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ABSTRACT

This study was carried out in 2002/2003, 2003/2004 and 2004/2005 seasons at
the fields and laboratories of Nuclear Research Center, Inshas, Egypt in an attempt to
induce drougt tolerant mutants in the Egyptian bread wheat cultivars Sidsl and Sakha
93 via gamma rays and EMS mutagens. Varilability parameters, heritability and genetic
advance from selection in M; and M; bulks derived via these mutagens were estimated
and yield superiority of the new induced mutants over parent cultivars and M, bulks
were evaluated under water-stress and non-stress conditions. Significant differences were
observed among M; and among M; bulks as well as among M; families selected under
water stress or non-stress for all studied traits. Irradiation and EMS mutagens succeeded
fo induce mpew varighbility measared by increeses in means, ranges, PCV and GCV
parameters im many M; and M, bulks under stress and non-stress. Comparing induced
M, with M; bulks, for superiority in studied genetic parameters including heritability in
broad sense (h,’) and expected genetic advance (GA) from selection indicated that there
were 3 common superior bulks in both M; and M; generations (Sd-RAD-1, Sd-RAD-3
and Sd-EMS-1) under non-stress, while under water stress there were two common
superior bulks (Sd-EMS-3 and Sk-RAD-2). Superiority of these induced bulks qualified
them for predicling to achieve genetic improvement in grain yield via selection under
drought stress and nom-siress conditions. A total of 101 putarive induced mutants were
selected for grain yield in M, generation; out of them 37 were selected under non-stress
and 64 under water stress. Their M; families were evaluated along with their parents.
Out of these 101 mwtants, 22 showed significant superiority in grain yield over their
parent cultivars ander water stress. Out of these 22 mutants, 9 resulted from selection
under non-stress (6 from Sids] and 3 from Sakka 93) and 13 were a result of selection
ander water stress (el of them were from Sakha 93). The most superior induced mutants
selected nnder mon-siress and evaluated under water stress Sd-RAD-1-7, Sk-RAD-1-3,
and Sd-RAD-2-3 exhibited superiovity in grain pield over the respective parent cultivar by
13.3, 10.4 and 9_3%, respectively. However, the superior mutants selected and evaluated
sunder water-stress exkibited high superiority in grain yield over their respective parent
cultivar by 34.8% (Sk-EMS-4-3), 34.7% (Sk-EMS-5-2), 26.4% (Sk-EMS-5-3), 23.6% (Sk-
EMS-5-6), 21.5% (Sk-EMS-3-1) and 20.1% (SKk-RAD-1-4). These superior induced
muctants should be subjected o further evaluation and sclection to assure their
superiority in drought tolerance. Higher actual selection gain could be realized by
practicing selection in drought rather than in non-drought environment.
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INTRODUCTION

- Increasing genetic variability in wheat populations could be achicved
via hybridization and / or mutation breeding procedures. Physical and
chemical mutagens are efficient tools for increasing genetic vasiability. The
most important mutagens are X-rays, gamma rays, fast peutrons and a
variety of chemicals (ethylmethane sulphonate (EMS), sodium azide, etc.).
During the past seventy years, more than 2252 mutant varieties have been
officially released (Maluszynski et af 2000). Most of induced mutants (70%)
were released directly as new varieties; others were used as parents to derive
new varieties. A wide range of characters have been improved by mutation
breeding, including tolerance to biotic and abiotic stresses, early maturity
and other yield contributing characters. Mutation induction with radiation
was the most frequently used method to develop direct mutant varicties
(89%); the use of chemical mutagens was relatively infrequent (Ahloowalia
et al 2004). GammaraysdeMSmutagenswereeﬂ'wﬁvcmhmademng
genetic variability and increasing means of wheat cultivars for grain yield
and its components, helping plant breeders to practice an cfficient selection
in the M; and next mutated generations following treatments with these
mutagens (Khanna et a/ 1986, Salam 1986, Savov 1989, Sobich and Ragab
2000, Sobiech 2002 and Al-Naggar et al 2004 using gamma rays and Sandhu
and Gupta 1983, Reddy and Revathi 1992 and Kalia ef of 2000 using EMS ).

Improving qualitative characters via conventional breeding methods
is simple and quick but that for quantitative characters such as drought
tolerance is often difficult and time consuming .However, induced mutants
via gamma rays have been obtained in bread wheat for resistance to drought
leading to the release of 16 vaneties (FAO/IAEA 1996). Induced mutants
via gamma rays have also been obtained for increased glaucousness of
spikes, stems and leaves, which proved useful for drought tolerance
(Konzak 1984, Al-Naggar et al 2004 and Al-Bakry 2007).

The present investigation was conducted in an attempt to induce
drought tolerant mutants in the Egyptian bread wheat cultivars Sidsl and
Sakha 93 via gamma rays and EMS mutagens. The parameters of variability
(means, ranges, phenotypic (PCV) and genotypic (GCV) coeficients of variation),
heritability-and expected genetic advance from sclection in the M, and M; bulkks
derived via these mutagens were estimated. The superiority in gran yield of the
new induced mumnsoverﬂlen'respewvepummlnvusuﬂhdzhﬂkswas
evaluated under water stress and non-stress conditions.

MATERIALS AND METHODS

This investigation was camied out at the Experimental Famm of the Plant
Research Department, Nuclear Research Center, Inshas, Sharkyia
Governorate during the three successive growing seasons 2002 / 2003, 2003 /
2004 and 2004 / 2005. Grains of the two commercial Egyptian cultivars of bread -
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wheat (Triticum aestivum 1..), i.e. Sakha 93 and SidsI, bred by Agric. Res. Center,
Egypt to be drought tolerant cultivars, were subjected to two types of mutagens, i.e.
gamma rays and ethyl methane sulphonate (EMS). Dry grains of the two
commercial cultivars were exposed to three gamma ray doses (15, 25 and 35
Krad, where 1 K Gy = 100 Krad). The source of irradiation is installed at the
Nuclear Research Center, Inshas, Egypt Imradiation treatments were
achieved by a Co® gamma unit which delivered 7.5 K Gy (750 Krad) per
hour. Exposure times were equivalent to achieve previous doses. Grains from
the same wheat cultivars (Sakha93 and Sidsl) were soaked in five different
concentrations of EMS (0.1, 0.2, 0.3, 0.4 and 0.5 %) at laboratory temperature for
three hours afler which the seeds were dried with fiker paper according to
FAO/MIAEA (1977). Sixteen bulks were therefore produced; eight were
derived from Sids 1 which included 3 bulks via 15, 25, and 35 Krad gamma
rays ( Sd —RAD - 1, Sd —~ RAD - 2 and Sd ~ RAD - 3, respectively) and 5
bulks via 0.1,0.2,0.3, 0.4, and 0.5% EMS (Sd —EMS - 1, Sd—EMS - 2, Sd
— EMS - 3, Sd — EMS — 4 and Sd - EMS — 5, respectively) and eight were
derived from Sakha 93 which included 3 bulks via 15, 25, and 35 Krad
gamma rays ( Sk—- RAD - 1, Sk~ RAD - 2 and Sk — RAD - 3, respectively)
and 5 bulks via 0.1, 0.2, 0.3, 0.4, and 0.5% EMS (Sk —EMS - 1, Sk — EMS -
2, Sk—EMS - 3, Sk — EMS - 4 and Sk— EMS - 5, respectively).

First season (2002 / 2003) (M, generation)

Wheat grains of the 16 M, bulks treated with gamma rays and EMS
mutagens as well as the two non-treated parent cultivars Sakha93 and Sids]
were sown on 28 Nov.,2002 in separate plots to obtain M, plants of each
bulk. The distance between rows were 30 cm and between plants were 10
cm in each row. The plants were left for natural self pollination. At harvest,
twenty grains were taken randomly from each M, plant (M; seed). Equal M,
seeds harvested from plants of each bulk were mixed to represent seed of
the respective M, bulk. These seeds of M, bulks were kept to be used in
experiments of the second (2003/2004) and third (2004/2005) seasons. The
recommended cultural practices for wheat production at Inshas were
followed, in M, generation.

Second season (2003 / 2004) (M; generation)

Grains of M, generation representing the 16 M, bulks as well as
grains of non- treated parent wheat cultivars (i.e. a total of 18 entries) were
sown on November 30, 2003 to obtain plants of M; bulks and to evaluate
these bulks and parent cultivars under water stress and non-stress
conditions. Two irrigation intervals, starting 21 days after sowing, were
used ie. irtigation every 11 days (non-stress) and trrigation every 22 days
(drought stress) using the drip irrigation system. A split-plot design with
three replications was used where the two irrigation regimes were assigned
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to the main plots, and the 18 wheat entries (genotypes) were devoted to the
sub plots (two untreated parent cultivars + 6 bulks derived via irradiation +
10 bulks derived via EMS). In each plot, grains were individually sown in
hills at 10 cm space between plants. Each plot consisted of 12 rows; each
row was 2.5 m long and 25 cm wide, making a plot area of 7.5 m% At
harvest, ten plants were taken at random from each plot in M, generation for
recording data. At harvest, ten grains were taken randomly from each M,
plant (M3 seed) grown under non-stress and mixed to represent seed of the
respective M; bulk. Selection was practiced for high-yielding individual plants in
each M, bulk under stress and non-stress conditions, separately. Grain yield/plant of
the selected vanants should significantly exceed the average of the control (of each
respective parent cultivar) by 50 % or more. Seeds of the selected variants as well as
those representing butks (M; seed) and control from each cultivar were kept
separately in paper bags for sowing in the next season (M; generation). Number of
these variants (putative mutanis) was 23 and 30 from Sids 1 and 41 and 7 from
Sakha 93 selected under stress and non-stress conditions, respectively, making a
total of 101 putative mutants (Table I). Out of these 101 mutants, 29 and 16 mutants
were derived from gamma radiation treatments and 24 and 32 mutants were derived
from EMS treatments for Sidsl and Sakha 93, respectively. The name of each
selected variant was designated with the corresponding bulk from which it was
selected followed by a different mumber.

Table 1. Number of high yielding putative mutants derived from M,

populations as a result of different mutagen treatments in Sids 1 and
Sakha 93 wheat cultivars selected ander drought stress and non-

stress conditions.
Mutagenic Now-Stress Siress Total Grand
treatment Sids1 Sakha93  Sidsl Sakha93  Sidsl  Sakha93  Total
Coiikop W 5 B # B» B eis
15 Krad 8 3 6 6 14 9 23
25 Krad 3 - 4 1 7 . 1 8
35 Krad 6 2 2 4 8 6 14
25 8 2 - = - BRI - %
0.10% 3 - - 1 3 1 4
0.20% 3 2 7 4 10 6 16
030% 1 - 1 10 2 10 12
0.40% - - - 9 - 9 9
050% 6 - 3 6 9 6 15
i . B 7 8 8 5 L] L .
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Third season (2004 / 2005) (M; generation)

Three field experiments were conducted in 20042005 season. The 1*
experiment was camied out to evaluate the 16 M; bulks and the two parent
cultivars (Sids 1.and Sakha 93) under drought stress and non stress conditions.
The 2™ experiment was carried out to evaluate 55 genotypes (37 M; families as
putative mutants selected under non-stress conditions + 16 M, bulks + the two
parent cultivars; Sids 1, Sakha 93) under water stress and non stress conditions. A
split-plﬂdesignwi&ﬂnreempﬁmﬂwasmediboﬂxapahnﬂs,vdmﬂw
two irmgation wueassngnedtoﬂlemampkls,mdﬂ:egurﬁrpm(mfor
I’andSSfmg experiment) were devoted to the sub plots. The
wascomiucﬁedbcvahxate%Zgantyps(&M;ﬁmilﬁspnahvemmams
selected under water stress + 16 M, bulks + the two parent cultivars) under water
sumsoonhnonsonly A randomized complete blocks design with 3 replications
was used for the3” experiment. For all theee experiments conducted in
'ZMOOSSmmﬂ:expenmemxlpkxmmdofﬁumsonmlongand
25 cm wide, i.e. plot area was 2 m”. The space between each two plants in each
row was 10 cm.

For recording data in all M> and M; experiments, 10 plants from each
experimental plot were used. The following data were measured: (1) plant
height (cm), (2) number of spikes/ plant, (3) number of grains/ spike, (4)
100-grain weight (g) and (5) grain yield/ plant (g). Data of all experiments on
M, and M; generations were subjected to the proper statistical analysis of variance for
the corresponding experimental design acconding to Gomez and Gomez (1984). The
LSD test was used o verfy the differences between means. Genotypic and
phemtyplcvanamesofwchbtﬂk(enhermwamm)wuecsnmated
separately. P}m)ty[ncvaname(o,. ofmnmtedphisofm:hculuvarwas
cmdaedasmvnmnnmmlvamme,ce,wlﬁleﬂuofemhumdbtﬂkwas
coxmderedtomhﬂebo&xgemuc,cs,mdmmml,cc,mm(sm
1968) Therefore, 6, of each bulk was calculated using the formula: 6,” = G’ -

2 The following equations were used to estimate genotypic (GCV) and
plﬁntypxc(PCV)coeﬂicﬂtofvammsasﬁ)lbws.GCV— (o/x) 100, PCV=
(opn'x) 100, where: o, = genetic standard deviation, op = phenotypic
standard deviation, and x= mean of the respective population (bulk). Broad -
mm@)mmmﬂ:m@mnm
<1006, 04> The predicted genetic advance (GA) from selection using 10%
selection intensity was estimated according to the following formula: GA %
=100h%, kow/x, where: k = a selection differential of a value of 1.76 for 10%
selection intensity.
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RESULTS AND DISCUSSION
Experimeat onc (M; bulks)

Analysis of variance of M, bulks (not presented) indicated that mean
squares due to Brigation regimes and those due to genotypes (M: bulks and
parents) were significant or highly significant for all studied traits. Mean
squares due to genotypes X irrigation regimes interaction were significant or
highly significant for all studied traits, confirming results of previous
rescarchers (Fischer and Maurer 1978, Sharma and Bharagava 1996, Ragab
and Sobich 2000 and Al-Naggar et al 2004).

Water stress cifect su M; bulks

Water stress caused a significant reduction in mean grain yield/plant
(Table 2) across all mutated and non-mutated M; bulks from 19.91 g under
non-stress to 15.73 g under drought stress conditions (20.68% reduction).
Reduction in gram yicld due to water stress across Sakha 93- M; bulks
(24.29%) was preater than that across Sids1-M; bulks (18.03%). Moreover,
reduction in grain yicld due to water stress across M; bulks derived from EMS
treated Sakha 93 cultivar was much higher (24.29%) than that across M; bulks
denived from EMS treated Sids 1 cultivars (15.42%).

Table 2. Means of sindied fraits in wheat M; bulks derived vie gamma rays
and EMS from Sids 1 and Sakha 93 cultivars under drought stress
(S) and mon-stress (NS) conditions (Inshas, 2003/2004).

Plont beipht | Spilkew/ plamt | Grains spike I.l-gn(i;) weight Grain yield/plaat

M; bulks (cm) MNe) (No.) @

and Red Red Red. Red. Red.

pareais NS S (%) NS S (%) NS S (%) NS § (%) NS S (%)
Sids 1 M1 &3 231 64 €3 16 628 594 54 S2 58 41 1%0 150 211
Sd-RAD-1 42 88 261 %2 &9 347 €21 0.7 22 58 47 53 123 138 384
Sd-RAD-2 M43 713 244 98 T8 226 611 599 34 S50 49 13 207 153 233
Sd-RAD -3 Sl TI3 161 79 82 34 686 618 20 52 45 133 199 183 4.0
Sd-EMS-| $42 741 IZ1 15 88 T4 €26 596 49 485 49 -22 205 183 110
Sd-EMS -2 842 T3% 122 T1 79 & 614 614 00 50 49 36 186 195 8.1
Sd-EMS-3 927 727 214 82 64 I13 €33 599 53 48 47 14 191 148 1223
Sd-EMS-4 917 TR4 4S5 1S 67 187 627 618 27 47 5B 54 139 46 218
Sd-EMS -5 937 T34 217 T8 T4 S5 618 596 36 46 58 104 203 156 234
Sakhs 93 S17 M6 123 71 66 &1 617 623 -1.7 42 47 21 198 152 201
Sk - RAD -1 S$17 T3 148 76 62 176 €08 1.1 86 58 47 59 190 162 148
Sk-RAD -2 786 T22 81 75 61 198 A% 597 28 Sl 47 1.7 192 153 203
Sk-RAD -3 TES 2 121 86 53 384 61 599 02 53 47 115 288 147 29
Sk-EMS - TA® TLI S8 75 63 182 615 615 04 S0 42 1eS 195 146 254
Sk-EMS-2 L T30 185 99 T2 204 €33 628 09 46 44 44 214 173 194
Sk-EMS-3 TIS 614 125 73 78 106 598 395 04 54 4% 83 207 156 2438
Sk-EMS-4 886 718 198 89 7.1 206 €33 594 62 46 51 91 212 (44 322
Sk-EMS-5 $7.1 TRZ 171 75 65 134 6L7 602 40 485 43 83 187 142 242
Overalisversge 861 719 165 79 &3 129 619 606 21 50 43 33 199 157 207
LSD 0.85: )
Drrigations (I} 17 o7 0.5 (T 1.5
Geastypes (G) 22 [ X1 0.7 [ ]| 0.y
Gxl 31 [T} 1.0 [ ¥] 1.3
Mol = redwction.
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Reduction in grain yield of M, bulks due to water stress was associated
with significant reductions i all other studied traits. These reductions due to
drought stress were relatively high in magmiude for plant height (16.47%)
followed by spikes/plant (12.93) and were low but significant for other traits,
i.e. grains/spike (2.07%), and 100-grain weight (3.33%) (Table 2). These results
are consistent with those reported by Chowdhury (1990), Jat et al (1990),
Clarke et al (1992), Mosaad et al (1995), Sharma and Blmagva (1996), Sobich
and Ragab (2000) and Ad-Naggar ef al (2004),

Irradiation and EMS effects on M; generation

In the M, gencration, there was a significant increase in grain
yield/plant as a result of some gamma ray and/or EMS treatments as compared
to non-treated wheat cultivars Sids 1 and Sakha 93. The highest significant
increase in grain yield under water stress conditions ocurred due to the effect of 0.2
% concentration EMS on Sids 1 (29.8%) and Sakha 93 (14.1%). Under non-stress
conditions, the highest increase in grain yield was a result of gamma radiation of
15 Krad on Sids 1 cultivar (17.2%) and EMS treatment of 0.2% concentration on
Sakha 93 cultivar (12.7%). Other significant increases in grain yield occurred
in M, following gamma radiation of 25 Krad (8.6%), 35 Krad (4.7%) under
non-stress and 35 Krad (22.0%) under stress for Sids 1 cultivar and 15 Krad
(7.2%) under stress conditions for Sakha 93. More significant increases in
grain yield exhibited in M, generation following EMS treatments of 0.1%
(7.9%) and 0.5% (6.7%) on Sids 1 and 0.3% (9.3%) and 0.4% (11.9%) on Sakha
93 under non-stress and 0.1% (21.7%) on Sids 1 under stress conditions. On the other
hand, significant reductions occurred m grain yield/plant of Sids 1 in M, generation
following treattnent with 15 Krad gamma radiations (8.5%) under stress and
0.2% EMS (5.3%) under non-stress conditions. :

It is worthy to note that using the treatment of 0.2% EMS on both
cultivars significantly increased the grain yieki of their My bulks under water
. stress and non-stress conditions. This treatinent caused significant increases in
M, of Sakha 93 for 4 traits (plant height, spikes/plant, grains/spike and grain
yield) under non-stress and for 2 traits (spikes/plant and grain yield) under water
stress and in M; of Sids 1 for spikes/plant under non-stress and for 4 traits (plant
height, spikes/plant, grains/spike and grain yield) under stress conditions.

For gamma radiation, the treatment of 15 Krad increased significantly
the M, of Sids 1 for 3 traits (plant height, spikes/plant and grain yield) under
non-stress and M, of Sakha 93 for grain yield under water stress. The treatment
with a dose of 35 Krad increased significantly the M; of Sids 1 for two traits
(spikes/plant and grain yield) under non-stress and for 4 traits (plant height,
spikes/plant, grains/spike and grain yield) under water stress and .the M of
Sakha 93 for three traits (spikes/plant, 100-grain weight and grain yield) under
non-stress conditions. Increases in grain yield of the M; generation following
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mutagemac treatments were accompanied by increases in number of spikes/plant,
plant height and grains/spike in both cultivars and 100-grain weight in Sakha
93.0n the contrary, significant reductions were exhibited in the M, generation due
0 mutagenic cffects in 100-grain weight, especially in Sids 1 and plant height
in both cultivars. It is worthy to note that the least reductions due to mutagenic
effects were exhibited by spikes/plant and grain yield/plant, while the most
frequent reductions  were shown by 100-grain weight followed by grains/spike.

In genexal, increases in M, grain yield due to mutagenic treatments
were mare pronounced under water stress than under non-stress conditions, while
the opposite was true for spikes/plant. It is noteworthy that the most
responsive trait to increase by mutagens was number of spikes/plant followed
by grain yickl/plant. Moreover, under water stress Sids 1 cultivar showed more
frequent significant increases (18 cases) than Sakha 93 (8 cases), while under
non-stress conditions the opposite was true, where Sakha 93 exhibited (25 cases)
more significant increases than Sids 1 (17 cases).

Several nvestigations also reported that gamma rays caused favorable
effects on the M, generation traits of bread wheat. Singh and Kumar (1974)

found that in wheat mean grain yield per plant of the M; was 22.27g, whereas,
the parental mean was 12 32g. They also found an increase in 100-grain weight
of wheat M, as a result of gamma irradiation. Khanna et af (1986) found that
wheat plant height was increased by increasing gamma ray doses up to 7.5 Krad,
but it decreased with increasing gamma ray doses above that. Moreover, Sobieh
(1999) found significant decreases in plant height due to gamma irradiation
Sids 3, Sids 6 and Sids 7 wheat cultivars. He was able to select short culm
mutants from such cultivars; the internodes length of all short culm mutants
was significantly reduced as compared to their parents. Al-Naggar et al
(2004) reported that imadiation caused a grain yield increase of 14.6% in the M,
generation of wheat vnder non-stress. They also stated that, irradiation caused
favorable effects in increasing weight of 100-grains (by 11.1%) and in shortening
of plant height by 5.7 and 20.6% in the M; generations vs parents under non-
stress and stress conditions, respectively. Moreover some researchers
reported favomble cffects for EMS on wheat traits in the M, generation (Kalia er
al 2000). .
M, tvmic diff

Genotypic differences among M; bulks were found for all studied
traits either under drought stress or non-stress conditions. The highest yielders
under non-stress conditions were Sd-RAD-1(22.32g), Sk-EMS-2 (21.37g),
Sk-EMS4 (21.22g), Sk-RAD-3 (20.78g), Sk-EMS-3 (20.74g) and Sd-RAD-2
(20.67g). Under stress, S&-EMS-2 (19.49g), Sd-RAD-3 (18.33g), Sd-EMS-1
(1828g), Sk-EMS-2 (1730g) and Sk-RAD-1 (16.25g) were the best yielders
(Table 2). The least reduction in grain yield due to water stress (the most
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tolerant) was obtained by the M, bulk Sd-EMS-2 followed by Sd-RAD-3, Sd-
EMS-1, Sk-RAD-1 and Sk-EMS-2. These genotypes are the same supenior
genotypes under water stress. Only one of them (Sk-EMS-2) was of
superiority (i.e., it was superior under stress and non-stress conditions). These
genotypes (M bulks) could be considered the most tolerant 10 water stress in
this experiment.

The superiority of M, genotypes in grain yield/plant over parent
cultivars was accompanied by superiority in one or more yield components.
Superiority of Sd-EMS-2 under water stress in grain yickd was accompanied
by superiority in grains/spike (3.5%) and spikes/plant (24.8%). Superiority of
Sd-RAD-3 (22.0%) and Sd-EMS-1 (21.7%) under drought conditions was
accompanied by superiority in spikes/plant (29.1 and 29.9%, respectively).
Many studies have also indicated that there is a genotypic variafion mn grain yicld
of wheat M; bulks derived vig gamma iradiation under water stress and non-
stress conditions (Khanna ef ol 1986, Sobich and Ragab, 2000 and Al-Nagpar et
al 2004) and via EMS treatments (Kalia ef al 2000 ).

Ranges of M, bulks

The highest limit and the range of M; bulks are presented im Table
(3). In general, the highest ranges were exhibited by plant height and grain
yield/plant, while the lowest estimates were for 100-grain weight The highest
increase in range due to studied mutagens over control {untreated cultivars) was
shown by grain yield followed by plant height. In general, broedest range due to
mutagenic treatments was higher under nonstress than under water stress
conditions.

It could be concluded from the data of Table (3) that for most
studied traits in M; generation under both stress and non-stress conditions
especially for grain yield, spikes/plant and plant height, irradiation and EMS
treatments cause increase in the magnitude of both range and its highest
limit. This might be attributed to the creation of variation via iradiation or
EMS treatments, which can help plant breeder in mcrensmg the cfficiency of
selection for drought tolerance.

Coefficients of variation of M; bulks

The estimates of phenotypic (PCV) and genotypic (GCV) coefficients
of variation are presented in Table (4). Highest estimates of PCV and GCV
were exhibited by spikes/plant and grain yield traits, while the lowest ones
were shown by grains/spike. Both PCV and GVC estimates were generally
higher under water stress than non-stress conditions for grain yield,
spikes/plant and plant height traits. M; bulks derived via nradiation or EMS
treatments showed higher PCV and GCV estimates than non-iradkated (or
non EMS treated) ones mmwmmmmﬁz
most studied traits.
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Table 3. Ramges (R) and highest (H) limits of studied traits in M,
generafion of wheat bulks derived via gamma rays and EMS
under drought stress (S) and nom-stress (NS) conditions

(Imshas, 2003/2004).
Plant Seikesf plant  Grains/spike 100-grain wt. Grain yield/plant

My bulls  lcight (em) Ne.) (No.) ® ®

and NS s NS S NS 5 NS S NS )
_

' R H R H RAHRHRHRERHIERMHEIRMH R H
Sids | B2 M 5 123 8 126915 68 21 60 1.5 58 122 283 75 199
SI-RAD-1 55 13529 80 31 36 3 3 12 67 17 68 2.1 6.0 18 57 557 693 60 17.2
Sd-RAD-2 3 126 51 111 19 24 12 §7 17 69 8 65 21 6. 15 58 476 610 366 483
Sd-RAD-3 50 135 SZ HZ I8 23 15 21 15 68 8 66 19 6.1 22 6.0 458 59.5 313 450
Sd-EMS-1 50 125 53 115 19 24 15 21 20 70 15 68 23 6.2 21 58 637 7.7 265 40.5
Sd-EMS-2 60 130 57 112 16 21 13 23 19 73 12 67 2.1 62 2.0 60 352 486 &7.1 784
SA-EMS-3 42 I1Z S7 117 11 16 11 16 14 69 14 68 2.0 6.0 13 54 189 323 323 431
SI-EMS-4 58 130 45 110 18 55 11 16 10 6% 16 69 1.7 56 1.6 56 249 383 284 38.7
Sd-EMS-5 55 130 50 110 19 24 15 28 16 69 15 68 24 6.2 15 56 553 688 272 395
Sakiss 93 2 % 16 76 11 15 6 11 22 73 18 69 1.8 58 1.9 6.0 17.4 338 148 257
Sk-RAD-1 30 100 32 97 12 17 26 29 I3 T1 18 68 32 68 2.3 62 28.1 423 566 639
Sk-RAD-2 I8 % 31 % 8§ 13 18 21 23 71 19 63 22 65 1.5 56 185 332 493 594
Sk-RAD-3 30 190 45 100 17 23 21 23 24 72 20 63 42 68 21 6.0 193 369 312 424
Sk-EMS-1 19 9% 36 100 14 19 28 24 21 72 18 &7 32 67 09 48 139 301 265 375
Sk-EMS-2 10 1800 37 102 18 1S 28 32 17 74 11 68 13 52 1.6 55 162 320 464 58.4
SE-EMS-3 30 108 S8 188 7 13 18 22 18 78 18 68 23 63 1.2 55 27.7 450 430 53.2
SE-EMS-$ 1S 95 35 100 10 16 21 25 14 69 14 66 19 58 1B 6.0 146 311 350 458
Sk-EMS.5 15 9 33 o 12 I7 L4 1% 14 78 17 67 19 6.0 17 59 198 333 325 427

It could be concluded from these results that for most studied traits
under water stress conditions; both irradiation and EMS treatments caused an
increase in the magnitude of both PCV and GCV in the resulted M, bulks.
This might be attributed to the induction of variations via irradiations or
chemical magens. which can help in increasing the opportunity of selecting
drought toleramt wheat variants. This conclusion was also reported by Al-
Naggar ef ad (2004) on their work to induce genetic variation in wheat drought

Under water-stress conditions, the highest estimates of both PCV and
GCV for gram yield were exhibited by the M; bulks Sd-EMS-2, Sk-RAD-2 and
Sk-EMS-3. Under non-stress conditions, the two M; bulks Sd-RAD-1 and Sd-
RAD-3 showed the highest estimates of both PCV and GCV for grain yield.
Moreover, the highest coefficients of variations were also shown by the M-
bulks S&-FMS-1 and Sd-EMS-5 (for PCV) and Sd-EMS.2 and Sd-EMS-3
(for GCV) under non-stress.

It is worthy to mention that the superior M, bulks for GCV under
both water stress and non-stress conditions were Sd- EMS-2 and Sd-EMS-3.
while for PCV no one of the superior M, bulks under water-stress was superior
under non-stress conditions superior M, bulks under water-stress was superior

144



Table 4. Estimates of phenotypic (PCV) amd genotypic (GCV)
coeflicient of variations (%) of wheat M; bulks derived via
gamma rays and EMS under siress and non-stress conditions

in Inshas, 2003/2004 season.
M; balis ' rCV GCV .
amd
parests g ] srr GSPr 1NGW GY rH srr GSP 1MGW GY
Nen-Streys
Sids 1 63 248 56 1Y 139
Sd-RAD-1 118 n7 43 122 578 161 3 28 6.7 58.7
Sd-RAD-2 922 436 7 119 432 68 450 39 55 40.5
Sd-RAD-3 124 s 73 e S7.1 181 a7 1] 62 56.8
Sd-EMS-1 133 626 &6 121 78 78 455 52 57 41.3
Sd-EMS-2 137 538 %2 103 41 185 576 5.1 (T §5.5
Sd-EMS-3 103 351 57 149 240 1.4 501 33 LN ] 69.6
Sd-EMS-4 15 339 45 w7 313 119 433 58 32 37.6
Sd-EMS-5 139 &1 (11 6 3 83 29.7 13 03 219
Sakha 93 &l 3 121 [ L %] 82
Sk-RAD-1 29 353 16.6 153 .1 [ %1 203 1.1 1.5 22.3
Sk-RAD-2 69 3 9% 1.2 237 27 (1] 00 53 15.4
Sk-RAD-3 3 54 17 133 43 63 374 (1] 9.4 17.7
Sk-EMS-1 75 39 E ¥ ) 161 15.7 35 278 .0 107 6.0
Sk-EMS-2 [ 1) 33 22 | 19 218 22 178 a8 LX) 14.6
Sk-EMS-3 184 218 81 0.9 274 81 08 0.0 56 218
Sk-EMS-4 43 271 &5 103 168 08 103 (1] 0.0 41
Sk-EMS-5 53 316 78 |+ ] 262 0.0 232 00 0.0 18.5
Siress
Sids 1 (17 162 58 846 145
Sd-RAD-1 59 11’ s L X 89 0.0 (1] 0.0 39 0.0
5d-RAD-2 182 462 33 10.2 SL8 170 133 [ X ] 54 50.1
Sd-RAD-3 183 95 k¥ 125 47.8 1.2 478 [ X ] 3.0 45.5
Sd-EMS-1 185 #s 738 1n3 365 175 379 43 7.1 345
Sd-EMS-2 178 507 59 izl 722 166 490 0.0 84 713
Sd-EMS-3 204 4123 3 13 553 9.4 396 34 0.0 533
Sd-EMS-4 48 457 89 548 136 430 64 22 527
Sd-EMS-S 168 4§74 42 (1] 381 148 454 00 08 36.5
Sakka 93 56 239 35 112 ped )
Sk-RaD-1 11 7R1 3 13.7 35 84 739 L X:] 19 289
Sk-RAD -2 1s [~} 52 5% §715 4 597 L X ] 0.0 63.6
Sk-RAD- 3 177 39 L X ] 10.3 485 16.7 . 1 ] 13 0.0 42.4
Sk-EMS-1 135 64 45 [ ¥ ] 44.7 123 56.3 2.8 [ X)) 318
Sk-EMS-2 13 Ta.1 33 73 519 127 750 [ X ] 0.0 49.0
Sk-EMS-3 171 &2 [ 79 (% ] 4 168 sL1 [ X ) 2.0 66.8
Sk-EMS-4 122 762 [ ] 104 553 103 729 [T ] 00 50.3
Sk-EMS-5 113 S87 73 109 S63 14 444 s 0.0 43.9

PH=Plant height (cm), SPP = Spikes/ plant, GPS = Grains/ splie. 100 GW = 100-grain/weight
(®) t, GY= Grain yicld/plant (£)
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- under non-stress conditions. Moreover, superior. M; bulks for both PCV and ..
GCV parameters under both water stress and non-stress conditions for grain
yield/plant were also superior in both parameters for most of studied traits.
For example, the M, bulk Sd-EMS-2 under water stress was superior in grain
yield and 100-grain weight for PCV estimates and grain yield and 100-grain
weight for GCV estimates.

Heritability and expected selection gain of M; bulks

Heritability in the broad-sense (h’) and expected genetic advance from
selection (GA) estimates of wheat M, bulks derived via irradiation and EMS
treatments, under water-stress and non-stress conditions are presented in Table
(5). The highest h%, estimates in M, generation were shown by grain
yield/plant (average h%, = 64.58%) followed by spikes/plant (average b, =
56.44%) under non-stress and spikes/plant (average h%, = 83.07%) followed by
grain yield (average h% = 80.02%) and plant height (average h’= 78.58%)
under water stress conditions. On the contrary, the lowest h2|, in M; generation
was shown by grains/spike trait under water stress (average h’,=16.57%) and
non-stress (average h%, = 14.84%) conditions.

Under non-stress conditions, the M; bulks Sd-EMS-5, Sd-EMS-1, Sd-
RAD-] and Sd-RAD-3 showed the highest estimates of both h%, and GA% for
grain yield/plant and one or more of its components, as well as for plant height.
The expected genetic advance via one cycle of selection of the best 10% for
these four M; bulks in the same order under non-stress is 11.08, 12.25, 9.95
and 9.77%, respectively for grain yield and 11.11, 10.40, 12.09 and 10.14 %,
respectively for number of spikes/plant (Table 5).

Under water stress conditions, the M, bulks Sd-EMS-2 and Sd-EMS-3
exhibited the highest h%, and GA% estimates for grain yield and one or more of
yield components. Moreover, the M; bulks Sd-EMS-3 and Sk-RAD-2 were
amongst those showing the highest GA% for grain yield under stress
conditions; the GA for grain yield under water stress was 12.55, 11.76, 11.19
and 9.39% for Sd-EMS-2, Sk-EMS-3, Sk-RAD-2 and Sd-EMS-3, respectively
(Table 5). The highest GA for spikes/plant under water stress was shown by Sk-
RAD-3 (15.66%), Sk-EMS-2 (13.19%), Sk-RAD-1 (13.00%) and Sk-EMS-4
(12.82). It is worthy to note that practicing selection under water stress
conditions in most M; bulks derived via irradiation or EMS treatments in the
present study would expect to obtain a higher selection gain than under non-stress
conditions in grain yield and number of spikes/plant traits. Summarizing the
above mentioned results on M, bulks derived via imadiation and EMS
treatments, it could be concluded that the best mutagenic treatments for inducing
new genetic variation valid for the improvement of grain yield and its
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Table 5. Estimates of heritability in broad sease (by® %) and expected
genetic advance from selection (GA %) in wheat M; bulks
derived via gamma rays and EMS treatments, evaluated
under stress and non- stress conditions in Inshas, 2003/ 2004

season.
b (%) GA (%)
M, bulks rH SPP  GSP IMGW__ GY PH SPF  GSP 100GW _ GY
Noa-Stress

Sd-RAD -} 739 44 [ T ] 262 9.8 1.3 121 .0 1.1 10.0
Sd-RAD-2 572  FIS 455 231 N2 12 30 0.9 1.0 13
Sd-RAD-3 TLE 0e 436 ° .6 1.3 10.F [ 5] 0.0 .8
Sd-EMS-} T42 39.1 269 158 2.7 b1 104 8.6 0.9 12.2
Sd-EMS-2 758 533 503 %3 i t 1 10 0.6 6.6
S4-EMS-3 674 TI4 52 (T 1% 52 .2 0.1 3.9
SI-EMS-4 713 8% &9 e 17 45 ‘0.0 0.0 49

Sd-EMS-5 S18 SL1 213 BT 959 22 L1 05 1.6 11
Sk-RAD-1 543 335 458 367 614 12 3.7 29 2.0 490
Sk-RAD-2 158 (1] . 122 423 (11 ©w 0.0 0.9 2.7
Sk-RAD- 3 536 613 (Y] Hs 52 12 66 0.0 1.6 3.1
Sk-EMS - | 217 457 " 6Ly . 06 47 0.0 2.2 0.0
Sk-EMS-2 134 346 (Y] 450 0.4 31 0.0 0.0 2.6
Sk-EMS-3 61.2 (T °" %5 3 14 (T 0.0 10 3.8
Sk-EMS-4 e 159 (Y ] (Y 6.0 00 19 0.0 0.0 0.7
Sk-EMS-5 (1] 381 (7] (Y] 50.1 (1] 4.t 0.0 0.0 33
Average 495 564 143 W7 66 12 59 0.4 0.8 54
Stress
S4-RAD-1 8% &b (1] 157 °w “w W 0.0 0.7 0.0
Sd-RAD-2 375 8935 o8 282 230 30 17 0 1.0 8.8
Sd-RAD-3 338 935 89 @3 B4 38 84 0.0 14 8.0
Sd-EMS-1 358 $98 W7 »3 ¥3 3 67 3] 13 6.1
SI-EMS-2 878 934 o8 14 76 T3 0.0 15 125
Sd-EMS-3 a4 859 118 (1] 1y 34 18 [ T3 0.0 9.4
Sd-EMS-4 344 337  SAé 1) 76 24 16 1.1 0.4 9.3
Sd-EMS-5 345 914 o8 T 871 26 30 00 0.0 6.4
Sk-RAD-1 630 3954 a8 331 (7Y 1.5 130 e 14 5.1
Sk-RAD-2 775 348 @9 (T 36 13 185 09 0.0 112
Sk-RAD-3 392 §9% 19 'Y ] 764 29 157 82 0.0 7.5
Sk-EMS-1 824 354 o8 (1] s 198 00 0.0 6.7
Sk-EMS-2 34X 928 a8 856 212 132 0@ 0.0 8.6
Sk-EMS-3 377 379 a8 (1] 1] 188 00 0.0 1.8
Sk-EMS-4 735 913 o8 (1] 313 19 128 8o 0.0 8.9
Sk-EMS-5 TL7T 766 o8 (1] 762 13 73 T e 1.7
Aversge TRE B3I &6 132 8e 24 92 .2 a5 8.0

PH=Plant height (cm), SPP = Sgikes plast, GPS = Grains/ spike, 100 GW = 188-graia weight (), GY=
Grain yitkd/pluyst (£) .
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components via selection under water stress were different from those under non-
stress conditions. The best ones under water stress were 0.2% EMS on Sids 1
cultivar followed by 25 Krad gamma radiations on Sakha 93 cultivar, 0.3% EMS
on Sakha 93 and 0.3% EMS on Sids 1. The M; bulk Sd-EMS-2 was the most
superior in 6 parameters (mean, range, PCV, GCV, h%, and GA) under water
stress for grain yield and its components. Moreover, under water stress the
M; bulks Sk-RAD-2 was superior in 4 parameters (range, PCV, GCV, and
GA), Sk-EMS-3 in 3 parameters (PCV, GCV, and GA) and Sd-EMS-3 in 2
parameters (GCV, and GA).

Under non-stress, the best mutagenic treatment for the improvement of grain
yield and its components in the M, generation was 15 Krad on Sids 1
(superiority in 6 parameters, ie. mean, range, PCV, GCV, b, and GA) followed by
0,1% EMS on Sids 1 and 0.5% EMS on Sids 1 (supeniority in 4 parameters, ic.
range, PCV, WY, and GA) and 0.3% EMS on Sids 1 (superiority in 4 parameters,
i.e. PCV,GCV, I’y and GA). Therefore, the best M, bulks derived via irradiation
and EMS treatments for improving grain yield and its components under non-stress
corditions were, SA-RAD-1 followed by Sd-RAD-3, Sd-EMS-1 and Sd-EMS-5; all
these M, bulks are derived from Sids ! cultivar. In agreement with our results,
gamma rays were found to increase heritability estimates of the mutated
segregating generations for grain yiekd and its components in wheat (Kumar,
1977; Kar and Yadav, 1986; Khamankar, 1988; El-Rassas, 1991; Sobieh, 1999 and
Al-Naggar et al 2004).

Experiment two (M3 bulks)

Analysis of variance of M; bulks (not-presented) indicated that mean
squares due to irrigation regimes and those due to M3 bulks were significant
or highly significant for all studied traits. Mean squares due to M; bulks
derived via EMS vs M; bulks derived vig gamma radiation were significant
for all studied traits. This suggests that a significant difference exists due to
effects of mutagenic sources, i.e. among EMS and irradiation treatments.
Mean squares due to Mj bulks X irrigation regimes interaction were highly
significant for all studies traits, suggesting that performance of M;
genotypes varies with water supply, confirming results of previous
investigators (Fischer and Maurer 1978, Sharma and Bharagava 1996,
Ragab and Sobieh 2000 and Al-Naggar et al 2004).

Water stress effect on M3 butks

Water stress caused significant reductions in all studied traits (Table
6) across all mutated and non-mutated M; bulks. Maximum reductions due
to water stress in M; bulks was exhibited by grain yield trait (38.9%)
followed by spikes/plant trait (32.7%) and plant height trait (17.5%), while
minimum reductions were shown by grains/spike (2.7%). Reduction in
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Table 6. Means of studied traits in wheat M; bulks via gamma rays and
EMS from Sids and Sakhka 93 cultivars under drought stress
(S) and non-stress (NS) conditions (Inshas, 2004/2005 season).

PFiant height (em)  Spikes/ plant Grainy/ spike 198-graia weight Grain

£

amd Red. Red. Red. ® Red. )’H‘"P'“"(ll:d

pareats NS S %) NS S %) NS S %) NS S (%) NS S (%)
Sids 1 899 686 1383 64 62 1B 61T 358 A4S 49 49 05 19O 149 212
Sd-RAD-1 871 716 173 183 7.1 37 €12 609 290 54 48 181 301 156 481
Sd-RAD-Z 910 711 219 92 68 344 636 613 27 53 48 101 250 136 458
SAd-RAD-3 %0 6%1 237 123 683 446 624 625 B3 53 45 143 289 149 486
Sd-EMS-1 %28 03 236 1.7 53 545 €32 97 55 54 49 &5 3048 126 5990
Sd-EMS-2 372 664 238 1806 56 473 €1% 553 A7 49 49 8.1 263 114 5.7
Sd-EMS-3 933 713 238 10.7 T4 312 627 €7 31 S5 51 66 290 167 423
Sd-EMS-4 875 780% 139 75 65 134 625 619 24 58 49 20 199 141 292
Sd-EMS-5 373 705 193 73 62 142 614 614 01 52 49 65 202 140 199
Sakha 93 21,7 716 123 7.0 66 &1 616 613 2 483 43 1.2 1990 152 201
Sk-RAD-1 778 693 %3 79 546 21 612 615 22 47 47 01 214 126 410
Sk-RAD-2 748 716 43 78 63 138 632 €29 20 46 48 -43 9. 167 124
Sk -RAD -3 TI® €94 99 128 61 487 645 54 88 46 47 -2.5 197 122 384
Sk-EMS-1 833 675 190 106 58 453 637 418 14 53 46 138 255 124 512
Sk-EMS-2 785 685 127 114 59 487 618 610 13 50 4.7 54 240 127 471
Sk-EMS-3 778 655 159 %0 54 36 635 6183 27 47 4.7 08 192 120 376
Sk-EMS-4 305 661 178 98 58 408 613 603 39 47 48 -23 198 125 370
Sk-EMS-5 802 657 180 88 52 415 613 6% 31 48 47 29 i87 il6 383
Over all
average 341 €9} IT.-S 25 &I 317 GLT 1% 27 58 48 41 2349 1L7 IR9
LSD 0.85:
Irrigations (1) 21 14 e 0.1 1.1
Gesatypes (G) 18 0.7 | %] B.1 1.0
Gxl 25 19 2 0.2 14

grain yield due to water stress effect on M; bulks may be attributed mainly
to reduction in number of spikes/plant. Reduction in grain yield due to water
stress was higher in Sakha 93 M, bulks (41.9%) than in Sids 1 M; bulks
(35.9%); a similar trend was exhibited in all studied traits, except in
spikes/plant, where the opposite was true.

The greatest reduction in grain yvield due to water stress (59%) was
exhibited by the M; bulk Sd-EMS-1 followed by Sk-EMS-1.0n the other
hand, the lowest reduction because of water stress in grain yield was shown
by the M; bulk Sk-RAD-2 (12.4%),suggesting high tolerance to drought for
this M; bulk. It is worthy to mention that reduction in grain yield and
spikes/plant due to water stress was greater in M; (Table 6) than in M;
(Table 2) bulks. Such reductions in M; generation because of drought stress
in bread wheat were also reported by other investigators Salam (1998).




Irradiation and EMS effects on M; generation

In the M; generation, mutagenic treatments caused a significant
increase in grain yield/plant over the non-treated wheat parent cultivars Sids
1 or Sakha 93. Most of M; bulks showed significant increases over their
parent cultivars under non-stress conditions. The highest significant increase
in grain yield under non-stress occurred as a result of the treatment with
0.1% EMS on Sids-1 (62.0%) and Sakha 93 (34.3%). Other significant
increases in grain yield under non-stress happened in M; resulted from the
treatments 15 krad (58.2%), 25 krad (31.6%), 35 krad (51.9%), 0.2% EMS
(38.1%) and 0.3% EMS (52.2%) on Sids 1 cultivar and 0.2% EMS (26.7%)
and 15 krad (12.7%) on Sakha 93.

Under water stress increases in grain yield due to mutagenic agents
occurred by 0.3% EMS on Sids 1 (11.3%) and 25 krad on Sakha 93
(10.2%).0n the contrary, significant reductions in grain yield of M; bulks
due to mutagens under water stress ranged from 5.9% for 0.5% EMS on
Sids 1 to 23.7% for 0.5% EMS on Sakha 93.

Increases in M; grain yield following mutagen treatments were
associated with increases in one or more yield components. The highest
increases due to mutagens were exhibited in My by number of spikes/plant,
reaching up to 97.1% for 0.1% EMS on Sids 1 followed by 91.8% for 35
krad on Sids 1. Mutagens caused significant reductions in plant height of the
M; in 8 cases under non-stress and 6 cases under water stress. Such
significant reductions in plant height ranged from 3.2% for 0.2% EMS on
Sids 1 to 8.4% for 25 krad on Sakha 93 under non-stress and from 4.1% for
0.2% EMS on Sids 1 to 8.6% for 0.1% EMS on Sakha 93 under water stress.

In general, increases in M; for grain yield and yield components
because of mutagens happened in most cases under non-stress conditions.
The most responsive trait in magnitude of increase by mutagens in the M;
was number of spikes / plant followed by grain yield/plant. The best
mutagenic treatments in increasing means of M; generation for grain yield
and yieid components were 0.3% EMS and 15 krad on Sids 1 under both
stress and non-stress, 35 krad and 0.1 and 0.2 % EMS on Sids | and 35 Krad
and 0.1% EMS on Sids 1 under non-stress and 25 krad on Sakha 93 under
water stress conditions.

It is worthy to note that the three mutagen treatments on Sids 1 (15
krad, 35 krad and 0.1% EMS) showed significant increases in grain yield
and its components for both M, and M; generations under non-stress
conditions. However, under water stress conditions the highest significant
increases in grain yield and its components due to mutagenic treatments
were exhibited by different mutagens; i.e. by 35 krad 0.1 and 0.2% EMS on
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Sids 1 and 35 Krad on Sakha 93 in M; and 15 krad and 0.3% EMS on Sids 1
and 25 krad on Sakha 93 in M; generation.

Salam (1998) reported that high grain yield/plant in wheat was found
after 7.5 krad treatment in M, and M; mutagenic generations under drought
conditions. This increase in grain yield and other traits might indicate an
increase of drought tolerance and gives a promising initial material for
breeding wheat cultivars for drought tolerance. Significant increases in grain
yield and its components of wheat were also observed in the M; generation
following irradiation by Singh and Kumar (1974) and EMS mutagen by
Kalia et al (2000).

M; genotypic differences

Genotypic differences among M; bulks were found for all studied
traits under drought stress and non-stress conditions. The highest yielders
under non-stress conditions were Sd-EMS-1 (30.84g), Sd-RAD-1 (30.13g),
Sd-EMS-3 (28.98g) and Sd-RAD-3 (28.93 g). Under water stress, the best
M; yielders were Sd-EMS-3 (16.71g), Sk-RAD-2 (16.71g) and Sd-RAD-1
(15.65g); they could be considered the most drought tolerant in this study.
The superiority of these M; genotypes in grain yield/plant over their parents
was accompanied by superiority in one or more yield components. Under
non-stress, the superiority in grain yield of M; bulks over the parent cultivar
was due to superiority in spikes/plant (62.7%), and 100 grain weight (8.2%)
for Sd-RAD-3; spikes/plant (91.8%) for Sd-RAD-3, spikes/plant (97.1%),
and 100-grain weight (8.0%), for Sd-EMS-1; and, spikes/plant (66.4%) for
Sd-EMS-3. Under water stress, superiority of M; bulks over parcnt cultivars
in grain yield/plant was associated with superiority in spikes/plant (12.6%)
and grains/spike (3.3%) for Sd-RAD-1 and spikes/plant (16.4%), 100-grain
weight (4.3%) and grains/spike (3.0%) for Sd-EMS-3.

Ranges of M; bulks

Range and the highest limit of each M; bulk for studied traits are
presented in Table (7). Grain yield/plant and plant height showed the widest
ranges and the greatest magnitudes of the highest limits in M; butks. On the
contrary, 100-grain weight exhibited the narrowest ranges and smallest
magnitude of the highest limits in the Mj bulks. In general, broadening of
M; ranges towards higher limits over the control (untreated parent cultivar)
due to mutagenic treatments was higher under non-stress than under water
stress, higher in Sids 1 than in Sakha 93 and higher via EMS than via
irradiation.
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Table 7. Ranges (R) and. highest (H) limits of stmdied traits im M; .
generation of wheat balks derived via gamma rays and EMS
and evaluated under drought stress (S) and non-stress (NS)

conditions (Inshas, 2004/2005).
M, bulles Plant Spikes/ Plant  Grams/Spike  100graiewt | Gram yickd/Phant
nd height (em) (Ne) o) ® ®
parents NS S NS S NS S NS s NS ‘§

R H R HRHRHRHIRMHMBRMHRMEIBR H R H
Sids 1 32 109 12 78 7 12 3 8 16 70 20 69 19 62 16 59 138 291 79 203
Sd-RAD-1 25 100 15 80 21 26 5 11 10 €3 13 &% 218 63 28 69 518 651 116 243
Sd-RAD-2Z 25 105 20 80 14 19 2 7 18 69 IS € 23 62 15 56 2156 432 43 155
Sd-RAD-3 20 100 21 81 22 27 4 8 13 72 14 6 27 66 LI 59 486 582 34 169
Sd-EMS-1 35 105 1S 36 22 28 3 8 14 72 13 68 23 67 L8 S9 537 718 63 175
Sd-EMS-2 30 100 20 80 16 21 5 10 14 69 17 65 28 &8 16 58 387 552 ILi 107
SA-EMS-3 20 105 25 35 15 20 I8 16 16 78 I3 % 22 &5 LS S5 427 592 267 43
SI-EMS-4 35 105 15 38 7 12 5 18 16 70 1T 6T 12 64 L7 59 192 359 118 177
SA-EMS-5 37 109 18 78 6 12 3 7 14 69 IS 69 28 66 16 58 186 359 54 156
Sakba93 15 90 11 76 3 8 5 11 18 69 13 67 18 &1 12 55 174 3T 54 189
Sk-RAD-1 20 90 20 88 5 11 3 7 16 €3 17 69 19 59 1% 6B 632 3 74 174
SKk-RAD-2 15 85 18 80 2 7 & 11 15 67 I3 69 16 S7 21 &2 248 488 221 349
Sk-RAD-3 13 88 10 75 4 8 8 13 14 78 13 67 LI &1 15 57 229 448 163 263
SKk-EMS-1 20 95 15 30 3 3 4 9 16 6% 16 68 28 €63 15 55 )56 518 1889 204
SKk-EMS-2 17 87 10 75 S 18 7 12 1S 69 14 67 26 64 16 58 453 649 151 254
SKk-EMS-3 34 180 1¢ 70 10 14 4 8 1% 6% 16 68 18 61 22 63 199 347 %6 138
SKk-EMS-4 25 95 15 75 S 10 4 8 IS 69 19 68 23 &1 Z8 6Z 1Z1 292 735 192
Sk-EMS-5 25 95 15 77 3 7 8 12 18 6% 16 63 28 63 1.7 58 133 295 1207 245

The broadest M; range for grain yield/plant under water stress was
shown by Sd-EMS-3 (R = 26.7g) followed by Sk-RAD-2 (R = 22.1g), Sk-
RAD-3 (R = 16.3g) and Sd-RAD-1 (R = 11.6g); they increased range
magnitude over the parent cultivar by 2.56, 1.99, 1.20 and 0.55 fold,
respectively. Under non-stress, the broadest M; range for grain yield/plant
was exhibited by Sk-RAD-1 (R = 63.2g) followed by Sd-EMS-1 (R =
53.7g), Sd-RAD-1 (R = 51.8g) and Sk-EMS-2 (48.3g); with an increase in
range over the parent cultivar by 2.63, 3.39, 3.55 and 1.78 fold, respecl:vely
These M; bulks showed also the greatest higher limits of range for grain
yield. It is worthno-thing that, the M; bulk Sd-RAD-1 was amongst the best
ones for ranges and higher limits under both water stress and non-stress
conditions

Under non-stress conditions, the M; bulk Sd-EMS-1 showed
maximum number of traits (4) with broadest ranges and greatest higher
limits (grain yield, 100-grain weight, spikes/plant, and plant height),
followed by M; bulk Sd-RAD-3 (2 traits, i.e. spikes/plant and 100-grain
weight) and the M; bulk Sd-RAd-1 (2 traits, ie. grain yield and
spikes/plant). Under water stress, the best M; bulks for ranges and higher
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limits were Sd-EMS-3 (for3 traits, i.e. grdin yield, spikes/ plant and plant -

height), Sd-RAD-1 (for 3 traits, i.e. grain yield, grains/spike and 100 grain
weight). It's worthy to note that, Sd-EMS-1 and Sd-RAD-1 under non stress
and Sk-RAD-2 under water stress were amongst the best bulks in ranges and
higher limits for both M; and M; generations. Singh and Kumar (1974)
reported a range of variability in M; generation due to gamma radiation in
wheat for 1000-grain weight (24.56 — 49.60) and grain yield / plant (7.342 —
22.275). When they compared these values with parental means of each
character, they mentioned that it is quite clear that a considerable variability
has been generated by gamma rays for all characters.

Coefficients of variation of M; bulks

Estimates of phenotypic (PCV) and genotypic (GCV) coefficients of
variation of M; bulks are presented in Table (8). In general, the highest
estimates of PCV and GCV of M; bulks were shown by grain yield/plant
and number of spikes/plant, while the lowest ones were exhibited by
grains/spike. Estimates of PCV and GCV of M; bulks were generally higher
under non-stress than under water stress, especially for spikes/plant and
grain yield traits. M; bulks showed higher PCV and GCV estimates than
non-treated (control) parent cultivars in most cases under both water stress
and non-stress conditions, suggesting that used mutagens were generally
efficient in the Mj bulks for improving drought tolerance in wheat. This
conclusion was in agreement with that reported by Al-Naggar et al (2004).

Under water stress, the M; bulk Sk-RAD-2 showed the highest PCV
and GCV estimates for maximum number of studied traits (5). The M; bulk
Sd-EMS-3 came in the 2™ rank. Moreover, in the 3" and 4™ places came the
M; bulks Sk-RAR-3; and, SK-EMS-5 for PCV and Sd-RAD-1 and Sk-
EMS-4 for GCV estimates. Under non-stress conditions, the best M; bulk
was Sd-EMS-1 followed by Sd-RAD-1 and Sd-RAD-3 for both PCV and
GCV estimates, Sk-EMS-2 for PCV and Sd-EMS-2 for GCV estimates.

In most cases, PCV was higher than the corresponding GCV value in
M; generation. Thus, high genetic coefficient of variability in M; induced
through gamma rays or EMS for studied traits provides the basis for genetic
improvement in wheat. This result agrees with that of Singh and Kumar
(1974) in wheat.

Heritability and expected selection gain of M; bulks

Heritability in the broad sense (hy’) and expected genetic advance
from selection (GA) estimates for M; bulks are presented in Table (9).
Estimates of hy” in M; were on average higher under non-stress than under
water stress for all studied traits. The highest by estimates in M; bulks were
shown by grain yield/plant (70.1%) followed by spikes/plant (64.7%) under
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Table 8. Estimates of phenotypic (PCV) and genotypic (GCV)
coefficient of variation (%) of wheat M; bulks derived via
gamma rays and EMS under stress and non-stress conditions

in Inshas, 2004/2005 season.
M, buiks ) _

snd PU  SPP GSP OGW GY  PH SPP GSP 1MGW  GY

MI !
Noa-Stress
Sads 1 65 U5 5 89 140
Sd-RAD-1 181 481 69 22 522 169 457 42 43 514
Sd-RAD-2 TI 357 €S 1.7 290 35 315 38 33 270
Sd-RAD-3 78 452 87 119 391 30 434 65 E T3 380
Sd-EMS-1 98 49 84 127 SLT 77 398 65 23 S1LO
SI-EMS-2 98 45 59 114 464 T4 M2 24 7.1 453
Sd-EMS-3 62 37T 13 105 4.2 11 348 58 63 402
Sd-EMS-4 87 183 15 118 188 583 145 53 38 132
Sd-EMS-5 95 242 1S 118 208 69 16 52 83 16.1
Sak¥a 93 59 17 61 92 10.9
Sk-RAD-1 65 4% 72 84 550 09 2938 [ 1] s 52.6
Sk-RAD-2 54 374 53 16 244 08 244 0 . 16.4
Sk-RAD-3 €3 488 S0 102 70 00 355 00 (1) 20.6
Sk-EMS-1 74 432 53 1.9 02 45 379 e 74 37.8
Sk-EMS-2 61 404 76 1.7 524 00 355 7 64 50.4
Sk-EMS-3 1.8 333 80 1. 27 98 228 31 39 273
Sk-EMS-4 %6 43 713 14.1 155 73 %1 (Y] 9.4 0.0
SE-EMS-5 72 416 65 85 127 37 333 a8 .° 0.0
Stress

Sids 1 65 158 13 82 137
Sd-RAD-1 €3 176 74 10.8 157 o8 1] 13 58 12
Sd-RAD-2 78 111 83 L 1] 78 25 00 44 36 0.0
Sé-RAD-3 67 128 638 66 57 12 LY (T " 0.0
Sd-EMS-1 66 163 &I 3 ] 142 89 of 3% 3.7 0.0
Sd-EMS-2 208 185 34 89 182 188 24 38 39 48
Sd-EMS-3 79 163 82 8.7 NS 46 223 39 39 219
Sd-EMS-4 44 159 92 119 166 00 1o 31 4% 6.0
Sd-EMS-5 47 180 75 123 81 00 00 24 65 0.0
Sakha 93 58 200 69 (13 07 .

- Sk-RAD-1 74 129 90 ns 103 46 08 - 68 6.7 0.0
Sk-RAD-2 &8 45 83 128 331 38 73 a3 181 25.7
Sk BAD-3 68 245 58 76 47 14 00 1] (Y] 0.0
Sk-EMS-1 76 159 72 74 146 47 08 27 Y] 0.0
Sk-EMS-2 43 244 54 74 230 08 (7] " " 0.0
Sk-EMS-3 66 179 69 i3 162 24 0 12 18 0.0
Sk-EMS-4 64 199 66 196 168 19 e T 72 0.0
Sk-EMS-5 69 293 &9 9 269 31 . (1] 58 0.0
PH-=Plant beight (cm), SPP = Spikes/ plant, GPS = Gralas/ spike, 100 GW = 108-grain weight (g), GY=
Graln yickd/plast (£) :
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. Table 9. Estimates of broad-sense heritability . (h,2%). and expected
genetic advance from selection (GA %) ia wheat M; bulks
derived via gamma rays and EMS treatments evaluated under
~_stress non-stress conditions (Inshas, 2004 / 2005 season)

by’ (%) GA (%)
Mibutks PH SPP GSP 180GW GY PH _ SPP GSP _1WGW _GY
Now-
Stress
Sd-RAD -1 870 93 376 .7 97.2 30 3.8 0.7 03 9.1
Sd-RAD-2 23§ TI3 36 493 86.7 0.6 55 8.7 1.5 43
Sd-RAD-3 138 923 &L9 516 845 [ X ] 7.6 5.2 LS 67
Sd-EMS-1 8 91 &0.1 500 972 14 &9 12 1.7 9.0
Sd-EMS-2 562 %2 200 386 95.3 13 78 s 1.2 84
Sd-EMS-3 34 853 465 420 95.1 2 &1 29 w2 EA|
Sd-EMS-4 47 330 4.1 460 49.6 1.8 6 [ %] 1.4 23
Sd-EMS-5 530 223 471 496 99 1.2 8 .9 L5 23
Sk-RAD-1 13 53.1 0.0 .0 914 82 52 L X ] 0.0 93
Sk-RAD-2 08 415 80 " 45.1 [ X ] 43 (1] 8.0 .9
Sk-RAD- 3} 0.0 787 08 (X 58.0 0.0 62 0.0 0.0 36
Sk-EMS-1 358 767 0.9 386 88.6 [ §] 6.7 4.0 1.3 6.7
Sk-EMS-2 0.0 T7.1 0.7 29.4 9258 0.8 6.2 o.1 1.1 3.9
Sk-EMS-3 664 463 15.1 124 693 16 49 6.6 0.7 48
Sk-EMS-4 53.3 13.9 8.0 45.0 0.0 1.3 1.6 09 1.7 0.0
Sk-EMS-5§ 264 633 0.0 L X'} LX) 0.7 59 . 0.0 0.0 0.0
Average 335 647 232 38z 701 8.9 54 [ X3 50 54
Stress .

Sd-RAD-1 e 326 5.7 339 110 a0 .8 0.3 1.0 13
Sd-RAD-2 155 00 232 153 60 0.5 0.0 o8 0.6 6.0
Sd-RAD-3 34 00 0.0 00 [ X:] 0.2 [ ] (-] 0.0 0.0
Sd-EMS-1 1.9 0.0 194 17.9 0.0 02 [ X ) 0.6 0.7 0.0
Sd-EMS-2 88.1 1.7 20.2 19.2 7.0 33 0.4 0.7 0.7 08
Sd-EMS-3 3B e 23 288 820 3 39 0.7 0.7 4.9
Sd-EMS-4 2.0 84 156 253 13.1 0.0 2 0.s 0.3 1.1
Sd-EMS-5 0.0 0.0 10.0 0.0 0.0 ”°" [ X ] 04 1.2 0.0
Sk-RAD-t 39.1 L X 4.1 41.4 0.0 03 [ X 1.1 12 0.0
Sk-RAD-2 3o.3 9.9 334 623 60.5 8.7 1.3 s 1.8 4.5
Sk-RAD- 3 52 [ X ] [ X ] L X)) 0.0 82 e [ X} 0.0 9.0
Sk-EMS-1 383 0.0 138 [ 1] 0.0 a8 “ 0.5 9.0 0.9
Sk-EMS-2 0.0 0.0 [ X ] [ X ] 2.0 (X ) |1 ] [ X ] 0.0 0.0
Sk-EMS-3 13.8 80 ' 18 4.1 9.0 4 L X a2 1.4 0.0
Sk-EMS-4 8.6 [ X ] 8.0 454 .0 3 e 0.0 13 0.0
Sk-EMS -5 20.6 0.0 [ X ] 333 00 8.5 [ X ] 0.0 1.0 0.0
Average 186 72 135 252 1L8 o 5 2.4 08 0.8

PH=Plast height (cm), SPP = Spikes/ plant, GPS = Grains/ spike, 100 GW = 1800-grain weight (g), GY=
Grain yickd/plant (g)
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non-stress and 100-grain weight (25.2%) followed by plant height (18.6%)
umicrwatersumOntheconlrary,thelowestmzinM; bulks was shown
by grains/spike (23.2%) under non-stress and spikes/plant (7.2%) under
water siress.

The highest estimates of GA% were shown by spikes/plant and
grain yield/plant under non-siress. However, under water stress, maximum
number of M; bulks that showed GA estimates was exhibited by 100 grain
weight. Although only five M; bulks showed GA estimates for grain yield
under water stress, the magmtude of such GA estimates was relatively
higher than that of other studied traits (Table 9).

Under water stress, the M; bulks Sd-RAD-1, Sd-EMS-3, Sd-EMS-4
and Sk-RAD-2 showed the highest estimates of both hy’ and GA% for
maximum number of studied traits including grain yield. The expected
genetic advance via one cycle of selection of the best 10% for these M;
bulks in the same order under water stress was 1.3, 4.9, 1.1and 4.5%,
respectively, for grain yield/plant (Table 9).

Under non-stress, the best M; bulks were Sd-RAD-1, Sd-RAD-3 and
SA-EMS-1 for both by’ and GA, Sd-EMS-3 for hy® and Sd-EMS-2, Sk,-
EMS-2 and Sk-RAD-1 for GA. The predicted genetic gain from selection of
the best 10% for grain yield/plant in the M; bulks Sd-RAD-1, Sd-RAD-3,
Sd-EMS-1, Sd-EMS-2, Sk-RAD-1 and Sk-EMS-2 was 9.1, 6.7, 9.0, 8.0, 9.3
and 8.9%, respectively, under non-stress conditions.

Maximum gain from selection for grain yield under water stress
conditions is expected to be 4.9 and 4.5% from the M; bulks Sd-EMS-3 and
Sk-RAD-2, respectively. However, maximum GA% for grain yield under
non-stress conditions is expected to be 9.3 and 9.1% from the M;j bulks Sk-
RAD-1 and Sd-RAD-1; both derived vig irradiation. It is interesting to
mention that, only the M; bulk Sd-RAD-1 showed genetic advance from
selection under both non-stress (9.1%) and stress (1.3%) conditions.

Summarizing the above mentioned results on M; bulks, it could be
conchaded that the best ones for all studied genetic parameters of induced
variability (mean, range, higher limit, PCV, GCV, hy> and GA) were Sd-
RAD-1, Sd-RAD-3, Sd-EMS-1 and Sd-EMS-2 under non-stress and Sd-
RAD-1, Sd-EMS-3, Sd-EMS-4 and Sk-RAD-2 under water stress
conditions. It is worthy to note that, Sd-RAD-1, was the only M; bulk which
showed superiority for the improvement of grain yield and its components
under both water stress and non-stress conditions, while other superior M;
bulks under non-stress were different from those superior under water stress
conditions for most studied parameters and most studied traits. It is
interesting to mention that, only one M; bulk (Sk-RAD-2) amongst the 8
superior M; bulks was derived from Sakha 93, while 7 out of 8 superior M;
bulks were derived from Sids 1 cultivar. This suggests that M; bulks derived
from Sids 1 were more responsive to improvement and induction of useful
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- variability viz -irradiation and EMS than those derived from Sakha 93
cultivar.

Summarizing the results of experiment one and two, for superiority
in studied genetic parameters indicated that there were three common
superior bulks in both M; and M; generations (Sd-RAD-1, Sd-RAD-3 and
Sd-EMS-1) under non-stress, while under water stress there were two
common superior bulks (Sd-EMS-3 and Sk-RAD-2) in both M; and M;
generations. This inherited superiority for studied genetic parameters of
induced variability from M; to M; generations of these induced bulks
qualifies them for practicing efficient selection for the improvement of
productivity under water stress and non-stress conditions and thus
improving drought tolerance in wheat.

Since, the efficiency of selection would depend upon the magnitude
of variability that is heritable and caused by genetic factors, the higher
values, therefore, of heritability accompanied by high genetic advance for
the characters studied should be quite valuable. It is obvious from the
previous results of this study on M; and M; bulks, that superior bulks were
characterized with high heritability accompanied by high values of genetic
advance for grain yield/plant and one or more of yield components. Genetic
improvements in these M3 and M, bulks can therefore be achieved with care
for these characters. Singh and Kumar (1974) also found high heritability
and high genetic advance for grain hardness and 100 grain weight in 13
mutant lines (stabilized in M; generation) of bread wheat derived via
different doses of gamma rays and reached to a similar conclusion. Results
of Anand et al (1972) in a collection of 80 different strains of wheat from
diverse sources were also similar for grains hardness.

Many investigators were able to induce genetic variation in the M;
generation of wheat following irradiation (Singh and Kumar 1974,
Kavanzhi ef af 1986, Salam 1986, Savov 198% and Salam 1998) and EMS
treatments (Kalia e al 2000).

Experiment three (M; families selected under non-stress)

Analysis of variance of the 37 putative mutants (M; families selected
under non-stress), 16 M; bulks and two parent cultivars (i.e. a total of 53
genotypes) evaluated in 2004/2005 season (data not presented) indicated
that mean squares due to irrigation regimes and those due to genotypes were
significant or highly significant for all studied traits, except for spikes/plant,
suggesting that the irrigation regimes and genotypes had significant effects
on most studied traits. Mean squares due to genotypes X irrigation regimes
interaction were highly significant for all studied traits, suggesting that
performance of the studied genotypes in this experiment varies with water
supply, confirming the results of previous researchers (Fisher and Maurer
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1978, Sharma and Bharagava 1996, Ragab and Sobieh, 2000 and Al-Naggar

¢t al 2004).

Superiority of M; putative mutants selected under non-stress

Comparing mean grain yield/plant of the 37 putative mutants (M;
families selected under non-stress conditions) with that of their
comresponding parent cultivars and M, bulks showed different percentages
of superiority or inferiority (Table 10). In general, superiority in grain yield
of the M; families selected under non-stress was higher over the M; bulk
than that over the parent cultivar. Moreover, number of induced mutants
(M; families) in this experiment showed that significant superiority
(increase) was higher under non-stress than under stress (27 vs 9 over parent
cultivar and 27 vs 13 over M; bulk, respectively).

“Table 10. Superiority (%) in grain yield (g)/plant (GY) of 37 putative
mutants in M; selected under non-stress {M3; NS families}
over their parent caltivars (cv.) and M; bulks under water
stress (S) and non-stress (NS) conditions (Inshas, 2004/2005

season).
Superiority % in GY over Saperiority % in GY over
. Ser. (NS)
T MO paremtev. Mibalk i Pareat v, M, bulk
NS S Ns S NS s NS S

Sd-RAD-1-1 75* 08 109* 131* 20 Sd-EMS-1-3 37 (8.8)* 36 (9.6
S6-RAD- 1-2 ¥14* 07 41.2* 139* 11 SJ-EMS-2-1 (-6.3) (153 (27) 27
Sd-RAD-1-3 184* 73* 217 2L4* 22 S4-EMS-2-2 (58) (93) (12) 99
Sd-RAD-1-4 ILI* (-180)* 14.1* (7.2)* 23 Sd-EMS-2-3 (-7.9) (-153)* (4.9 27
105* 6.0* 13.6* 199* 24 SI-EMS-3-1 68* (67 LI (44
7T9*  73* 109 2t4* 25 S4-EMS-S-1  189* (93 16T (-3.8)
68* 133* 98* 282 26 SA-EMS-5-1 (05) (-7.3)* (24) LD
108* (48) 130* B6* 27 SI-EMS-5-3 26 (73)* &7 (LD
247 (-14.0)* 187% (-168)* 28 SI-EMS-5-4 L4T* ($7)* 126 (3.0)
B 88 272* (33) 29 SI-EMS-S5-5  (42) (47) (68 LI
-2-3 158 %3* 19.2* 57 38 S4-EMS-S-¢ I26* (47) 204 LI
D-3-1 185 (-l6.7* 12.4* (-224)* 31 Sk-RAD-1-1 3.2 14 (lezy 247+
D-3-2 34* (10.0)* 103* (-162)* Sk-RAD-1-2  27.6*  94* IL8* 341+
D-3-3 153" (12.8)* 17.2% (18 1)* SK-RAD-1-3 292+  10.4* 124% 358*
-RAD-3-4 255° (-l0.8)* 27.9* (-162) SK-RAD-3-1 L1 98* (78) 249*
RAD-3-5 ILI* (-18.0)* 130* (-l6.2)* SK-RAD-3-2 119 (83 9
SRAD-3-6 F14* (14" 39.7* (:206)" Sk-EMS-2-1 59* 28  S7*

1-1 221* (6.7)* 279* (13) Sk-EM5-2-2  195* 008  19.1* (15
~EMS-1-2 CLI) &0* 36 4d
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Under non-stress conditions, the significant superiority in this
experiment ranged from 5.9% (Sk-EMS-2-1) to 37.4% (Sd-RAD-1-2 and
Sd-RAD-3-6) over the corresponding parent cultivar and from 5.7% (Sk-
EMS-2-1) to 41.2% (Sd-RAD-1-2) over the comesponding M, bulk (Table
10). The most superior M; families selected and evaluated under non-stress
Sd-RAD-1-2, Sd-RAD-3-6, Sd-RAD-2-2, Sd-RAD-3-4, Sd-EMS-1-1, Sd-
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“"RAD-5-6, Sk-RAD-1-2, Sk-RAD-1-3 and Sd-RAD-2-1 showed superiority
in grain yield of 37.4, 37.4, 33.7, 25.8, 22.1, 22.6, 27.6, 29.2 and 24.7 over
the parent cultivar and 41.2, 39.7, 27.2, 27.9, 27.9, 20.4, 11.0, 12.4 and
18.7% over the M; bulk, respectively.

Under water stress conditions of this experiment, the significant
superiority in grain yield ranged from 6.0% {Sd-RAD-1-5 and Sd-EMS-1-2)
to 13.3% (Sd-RAD-1-7) over the parent cultivar and from 5.7%{(Sd-RAD-2-
3) to 35.8% (Sk-RAD-1-3) over the M; bulk. The most superior M; families
selected under non-stress and evaluated in this expeniment under water
stress conditions Sd-RAD-1-7, Sk-RAD-1-3, Sk-RAD-2, Sk-RAD-3-1, Sd-
RAD-1-3, 8d-RAD-1-6 and Sd-RAD-2-3 exhibited superiority in grain yield
of 13.3, 10.4, 9.0, 9.0, 7.3, 7.3 and 9.3% over the parent cultivar and 28.2,
35.8,34.1,24.9,21.4, 21 4 and 5.7% over the M; bulk, respectively .

It is worthnoting that, the M; families selected under non-stress Sd-
RAD-1-3, Sd-RAD-1-5, Sd-RAD-1-6, Sd-RAD-1-7, Sd-RAD-2-3, Sk-
RAD-1-2 and Sk-RAD-1-3 showed significant superiority over both parent
cultivar and M; bulk and under both water stress and non-stress conditions.
These M, families along with Sk-RAD-3-1 which proved their genetic
improvement in grain productivity could be recommended to wheat
breeding programs for improving drought tolerance and grain yield
potential. Moreover, the M; families selected from a non-stressed
environment significantly surpassed their corresponding parent cultivar and
M; bulk under non-stress conditions and they could also be recommended
for improving wheat productivity but only under non-stress conditions.

Experiment four (M3 families selected under stress)

Analysis of variance of the 64 putative mutants (M; families selected
under water stress), 16 M, bulks and two parent cultivars (Sids 1 and Sakha
93) i.e. a total of 82 genotypes under water stress conditions only in
2004/2005 season {data not presented) indicated that mean squares due to
genotypes were highly significant for all studied traits, suggesting the
presence of significant differences among studied genotypes in their
performance under drought conditions.

Superiority of M; putative mutants selected under water stress
Superiority or inferiority (%) in grain yield of the putative mutants
(M3  families) selected and evaluated under water stressed environment
over the parent cultivars and M, bulks is presented in Table (11). Eight out
of 23 families selected under stress from the M; bulks belonging to the
parent cultivar Sids 1 showed significant increase (superiority) in grain
yield/plant over their corresponding M; bulk, ranging from 8.9% (Sd-EMS-
2-10) to 31.7% (Sd-EMS-2-5). However, none of M3 families selected under
stress from Sids 1 origin was superior in grain yield over their parent (Sids
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Table 11. Superiority (%) in mean grain yield (g)/plant (GY) of 64
putative mutants in M; selected under water stress {M; S
families} over their parent cultivars (cv.) and M; bulks
umder water stress {Inshas, 2004/2005)

Ser. saperiority (%) in GY Ser. superiority (%) in GY
Ne. .S Samifies over No. M, S families over
Pareater. M buik "’:"' M bulk

1 Sd-EAD-1.9 27 11* 33 Sk-RAD-3. & $3) 56
2 Sd-RAD-I-10 33) 2.4 34 SK-RAD-3-6 9.7 4.0
3 S4-RAD-1-11 33 174* 35 Sk-EMS-1-1 35 27.0%
4 Sd-RAD-1-12 13 143* 36 Sk-EMS-2-3 9.0* 15.4%
5  Sd-RAD-1-13 13 145* 37 Sk-EMS-2-4 132% 19.9+
¢ SI-RAD-1-14  (I187)* €19 38 Sk-EMS-2-5 16 14.0*
7 S4-RAD-2-4 (I3  (M42* 33 Sk-EMS-2-6 L1+ 17.6¢
$ SA-RAD-2-5  (I93)* (219" 48 Sk-EMS-3-I 215 W.0*
9 S4-RAD-2-§ 33 ' 41 Sk-EMS-3-2 174+ 19.9+
18 Sd-RAD-2-7 (48) -  LIP 4 Sk-EMS-3-3 1.1) 1.4
1l Sd-RAD-3-7 29 (87 43 Sk-EMS-3-4 6.3) 4.3)
12 Sd-RAD-3-3 13 137 44 Sk-EMS-3-5 (3.5) 14
I3 Sd-EMS-2-4 “133) 5.7 45 Sk-EMS-3-6  (125*  10.6)*
14 S4-EMS-2-5 80 317 4 Sk-EMS-3-7 9.0 1.3+
I5 S4-EMS-2-6 169 - 24 47 Sk-EMS-3-8 2.8) 0.7)
16 Sd-EMS-2-7 E2.0y 7.3+ 48 SK-EMS-3-9 (132 (113
17 Sd-EMS-2-3 “Ln* 4 49  SK-EMS-3-10 83 10.6%
13 Sd-EMS-2-9 140)* 49 50 Sk-EMS-4-1  (ILD* 24
9 Sd-EMS-2-18  (-18.7)* 39 51 Sk-EMS-4-2  (-146* (L6
W Sa-EMS-3-2 AL (183 52 Sk-EMS-43  (ILI)* 2.3
21 S4-EMS-5-7 a1 (20) 53 Sk-EMS-4-4 76 24.0
2 Sd-EMS-5-8 2.0) 43 54 Sk-EMS-4-5 (83 56
B Sd-EMS-5-9 3.7 (28) 55 Sk-EMS-4-6 (83 5.6
21 Sk-RAD-1-4 201+ 79+ 5 Sk-EMS-4-7 {-2.8) 12.0¢
25 Sk-RAD-1-§ 2.0 205+ 57 Sk-EMS-4-8 138 65.6%
2% SKk-RAD-1-6 139 6.0 58 Sk-EMS-4_9 21 17.6%
277 Sk-RAD-1-7 PR 193* 59 Sk-EMS-5-1 1) n.6*
28 Sk-RAD-1-3 23 333* @ Sk-EMS-5-2 347 68.7*
29 Sk-RAD-1-9 L 222* 61 Sk-EMS-5-3 2644 58.3%
38 Sk-RAD-2-1 -3 0 62 Sk-EMS-5 4 83 357+
31 Sk-RAD-3-3 14.6* 320* &3 - Sk-EMS-5-5 28) 21.7*
32 Sk-RAD-3- 4 ’. - 256 64 Sk-EMS-5-6 3.6 54.8%

1) under water stress. On the contrary, 1 out of 23 M; families selected
under a stressed environment from M, bulks belonging to Sids | showed
significant decreases in grain yield as compared to their parent cultivar
under drought stress conditions.

For the 41 M; families selected under water stress from M; bulks
belonging to the parent Sakha 93, there was 13 M;'s showing significant
superiority in grain yield over the parent cultivar, ranging from 9% (Sk-
RAD-34, Sk-EMS-2-3 and Sk-EMS-3-7) to 43.8% (Sk-EMS-4-8).
Moreover, out of these 41 M; families, 26 M;'s showed superiority in grain
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yield over the corresponding M, bulk, ranging from 8.0% (Sk-RAD-Z-1) to
68.7% (Sk-EMS-5-2).

The most superior M; families, that were selected and evaluated
under water stress, in grain yield were Sk-EMS-4-8 (43.8 and 65. 6%) Sk-
EMS-5-2 (34.7 and 68.7%), Sk-EMS-5-3 (26.4 and 58.3%), Sk-EMS-5-6
(23.6 and 54.8%). Sk-EMS-3-1 (21.5 and 24.1%), Sk-RAD-1-4 (20.1 and
47.9%), Sk-EMS-3-2 (17.4 and 19.9%) and Sk-RAD-3-3 (14.6 and 32%) as
compared to the parent cultivar (Sakha 93) and M, bulk, respectively. These
M; families could be recommended to the wheat breeding programs for their
use in improving drought tolerance. '

In this experiment, selection in stressed environment succeeded to
improve grain yield under water stress of the progeny of Sakha 93 in 31.7%
of the M; families by up to 43.8% increase in grain yield. The selected M;
families under water stress were superior over the comresponding M; bulks
belonging to Sakha 93 cultivar in 63.4% of the families by up to 68.7%
grain yield increase and over those belonging to Sids 1 cultivar in 34.8% of
the families by up to 31.7% increase in grain yield.

On the contrary, out of 41 Mj; families selected under water stress
from M; bulks derived via irradiation and EMS mutagens from Sakha 93
cultivar, 8 and 2 M; families showed significant decrease in grain yield
(inferiority) as compared to the parent cultivar and the corresponding M,
bulk, respectively, under water stress conditions.

Comparing the last two experiments, i.e. results of M; families
selected under stressed environment (experiment four) with those of M
families selected under non-stressed one (experiment three), it is obvious
that when selections were evaluated under water stress conditions the
percentage of superior M; families over the M; bulk was higher for those
selected under stressed environment (53.1%) than those selected under non-
stress (35.1%) and the highest value of superiority was much higher for
those selected under stress (68.7% for Sk-EMS-5-2) than for those selected
under non-stress enviromnent {(35.8% for Sk-RAD-1-3). Moreover,
superiority in grain yield of M; families over the parent cultivar, when
evaluation was done under water-stress conditions, was much higher for
those selected under water stress (43.8% for Sk-EMS-4-8) than those
selected under non-stress conditions {13.3% for Sd-RAD-1-7). Thus, it
could be concluded that practicing selection for increasing grain yield under
drought conditions might be considered more efficient than practicing under
optimal (non-stress) conditions. Higher actual selection gain could be
realized under the drought target environment by practicing selection in
drought rather than in non-drought environment.

Literature includes two contrasting strategies for 1dent1fymg
genotypes that will be high yielding under stress environments: (i)
Genotypes may be evaluated under the conditions in which they will be
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ultimately produced, namely a certain type of stress environment, to
minimize genotype X environment interaction. Ceccarelli (1989) has argued
for this approach, but it may result in lower heritability, particularly across
years. (ii) Genotypes may be evaluated under optimum conditions
maximizing heritability; but perhaps encountering problems with genotype
X environments. Braun es al (1992) has argued for this approach, citing
results from 17 years of CIMMYT winter performance. Our results are in
favour of the first strategy. The direct selection under water deficit stress
environment would ensure the preservation of alleles for drought tolerance
{Langer et al 1979) and direct selection under optimal environment would
take advantage of the high heritability (Allen et af 1978, Blum 1988, Smith
ef al 1990 and Braun ef al 1992). A third alternative, currently used at
CIMMYT, which is simultaneous evaluation under optimum and stress
conditions, with selection of those genotypes that perform well in both
environments (Calhoun et al 1994). However, ultimate evaluation must be
performed in the target environment prior to recommendation for a cultivar
for commercial production.

Further selection and evaluation under drought stress conditions
should be continued in the selected superior M; families derived from the
present investigation in order to assure their superiority in drought tolerance
and select the most stable and high yielding ones under drought stress
conditions.
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