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ABSTRACT

A total of 144 S; maize progenies were obtained from DTP-1in 2001
season and evaluated in 2002 season under water-stress and non-stress
conditions. The best performed It % of lines (15) were selected under water-
stress (WS) and non-stress (NS) environments. Lines selected under NS were
also selected for performance across water environments. W and NS lines were
separately intercrossed in early 2003 season in isolation to develop Pop-I and
Pop-2, respectively, and were compared with the original DTP-1 (Pop-0) under
NS and WS environments in late 2003 season. The objectives of this study were
to increase the adaptation of CIMMYT DIP drought tolerant population to
drought encountered during flowering, determine selection strategy for
achieving maximum progress and identify secondary traits strongly associated
with grain yield (GY). Results indicated wide genetic variation among S,
progenies. WS reduced means and ranges of the S; progenies for grain yield and
its components. Broad sense heritability (h%) of grain yield tended to decrease
with drought stress. Results indicated that kernels m™, ears plant’, % barrenness
and AST traits are valuable for increasing the efficiency of selection for grain
yield under water-stress. One cycle of S; recurrent selection under NS caused a
significant improvement in GY of Pop-1 over Pop-0 under WS of 30.8 % (1.34
ard/fad) and under NS conditions by 16.0 % (2.57 ard/fad}. Predicted gain from
selection among S, progenies in GY suggested that selection should be carried
out under conditions of the target environment. However, actual progress under
stress  (30.8%) was achieved when genotypes were selected under NS
environment or on the basis of average performance of NS and WS
environments for use under water-stress as target environnent,

Key words: Maize, Zen mays, population improvernert, drought tolerance, recurrent
selection, genetic progress, selection environmert, secondary traits.
INTRODUCTION

There is current interest in expanding maize acreage in the newly
reclaimed desert lands. Sandy soils of the desert lands are characterized by a
low water holding capacity that would expose maize plants to drought stress
and reduce grain yield. In addition, future deficits in irrigation water supply for
heavy soils of the Nile valley and delta requires that malze breeders should pay
more attention to enhance drought tolerance.



Maize populations with improved tolerance to drought would be

suitable sources for extracting inbred lines for the production of hybrids and
synthetics of high yielding ability in droughty environments.

Si recurrent selection is widely used, highly efficient procedure for
intra-population improvement in maize. Selection based on S, progeny
performance is more effective in utilizing additive genetic variance than
other intra-population improvement methods and presents an opportunity
for selection against major deleterious recessive genes during inbreeding
{Genter 1973 and Tanner and Smith 1987).

Plant breeders and physiologists have investigated different selection
strategies for achieving maximum genetic gain under drought. Selection
may be practiced under well-watered environments, where heritability and
predicted genetic gain are generally higher than under water-stress
conditions (Johnson and Geadelman 1989, Blum 1988 and Allen er af
1978). However, the actual progress from selection for high yield under
well-watered conditions is greatly reduced under crop water deficits
(Arboleda-Rivera and Compton 1974 and Byme ef al 1995). An alternative
strategy is to select only under stressed environments. This strategy was
employed successfully by Arboleda-Rivera and Compton (1974), who
reported increased yield in stressed and un-stressed environments. One
drawback to this strategy is that some traits that contribute to survival under
drought may lower productivity under favorable conditions (Blum 1988 and
Ludlow and Muchow 1990). Another potential limitation is that heritability
of grain yield, and thus the effectiveness of selection, is often reduced under
moisture stress (Blum 1988). A third alternative, is simultaneous selection
under stress and non-stress conditions, ie. selecting those genotypes that
perform well under both environments. However, in the presence of a large
genotype X stress-level interaction, progress from selection based on
combined data may be limited (Byrne et al 1995). Thus the question of
which selection strategy produces the best results remains unresolved.

In this report, we present the results of one cycle of §; recurrent
selection in one of the CIMMYT’s drought tolerant maize populations
(DTP-1) to improve its response to drought that occurs just before and
during flowering stage, and is most detrimental to grain yield potential. The
specific objective were i) to assess variation among S; maize progenies in
tolerance to drought imposed during flowering compared to well-water
conditions, ii} to compare performance of developed populations by
selection under drought and well-water conditions, iii) to test the efficiency
of three selection strategies in maize for the improvement of drought
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tolerance, and iv) to identify the maize secondary traits strongly associated
with grain yield under drought stress and non-stress conditions.

MATERIALS AND METHODS

This study was carried out during the period from 2001 to 2003 at
Sids Agric., Res., Station, Field Crops Research Institute (FCRI) of the
Agricultural Research Center (ARC), Egypt.

Materials

We used the exotic white grain drought tolerant maize population
(DTP-1) introduced from CIMMYT. DTP-1 was developed by mixing seed
of diallel crosses among 13 diverse genotypes of maize that possess
different drought tolerance traits followed by 7 cycles of selection for
drought tolerance (Edmeades ef al 1996).

Developing the S,’s seed

In 2001, DTP-1 was sown under well-watered conditions in an
isolated field at Sids. One thousand vigorous, disease-free plants were
selected before silking and self-pollinated. At harvest, 144 selfed ears were
selected based on grain yield quantity and ear characteristics. The 144
selected S, ears were separately shelled and preserved for evaluation in the
next season.

Progeny evaluation and selection

In 2002 season, the 144 S, lines were sown for trial in two isolated fields
one was well-watered (NS) and the other was water-stressed. A 12 X 12-lattice
design with three replications was used for each trial (Cochran and Cox
1957). Plots were single rows 5 m long, 80 cm wide (4 m%). The weli-
watered trial was irrigated at 13 day intervals along the whole season. In the
water-stressed trial, irrigation was given at 1% and 2™ irrigations, withheld
for the 3" 4™ and 5™ irrigations and then given at the 6 and subsequent
irrigations. The water-stress period (52 days) extended from shortly before
tassel emergence to the end of flowering. After harvest, the best 10 % of the
S1’s (15) were selected in each trial and across trials. Selection was based on
grain yield per unit area. The same lines were selected under NS conditions
and across water regimes, thus two groups of lines, were selected. Itis
worthy to note that both groups had 5 S,’s in common.

Intercrossing fields

During the 2003 early season, the selected S, lines were grown for
intercrossing in two isolated fields. A mixture of equal number of seeds of
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each selected line was planted on March 15, 2003. Plants were sib-
pollinated and harvested ears from each field were shelled and mixed
together. F, seed of lines selected under NS, and under WS was designated
as Pop-1 and Pop-2, respectively, whereas DTP-1 was designated as Pop-0.

Experimental population evaluation

In the late 2003 season, Pop-0, Pop-1 and Pop-2 were evaluated in
separate trials under NS and WS conditions using the same irrigation schemes
of 2002. A RCB design with 4 replications was used for each tnal The
experimental plots consisted of 4 rows 6 m long, 70 cm wide (16.8 m )

In all experiments sowing was made in hills spaced 25 cm along the
row and plants were thinned to one plant per hill. Except for irrigation, other
agricultural practices were followed as recommended.

The soil of the experimental site at Sids was clayey. Depth of the
water table of the experimental field at the end of the stress period was 94.2
and 115.8 cm for the well-watered trials and 127.5 and 134.2 cm for the
water-stressed trials in 2002 and 2003 seasons, respectively.

Traits recorded

Anthesis-silking interval (ASI) in days, plant height (PH), leaf rolling
(LR) score using a scale of 1 to 5 in with 1 unrolled and 5 is tightly rolled, barren
stalks (BS) %, leaf temperature (LT) in ¢, stay green score {SG) using a scale
from 1 to 5inwhich 1 oompletely dry leaves and stems and 5 completely green
leaves and stems, ears per plant” (EPP), kernels m™ (KP m?), 100-kernel weight
(KW) and grain yield per faddan (GY) in ardabs (adjusted at 15.5% grain
moisture).

As the relative efficiency of lattice design was similar to that of the
randomized complete blocks data were analyzed as RCB, according to Cochran
and Cox (1957) as shown in Table (1).

Table 1. Analysis of variance and expected mean squares (E.M.S) of RCB design under
separate and across environments,

5.0.V D.F M.S EM.S
Separate enviromment
Replications r-1 - -
Genotypes g-1 M2 8+ rd’,
Ervor {r-1) (g-1) M1 &,

Across environments (irrigation regimes)
Irrigations {I) i-1 - -

Reps/1 i(r-1) - -

Genotypes (G} g1 M3 b S &,
GxI g-1) @-H M2 8t

Error 2 {r-1) (g-1) M1 &,

204



Genotypic (579, phenotypic (5%) and interaction (8%) variances were
computed by equating the appropriate mean squares with their expectations
from Table (1). Phenotypic variance was computed for individual trials as 8%, =
& +8% / r and for combined trials as &%, = 8%+ 8%/ 1+ &% /0

where, i = number of irrigation regimes = 2 and r = number of replications.
Heritability (%) in the broad sense (h%;) was computed for a separate trial as
W% % = 100 &, / 8%+ &% /r)and for combined analysis across water
regimes as h%, % = 100 8%,/ ( 8+ 8%/ r+ 8% /ri)

The genotypic (r,) correlations between grain yield and each studied
trait were calculated as 1, = Covgy/( &% . 8'gy)"” where: covgy = the
genotypic covariance of the two traits, x and y, respectively and 8, and

dgy = the genotypic variance of the same two traits, x and y, respectively.

Expected genetic advance from direct selection for all studied traits
under stress and non-stress environments was calculated according to Singh
and Chaudhary (1999) as GA = 100 i h’ 8,/x where: i = selection differential
(i = 1.76, for 10 % selection intensity), x = general mean of the appropriate
moisture regime and = square root of phenotypic variance.

Indirect correlated response (CR) in moisture regime j {or in yield) from
selection in moisture regime (orina secondaly trait) k was estimated according
to Falconer (1989) as CR; = 100 i H*; H*% ry /x;, where: H and H* =
square roots of heritabilities of moisture regimes (or traits) j and k, respectively »
Iz = genetic correlations among moisture regimes (or traits)j and k, CRy =
correlated response in moisture regime j {or in yield) and x; = general mean of
moisture regime j (or of yield).

Analysis of wvariance of a randomized complete block design
(RCBD) for each of the two experiments (two irrigation regimes) separately
and combined over the two experiments (over the two irrigation regimes)
was carried out in 2003 season for the evaluation of Pop-0, Pop-1 and Pop-2
populations and the LSD was calculated to test the significance of
differences between means (Cochran and Cox 1957).

RESULTS AND DISCUSSION
S progeny evaluation

Results of the combined analysis of variance (not presented) showed
highly significant differences among the two irrigation regimes for all
studied traits, except for leaf rolling traits and highly significant differences
existed among genotypes for all studied traits, except for leaf rolling and
leaf temperature.
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Mean squares due to genotypes (S; progenies) X irrigations

inieraction were cither significant or highly significant for all studied traits,
indicating the possibility of selection within the DTP-1 population for
improved performance under a specific moisture environment, as proposed
by Fischer e al (1989). A characteristic of this trial was the large increase in
the coefficient of variation of the water-stressed as compared to non-
stressed environment for all studied traits, except barrenness, ear height, leaf
temperature and stay green trait which exhibited opposite direction. The
small, single-row plots (chosen in part because of the restriction in seed
number which would exist in a conventional testing program) may have
contributed to this high variation (Fischer ef al 1989).

Separate analysis of variance (not presented) revealed that highly
significant differences (P < 0.01) existed among genotypes (S; progenies)
for all studied traits under both well-watered and water-stress conditions.

Performance of §; progenies

The mean grain yields of the 144 S, progenies were 5.78 and 2.54
ard/fad (ranging from 0.0 to 16.0 and from 0.0 to 5.0 ard/fad) under weli-
watered and water-stress environments, respectively (Table 2). Significant
reduction of 56.1 % in grain yield/fad of the 144 S, progenies due to water-
stress was accompanied by reduction in EPP (43 .6 %), kernels/m? (55.1 %),
100-kernel weight (61.7 %), plant height (15.1 %) and stay green (28.7%)
and by increases in BS (210.2 %), ASI (31.9 %), leaf rolling (7.7 %) and
leaf temperature (7.8 %) (Table 2).

Reductions in means of the 144 S, progenies due to water deficits
was also accompanied by reductions (narrowness) in their ranges for the
traits grain yield, ears/plant, kerncls/m’ and plant height. Moreover,
increases in means of the 144 8;’s due to drought stress were accompanied
by increases (broadness) in their ranges for the traits, ASI and stay green.
Means and ranges of the remaining traits showed opposite responses due to
water-stress effect. Mean grain yields of the best 15 S; progenies (selected
on the basis of their grain yields) were 12.47 and 4.35 ard/fad (with ranges
from 0.0 to 16.0 and 1.2 to 5.0 ard/fad) under well-watered and water-stress
conditions, respectively. Mean grain yield of the best 15 S;’s was
significantly higher than that of the 144 S,’s by 6.69 ard/fad (115.7 %) and
1.81 ard/fad (71.3%) under well-watered and water-stress environments,
respectively (Table 2),
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Table 2. Means (+ standard errors; SE) and ranges for studied traits of 144 S;’s and 1elected 15
S;’s (based on grain yield) derived from DTP-1 population evaiuated under water-stress (S)
and non-stress conditdons (N) in 2002 season.

Difference
Mean l x] Range
Trait Treatment 1448 Best 15 %% of 144 54" Best 15 8,'s
) Absolute
(58 Si's(n) M45,  [owest  Highest Towest IHighest
N 578 +0.67 12.47 6.69%= 115.7 0.0 16.0 10.9 16.0
Grain yleld E
(ard/fad) ] 2.54£020 435 1.81** 7.3 0.0 5.0 3.7 50
(3
N DE % 56,100 -65.1%= - - - - - R
Ears/plant .78 £0.10 1.00 022 2832 0.13 1.42 0,7¢ 1.18
(EPP) 0.44 £ 0.10 9.81 037+ 84.1 025 0.9%8 0.71 0.98
DE % 4364 ~19.9%* - - . - . -
Kernelam' N 1271 2 343 1863 592+ 48.6 0.0 2713 1432 I3
(KPm?Y) s ST £2M 1213 64200 112.4 0.6 2029 404 2029
DE % -851 -349 - - . - . .
N 23.5941.2 26.22 2.63 111 19.7 303 22.5 288
100-Kernel
weight 145617 22.25 T.69%0 52.8 12.4 82 15.7 22.3
DE % - 617 -151 - - - - - .
N 186770 552 -10.15 -64.9 0.0 8U.57 1.59 21.5
Barren stalla
% 4888 %93 23.76 2512+ 414 12.8 98.1 141 40,8
(BE)
DE % 210.2** 3304 - - - . .
ASI (days) N 213415 6.84 -1.29 -50.6 -390 590 0.0 2.0
2.8141.8 1.43 138 -49.1 -5.0 10 1.3 3.7
DE % 31.9% 70,1 - - - . R ;
Plant height 130.726.6 137.4 &7 51 98.0 163 115.7 159.3
{cm) (PH) 119.9:6.0 112.8 1.9 1.7 84.0 140 99.3 127
DE % -151 -179 - . - - - .
Leaf rolling N 2.59+0.33 215 0.44 -170 1.3¢ 4.0 130 32
(score) (LR s 179 +039 1.43 .36 -12.9 170 430 1.7¢ 3.0
DE % 1.7 13.0 - - - . - .
N 37394037 3712 027 0.7 LR 38.7 359 383
Leafl
tempersture s 40324032 4023 -0.09 0.2 38.9 416 38.9 4.5
()LD
A DE % 7.8 8.4 - - - - - -
Stay green N 2.65% 0.24 3.03 +9.38 +14.3 2.0 37 23 37
(score) (5G) s 1.69 +0.31 1.58 011 0.7 1.0 30 1.0 33
DE % 287 488 - - - - - -

*and** indicate significant difference at 0.05 and 8.01 levels of probability, respectively.,
DE (Drought effect) = 100 (S NN
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The superiority of the 15 S;’s over the 144 S;’s in grain yield was
higher under well-watered than under water-stress conditions. Superiority in
gram yield of the 15 S,’s over the 144 S,’s was associated with superiority
in ears/plant (28.2 and 84.1 %), kernels/m’ (48.6 and 112.4 %) and 100-
kernel weight (11.1 and 52.8 %), i.e. in all yield components under well-
watered and water-stressed environments, respectively. On the other hand,
the best 15 S,’s in grain yield exhibited lower means than the 144 S,’s for
barrenness (64.9 and 41.4 %), ASI (60.6 and 49.1 %) and leafrolling (17.0 and
* 12.9%) under non-stress and water-stress conditions, respectively (Table 2).

Significant reduction of 65.1 % in grain yleld/fad of the best 15 Sy’s due
to water-stress was accompanied by reduction in ears plant (19.0 %),
kemelsm™? (34.9%) and 100-kernel weight (15.1 %), ie in all yield
components. Drought also caused reduction in means of the selected 15 Sy’s for
plant height (17.9 %) and stay green {(48.8 %) and increase in their means for
ASI{70.2 %), leaf rolling {13.0 %) and leaf temperature (8.4 %) (Table 2).

Reductions in means of the best 15 S,’s progenies due to drought
stress were accompanied by narrowness in their ranges for grain yield and
ears plant’, kernels m?, plant height and leaf temperature and by broadness
in their ranges for, 100-kernel weight, and stay green traits. On the other
hand, increases in the means of 15 S§;’s because of drought was
accompanied by broadness in their ranges for barrenness and ASI and by
narrowness in the range leaf temperature trait.

Variance components and heritability

In general, the changes in magnitude of 8%, Bzg and &2, from well-
watering to drought stressed environment were in the same direction and of
stmilar magnitude for all traits (Table 3). The magnitude of 825 and &, was
considerably smaller under drought stressed than non-stressed environment
for grain yield, kernels m? and plant height. On the other hand, the magnitude
of &, and &% was larger under drought stressed than well-watered
environment for barrenness ears plant 100-kernel weight, ASI and stay
green trait. This indicates that selection for grain yield, kernels m™ and plant
height is predicted to be more efficient under well-watered than water-
stressed environments, while using the drought stressed environment is
expected to result in more efficient selection for the remaining traits as
compared to using the well-watered environment. It is worthnoting that &%
under both stressed and non-stressed environments constitutes the major part
of &% except LR trait under water-stress. These results indicate the existence
of wide genetic diversity among the 144 S, progenies, and that can be
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Table 3. Genetic { ), phenotypic ( &,), environmental (5%,) and genetic x environment ( 5%,,) variances and heritability in the broad

sense (h",) for studied traits of the 144 S,'s (derived from DTP-1) evaluated under water-stress (S), non-stress {N) and combined (C)
across N sand S environments at Sids in 2002 season.
 parameter Grain yield Ears plant’ Kernels m™ 100-kernel weight Barren stalks %
N S C N S C N S C N S C N 8 C
52, 71 | 6.623 417 0.055 | 0065 0.06 | 268936 | 156480 | 175325 | 14.41 554 | 3489 | 1982 | 4103 | 3042
62‘ 126 | 0.584 L18 0044 | o088 0.03 | 218065 | 127566 | 115888 | 1290 | 5256 7.33 1495 | 3239 | 1331
62: 0.45 10.240 0.24 0.011 0,010 0.01 8387 28914 4910 1.51 2.84 217 48.7 B86.4 76.6
5, - - 275 . - 0.02 - - 54527 - - 2539 - - 103.5
h’b% 94.16 93.74 283 80.00 84.61 50.0 79.97 81,52 66.10 89.52 94.87 21.61 75.43 78.93 43.76
ASI Plant height Leaf rolling Leaf temperature Stay green

&, 639 7.6 539 | 18420 | 111.9 | 1150 { 026 | 0276 0.19 0.37 0.38 0.199 0.16 031 | 0142
azg 3.48 3.899 .02 140.72 75.69 48.77 016 0128 203 0.24 0,277 0.051 0.10 0.151 0.035
52, 291 | 3701 | 2685 | 4348 | 3621 | 2648 0.10 0.148 | 0.088 0.13 0103 | 0081 0.06 0080 | 0.052
2 . - 0.685 - - 39.55 - - 0.072 - - 0.067 - - 0.055
h’.,'z 5442 | 5L3 3748 | 7640 | 67.63 | 4241 | 6033 | 4632 | 1579 | 6873 | 7308 | 2563 | 6478 | 6837 | 24.65
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attributed to the fact that the DTP-1 population from which these S,’s were
derived is a composite of 13 different sources of widely divergent origins.

The magnitude of the genetic x environmental ( 8%g) variance was
considerably larger than &% for grain yield, 100-kernel weight, leaf rolling,
leaf temperature and stay green. This indicates that these traits are largely
affected by environmental conditions. This is the reason why broad-sense
heritability calculated from the combined data over the stressed and non-
stressed environments for these traits was greatly reduced when compared
to the corresponding h?, estimates under separate environments (either
stressed or non-stressed). Similar resulis were obtained by Walter eral
(19%1) and Bolanos and Edmeades (1996).

Broad-sense hentability estimates were generally high for all studied
traits under separate environments (stressed and unstressed), except ASI
under both environments, leaf rolling under stress conditions which were of
medium magnitude.

When data were combined over the two environments, the highest
estimates of h’ (66.10 %) was exhibited by kernel m?, while the lowest h%
estimate (15.79 %) was obtained from leaf rolling (Table 3). The magnitude
of h%, for combined data was low (28.29 %) for grain yield/fad. This is
likely because &% of grain yield each constitutes a large portion of the
corresponding &, and the magnitude of &%, is larger than the
corresponding 523_ This observation is also shown by 100-kernel weight.

The heritability for grain yield, ASI, plant height and leaf rolling
showed a general tendency to decrease with imposing drought stress. On the
contrary, for all studied yield components, leaf rolling and stay green traits
h%, was larger under drought stress than non-stress conditions. Empig et a/
(1972) suggested that the expected values of 8’; would be equal to additive
genetic variance ( 8°4) if dominance and /or epistasis were lacking in the
population or when gene frequency for the segregating loci 1s equal to 0.5
In this respect, heritability estimates obtained from the combined data across
the two environments (stressed and unstressed) will be more reliable than
that obtained from data of single environment. In addition, high heritability
estimates for the studied traits indicate that selection based on the mean
performance of S; families would be a successful tool in improving this
population (DTP-1). Similar conclusion was supported by Sadek et al
(1988) and Walter ef af (1991).
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Correlations between traits and grain yield

Data in Table (4) indicated a strong genetic con'elatlon between
grain yield/fad under drought and number of kernels m? (0.95), ears plant
(0.91), barren stalks (-0.89) and to a lesser degree with 100-kernel weight
(0.62). Under full irrigation, grain Yleld/fad had a strong genetic association
with kernels m™ (0.89), ears plant-' (0.81), barren stalks (-0.77) and ASI (-
0.66) and to a lesser degree with 100-kernel weight (0.52), and stay green
(0.57) LR (-0.59) and leaf temperature (-0.34).

Table 4. Genetic correlations (r,) between each of studied traits and grain yield of the 144
Sy’s under stress and non-stress conditions in 2002 season (N = 432).

Environment EPP KPm' 100KW BS% ASL rH LR LY
Water-stress 0.91 0.95 0.62 08 039 £0.04 -0.34 -0.12
Non-siress 0.81 0.89 0.52 0.77 -0.66 0.11 A,59 034

High correlations between grain yield and its components are
normally found because of lack of independence among them (Blum 1988).,
Nonetheless, correlation analysis showed that ears/plant and kernels/m?
were more important determinates of grain yield than weight per kernel.
Results of Tables (4) confirm that water stress before and during flowering
affected mainly the kernels m™ and to a lesser extent the size of the kernel.
Similar conclusion was also reported by Hall et al (1981) As stress
increased, the dependence of grain yield on kernels/m® and ears/plant
increased. The value of the genetic correlation points to a strong genetic
relationship between grain yield/fad and ears/plant (0.91) under water stress.
Bolanos and Edmeades (1996) reported also a strong genetic relationship
between grain yield and ears/plant (0.90 = 0.14) under severe stress. These
values are somewhat larger than those reported by Guei and Wassom
(1992).

The genetic correlation between grain yield/fad and ASI was -0.39
and -0.66 under stress and non-stress, respectively, indicating that a short
ASI was linked to high grain yield either under water stress or non-stress
conditions.

Predicted genetic advance from selection

The expected genetic advance for grain yield and five traits showing
high heritabilities and strong genetic correlations with grain yield under
water-stressed and non-stressed environments were calculated for direct and
indirect selection using a 10 % selection intensity (Table 5).
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Table 5. Genetic advance from direct selection (i selection envirorment same as farget
environment) and correlated genetic respomse (CR) from indirect selection (ie
selection and target environments differ in irrigation regimes or selection in a
secondary trait for the improvement of grain vield/fad).

Grain 1086
Selection envirenment yicld/fsd l::: z Kz:;ehl Kermel AST
{ard) . welght
Direct selection response (R)
1- Non-stressed (N) 79.61 11927 42.33 57.43 2535 113.67
2- Stressed () 51,27 §7.57 86.28 99.39 8536 B8.58
.3-Combined ()scrom N&S =~ 2444 06y M Szgy  L4s 620
Indirect selection response (CR)
a. Selection environment vs target environment
1- N for use under S 46.07 73.20 27.00 41,17 1435 73.94
RE. % (89.86) 12715) (3129  (41.42) (16.81) 8347
2- § for nse under N 29.88 33.76 48.278 69.59 45.60 61.13
RE % (37.43) (28.30) (11406) (121.69) (179.88) (53.78)
3- Combined for use under N 73.74 4634 39.54 54,86 28.58 92.07
RE % {92.63) -(38.85) (93.41) (95.32) (11274 (86.99)
4- Combined for wse under S 3234 51.35 41.85 53.04 23.31 95.79
RE % (63.0%) (89.19) @850  (53.36) Q@731  (10R14)
5- N for vse under combined 4281 77.03 29,72 49.23 9.65 83.01
RE % 7516y  (18503)  (B409)  (93.08) (428 (13389
& § for ose under combined 20.47 39.99 60.62 80.82 38.08 71.39
RE% @I 6696 (TS  (5281) GRS (@1S1e)
b. Secondary traits vs grain yield/fad

1- Non-stressed {N) . -54.87 58.7M1 65.30 .37 -39.95
RE % - (6891 (7375)  (8L0D) (50.71)  (50.18)
2- Streased (S) - -63.68 67.41 69.08 48.63 -22.50
RE % . (1242) (13148 (13474 (M85 (4388
3. Combined (C) - 2477 26.48 33.77 13.84 -21.25
RE % - (10135)  (WE35) (K1) (5663) (904
4 X for use under S - ~37.17 41.51 4593 -19.98 13.51
RE % - (-72.49) (80.96) (89.58) (-38.97) (26.35)
58 for use under N - -19.90 26.05 29.36 -12.52 8.98
RE % - (2499 @27 (36.88) C15.73) (11.28)
6~ Combined for use ander N - -30.76 33.45 36.85 -24.32 7.74
RE % - (3860  (@2.02) (4629)  (-30.55) 9.72)
7- N for us¢ under combined - -39.89 -44.96 55,90 17.19 -36.36
RE % - (-163.22) (-183.96) (22872 (11125 (14877}
8- Combined for use under S " -28.79 30.66 31.50 -7.61 -14.03
RE % . €56.1%5)  (5980) (61.44)  (-1483)  (-27.36)
9. 8 for use under combined - -28.75 29.02 36.08 16.58 -24.4%
RE % (10536) (11874) (147.63) (67.84)  (-100.16)

*Values in parentheses are the relattve efficiencies (RE) = 100 (CR/R).
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Direct selection

Expected genetic advance from direct selection (selection based on
grain yield per unit area) in each moisture regime reached its maximum
value under well-watered selection environment for increasing grain
yield/fad (79.61%) and decreasing barrenness (119.27 %) and ASI
(113.67%), and under water-stressed environment for increasing EPP
(86.28%), kemnels m™” (99.39%) and 100-kernel weight (85.36 %) due to
higher heritability and/or phenotypic variance estimates for these traits
observed under the respective environments (Tables 3 and 5).

Indirect selection
1. Selection environment vs target environment

The expected genetic advance from direct selection in each
environment was generally greater than the predicted from indirect selection
at another environment, as indicated by the relative efficiency values < 100
% for most single environments (Table 5). It is therefore concluded that in
this study the predicted gain form direct selection especially for grain yield
under a specific soil moisture environment would improve the trait under
consideration in a better way than the indirect selection. The direct selection
under water-stressed environment would ensure the preservation of alleles
for drought tolerance (Langer ef a/ 1979) and the direct selection under full
irrigation regime would take advantage of the high heritability (Allen et al
1978 and Blum 1988).

Some exceptions are shown in the results of the present study in
favor of the indirect selection. The indirect selection under well-watered for
the use under water-stress environment was more efficient than direct
selection under water-stress for barrenness (RE = 127.15 %). This may be
attributed to the very low generation mean of barren stalks under weil-
watered (selection) environment. Moreover, the indirect selection under
well-water for the use under a combination of stressed and unstressed
environments was more efficient than direct selection under the same
combination of environments for grain yield/fad (RE = 175.16 %), BS (RE
= 185.03) and ASI (RE = 133.89 %). This may also be attributed to the low
generation mean and/or the low heritability estimate of such traits under the
combination of stress and unstress conditions, which raised the value of
correlated response. This conclusion is in agreement with that obtained by
Allen ef af (1978) and Shabana et al (1980).
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The indirect selection under water-stress for the use under 0ptimum

environment was more efficient than direct selection for optimum
environment for ears/plant (RE = 114.06 %), kernels/m? (RE = 121.69 %)
and 100-kernel weight (RE = 179.88 %) and than direct selection for a
combination of stressed and unstressed environments for EPP (RE = 171.35
%), kernels m™ (RE = 152.81 %), 100-kernel weight (RE = 332.58 %), days
to silking (RE = 112.63 %), ASI (RE = 115.14 %). The reason for that could
be ascribed to its higher heritability estimate under the stressed environment
than heritability under optimum environment and under a combination of
the two environments, resulted in higher correlated response than the
predicted gain from selection under optimal or combined conditions. These
results are in a harmony with those obtained by Stuber and Moll (1977) and
Troyer and Rosenbrook (1983).

Moreover the indirect selection under a combination of stressed and
unstressed conditions for the use under optimum environment was more
efficient than direct selection under the optimum environment for 100-KW
(RE = 112.74 %), and than direct selection under water stress for ASI (RE =
108.14 %). The predicted results of the present study are in favor of the first
selection strategy in most cases and especially for grain yield/fad and agreed
with the second and third strategy for cases and traits. Cathoun ef al. (1994)
indicated that evaluation under both optimum and drought conditions appears
to be an effective method to take advantage of the increased selection
response under full irngation while preserving alleles for high yield under
drought.

2. Selection for yield associated traits

An ideal secondary trait should be genetically associated with grain
yield under drought, carries no yield penalty under favorable conditions, be
heritable, cheap and rapid to measure and stable over the measurement
period (Edmeades ef al 1998).

Direct selection for grain yield was more efficient than the predicted
genetic advance from indirect selection for all secondary traits in most cases
at improving grain yield. Exceptions for the previous conclusion in this
study indicated that indirect selection, ie. responses of grain yield to
selection for secondary traits was more efficient than direct selection for
grain yield itself for KPm?, EPP and BS under water-stress, a combination
of stressed and unstressed environments, under well-water or water-stress
for the use under a combination of the two environments, for 100-KW and
ASI and under well-water for the use under a combination of both
environments, where RE value was more than 100 % (Table 5).
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Responses to selection for single secondary traits were highest under
well-watered conditions for use under a combination of stressed and
unstressed conditions, followed by responses under water-stressed
environments, and then under water-stress for use under a combination of
stressed and unstressed conditions. The reason for that could be attributed to
the low heritability under a combination of stressed and unstressed
environments due to the very large estimates of the genetic X environment
interaction variance.

When responses of grain yield to selection for single secondary traits
were compared under any selection envxronment responses of grain yield to
selection for high number of kernels/m’ was predicted to be the largest,
followed by the responses of grain yield to selection for high mumber of
ears/plant and low percentage of barren stalks and short ASI. Response of
grain yield to selection for low ASI was predicted to be of high efficiency
when selection is practiced under optimum environment for useundera
combination of stressed and unstressed conditions.

It is therefore concluded that selection for secondary traits such as
kernels/m?, ears/plant, barrenness and ASI are valuable adjunct in increasing
the grain yleld under water-stress and non-stress conditions. These traits
should be used in water deficit breeding programs. They are related to
genetic water-stress tolerance, with kemels/m® ears/plant, barrenness
probably being the more important secondary traits. Other secondary traits
which were not considered in this study may deserve further attention
regarding their value in a water deficit breeding program.

Selection for improved performance under drought based on grain
yield alone has often been considered inefficient, but the use of secondary
traits of adaptive value whose genetic variability increased under drought
can increase selection efficiency (Bolanos and Edmeades 1996).
Physiologists and ideotype breeders have advocated the judicious
incorporation of secondary traits within breeding programs (Blum 1988 and
Ludlow and Muchow 1990). Results of the present study suggest that to
maximize the genetic gain from selection, for improved grain yield, future
research should focus on the i mcorporanon of secondary traits such as barren
stalks, earslplant, kernels/m” and ASI traits in the selection programs along
with the grain yield trait.
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Populations evaluation
Analysis of variance

Results of the combined analysis of variance (not presented) showed
that significant or highly significant differences existed among the two
irmgation regimes and among the three populations (Pop-0, Pop-1 and Pop-2)
for ail studied traits. Mean squares due to populations X irrigation regimes
interaction were significant and highly significant for all studied characters,
except kernels/m’, 100-kernel weight and leaf rolling,

In the experimental population trial, using a larger plot size than in
the S; progeny evaluation trial generally lowered the coefficient of variation
(C.V) for all studied traits under well-water, water-stress and a combination
of the two irrigation regimes and lowered the difference in C.V. values
between well-watered and water-stressed environments, From this
observation it was concluded that there is a genetic variation for yield and
other traits under limiting as well as adequate moisture in the DTP-1
population, that this variation can be identified using the selection procedure
described, and that improved performance under drought is not at the
expense of performance under conditions of adequate moisture. This finding
is consisted with the observations of Fischer e al (1989) that unidentified
drought-adaptive alleles exist at relatively high frequency in common
breeding populations.

Separate analysis of variance (not presented) revealed significant or
highly significant differences among populations either under well-watered
or water-stress environment for all studied traits, except for BS, 100-KW,
ASI, and PH under full irrigation and EPP and PH under limiting moisture.

Performance of populations

Means of the two improved experimental populations (Pop-1 and
Pop-2) derived from intercrossing of the corresponding two selected Sy
progenies groups under the well-watered (1* group) and water-stressed (2™
groups) environments as well as the original (Pop-0) population (DTP-1)
evaluated under the same irrigation regimes at Sids in 2003 season are
presented in Table (6). The mean grain yields of Pop-0, Pop-1 and Pop-2
were 16.07, 18.64 and 15.42 ard/fad under well-watered and 4.35, 5.69 and
4.58 ard/fad under water-stressed environment, respectively {Table 6).

Pop-1 showed the best grain yield per fad and was significantly
superior to both Pop-0 and Pop-2 either under well-watered or water-
stressed environments. Moreover, Pop-1 exhibited the largest means of
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Table 6. Means of all studied traits for the 3 populations evaluated under water-stress (S) and non stress (N)
conditions at Sids in 2003 season.

. Pop-0 Pop-1 Pop-2 LSD (0.05)

Trait N s DE (%) N s DE (%) N s DE (%) N S
LT};'Iin yield ffad(ard) 16.07 4.35 -72.93 18.64 5.69 -69.47 15.42 4,58 -70.29 1,22 0.58

Barren stalks % 1 2.0 21.25 962 2.24 7.25 223.7 278 12.0 3316 ns 1.38
Ears/plant 0.98 0.52 -46.91 1.26 0.71 -43.15 1.06 0.66 -37.714 | 0.108 0.03
Kernelym® 3104 1200 | -61.34 3104 1317 | -57.57 2609 1068 | -59.06 422 85.97
100-kernetl VI-feiglt ® 28.67 27.24 -5.00 30.83 29.60 -3.99 33.13 29.00 | -12.47 ns 110
AST (days) 0.50 3.50 600 0.25 0.25 -0.00 0.25 1.25 400 ns 0.498
Plant height (cm) 160.25 | 126,75 ! -29.90 153.0 130.0 | -15.03 1580 | 126.258 | -20.0% ns ns
Leaf rolling (score) 3.50 2.00 -42.85 4.00 3258 -18.75 4.75 3.50 -26.32 | 0.645 0.64
Stay green (score) 2,00 1.37 -31.50 3.00 2,00 -33.33 3.25 2.76 -15.39 | 0.498 l 0.594

* Pap 0 = original pepulation, Pop 1 = improved population under well-watered, Pbp 2= improved population under water stress.
ns = non significant. DE (Drought Effect) = 100 (S-N)/N.
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ears/plant (1.26 and 0.71) and kernels’'m’ (3104 and 1317) under full
irrigation and drought stress conditions, respectively. Pop-1 also exhibited
the lowest means (favorable) for ASI (0.25 and 0.25) under well-watered
and water-stressed, respectively and barren stalks (7.25 %) under water-
siress conditions. Pop-1 showed the lowest reduction (favorable) due to
drought stress for grain yield per fad (69.47 %) kernels/m® (57.57 %), 100-
kernel weight (3.99 %) and plant height (15.03 %) and the smaliest increase
(favorable) in barren stalks (223.7 %). Pop-2 came in the 2" rank for grain
yield/fad after Pop-1 under water-stress conditions. Pop-2 expressed the
lowest reduction due to water-stress for ears/plant (37.74 %), ear height
(11.21 %) and stay green {15.39 %).

Change due to selection
1. Change in grain yield/fad.

One cycle of S8, recurrent selection for grain yield using the well-
watered environment or a combination of stressed and non-stressed
conditions as selection environment caused a significant improvement in
grain yield of the Pop-1 over its original population (Pop-0) under soil
moisture deficits around flowering by 30.8 % {(1.34 ard fad*) and under
well-watered conditions by 16.0 % (2.57 ard fad™") (Table 7).

The improved Pop-2, developed by using the soil moisture deficits as a
selection environment, however, did not show significant improvements either
under the drought stress or under the non-stress environments, though a tendency
of grain yield improvement of 529 % (0.23 ard fad®) under water stressed
environments was observed over its original population (Pop-0). Selection under
stress is often considered less efficient because of the commonly observed
decline in heritability (Blum 1988) and several reports of selections made in
maize appear to confirm this (Arboleda-Rivera and Compton 1974 and Johnson
and Geadelmann 1989). Our results also confirm that gains when selecting for
improved yield under adequate soil moisture conditions that coincide with
flowering of maize are clearly obtainable under both environments (stressed and
unstressed) and even are more pronounced under water-stressed conditions. The
magnitude of the observed gains in grain yield of Pop-1 under well-watered
conditions was surprising, given that maintenance rather than improvement
of unstressed yield is a breeding objective (Fischer ef a/ 1989).
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Table 7. Change in studied traits due to one cycle of 8, recurrent selection in the 2 improved populations in absolute units and relative (%)
values as compared to the original population under stress and non-stress conditions at Sids in 2003 scason.

non stress stress
Trait Pop-1 Pop-2 Pop-1 Pop-2
Absolute Relative %  Absolute  Relative %  Absolute  Relative %  Absolute  Relative %
Grain yield (ard/fad) 2.57 16.0 0,65 -4.04 1.34** 30.8 0.23 5.29
Barren stalks % 0.24 12,0 0.78 390 -14,0%* -65.9 -0.25 -43.5
Ears/plant 0.28** 28.6 0.08 8.2 0.19%* 36.54 0,05 26,9
Kernels/m® 0.0 0.0 ~495% ~15.9 -117* 9.75 -132 -11.0
100-kernel weight (g) 2.16 7.8 4.46 15.6 2.36 .66 -1.76 6.46
ASI (days) 025 -50.0 0.25 500 -3.25 929 2.25 -50.0
Plant height (cm) -7.25 45 -1.75 1.1 3.25 2.56 .50 0.39
Leaf rolling (score) -0.5 14.3 1,25%* 35.7 1.25%* 62.5 15 75.0
Stay green (score) 1.00%* 50.0 1.25*+ 62.5 0.63* 46.0 1.39 101.5

Pop.0 = ariginal population, pop 1 =improved population under well-watered, pop 2 = improved population under water stress.,
Absolute change = Pop-1 or Pop-2 — Pop-0, Relative change = 100 (Pop-1 or Pop-2 - Pap-0)/Pop-0.
*and** indicate significance at 0.05 and 0.01 levels of probability, respectively.
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2. Change in the unselected traits:

Selection improvement in grain yield of Pop-1 over Pop-0 under the
moisture deficit target environment was associated with a significant
. decrease in percentage of barren stalks of 14% (65.9 %) and ASI of 3.25
days (92.9%) and a significant increase in ears/plant of 0.19 (36.54%),

kernels/m? of 117 (9.75%), 100-kernel weight of 2.36 g (8.66 %), and stay
green score of 0.63 (46.0 %) (Table 7).

Under the well-watered target environment, selection improvement
in grain yield for Pop-1 over Pop-0 was attributed to significant
improvements in other traits, expressed in significant increases in ears/plant
of 0.28 (28.6 %) and stay green score of 1.0 (50.0 %) (Table 7).

Significant changes in the unselected traits of Pop-2 over Pop-0
include a decrease in barren stalks of 9.25 % (43.5 %), ASI of 1.75 days
(50.0 %) and an increase in ears/plant of 0.14 (26.92 %) and stay green
score of 1.39 (101.5 %) under drought stress and a decrease in kernels/m® of
495 (15.9 %) and an increase in leaf rolling score of 1.25 (35.7 %) and stay
green score of 1.25 (62,5 %) under well-watered conditions.

Actual vs predicted progress

The largest predicted gain by direct selection under fuil irrigated
(non-stress) environment (79.61 %), followed by direct selection under
water-stressed environment (51.27 %) and the lowest was from direct
selection under a combination of stressed and unstressed environments
(24.44%) (Table 5). The corresponding actual gain from selection in this
study is presented in Table (8). In general, estimates of actual progress in
grain yield/fad as a result of practicing one cycle of §; recurrent selection
were much lower than those of the predicted progress. This could be due to
the overestimation of the heritabilities based on the total genetic variance (in
the broad sense). It is believed that a considerable amount of non-heritable
genetic variance (dominance and epistasis) is included in such total genetic
variance. The highest actual progress in grain yield/fad was 2.57 ard/fad
(16%) when the selection environment was well-watered followed by 1.59
ard/fad (19.15%) when the selection environment was a combination of
stressed and unstressed environments, while the lowest actual progress was
0.23 ard/fad (5.29%) when the selection environment was water-stressed.
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Table 8. Actual progress in grain yield/fad viz one cycle of S; recurrent selection.

. . Progress
Selection environment Absolute (ard/fad) % of generation mean
Direct selection
Non-stress (N) 2.57 16.00
Stress (S) 0.23 5.29
Combined (C) 1.95 19.1%
Indirect selection (selection environment vs target environment)
NwsS .34 30.80
SwN .65 -4.04
NvsC 1.95 T 1915
CvwsN 2.57 16.00
SwC -0.21 -2.06
CvsS 1.34 30.30

Actual progress in this study supports the superiority of the optimum
environment or using a combination of stress and non-stress conditions as
selection environments for maximizing the genetic progress in grain yield
(30.8%) under the stressed target env1ronment These results of actual
selection gain confirm the validity of both 2™ and 3™ strategies of selection
(genotypes should be selected under well-watered conditions for use under
drought stressed environment or selected genotypes should perform well
under both stress and non-stress environments) and not the 1% strategy
which was supported by the predicted progress.

The actual progress obtained in the present study due to practicing
one cycle of S, recurrent selection and expressed in the newly-improved
population (Pop-1) using full irrigation as a selection environment was
considerably high (16.0% when evaluated under well-watered and 30.8%
when evaluated under stressed environment). This progress assure the
efficiency of the selection procedure used in this study for developing a new
population (Pop-1) which was superior to its original population (Pop-0) in
grain yield under water deficits as well as under optimum environments.
Chapman and Edmeades (1999) also found that under drought, changes per
cycle of S, recurrent selection was 12.6% for grain yield. Edmeades ef a/
(1999) also found that in water-stressed environments, gains from selection
per cycle for grain yield were 12.6% in Laposta Sequia and 3.8% in
Tuxpeno Sequia populations. Moreover, El-Morshidy ef al (2002) obtained
an actual gain of 5.23% from one cycle of S; recurrent selection in Giza-2
for grain yield The higher gains in grain yield from selection per cycle
ach:eved in the present study as compared to those reported by other
investigators might be attributed to the advantages of the 3" selection
strategy used in this study (high heritability under optimum environment
and increasing the frequency of alleles of desirable traits of drought
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tolerance), the richness of the original population (DTP-1) in genetic
variability for drought tolerance traits and to using the S, progeny, instead
of half-sib or full-sib selection used in other studies, which utilizes the
additive genetic variance in a better way than other intra-population
improvement methods.
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