vee “s"/SWM 6525 CGM4017-1GM-6GM —
3GM-0GM . Egypt
4  Gizal68 MIL/BUC//Seri CM 93046-8M-0Y-OM-2Y-0B  Egypt
5  Bocro-4 CM69599-4AP-2AP-2AP-1AP-0Ap Syria
6 Shi#4414/Gow “S"// Seri 82 ICW89-0462-TAP-OAP-4AP-0TS-0AP Syria
. The normal agricultural the presence of non-allelic
practices for wheat production Interactions as follows; A=2B,-P;-

under sandy soil conditions were
performed. Data of days to heading
and flag leaf area were recorded at
the time of full emergence of main
spike, meanwhile at grain filling
period, relative water content
(Barrs, 1968), transpiration rate
(Stocker, 1956 and Gosav 1960),
leaf osmotic pressure (Gosav,
1960), proline content (Bates ef al.,
1973) were performed in
penultimate leaf, also flag leaf
chlorophyll content was estimated
using SPAD-502  apparatus
(Castelli et al., 1996). Moreover, at
harvest grain yield per plant (gm)
has been estimated.

Biometrical assessment:

A regular analysis of
variance was firstly performed for
the studied characters of the five
wheat crosses.

Testing the genetic model:

The A, B, C and D scaling
tests as outlined by Mather and
Jinks (1982) were applied to test

Fl, B=2B2-P2-F1, C= 4F2-2F1-P1-P2
and D=2F,-B1-B,. Due to
unknown biased effect of non-
allelic interaction, the simple
genetic model (m, d and h) was
applied when epistasis was absent.
Whereas, in the presence of non-
allelic interaction, the analysis was
proceeded to compute the -
interaction types involved using
the six-parameters genetic model
according to Jinks and Jones
(1958). The significancy. of the
genetic components were tested
using the “t” test where:

Effect
i t Fe e
VVariance of effect
Components of the genetic
variance: '

The components of genetic
variance for each character in the
studied crosses were partitioned
into additive (D), dominance (H)
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genetic variances and
environmental (E) one using

Mather and Jinks (1982) formulae
as follows:

E = (1/3) (VP, + VP, + VF))
D=4 VF,-2(VB, + VB;) and
H=4(VF,-%VD-E) -

The genetic components of
variance were used further to
compute  average degree of
dominance (H/D)'? and
heritability in broad sense (Tb)
wheare:

1/2D + 1/4H
Th =
12D+ 1/4H+E
and in narrow sense (Tn) whereas;
1/2D
"Tn=
12D+ 1/4H+E
RESULTS AND DISCUSSION

I- Mean performance:

The reliability of the
genetic components estimates
depends mainly on the amount of
the genetic variability among the
studied genotypes. Before
proceeding to the biometrical
analyses the “t” statistical test was
applied to the studied genotypes
for the different characters. The
results revealed  significant
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differences  between  parental
genotypes, providing evidence for
the presence of considerable
amount of genetic differences

.among genotypes. Data of mean

performance (Table 2 and 3)
indicated that the Fi’s exceeding
the high performing parent for
relative water content in 3" and 5
crosses; transpiration rate in 2™
and 5™ crosses; osmotic pressure in
5t cross; leaf chrophyll content in
2" and 4™ crosses; flag leaf area in
2™ 4™ and 5™ crosses, days to °
heading in 2™ and 4™ crosses and
grain yield / plant in all crosses
except 4™ cross, showing the
importance of over-dominance and
positive heterotic effect which may
result in adequate genetic base for
further improvement. While the
Fi’s means were less than the
lower parent for relative water
content in 4" cross; transpiration
rate in 1% and 4™ crosses; osmotic
pressure in 1% cross; proline
content in 1 and 2™ crosses; leaf -
chlorophyll content in 5™ cross;
flag leafarea in 1** cross as well
as days to heading in 1** and 3"
ones; providing evidence for the
predominant of  decreasing
alleles and negative . heterotic .
effect. The F’s means were
equal to the lower parent for
osmotic pressure in 4™ cross and
proline content in 1% cross,



Table (2): Mean + S.E. for the six populatlons for relative water conten, transpiration rate, osmotic
pressure and proline content in five wheat crosses.

Chara- Relative water content % Transpiration rate mgH20/g, F.W./h.
cters
Crosses 1 2 3 4 5 1 2 3 4 5
opu-
ation
P; 70.700 70.210 64.100 61.043 67.970 | 149.080 | 149.800 | 157.140 | 125.800 | 100.730
+0.679 | +0.679 ]| +2.823 +0.984 | +1.001 { +15.836 } +15.836 | +9.621 | +15.056 | +32.784
P, 64.130 67.000 70.000 62.967 70.010 | 157.000 | 100.600 | 109.100 ] 130.300 | 109.200
+2.823 +1.001 +5.551 +4.016 | +5.551 19621 | +32.784 | +6.126 § +20.299 | +6.126
F, 66.400 70.000 72.030 59.930 76.900 [ 127.900 | 150.050 } 116,800 | 78.100 ] 116.030
+0.933 +2.425 +4.107 +2.895 +4.028 | +8.117 | +21.659 | +9.254 | +17.048 | +2.938
F, 64.400 70.966 61.806 66.571 65.943 148,400 | 125.700 ] 134.040 | 192,500 | 127.200
+2.974 +2.691 +3.814 | #3940 | +1.944 | +28.819 | +5.427 | +20.022 | +22.442 | +12.692
B, - 66.800 63.47 65.220 65.670 67.47 189.6 161.900 | 100.800 | 105.500 | 106.680
+2.085 +2.051 +2.651 +2.577 | +3.689 +9.705 1 +35.010 } +10.127 | +16.005 | +14.436
B, 68.360 67.800 65.500 68.214 66.214 | 174.900 | 187.700 | 148.390 | 129.800 ] 115.780
+1.170 +3.225 +3.293 +2.770 $2.539 ] +13.923 | +8.795 | +48.209 | +28.357 | +20.762
Osmotic pressure Proline content umoles/g.F.W.
T Z 3 4 5 T . - 4q ]
P, 74.630 74,630 63.520 74.170 51.00 8.786 8654 11.603 12.480 | 13.050
: +0.258 10.258 | +0.282 | +0292 | +0.712 | +0.268 | +0.268 | +0.834 +0.278 | +0.556
TPy 63.520 51.000 50.160 59.940 § 50.160 11.604 13.024 7.370 8.553 7.630
_ +0.282 +0.312 +0374 | +0.104 | +0:374 | +0.834 +0.556 +0.327 +0.189 | +0.327
Fi | 61.740 55.390 55.390 59.850 59.20 8.244 7.948 10.742 9.706 9.018
+0.259 10.206 | +0.206 ]| +0.224 | +0.233 | +0.175 +0.304 +0.866 | 10399 | +0.946
F, 73.860 74.940 76.900 92.390 83.730 10.557 9.690 11.324 10.650 7.896
_ +0.399 | +0.425 +0.785 | 10452 1 +0.834 | +1.883 +1.814 +1.373 +2.137 | +1.209
B, 63.950 67.380 61.510 79.420 64.730 4.972 9312 7.405 11.938 6.933
+0.929 +0.48 +0.614 [ 10434 | +0.649 | +0.559 | +1.933 +0.669 | +1.944 | +0.876
B, 93.230 63.040 69.180 63.890 80.400 6.958 | 7.940+1. | 12.013 9410 9.709 -
+0.703 -] +0.451 +0.458 +0.491 +0.676 +1.147 264 +1.795 +0.601 | +1.342
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Table (3): Mean + S.E. for the six populations for leaf chlorophyll conten, flag leaf area, heading date and
grain yleld / plant in five wheat crosses.

TFiag leaf area (cm’)

Chara- Leaf chlorophyll content (SPAD value)
cters
Crosses 1 2 3 4 5 1 2 3 4 5
opu-
ation
P; 34,600 -34.600 30.400 | 30.020 34440 1 23.290 23290 | 24.730 25.350 24.330
-~ 1+0.797 +0:797 +0.700 +0.565 +0.844 +0.462 +0.462 +0.307 +0.366 +0.496
P, -30.400 34.440 39.400 35.600 39.400 24.730 24.330 23.280 21.980 23.280
- +0.700 +0.844 +1.272 +0.679 +1.272 +0.307 +0.496 +0.323 +0.391 +0.323
F, 31.420 40.920 34.640 36.060 31.060 19.480 25.800 23.790 27.130 26.110
+0.621 +2.028 +1.284 +0.944 +0.723 10.549 +0.693 +0.298 +0.353 +0.288
F, 31.075 36.120 33.370 32.540 35.290 20.720 22.120 33210. | 24.420 23.480
+1.324 +3.146 +1.979 +1.448 +1.884 +1.307 +1.882 +1:513 |} +1.294 +1.755
B, 27.900 34.680 27.720 35.540 } 31.560 21.410 20.830 22.890 23.750 25.040
+1.006 +0.654 | +3.324 +0.334 +1.092 +1.227 +1.065 *1.112 +1.763 +1.432
B, 33.700 36.080 36.420 27.840 37.530 21.510 23.310 22.180 24.620 23.540
+1.323 +1.165 +1.267 +1,881 +1.882. +1.573 +1.518 +1.185 +1.707 +1.203
~Heading date (day) . Grain yiela / plant (g.)
)| 2 4 5 2 3 4 5
P, 79.500 97.500 96.000 94,625 98.429 1.305 1.305 1.326 1.498 1.318
+0.425 +0.425 +0.366 +0.375 +0.368 +0.013 +0.013 +0.010 +0.009 +0.020
P, 96.000 98.429 100.000 | 99.143 100.000 1.326 1.318 1.149 1.082 1.149
, +0.366 +0.368 +0.495 +0.508 +0.495 +0.010 +0.020 +0.012 +0.015 +0.012
F, 93.143 100.625 95.833 101.000 99.750 71.503 1.712 1.547 1.297 “1.528
+0.508 ] +0.596 +0.477 | +0.463 +0.453 +0.006 +0.026 +0.110 +0.007 +0.010
F, 93.900 97.500 98.900 95.000 98.286 "1.088 1.216 1.400 1.067 71.198
+0.706 +0.764 +1.120 +0.769 +0.680 +0.035 +0.058 +0.088 +0.044 | +0.040
B, 98.500 96.714 96.000 .§ 98.222 99.500 0.756 1.074 0.970 . 0.967 1.157
+0.567 +0.606 +0.309 +0.572 +0.866 +0.063 +0.042 +0.051] +0.037 +0.048
B, 95.250 100.375 94.00 94.556 95.571 71.303 1.204 1.008 1.053 1.108
. +(.648 +0.625 +0.802 +0.818 +0.528 . ] +0.052 +0.051 +0.039 +0.038 +0.062
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showing complete dominance

mode of inheritance.

II- Components of the genetic
variance and heritability:

Separate out the total
genetic variance to its constituent
parts; additive (D) and dominance
(H) gene effects has been done.
Also, heritability in broad (Tb) and
narrow (Tn) senses  were
calculated. The results given in
Tables (4 and 5) clearly indicate
that additive genetic variance (D)
was the predominant type
controlling days to heading in all
studied wheat crosses; relative
water content in 1% cross;
transpiration rate in 1% and 3"
crosses; osmotic pressure in 3%
and 5™ crosses; proline content in
1%, 2" and 4™ crosses; leaf
chlorophyll content in 1%, 4™ and
5™ crosses; flag leaf area in all
crosses except the 1% one and grain
yield/plant in 3" and 5™ crosses,
resulting in (H/D)®? ratio was less
than unity, reinforcing the
importance role of phenotypic
selection for improving these
characters in the corresponding
crosses. Similar conclusion was
reported for days to heading, flag
leaf area and grain yield (Eissa
and Awaad, 1993 and Salem er al.,
2000) and for days to heading, flag
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leaf area, and leaf chlorophyll
content (Awaad, 2002).

The dominance genetic
variance was found to- be the
prevailed type in the inheritance of
relative water content in 1%, 2", 3"
and 5™ crosses; transpiration rate
in 2™, 4™ and 5™ crosses; osmotic
pressure in 1%, 2" and 4™ crosses;
proline content in 3© and 5T -
crosses; leaf chlorophyll content in
2" and 3" crosses; flag leaf area in
1* cross and grain yield / plant in
1%, 2" and 4% ones, resulting in
(H/D)** ratio was more than unity,
indicating the importance of over- -
dominance gene effects in the
genetic control of these characters
in those crosses. In this respect,
hybrid breeding method could be
used for improving these
characters and also, in this
connection, dominance gene effect
played an important role in the
inheritance of leaf chlorophyll
content (Ismail et al., 2000), grain
yield/plant (Hassan, 1998 and
Awaad, 2001) as well as
proline content in leaves (Hassan, -
2002).

~ Heritability estimates in
narrow sense (Tn) was high
(>50%) for relative water content
in 1% and 4™ crosses; transpiration
rate and osmotic pressure in 1%, 3 -
and 5™ crosses; proline content in
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Table (4): Components of variance (D, H and E) and heritabilities (T, and T,)
for relative water content %, transpiration rate mg H,O/g. F. W./h.,
osmotic pressure and proline content pmoles/g.F.W. in five wheat

Crosses.
Character Parameter
D H E \l H/D Th% Tn%
Relative water content

Cross o
1 155.063 158.235 15.086 1.010 88.586  58.658
2 9.674 98.123 6.836 3.185 81.118 13.360
3 90.667 151.217 65.229 1.290 56.035 30.555
4 254.720 176.566 25474 0.833 87.067  64.658
5 147.789 342.151 38.096 1.522 80.714  37.410

Transpiration rate

Cross ‘
1 10984.320 10425.255  436.303 0.974 94888  64.435
2 9953.360  34386.452 3737.723 1.859 78408  28.749
3 8188.570  6215.269 265.642 0.871 95.508  69.233
4 423.927 2641.341 1142.278 2.496 43.299 10.521
5 3172.755  4283.650 289.985 1.162 90.161 53.825

Osmotic pressure ; |

Cross ‘
1 11.091 19.190 0.372 1.315. 96.528  51.754
2 0.523 2.559 0.368 2.212 71.006  20.603
3 7.761 1.945 0.310 0.501 93.371 82974
4 0.2003 4.354 0.245 4.662 82911 6.985
5 6.998 1.329 0.345 0.436 91.739  83.783

Proline content .

Cross
1 68.151 52.851 0.403 0.881 99.155 71.145
2 51.948 0.597 0.500 0.107 98.122  97.561
3 8.776 20.809 3.612 1.539 72.641 33.237
a 78880 31699 0441 0634 99078, 82501
5 6.538 22.079 1.445 1.838 85880  31.943
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Table (5): Components of variance (D, H and E) and heritabilities (T, and T,)
for Chlorophyll content (SPAD value), flag leaf area cm’, days to
heading and grain yield / plant (g) in five wheat crosses.

Parameter
Character H E HD Tb% Tu%
Leaf chiorophylt
content .
Cross ’
1 28.454 9.510 2.167 - 0578 88.456 75.790
2 180.100 197.696 8861  1.048 94.026 60.707
3 16.852 22.036 13.494 1.144 50.804 30.719
4 39.029 13.695 2.787 0.592 89.166. 75.857
5 59.214 24.870 8.564 0.648 80.707 66.699
Flag leaf area
Cross
1 3.485 62.825 1.335 4.246 92.893 9.277
2 105.989 52.788 2.724 0.706 96.043 76.894
3 ©50.042 1.848 0.616 0.192. 97.640 95.870
4 46.273 15.959 0.947 0.587 96.627 82415
5 58.460 15.778 0.688 0.520 97.968  86.320
Days to
heading
Cross
1 8.098 1.371 1.283 0.412 77.399 71.357
2 2.607 2.263 1.631 0.932 53.413 37.245
3 38.559 33.524 1.646 0.932 94.383 65.932
4 10.419 1.327 1.549 0.357 77.599 72.954
5 2.952 1.143 1476 ~ 0.622 54412  45.588
Grain 3
yield/plant
Cross :
1 0.142 0.156 0.0727 1.049 60.241- 38.871
2 0.024 0.111 0.008 2.149 83.582  25.255
3 - 0.399 0.251 0.227 0.793 53.602 - 40.777
4 0.036 0.076 0.002 - 1.439 95.583 46.957
5

0.114 0.096 0.080 0916 50272 35.431
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1*, 2™ and 4™ crosses; leaf
chloroghyll content in 1%, 2™ 4™
and 5" crosses; flag leaf area in all
crosses except the 1% cross, days to
heading in 1%, 3 and 4™ crosses.
These results allowing for
considerable progress  from
selection. In this respect, high
“Tn” values have reported for days
to heading and flag leaf area
(Salem et al, 2000); leaf
chlorophyll content (Awaad, 2002)
and transpiration effeciency (Malik
et al., 1999). Selection for greater
transpiration  efficiency offers
potential for improving biomass
and grain yield when these are
limited by available water
(Rebetzke et al., 2002).

Heritability in narrow sense
was low for grain yield / plant and
ranged from 25.25 to 46.95%,
where yield is quantitively
inherited and greatly affected by
environmental changes, as well as
low to moderate “Tn” estimates
were reported in the remaining
crosses for the various characters.
Similar results were recorded for
days to heading (Mossad, 1991;
Awaad, 2002 and Salama, 2002);
leaf chlorophyll content and grain
yield/plant (Ismail et al., 2000 and
Awaad, 2001 and 2002) and for
grain yield / plant (Eissa and
Awaad, 1993; Awaad, 1996 and
Hassan, 2002).
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III- Adequacy genetic model
and gene effects:

The presence of epistasis -
result in biased estimates of the
genetic components of variance
(Mather and Jinks 1982), therefore
in the present study (A, B, C and
D) scaling to test for epistasis was
employed. The results (Tables 6
and 7) indicated significant non-
allelic interactions for days to
heading and grain yield/plant in all
crosses; relative water content in
1% and 5™ crosses; transpiration
rate in 1%, 2™ and 4% crosses;
osmotic  pressure  and
chlorophyll content in 1%, 3 and
4™ crosses; proline content in 1%,
2" 3 and 5% crosses as well as
flag leaf area in 2"* one. These
results indicate the presence of
epistasis, and the digenic model .
was adequate to explain the
genetics of the abovementioned
characters in the corresponding
crosses. Similar findings were
reported for grain yield/plant
Amawate and Behl (1995) and for
grain yield / plant and leaf
chlorophyll content by Awaad
(2002).

The insignificancy of non
allelic interaction tests for relative
water content in 2", 3 and 4™
crosses; transpiration rate in 3" -
and 5™ crosses; osmotic pressure

3rd

leaf -



Table ¢6): Non-alielic interaction tests (A, B, C and D) along with six pammeter model for relative water content, transpiration

rate, osmotic pressure and mhne content in five wheat Crosses.

Cross Relative water content . Transpiration rate
Scaling test ﬁ ] 4 ¥ b 3
+ — 3300 [ -3.301 30 70.387 0,036 ss.zf*‘*_ - 33.950 3.600 3.100 -0.400
+4.320 +4.819 +6.978 +5.993 +8.543 +24.852 +75.578 | +24.389 +39.268 +31.801
B | 9.7%0¢% 2.250 BLE 13531 B <) A T004* 37,750 TO8%0 | X 9.130
. +4.490 +6.924 +10. 241 +7.292 +7.846 +30.456 +58.628 +97.174 +62.603 +41.866
C 6,500 20289 | 27414 TIO975% 13730 13700 T12.320 333.700%F X0
+12.617 +11.847 +18; 673 +17.293 +12.133 +117.531 +73120 | +83.164 +99.295 +53.178
D 6360 10.715 7108 ~0.742 1735 B7.T00 53200% 18890 | 3 X
+0.410 +6.601 +8.722 +8.713 +5.93] +60.085 +37.694 | +63.483 +55.451 +35.830
[ Six parameter model
W A00%% BITI8* [ 52834+ 60327+ 65943%F | T48300%% | 125.700° | 132900 1973500 | 16594
+2.974 +13211 | +17.787 +17.549 +1.943 +28.819 +5.427 +127.124 +22.440 +72.036
d -1 2950 096 1203 13,700 20800 | -13.080% ~24300 4335
+2.391 +0495 +3.476 +2.067 +4.479 +16.972 +36.098 +6.320 +32.562 +6.873
—h 13470 y 24751 12922 T01.760 T77.75% 20.660 35T, 105063
+12.992 +31.581 +41.235 +39.214 +12.743 +120.714 +83.080 | +336.837 +112915 +183.915
T 12.720 ; 34950 133. T86.400% 95 A00%%
+12.820 +11.862 +120.170 +75.388 +110.903
J 661 0.702 10160 1500
: +3.045 +5.052 +18.798 +45.308 +34.928
Tis8% 21.637 35708 | 1161850 165780
+ +21. + . + R + .
Cross re ne content
Scaling test T p] Ly g T 2 4 3
A 1.608 1.665 -3 3. 1.658 ~ 7 Z120% X T.000 B054% |
+1,886 +0.924 +1.259 +0.943 +1.344 +1.144 3.895 +2.021 +3.918 +1.971
i B 2843 T 7 9 340 23032 3092 3014 0.362 3470
+1.483 +0.999 +1.011 +1.013 +1.423 +2.19] +2.562 +3.718 +1.280 +2.714
C T 853+ V4% 3033 3774+ 0.930 10389 1286 3312 7136 437
+1.737 +1.822 +3.197 1.891 +3.400 +7.548 +7.206 | - +5.908 +8.590 +4.962
—D S007+F 0325 | 3528 T304% T.564 3. 7128+ 323 20.048 ~0.830
+1.414 | +1.05) +1.749 +1.118 +1.914 43975 4.301 +3.349 © +4.733 +2.901
Six parameter model : : . :
m 2 [ 9896%F [ [2817°* T3 195%F 13773+ T0337%% 9600%F [ 11.324%F 10420 | 7896%F |
+0.399 +2.117 +0.786 +0.453 +3.835 +1.883 +1.814 +1373 +9.467 +1.209
K| 03D 089 T8 0.698 0.105 T. 1372 3608 | 1963** | -2716 |
+1.166 +0.250%* +0.767 +0.656 +0.225 +1.276 +2.310 +1.916 +0.168 +1.602
~h 9T I B 663F 10, 5.299 TT8IgT | -T9T 5468 1633 1.302
: +2.848 +5.088 +3.509 +2.252 +8.759 +7.956 48610 +6.785 +21.014 +5.828
I ~T0014%* T704° -T8367* . -6.350 . T.
+2.827 +3.497 42235 +7951 .+8.602 +6.697 +5.801
J 2769 1943% 0733 0077 3607 38+ 30625
+1.186. +0.794 +0.674 +3.607 +2.321 +2.025 +1.659
T T.165% 0375° 133475 ) ; X 1484
+4.976 +4.430 +3.233 +9.115 +11.772 +9.675 +8.104

£00Z (I)'ON 0€ " 10A “SaY *ou3y [ 31zv307
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Table (7): Non-allelic interaction tests (A, B, C and D) along with six parameter model for chlorophyll content, flahe leaf area,
ain yield/plant in five wheat crosses.

days to heading and
Cross : EETcEIoL@Eﬁ rontent leaf area-
|_Scaling fest | I 2 ) 5 i 2 4 . 5
A 020 | . [-T6.300° [ 3. 2. 0.670 ~7.430 ~2.140 3,080 4,200
+2.204 2.590 +7.190 +1.289 +2.559 +2.543 +2.304%+ +2.259 +3512 +2902 _ |
B ] ) . TT100%* 13 3600 3 .260 3.310 0.940 D130 ~2.310
+2.806 +3.140 +2.929 +3.931 +4.248 +3.214 +3.176 +2416 +3.454 +2439 |
< 3580 ~2.420 0.000 =7.380 3,200 435350 210740 0,900 3910 1330
+5518 +13.267 +0.000 +6.157 +7.969 +5.366 +7.700 +6.097 +5.25] 7057
D T.050 T480%% 2.600 1700 T, -1, 0.100 1.330 0470 1620
+3.126 +6.732 +4.502 +3.469 +4.352 +3.288 +4.197 +3434 +3.566 +3975
Six parameter model
B _‘pT | 3T075%F 33450°F 3370 | 3 ] 2T 275%F TII30% | 23 8B0%F | 24.605°F T8.285%
- +1.324 +12.876 +1.979 +1.448 +8.769 +6.581 +1.882 +6.872 +7.138 +7.956
D 3300%F 20,390 Z700% 77007 ~2.480°% T 2. 2.5500%F T.608%* T735%
+1.662 +0.548 +3.558 1.910 +1.074 +0.260 +].854 +0.226 +0.268 +0,229
H 3180 2910 2. 0130 9.600 04335 1.790 3. =3.265 12.955+
+6.300 - +26.543 +10.796 +7.017 +20.213 +15.922 +8.432 +15.558 +18.020 17.985°
T 210 I -5.200 23400 i 0,700
+6.251 +10.645 +5.670 | +8.393
T =T 300%* “T3700% 10390%% 196
+1.729 +3.774 +1.958 +1.899
L 7740+ T0. ; 1307
8.641 +16.678 +9812 10,697
Cross ys to hea rain yield / plant
Scaling test T 2 q 3 1 A q ¥
A vy . 0815 k) T ) 0. 361 0,
+1.312 +1.417 +0.743 +1.289 +1.356 +0.127 +0.090 | +0.103 +0.075 +0,098
B Y357 1.696 5.500%* 1T = 0.333%F 0A08% | -0680%% | DJI3% 0,360+
+1.439 +1.433 +1.754 +1.775 +1.239 +0.104 +0.107 +0.079 +0.078 +0.125
C 4973 TIT9% 5017 13768+ -2, 1383 .60+ 0.183 5.006%F 0.620%%
+2.036 +3.328 +4.625 "+3.273 +2928 +0.143 +0.255 +0.353 +0.178 0.162
D 39 2. ; N3 1301 ALLA 0.154 0.820%+ 0114 0.13}
+1.654 +1.758 +2.399 +1.833 +1.697 +0.108 +0.134 +0.187 +0.103, +0.112
Six parameter model . - . -
m OO0 97 300%% ; X : — T.088%F T.2T6%* TA00%* T087%* TTo8F |
+0.706 +0.764 +1.120 +0.768 +0.680 +0.035 +0.058 +0.088 +0.044 +0.040
d 3.250%%F 3.661 3.000% 3660+ * —3920% 0.538% ; 20038 -0.086 0049
+0.861 +0.87]%* +0.859° +0.998 +1.014 +0082 | +0.066 +0.087 +0.053 +0.079
h ~7 900F 6.839 102267 G812 137 20.097 0338 1258 20231 )
+3.259 +3.578 +4.833 +3.709 +3.436 +0.218 +0.269 +0.375 #0206 ] 10224
T 1T .900%* 17178 13600 3.356 3.002 ~0234 03 T643%+F 0228 0.
+3.309 +3516 +4.798 - +3.666 +3.394° +0217 +0.268 +0.374 |. +0.206 +0.224
H 3107 -3.200%* 3.200%% 5.025%% 3. 48T+ .092 0.050 D045 0.
+0.905 +09]5 +0.917 +1.047 +1.056 +0.082 +0.067 +0.064 +0.059 +0.079
i NEE LA TT77 78 183%F 3636 3610 T853%* “T308%F 3 107FF T363%% T.143%%
+4.603 +4.817 +5 762 45163 +5.003 +0.357 +0.357 +0.436 +0.277 +0,345
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and leaf chlorophyll content in 2™
and 5" crossés; proline content in
4™ cross and flag leaf areain 1%,
3" 4" and 5™ crosses, indicating
that the simple additive-dominance

genetic model proved to be
satisfactory in explaining the
inheritance of the foregoing

characters. Similar results were
reported for days to heading
(Awaad, 1996 and 2002 and
Salama, 2002).

The adequacy of genetic
model (Tables 6 and 7) indicated
that the additive gene effect (d)
was the main type controlling the
inheritance of relative water
content and osmotic pressure in 2™
cross; transpiration rate in 3%
cross; ~ proline content in 4™ cross;
leaf chlorophyll content in 5™ cross
and flag leaf area in 1%, 3", 4" and
- 5™ crosses. Meanwhile, the
additive (d) and additive x additive
(i) interaction type were important
in the genetic system controlling

days to heading in 1% one;
indicating  that the superior
genotypes could efficiently

identified from its phenotypic
expression. Therefore phenotypic
selection was more effective for
improving  .these  characters.
Similar results were reported
by many investigators (Mosaad,
1991; Awaad, 1996; Dhanda and
Scthi, 1998; Islam et al., (1998);

Malik et al., 1999 and Awaad,
2002).

The dominance (h) and its
digenic -interaction type,
dominance x dominance (i) were
significant and involved in the
inheritance of osmotic pressure in
1*, 3 and 4™ crosses; proline
content in 1% cross; days to
heading in 1% and 3™ crosses as
well as grain yield / plant in 3™
one. The considerable amount of
non-fixable gene action type
displayed by these characters in
the corresponding crosses may
suggest that improving these
characters could be achieved
through hybrid breeding method.
Similar results were -detected
by Awaad (2002) and Hassan
(2002). '

Meanwhile, the interaction
type additive x dominance (j) was
negative and significant for
relative water content in 1% cross;
osmotic pressure in 3™ cross;
proline content in 3 and 5
crosses; leaf chlorophyll content in
1 and 3" crosses; days to heading
in 2™ cross and grain yield / plant
in 1% and 4™ crosses. Suggestirig
that decreasing alleles were more
frequent than the increasing ones,
and vice versa was recorded for
leaf chlorophyll content in 3"
cross and days to heading in 1%,
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3¢ 4™ and 5™ crosses, which
showing more frequent of
increasing alleles over decreasing
ones. Also, the interaction types of
(j) and (i) were highly significant
for grain yield / plant in 1% and 4™
Crosses.
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