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ABSTRACT

A total of 400 S*;s were extracted from the maize open-pollinated cultivar Giza-
2 (Pop-0) in 2004 season, classified into 4 groups (each of 100 §’,5) based on divergent
selection for early (E) and Ilate (1) silking and maturity. ie. EE, EL, LE and LL and
evaluated in 2005 season under well-watered (WW) and water-stressed (WS)
environments. The highest yielding 16% of lines (16) were selected under WW and WS
and 8 groups of 16 8';5 were obtained (EEWW, EEWS, ELWW, ELWS, LEWW, LEWS,
LLWW and LLWS). These 8 groups were separately (in isolation) intercrossed in 2006
early season and random mated in 2006 late season to achieve q genetic equilibrium. The
resulted 8 populations (Pop-EEWW, Pop-EEWS, Pop-ELWW, Pop-ELWS, Pop-LEWW,
Pop-LEWS, Pop-LLWW and Pop-LLWS) along with Pop-0 were evaluated in 2007
season under WW and WS conditions. The main objectives were to develop new
population(s) of earlier maturity or silking and/or higher grain yield/fed (GYPF) than
Giza-2 and to test the acfual progress in earliness and GYPF under WW and WS. W8
reduced means and ranges of the 8”;s for all studied traits, except for barren plants (BP)
%, which was increased. Estimates of genetic variance, heritability in broad-sense and
predicted genetic advance from selection were, generally higher in the 400 8’°;5 than in
each group of 100 8’5 alone. This tendency was more pronounced in earliness and less
pronounced in grain yield traits. Grain yield/plant, 100-kernel weight, kernels/row and
barrenness showed valuable secondary traifs in increasing the efficiency of selection for
GYPF under WS. As a result of practicing one cycle of S, recurrent selection it was
possible to develop new populations that achieved an actual progress in both earliness
and high grain yield together which reached in Pop-LEWW to 3.2 and 3.0 days earlier in
maturity than Giza-2 and 3.5 ard (22.6%) and 2.3 ard (19.5%) increase in GYPF and in
Pop-LEWS to 4.9 and 5.0 days earliness in maturity and 2.0 ard (13.0%) and 1.9 ard
(15.7%) increase in GYPF under WW and WS, respectively. In earliness of maturity
only, progress reached in Pop-EEWW to 4.9 and 5.0 days and in Pop-EEWS to 5.9 and
6.1 days earlier in maturity than Pop-0 under WW and WS, respectively, but GYPF was
reduced than Giza-2 by 7.7 and 14.9% under WW and 14.6 and 20.2% under WS for
Pop-EEWW and Pop-EEWS, respectively.
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INTRODUCTION

One of the drought tolerance breeding strategies in maize is
developing early maturing varieties. Such varieties consume less amount of
irrigation water, tolerate drought stress and contribute to multi-cropping
systems in Egypt. They are also suitable for intercropping systems and
under high-plant densities, since their plants are less competitors for
moisture, light and nutrients than late maturing ones. A well adapted early-
maturing hybrid can produce high yield as compared with late one under
short season (Larson and Clegg 1999) and under water — stress conditions
(Mugo et a/ 1998). Genetic variability in maize exists for vegetative phase
duration (VPD), i.e time from planting to silk emergence (Giesbrecht 1960,
Beil 1975, and Troyer and Larkins 1985) or filling period duration (FPD) i.e
time from silk emergence to black layer maturity (Hallawr and Miranda
1988, Ottaviano and Camussi 1981, Soares er al 1981 and Corke and
Kannenberg 1989),

To start a breeding program for developing early maturing and/or
drought tolerant maize germplasm, the source population from which elite
inbred lines are extracted should be improved. Population improvement in
maize is practiced via a variety of methods; among them the S| recurrent
selection is the most widely used for drought tolerance (Al Nagger ef al
2004) and early maturity (Rinke and Sentz 1961, Troyer and Brown 1972
and 1976, Corke and Kannenberg 1989 and Troyer 1990). Previous studies
reported that intra-population improvement based on S; progenies is
effective in utilizing the additive genetic variance in a better way than other
intra-population improvement methods and presents an opportunity for
selection against major deleterious recessive genes that become
homozygous with inbreeding (Genter 1971 and 1973, Hallauer and Miranda,
1988 and Tanner and Smith 1987).

Three methods of breeding for earliness were reported in the
literature. The 1% called Rinke’s method (Rinke and Sentz 1961) to develop
earlier forms from elite, late inbred lines by backcrossing. Large one-or two-
backcross populations (> 500 plants) grown at high plant density (2 X
normal) with selection for early flowering among predominantly late
genotypes develops earlier forms of the elite late inbreds. Results showed
recovered inbreds flowering 5 to 10 days earlier than their recurrent parents.
In hybrids, the recoveries averaged 13% more yield and 4% less stalk
breakage than comparable-maturity recommended check hybrids (Rinke and
Sentz 1961). Troyer and Brown's method (1972 and 1976) of selection (2™
method) for early flowering in a late synthetic was also used. They advocate
crossing exotic late germplasm with elite Corn Belt material, sibbing within
populations for several generations to increase recombination then
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practicing simple recurrent selection for early flowering within large
populations (=1000 plants) at high plant density (2 X normal)} until local
adaptation is attained. This method was effective with an average reduction
of 9.5 days to flower, 7.5% less grain moisture and an average yield increase
of 11% after six cycles of selection. Troyer's (1978) source-sink scheme is
the third method. It features selection both for early flowering, to increase
grain filling period (sink), and for large plant size, to increase
photosynthetic area (source). Resulting hybrids yielded well both in long
and short seasons. As in the Rinke’s method, early-and late—maturity
inbreds are used as source materials and large populations (600-2000 plants)
are grown at high plant densities (2 X normal) to select for early flowering.
The source-sink method differs from the Rinke’s method by including
selection for more photosynthetic capacity (fast seedling and juvenile plant
growth; tall, leafy mature plants; and stay green).

The objectives of this study were to develop new maize populations
of early maturity and/or high yielding ability, study the genetic variability,
heritability and expected genetic advance from selection in S; progenies
extracted from the base population Giza-2 iur earliness and grain yield, test
the actual progress in the earliness and grain yield of the developed new
populations and identify the com secondary traits strongly associated with
the grain yield and earliness under drought stress and non-stress conditions.

MATERIALS AND METHODS

The field experiments of this study were carried out in five seasons
during the vears 2004 through 2007 at Sids, Bany Sweif Governorate,

Egypt.
Genetic material

Seeds of the white local dent comn (Zea mays 1..) population Giza-2
were used in this study. Thiz population is an adapted composite open
pollinated cutivar in the eighth cycle of improvement (C8). This population
was used 12 this study as a source population to practice one cycle of S,
recurrent selection for earliness and drought tolerance. The reason of using
this population is due to its wide genetic variability for such traits.

Developing the 8 lines

In the late 2004 season, seeds of the population Giza-2 were sown
under well-watered conditions in a relatively high plant density (30,000
plants/fed) in an isolated field at Sids, Bany Sweif. Based on source and
sink method of selection for earliness developed by Troyer (1978), more
than four thousands of vigorous and disease-free plants were used ‘or
recording data on earliness (at flowering and maturity stages) and were self-
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pollinated. These plants were subjected in the field to divergent selection for
flowering (silking) into early (E) and late (I.) and for maturity into early (E)
and late (L) and therefore four groups were obtained, ie., EE, EL, LE and
LL. The best 100 selfed ears from each group were chosen based on ear
characteristics. Thus, four groups were made; each group consisted of 100
selfed ears as follows: Group I: It consisted of early silking - early maturing
100 EE S;’s, Group II: It consisted of early silking - late maturing 100 EL
S¢’s, Group III: It consisted of late silking - early maturing 100 LE §,’s and
Group IV: It consisted of late silking - late maturing 100 LL S;’s. Each ear
in the 4 selected groups was separately shelled and its respective seeds were
preserved for progeny evaluation in the next season.

Progeny evaluatior of S’s

In the normal summer 2005 season, 100 S; progenies of each group
were separately grown (May Hﬂ') in single-row plots, 5 m length and 0.7 m
width under two water stress environments; ie. well watered (WW) under
full irrigation and water stress (WS) at flowering where irrigation was
prevented for the 4™ and 5" irrigations. A split plot design in lattice
arrangement (10 X 10) with two replications was used for each group of S,
lines, i.e. four groups of S;'s (100 EE 8,’s, 100 EL 5;s, 100 LE S;’s and
100 LL S;’s) were therefore included. All cultural practices were applied as
recommended by ARC. Sixteen S; progenies in each group were selected in
each trail. Selection of the families was based on high grain yield.
Therefore, four groups of selected 16 S¢’s (16 EE Si’s, 16 EL Si’s, 16 LE
Sy’s and 16 LL S;’s) were obtained under well-watering and four under
water-stress, making a total of 8 groups of the best 16 S;’s (i.e.; 16 EEWW
Sy’s, 16 EEWS §;’s, 16 ELWW Sy’s, 16 ELWS S;’s, 16 LEWW §;’s, 16
LEWS S;’s, 16 LLWW S;’s, and 16 LLWS S;’s).

Intercrossing of the selected Sy’s

In the early summer season of 2006 (April, 1%), the best selected
progenies in each of the 8 groups were crossed separately in all possible
combinations at Sids. Eight separate (isolated) blocks were used to make
intercrossing among the 16 selected progenies of each of the 8 groups. A
blend of equal number of seeds of each of the 16 selected S;’s was planted
in a separate (isolated) intercrossing block. Artificial intercrossing (sib-
pollination) among all plants in each block was used. Ears harvested from
each intercrossing block were shelled and their seed were blended
separately. Therefore, eight sub-populations were obtained as follows: sub-
population I (EEWW): representing an improved experimental population of
early silking and early maturing under well-water conditions, sub-
population IT (EEWS): representing an improved experimental population of
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early silking and early maturing under water-stress conditions, sub-
population III (ELWW): representing an improved experimental population
of early silking and late maturing under well-water conditions, sub-
population IV (ELWS): representing an improved experimental population
of early silking and late maturing under water-stress conditions, sub-
population V (LEWW): representing an improved experimental population
of late silking and early maturing under well-water conditions, sub-
population VI (LEWS): representing an improved experimental population
of late silking and early maturing under water-stress conditions, sub-
population VII (LLWW): representing an improved experimental population
of late silking and late maturing under well-water conditions and sub-
population VIII (LLWS): representing an improved experimental population
of late silking and late maturing under water-stress conditions.

Random-mating of experimental sub-populations

In the late season of 2006 (August, 14™), seeds of each of the eight
sub-populations were planted in a separate (isolated) block (20 rows each),
pollen from different plants in 10 rows were collected and used for
pollination of different plants from the other 10 rows, to achieve random-
mating among plants for one generation in each block in order to reach a
considerable level of genetic equilibrium. Each block was harvested
separately, ears were shelled and seeds from each block were blended
thoroughly. Therefore, seeds of eight new (improved) sub populations were
obtained i.e.; Pop-EEWW, Pop-EEWS, Pop-ELWW, Pop-ELWS, Pop-
LEWW, Pop-LEWS Pop-LLWW, and Pop-LLWS.

Evaluation trails

In the summer season 2007, the eight new sub populations as well as
the original population Giza-2 (Pop-0), were planted on the 10% of May
under two irngation regimes. A split-plot design in randomized complete
blocks arrangements was used with 4 replications. The two irrigation
regimes (previously described) were devoted to the main plots and the nine
populations were arranged in the sub-plots. The experimental plot consisted
of 4 rows of 5 m long and 0.7 m wide, i.e. the plot area was 14 m”. Sowing
was done in hills spaced 25 cm along the row and plants were thinned to one
plant per hill before the first irrigation. All other recommended cultural
practices were followed. The soil of the experimental site at Sids was
clayey.

Data recorded

The following data were recorded: (1) days to 50% silking (DTS)
per plot, (2) days to 50% physiological maturity (DTM) per plot (3} growing
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degree days (GDD) per plot; calculated according to Muchow (1990) as
follows: daily GDD = ((T max +T min}/2) — T pase, Where: T pax = the daily
maximum air temperature, T i = the daily minimum air temperature and T
base = the GDD base temperature; for corn (10 °C.), (4) grain moisture
content (GMC) in % at harvest, (5) grain filling period (GFP) in days, (6)
grain filling rate (GFR) in g/d, (7) plant height (PH), (8) barren plants (BP)
in %, (9) number of kemels/row (KPR), (10) 100-kernel weight in g
(100KW), (11} grain yield/plant (GYPP) in g and (12) grain yield in ardabs
per feddan (GYPF), by converting the grain yield per plot in Kg (adjusted at
15.5% grain moisture) to ardabs (ard) per feddan (one ardab = 140 kg and
one feddan = 4200 m?).

Biometrical analysis

Separate and combined analysis of variance of the split-plot design
was computed after carrving out Bartlet test according to Snedecor and
Cochran (1989). Each main plot in each experiment was analyzed as a
lattice design for the purpose of determining genetic purameters separately
under each irrigation regime. Becaise the relative efficiency of lattice
design was similar to that ol :he randomized comiplete block design
(RCBD), expected mean squares, ienotypic (Bzg), phenotypic (8213) and
environmental (ESZP) variances under a separate envirorrmeni were estimated
from ANOVA table according to Hallauer and Miranca {1988). Herliability
(%) in the broad sense (h%,) under a separate envirerent was estimated by
using the following formula: h%, (%) = 100 8%, / (8*.+3" 'r), The genotypic
("gxy) correlation coefficients were calculated between each pair of studied
traits under each of the well-watered and water-stressed environments using
the following formulae: g, - 8% / (8%ex. 8%gy) * Where: 3% = the genotypic
covariance of the two traits, X and Y and Ezgx and 8% = the genotypic
variance of the two traits X and Y, respectively.

Expected genetic advance from direct selection for all studied traits
under each environment (stress or non-stress) was calculated according to
Singh and Chaudhary (1999) as follows: GA =1001 hzﬁp { X; Where: X of
the a¢ministrator of the appropriate heritability under moisture regime. h* =
tae &7o.l =d heritability, i = selection differential (i =1.54 and 2.17 for 4 and
16%: sc.zzon intensity, respectively used in this study). The selection
intensitv 4¢ was used here in selection for flowering and maturity and 16%
in selection for grain yield/feddan. Indirect correlated response (CR} in
yield (Y) from selection in a secondary trait (X) was estimated according to
Falconer (1989) as follows: CR;= 100 i H'2, H"?, 1y 8,/ X ; where: H'?,
and H”zy = square roots of heritability of traits X and Y respectively, CR; =
correlated response in yield trait (Y), ryy = genetic correlations among traits
X and Y and X, = general mean of yield trait (Y).
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RESULTS AND DISCUSSION

Results of the combined analysis of variance (data not presented)
showed that significant or highly significant differences existed among the
two irrigation regimes for all studied traits except for DTS and highly
significant differences among the 400 S, progenies for all studied traits.
Genotypic differences were reported by other investigators for earliness,
grain filling period and rate and grain yield and its components (Troyer and
Brown 1972, Fonturbel and Ordas 1981, Moreno-Gonzalez 1986, Ordas et
al 1996, Edmeades er al 1999, Niaz et al 2000, Perez-Colmenarez et al
2002, Badu-Apraku et a/ 2004, Gomes-e-Gama et al 2004, Shaboon 2004,
Badu-Apraku er al 2005 and Campos ef a/ 2006). Mean squares due to
genotypes (400 S, progenies) X irrigation regimes interaction were highly
significant for all studied traits, indicating the possibility of selection within
Giza-2 population for earliness and lateness as well as for high grain yield
under a specific moisture environment, as proposed by Fischer er a/ (1989).
Separate analysis of variance (data not presented) of 400 S, progenies under
each irrigation regime, also indicated that the 400 S,’s differed significantly
(P <0.01) for all studied traits.

Combined analysis of variance of each group of 100 Sy’s, i.e. 100EE
Sy’s, 100EL S,’s, 100LE S;’s and 100 LL §,’s (date not presented), revealed
that the two irrigation regimes differed significantly for all studied traits,
except DTS for the 10CEE S,’s, DTS, BP, 100KW, GYPP and GYPF for the
100 EL S,’s, DTM, GMC, GFP, BP, and GYPF for the 100 LE S,’s and
GMC for the 100LL S,’s. Mean squares due to genotypes for each group of
100 S;’s under each environment and combined across environments were
significant or highly significant for all studied traits, except for GFP under
water stress in the four groups of 100 S;’s, which were not significant. Mean
squares due to genotypes X irrigation regimes interaction for each group of
100 S;’s (data not presented) were significant or highly significant for all
studied traits, except for DTS and DTM in the 100 EL S;’s, DTS in the 100
LE S,’s and DTS, DTM and GFP in the 100 LL S;’s group.

Performance of S; progenies

In general, water stress caused earliness in silking and maturity,
increase in barren plants and decrease in grain yield of all studied groups of
Si’s, ie, 400 Sy’s,100 EE S;’s, 100 EL S;’s, 100 LE S;’s and LL S;’s
(Table 1). Water stress effect was more pronounced in earliness traits of the
LL Sy’s. It is worthy to note that water stress effect on the mean grain yield
was more pronounced in the group of LL S,’s and was less pronounced in
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Table 1. Summary of means for studied traits of the 400 S,'s, 100 EE
S'ys, 100 EL S8, 100 LE 8';s and 100 LL 8';s evaluated under
water stress (WS) and non stress (WW) conditions.

400 5,'s Mean 62.7 61.1 118.8 110.9 25.0 22.0 56.1 49.9 2062 193
WSE%, -1.6 -6.6 -12.09* -11.1+ -6.34%
100 EE S5 Mezn 54.8 544 107.6  103.0 17.5 15.1 523 48.7 1880 1713
Abs Diff. 19 8.7 -11.2 7.9 15 48 33 A2 -182 0 .8
Rel (%) Diff. -12.6  .10.9 2.5 =71 -30.0 =311 -5.9 -2.4 -8.8 S1L3
WSE% -0.8 -4.2* -13.5* -7.8% _8.8%
100 EL S)'s Mean 554 545 1143 107.9 31.1 27.6 58.9 53.4 193.7 178.6
Abs Diff. -T 4k G 5An -4.6* -3.0 6.1** 5.64n 2.8 35 -12.5 -14.5
Rel (%) Diff.  -11.7  -10.7 -3.8 -2.7 2435 255 5.0 7.0 -6.1 KX
WSE% -1.5% -5.6 -11.4 9.4 ST
100 LE §/'s Mean 70.5 67.9 1215 110.7 17.9 14.5 510 42.8 213.0 2052
Abs Diff. 7.8 6.8%* 2.7 -0.2 R Ll =75 -5.1 -7.0 6.8 12.1
Rel (%) Diff. 12.4 1.2 2.2 02 -18.6 -33.9 9.1 -14.1 33 5.3
WSE% A -5.9* -18.7 -15.9* -3.64
100 LLS,'s Mean 70.2 67.5 13206 1211 335 30.7 61.7 546 230.1 217.2
Abs Diff. TE5=* G4 1324 Q1% RSt BT 5.7 4.7 23.9 24.1
Rel (%) Dier, 120 10.5 11.1 10.0 341 396 10.1 9.5 1.6 12.%
WSE% -3.9* =7.5%* -3.5 -11.6* £.6*
LSD sas 20 2.2 3.5 4.8 2.4 2.2 2.4 4.2 16.0 142
BP (%) KPR 100KW (g) GYPP (g) GYPF (ard)
400 §¢'s Mean 0.8 20.6 34.2 26.8 189 15.8 82.7 532 11.2 6.7
WSE% 2330.3+ -21.6* -16,5* =357 -40.6*
1006 EE $)'s  sjean 12 5.1 31.6 26.6 18.2 14.4 726 47.0 9.7 52
Abs Diff. 0.4 45 -2.6 0.2 0.7 -1.4 -10.0 -6.2 -1.5 1.5
Rel (%) Diff. 433 216 T -0.9 -3.7 -8.7 -2z -1L6 <132 19
WSEY% 1963.6 “15.9% -20.9 -353 46.5
100ELS)'S  npan 0.7 18.0 33.5 27.7 19.4 17.0 84.1 57.5 1L1 170
Abs Diff, 0.2 2.6 0.7 0.9 0.4 1.2 L4 4.3 0.1 0.4
Rel {%) Diff. -19.1 -12.7 -2.0 3.4 23 7.7 1.7 -3 -0.6 55
WSE% 25236 -17.3* SEALL -31.7+ 369
100LE Si's  pyean 0.8 2.0 M0 244 13.3 14.6 76.4 50.0 10.9 6.0
Abs Diff. 0.0 0.4 -1.3 -2.5 -0.6 -1.2 .2 -3.1 0.3 Q0.7
Rel (%) Diff. 223 2.0 -0.7 -9.1 -3.0 -74 -7.5 -6.0 -3 10,0
WSE% 2436.5* -28.3+ -20,3%% -34.6* -45.2%
100LL S¢S pfean 0.7 18.4 378 286 19.8 17.1 97.5 58.2 13.0 8.4
Abs Diff. =0.2 =23 3.6 1.8 0.8 13 14.8 590 L.8 1.7
Rel(%)Dir. 219 109 10.4 6.6 44 84 17.9 2.5 16.2 26.3
WSE% 2670.0 =24.3%* -13.4 -40.3*% 2354
LSD q.os 1.0 1.8 L8 52 23 21 179 13.5 19 .6

Abs Diff. = Mean of 100 S,'s - Mean of 400 S,'s and Rel (%) = Abs diff. / Mean of 400 S1's X
100, WSE% (Water stress effect} = 100 (WS-WW)/WW.

* gnd ** indicate significance at 0.05 and 0.01 probability levels, respectively.
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the group of 100 EL §s, suggestmg that the 1* group could be considered
as the most susceptible while the 2n group as the most tolerant to drought
stress. [t is worthy to note that in general, the 100 EE S,’s were significantly
earlier in flowering and maturity traits, but were significantly inferior than
the 400 S;’s in grain yield. On the contrary, the 100 LI S;’s were
significantly later in flowering and maturity and superior in grain yield as
compared with the 400 S;’s. The 100 EL. S,’s were significantly earlier in
flowering, later in maturity and equal in grain yield as compared with the
400 Sy’s. It is interesting to mention that the group of 100 LE S;’s was
significantly later in flowering, but earlier in maturity and comparable in
grain yield to the 400 S,’s, ie. showed 7 days (in average) earlier in
maturity than the 400 S,’s and kept the yield potentiality of the original
population. The difference between the highest and lowest estimate (data
not presented) of the 400 S,’s was generally greater than that of each group
of 100 Sy’s. This was more pronounced in earliness and less pronounced in
grain yield traits under both stress and non stress conditions, probably due to
practicing selection for earliness traits on the S; level and to the smaller
sample size in the 100 S;’s than in the 400 S,’s for grain yield traits.

Mean grain yield/fed of the best 16 EE S;’s was significantly higher
by 29.4 and 34.3% than that of the corresponding group of 100 EE $,’s and
was insignificantly higher by 12.3 and 4.9% than that of the 400 §,’s
(representing the whole Giza-2 population) under non-stress and water-
stress, respectively (Table 2). Supenonty in mean grain yield/fed of the 16
EE Si’s over the 100 EE S,’s was associated with superiority in grain
yield/plant (23.0 and 19.8%), KPR (9.7 and 4.0%) and 100KW (6.9 and
10.4%) under non-stress and water-stress, respectively. On the other hand,
the best 16 EE S,’s in grain yield were characterized by lower means of
barrenness by 97.4 and 61.2% than the 100 EE S;’s and 0.8 and 10.9% than
the 400 S,’s under non-stress and drought stress, respectively. The best 16
EE S;’s in grain yield were significantly earlier than the 400 S;’s for DTS
(by 12.1 and 10.5%), DTM (by 9.2 and 6.3%) and GMC (by 30.9 and
31.7%) under well-watered and water stressed environments, respectively.
The superiority of the 16 EE S;’s over the 400 S,’s was higher under well-
watered for GYPF, GYPP, BP, DTS and DTM, while it was higher under
stressed environment for GMC trait.

For the best 16 EL S;’s mean grain yield/fed was significantly higher
by 30.5 and 27.8% than that of the corresponding group of 100 EL §,’s and
by 29.8 and 34.9% than that of the 400 S;’s under well-watered and water
stress environments, respectively(Table 2). Superiority in mean grain
yield/fed of the 16 EL S,’s over the 100 EL S,’s was associated with
superiority in grain yield/plant (22.9 and 13.9%), 100KW (8.1 and 3.0%)
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Table 2. Means for studied traits of selected 16 S,'s of each group of 100 8,'s
evaluated under well-watered (WW) and water-stress (WS) conditions
in 2005 season and absolute (Abs) and relative (Rel) differences
between them and means of the 400 8';s.

Trait Lreab lef:ﬁxsi'sf Rel (%) of 11261]?;?].? Rel (%) of
rai e o) O < e) O (4 o) O e (Y N4
ment Mean 400S,'s 100 S,'s Mean  “io0s's  100S,'s
DTS WW 552 121+ 0.6 555 1164 02
WS 54.6 -10.5%* 0.5 54.4 -10.9%* -0.2
DTM WW 107.9 9.2+ 0.3 114.4 3.7 0.2
WS 103.9 6.3%* 0.9 107.6 -3.0 03
GMC  WW 17.3 -30.9%* 12 31.9 27.8%+ 2.4
WS 15.0 317 0.8 28.2 28.2%* 2.2
PH WW 188.2 8.7 0.1 196.7 -4.6 1.5
WS 172.3 -10.8** 0.6 181.3 6.1 1.5
BP wWW 0.0 96.3 97.4 0.0 -100.0 -100.0
WS 9.7 52.8 -61.2 47 -77.0 73.6
KPR WW 33.8 1.3 6.9 37.6 9.7 12.0
WS 29.4 9.4 10.4 29.1 8.4 48
100KW  WW 20.0 5.7 9.7 20.9 10.6 8.1
WS 15.0 5.1 4.0 17.5 11.0 3.0
GYPP WW 89.3 8.0 23.0* 103.3 25.0% 22.9
ws 56.3 5.9 19.8 65.4 23.1 13.9
GYPF WW 126 12.3 29,4+ 14.5 20.8* 30,5+
ws 7.0 49 34.3 9.0 34,9 27.8
16 LE S,'s 16 LLS,'s
DTS wWwW 70.8 12.9%+ 0.5 70.4 12.2%+ 0.2
WS 69.0 13.1% 1.7 67.7 10.9%* 0.4
DTM wWwW 122.0 2.6 0.4 1323 11.4%* 0.3
WS 111.5 0.5 0.7 122.8 10.7%% 0.6
GMC  WW 18.2 27,34+ 1.8 33.2 32.9%% 0.9
WS 14.6 33.3%% 0.9 30.9 40,84+ 0.9
PH wWwW 213.4 35 0.2 232.4 12,7%+ 1.0
WS 208.1 7.8* 1.4 218.6 13.24% 0.6
BP ww 0.0 963 96.2 0.2 -80.1 746
WS 11.9 425 -43.6 11.2 -46.0 -39.3
KPR wWW 36.6 6.9 1.7 40.4 18.1* 7.0
wSs 27.3 1.7 11.9 31.7 18.3 10.9
100KW  WW 20.5 8.4 11.8* 20.4 7.9 3.4
ws 15.2 3.8 3.8 18.0 13.9% 5.1
GYPP WW 92.5 11.9 20.9 115.0 39.2%% 18.0*
WS 60.1 13.0 20.2 74.1 39.3%% 273+
GYPF WW 143 28.0* 311 16.4 4624 25.8*
ws 7.8 16.5 29.4 11.2 67.8%%  32.9%%

Abs Diff. = Mean of 16 S;'s - Mean of 100 5,’s or 406 S,'s , Rel (%) Diff. = Abs/ Mean of 100
S,'s or 400 8,'s X 100, WSE% (Water stress effect) = 100 (WS-WW)/WW, * and ** indicate
significance at 0.05 and 0.01 levels of probability, respectively.
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and KPR (12.0 and 4.8%) under well-watering and water-stress,
respectively. On the contrary, the best 16 EL S;’s in grain yield showed
lower means of barrenness than the 100 EL S;’s by 100.0 and 73.6% and
than the 400 S,’s by 100.0 and 77.0% under non-stress and water-stress,
respectively. The best 16 EL S;’s in grain yield were significantly earlier.

than the 400 S;’s for DTS (11.6 and 10.9) and DTM (3.7 and 3.0%) and
higher in GMC (27.5 and 28.2%) under non-stress and water-stress,
respectively. The superiority of the 16 EL S,’s over the 100 EL §;’s was
higher under non-stress than under stress for GYPP and KPR while it was
higher under water stress than non-stress for BP, GYPF, 100KW, and GMC.

Regarding the best 16 LE S;’s mean grain yield/fed was significantly
higher than that of the corresponding 100 LE S;’s by 31.1 and 29.4% and
than that of the 400 S,’s by 28.0 and 16.5% under well-watering and water
stress conditions, respectively (Table 2).. Superiority in mean grain
vield/fed of the 16 LE S;’s over the 100 LE S;’s was associated with
superiority in grain yield/plant (20.9 and 20.2%), 100KW (11.8 and 3.8%)
and KPR (7.7 and 11.9%) under well-watering and drought stress,
respectively. On the contrary, the best 16 LE S;’s in grain yield exhibited
lower means of barrenness than the 100 EL S;’s by 96.2 and 43.6% and than
the 400 S;’s for barren plants by 96.3 and 42.5%, under well-watered and
water-stressed environments, respectively. The superiority of the 16 LE S;’s
over the 100 LE S,’s was higher under non-stress than under water-stress
for GYPF, GYPP and 100KW, and was higher under water-stress than non-
stress for KPR.

Mean grain yield/fed of the best 16 LL S;’s was significantly higher
than that of the correspending 100 LL Sy’s by 25.8 and 32.9% and than that
of the 400 S;’s by 46.2 and 67.8% under non-stress and water-stress,
respectively (Table 2). Superiority in mean grain yield/fed of the 16 LL Sy’s
over the 100 LL S;’s was associated with superiority in grain yield/plant
(18.0 and 27.3%), 100KW (3.4 and 5.1%) and KPR (7.0 and 10.9%) under
well-watering and water-stress, respectively. On the contrary, the best 16 LL
S;’s in grain yield exhibited lower means of barrenness than the 100 LL S;’s
by 74.6 and 39.3% and than the 400 S;’s by 80.1 and 46.0% under non-
stress and water-stress, respectively. The best 16 LL S,’s in grain yield were
significantly later than the 400 S;’s for DTS (12.2 and 10.9), DTM (11.4
and 10.7%) and GMC (32.9 and 40.8%) i.e. in all flowering and maturity
traits under well-watering and water-stressed environments, respectively.
The superiority of the 16 LL S;’s over the 100 LL S,’s was higher under
water-stress than under non-stress for GYPF, GYPP, 100KW, and KPR,
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Correlations

Genotypic correlation coefficients between GYPF, DTS and DTM
and other studied traits (Table 3), in the 400 S,’s indicated a strong positive
genetic correlation (r,) between grain yield/fed and grain yield/plant {r, =
0.94 and 0.88) and above average positive ry values between grain yield/fed
and each of 100KW (0.72 and 0.67) and number of kernels/row (0.79 and
0.69) under well-watered and water-stressed environments, respectively.

Table 3. Genetic correlation coefficients (ry) between GYPF, DTS or DTM and
each of other studied traits of the 400 S,'s and between GYPF and
each of other traits of the 100 EE, 160 EL, 100 LE and 100 LLL §;'s
under well-watered (WW) and water-stress (WS) conditions in 2005
season.

Environ-

Trait GYPP 100KW KPR BP PH GFP GMC DTM DTS
S, group ment

400 5,'s GYPF ww 094 072 079 -0.20 038 037 036 046 033
WS 0.88 0.67 0.69 -0.75 040 0.47 052 0.58 0.29
DTS Www 024 009 0338 -0.29 0.86 0.10 0.09 058
w$ 0.09 005 -0.08 -0.32 050 -0.28 0.07 0.89
DTM  WW 043 (.24 049 -048 090 0.67 0.60
ws 029 047 0.8 -0.73 0.82 0.54 0.72
100EES,'s GYPF  WW 098 079 0.64 -0.47 -0.13 -0.06 0.01 003 0.07
wS§ 084 0.64 0.76 -0.80 0.00 -0.03 0.08 -0.02 0.01
I0ELSs GYPF  ww 0.86 0.67 0.67 -0.44 014 0.06 015 005 0.04
WS 0.80 0.47 060 -0.88 011 0.16 0.05 0.14 0.05
I00LE S,'s GYPF  ww 093 0.80 084 -0.14 -0.03 -0.04 0.17 -0.03 -0.01
WS 09 071 0,79 -0.66 -0.01 -0.06 0.15 0.04 0.12
IWLLS's GYPF  WW 90 0.61 0.68 -0.60 0.03 -0.02 0.03 -0.08 -0.09
WS 0.86 0.54 069 -0.81 0.12 022 0.4z 0.13 -0.08

N = 800 for 400 S,'s and = 200 for each 100 §,'s group.

It is worth noting that grain yield per feddan exhibited a negative genetic
correlation with percentage of barren plants under water-stress conditions
{te= -0.75). Number of days to silking exhibited high positive genetic
correlation coefficients with DTM (0.98 and 0.89) and PH (0.86 and 0.90)
under well-watered and water-stressed environments, respectively. Number
of days to maturity in the 400 S,’s showed positive genetic associations with
plant height (r; = 0.90 and 0.82), GMC (r; = 0.60 and 0.72) and GFP (1, =
0.67 and 0.54) under non-stress and water-stress, respectively.

Grain yield per feddan showed a positive association with grain
yield/plant (r, = 0.98 and 0.84 for the100 EE Sy’s, 0.86 and 0.80 for the 100
EL Sy’s, 0.93 and 0.96 for the 100 LE S;’s and 0.90 and 0.86 for the 100 LL
S1’s), kemnels/row (r, = 0.64 and 0.76 of the 100 EE S;’s, 0.76 and 0.60 for
the 100 EL S;’s, 0.84 and 0.79 for 100 LE S,’s and 0.68 and 0.69 for 100
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LL Sy’s) and 100 kernel weight (r, = 0.79 and 0.64 for 100 EE S;’s, 0.67
and 0.47 for the 100 EL S;’s, 0.80 and 0.71 for 100 LE S,’s and 0.61 and
0.54 for 100 LL 8,’s) under non-stress and water-stress, respectively. In
general, genetic correlations between grain yield and kemels/row were
higher than the corresponding ones between grain vield and 100-kernel
weight under both environments. Bolanos and Edmeades (1996) also
concluded that more than 75% of the variation in grain yield under drought
was accounted by variation in kermels and ears/plant. High correlations
between grain yield and its components are normally found because of lack
of independence among them (Blum 1988). Correlation analysis in this
study confirmed that water-stress before and during flowering affected
mainly number of kernels/row and to a lesser extent the size of the kernel.
Similar conclusion was also reported by Hall et a/ (1981).

Variance components and heritability

Summarizing the results ofd;,8)and 4, (Table 4) cf the five

groups of S’s (400 Sy’s, 100 EE S;’s, 100 EL §,’s, 100 LE Sy’s aad 1C0 LL
S1’s) indicated that both parameters 5; and 4} were considerably higher in

the 400 S;’s (representing the whole population of Giza-2) than in each of
the four sub-populations. The reduction in 5; from the 400 S;’s 10 the four

sub-populations of 100 S,’s each, was more pronounced in earliness, traits
(DTS and DTM), while was less pronounced in grain yield traits. This could
be attributed to that selection was already practiced at the S; level for
initiating the four groups of S,’s (100 EE, 100 EL, 100 LE and 100 LL
S1’s), while selection for grain yield was not yet practiced at the S level. In

general, the magnitude of & .5, and A; (Table 4) was considerably smaller

under stressed than under non-stressed environment for GYPP, GYPF,
100KW, KPR, GMC, DTS and DTM for the 400 S,’s, GYPP, GYPF, and
DTM for the 100 EE S,’s, GYPP, GYPF, 100KW, KPR, PH and DTM for
the 100 EL S)’s, GYPP, GYPF, 100KW, KPR, DTS and DTM for the 100
LE S;’s and GYPP, GYPF, 100KW and KPR for thel00 LL S;’s. On the

contrary, the magnitude of 5; ,cf, and %} was smaller under well-watering

than under drought for the remaining traits of each group of S’s.
The highest estimate of 4, were exhibited by DTS (99.1 and 98.7%),

GMC (98.7 and 98.9%) and DTM (98.2 and 94.4%) in the 400 S,’s, DTS
(84.9 and 87.0%), GYPP (85.9 and 79.6%) in the 100 EE S;’s, BP (98.2 and
84.6%), and GMC (89.0 and 90.5%) in the 100 EL S,’s, DTS (87.5 and
82.1%) in the thel00 LE S,’s and DTS (82.7 and 80.5%) and GMC (84.2
and 87.7 %) in the 100 LL S,’s under well-watered and water stressed
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Table 4. Genetic (Bzg) and phenotypic (ﬁzp) variances and heritability in the broad sense (hzh%) for studied traits
of the 400, 100 EL,100 EL, 100 LI and 100 LL S's evaluated under non-stress and water stress
conditions at Sids in 2005 season.

400 5,'s 100 EE S,'s 100 EL S¢'s 100 LE S/'s 100 LL S,'s

Trait
3, &, W% &, 8, ny%) &, &, b %) &, &, %) &, &, hHh(%)
Non-stress
DTS 60.4 60.9 99.1 1.6 1.9 84.9 1.2 1.5 77.4 30 34 87.5 2.1 2.5 8.7
DTM 87.1 887 28.2 38 4.3 R8.4 4.6 6.0 77.4 1.1 128 87.1 28 3.6 7.7

GMC 569 3577 98.7 69 13 71.9 53 59 89.0 09 14 62.7 35 4.1 84.2
GFP 206 21.4 96.5 24 27 90.2 1.2 A5 77.4 2.6 30 85.3 1.1 1.4 79.4
PH 351.8 385.1 91.4 53.7 913 58.9 118.1 1471 80.3 384 757 50.7 924 1207 76.6
BP 3.3 34 96.4 53 55 96.4 3.4 34 98.2 25 26 95.4 1.8 1.9 94.6
KPR 159 202 78.6 57 8.7 65.7 13.5 184 73.4 11.9 159 74.7 128 184 69.9
100KW 3.0 3.7 81.7 31 39 789 29 36 81.0 28 33 83.6 1.7 22 77.6
GYPP 283.5 324.8 §7.3 166.2 193.5 85.9 169.9 219.7 77.4 197.1 240.1 82.1 182.3 210.0 86.3
GYPF 51 6.2 82.6 32 4.8 78.6 31 4% 75.3 43 55 79.3 33 42 1.7

Water-stress
DTS 46.0 46.6 98.7 2.5 2.9 87.0 1.4 2.1 68.1 2.7 3.3 82.1 2.1 2.7 0.5
DTM 50,5 535 94.4 2.2 4.8 77.2 3.0 4.1 74.7 38 4.9 1.3 3.0 4.1 73.7
GMC 554 56.0 98.9 1.2 1.7 74.4 5.3 5.9 90.5 1.0 1.5 69.2 4.5 5.1 87.8
GFP 21,1 233 90.2 1.6 2.2 72.8 1.3 1.8 71.5 .7 21 81.6 1.3 1.7 74.7
PH 464.1 490.1 94.7 121.1 146.8 82.5 43.0  84.1 51.1 123.6 143.4 86.2 158.0 175.5 90.0
BP 100.8 142.0 71.0 130.5 184.8 70.6 154.4 182.6 84.6 41.3 68.6 60.1 80.4 103.8 7.5
KPR 138 172 79.9 21.1 246 86.0 6.0 9.3 64.7 1.2 14.7 69.7 8.0 10.6 75.8
100KW 25 31 80.7 0.9 1.2 70.8 0.8 1.1 7279 1.2 1.5 78.7 1.2 2.0 62.4
GYPP 934 117.1 79.8 73.5 923 79.6 58.0 80.4 722 702 921 76.2 41.5 56.1 74.0
GYPF 28 36 76.0 1.0 1.8 57.9 1.5 2.2 67.8 1.2 1.7 70.9 1.1 1.6 70.2
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environments, }espectively. The magnitude of the h;} for grain yield per fed

and per plant in the 400 Si’s, 100 EE S,’s, 100 EL S;’s, 100 LE S,’s and
100 LL S;’s was above average (82.0, 85.0, 77.4, 79.3 and 77.0,
respectively) under non-stress and (76.0, 57.0, 72.2, 76.0 and 70.0 %,
respectively) under water stress. Empig et al (1972) suggested that the

expected values of & ; would be equal to additive genetic variance (82 ) if

dominance and/or epistasis were lacking in the population or when gene
frequency for the segregating loci is equal 0.5. High heritability estimates
for the studied traits indicated that selection based on the mean performance
of 8, families would be a successful tool in improving population (Giza-2)
for earliness as well as for grain yield under both well-watering and water-
stress conditions. Similar conclusion was supported by Dudlel and Moil
(1969), Darrah et a/ (1972), Sadek er al (1988), Wil « o/ 7 {1971}, Burakat
(2003) and Shaboon (2004).

Expected gain from selection

In general, estimates of expected genetic advance (GA %) were
higher under well-watered than under water-stressed environment in the
four groups of 100 S;’s as well as in the 400 S,’s (Table 5). On the contrary,
the GA percentages were higher under water-stress than under non-stress in
the 4 groups of 100 S;’s and in the 400 S;’s for grain moisture content.
Moreover, GA percentages were greater under non-stress than under stress
for DTS in the 3 groups 100 EE S;’s, 100 EL S;’s and 100 LL $;’s, DTM in
the 2 groups 100 EL S,’s and 100 LL S,’s, PH and KPR in the 3 groups 100
EE S;’s, 100 LE S;’s and 100 LL S;’s as well as in the 400 S,’s. Moreover,
(A estimates were higher under non-stress than under water-stress for GFP
and 100KW in the four groups of 100 S;’s, but not in the 400 S;’s and
GYPF in 100 EE 8¢’s, 100 LE S;’s and 100 LL S;’s.

In general, the percentages of GA were higher for all studied traits in
the 400 Sy’s than in the four groups of 100 S;’s (100 EE S¢°s, 100 EL S;’s,
100 LE Sy’s and 100 LL S,’s). This tendency was more pronounced in
earliness and grain filling period traits (DTS, DTM, GMC and GFP) and
less pronounced in grain yield and its components, This could be attributed
to that selection for earliness was practiced in the whole population of Giza-
2 (represented by the 400 S,’s), but selection for grain yield was not yet
practiced in the 400 S;’s, since it was practiced in each group of 100 S;’s
(EE, EL, LE and LL), separately.

The highest GA percentages were exhibited by the traits BP, GYPP
and GYPF in all the four groups of 100 S;’s as well as in the 400 S;’s. On
the contrary, the lowest GA percentages were exhibited by the traits
DTS, DTM, GFP and PH in the four groups of 100 S;’s and DTM, GFP and
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Table 5. Predicted genetic advance from direct selection for the
improvement of studied traits of the 4 groups of 100 §,'s and
the 400 Sy's using a selection intensity of 4% and 16 %.

Enviro- 400 8,'s 100 EES,'s 100EL S;'s 100LES,s 100LLS's

Trait nment 4o/ 16% 4% 16% 4% 16% 4% 16% 4% 16%
DTS WW 268 190 47 33 3.7 26 50 35 41 29
WS 239 170 S59 42 39 28 48 34 42 3.0
DTM WW 169 12.0 37 26 3.6 26 56 40 24 L7
WS 135 96 36 25 30 22 34 24 27 19
GMC WW 651 463 101 72 151 107 91 64 1.1 19
WS 731 520 138 98 173 123 127 9.0 140 10.0
GFP WW 173 123 61 43 35 25 63 45 33 2.3
WS 190 135 48 34 39 27 60 43 39 28
PH WW 189 134 65 46 109 78 45 32 79 58
WS 236 168 127 90 57 41 109 7.8 119 85
BP WW 454 323 404 288 576 410 403 287 424 3
WS 889 633 830 590 137.6 979 514 366 932 66.3
KPR WW 224 159 133 95 204 145 19.0 135 172 122
WS 268 191 348 248 155 11.6 237 169 187 13.3
I00KW  ww 179 128 185 132 172 123 180 128 127 9.1
. WS 194 138 119 84 98 70 142 101 1.1 7.9
GYPP WW 413 294 357 254 296 21.1 361 257 28.0 199
WS 352 251 353 251 244 174 317 226 207 147
GYPF WW 359 284 354 252 296 21.1 368 262 267 190
WS 472 336 321 229 308 219 335 239 226 16.1

100KW in the group of 400 S;’s. In other words, it could be noted that grain
yield per plant and per feddan were among the traits showing the highest
percentages of expected gain from selection. In contrast, earliness attributes
were amongst those traits showing the lowest predicted gain from selection
in the four groups of 100 S§,’s, which could be attributed to the low

magnitudes of 5; and heritability in these groups of 100 S;’s, since they

were already selected from the original population (400 S;’s) for earliness in
flowering and maturity. For earliness characteristics, expected genetic
advance from selection using 4% selection intensity in the original
population (400 S;’s) was 26.8 and 23.9% for DTS, 16.9 and 13.5% for
DTM, 65.1 and 73.1% for GMC and 17.3 and 19.0% for GFP under well-
watered and water-stressed environments, respectively. For grain yield per
feddan, predicted genetic gain from selection using 16% selection intensity
was 25.2 and 22.9% for the 100 EE S,’s, 21.1 and 21.9% for the 100 EL
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Si’s, 26.2 and 23.9% for the 100 LE S;’s, 19.0 and 16.1% for the 100 LL
Si’s and 28.4 and 33.6% for the 400 S¢’s under well-watering and water-
stress conditions, respectively.

Indirect selection (a secondary trait vs grain yield)

Responses of grain yield/fed to selection for secondary traits were
calculated for each group of 100 S;’s (Table 6) such that selection was for
either increased values of GYPP, KPR and 100KW or a decrease in barren
stalks, DTS, DTM, GMC and GFP traits. In general direct selection for
grain yield/fed was more efficient in predicted genetic advance from indirect
selection for all secondary traits. This conclusion is based on comparisons
between predicted responses of improving grain yield indirectly vig a single
secondary trait and directly via grain yield per se by calculating the value of
relative efficiency (RE) which was <100%. These comparisons showed that
direct selection for grain yield was significantly superior to indirect
selection via any single secondary trait. Responses to selection for single
secondary traits in all studied groups of 100 S,’s were higher under well-
watered than under water-stressed environments. The reason for that could
be attributed to the low heritability under water-stress conditions (Shabana
et al 1980 and Shaboon 2004).

When responses of grain yield to selection for single secondary traits
were compared under any selection environment, responses of grain yield
per fedden to selection for high grain yield/plant was predicted to be the
largest, followed by 100KW and KPR under both environments and for low
percentage of barren plants under water-stress conditions, It is therefore
concluded that secondary traits such as grain yield/plant, 100-kernel weight,
number of kernels/row and barrenness are valuable criteria in increasing the
efficiency of selection for grain yield under water stress conditions. These
traits could be used in water deficit breeding programs. They are related to
genetic water-stress tolerance. Other secondary traits which were not
considered in this study may deserve further attention regarding their value
in water deficit breeding programs. Selection for improved performance
under drought based on grain yield alone has often been considered
inefficient, but the use of a secondary trait 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
improving grain yield, future research should focus on the incorporation of
secondary traits such as barren stalks, 100KW and KPR traits in the
selection programs along with the grain yield trait.
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Table 6. Predicted correlated genetic response from indirect selection (selection in a secondary trait for the
improvement of grain yield/fed) of the 4 groups of 100 S;'s and the 400 Sy's,

S, group DTS DTM GMC Grp

WW_ RE% WS RE% WW RE% WS RE% WW RE% WS RE% WW RE% WS RE%
460 8,'s 145 362 154 327 199 498 304 645 156 391 282 597 160 401 241 51.1
100 EE S,'s 2.6 7.5 0.3 0.9 It 32 06 -18 0.4 1.2 3.0 9.3 24 -68 02 -0.8
100 EL S,'s 1.3 4.3 14 4.6 L5 5.0 4.7 152 4.9 16.6 1.7 5.6 1.7 57 2.2 7.0
100 LE S;'s -0.6 -15 4.3 130 -1.1 -2.9 L3 4.5 5.5 150 50 150 -16 -43 -01 -04
100 LLSs 21 80 29 129 09 34 31 137 05 -1.7 52 232 08 31 31 136

BP KPR 100KW GYPP

400 S,'s -88 221 -342 -725 308 773 336 711 288 721 326 690 387 970 426 903
100 EE S,'s -182 -51.5 -283 -882 205 480 296 921 280 791 227 708 363 1027 316 983
160 EL S,"s -15.0 -50.6 -30.3 -982 195 657 182 590 206 695 150 487 257 867 253 82.2
100 LE 8;'s -5.6 -151 -204 -60.7 298 8LI 261 780 302 822 251 748 347 944 334 996
100 LLS,'s  -17.6  -66.1 -19.1 -84.6 173 649 162 714 163 610 1L5 509 253 948 199 830

Relative efficiencies (RE%) = 100 (CR/R).
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Experimental population evaluation trial

Analysis of variance

Results of the combined analysis of variance (data not presented)
showed that highly significant differences existed among the two irrigation
regimes for all studied characters, except for BP trait. Combined analysis of
variance also showed significant or highly significant differences among the
nine populations for all studied traits, except for BP trait. Mean squares due
to populations X irrigation regimes interaction were significant or highly
significant for 7 out of 12 studied traits, i.e. DTS, DTM, GDD, GMC, GFP,
GFR and GYPP. For these traits, populations performed differently under
different irrigation regimes. Separate analysis of variance revealed
significant or highly significant differences among populations either under
well-watered or water-stressed environments for all studied traits, except for
percentage of barren stalks under water stressed environment.

Performance of populations

The mean grain yields of the Pop-O, Pop-EEWW, Pop-EEWS, Pop-
ELWW, Pop-ELWS, Pop-LEWW, Pop-LEWS, Pop-LLWW and Pop-
LLWS were 15.6, 14.4, 13.3, 16.4, 14.8, 19.1, 17.6, 16.6 and 15.9 ard/fed
under well-watered and 11.8, 10.1, 9.4, 11.6, 10.6, 14.1, 13.7, 12.6 and 11.2
ard/fed under water-stressed environment, respectively (Table 7).

Pop-LEWW showed the best grain yield per fed and per plant and
was significantly superior to all other studied populations, including Pop-0
either under water-stressed or non-stressed environments. The second best
population in grain yield per fed after Pop-LEWW was the new population
Pop-LEWS, which was significantly superior over all other populations
under both environments. In the third rank for grain yield/fed came the new
populations Pop-LLWW and Pop-ELWW under both water-stress and non-
stress conditions which was significantly superior in grain yield/fed over
Pop-0, Pop-EEWW, Pop-EEWS, Pop-ELWS and Pop-LLWS.

The new populations Pop-LEWS and Pop-LEWW showed the
lowest reduction in grain yield due to water deficit and therefore could be
considered the most drought tolerant population in this study. Superiority of
Pop-LEWW, Pop-LEWS, Pop-LLWW and Pop-ELWW over Pop-0 and
other new populations in grain yield/fed was also exhibited in grain yield
per plant under both irrigation regimes. Pop-LEWW exhibited the largest
means of grain yield/plant (108.6 and 94.4 g), 100 kernels weight (20.6 and
17.8 g), number of kernels / row (43.3 and 34.2) and grain filling rate
(2.0 and 1.8 g/day) under well — watered and water-stressed environments,
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Table 7. Means of all studied traits for the 9 populations (8 improved
and one originalj evaluated under well-watered and water-
stress conditions at Sids in 2007.

Pop- Pop- Pop- Pop-  Pop- Pop- Pop- Pop- LSD

Trait  Pop® prww EEWS ELWW ELWS LEWW LEWS LLWW LLWS (0.05)

Well-water conditions
DTS 62.7 595 598 591 592 656 649 642 65.0 1.5
DTM 123 118 117 121 120 120 118 126 126 3
GDD 1856 1772 1754 1827 1815 1811 1772 1899 1905 39
GMC 27.1 17.0 159 320 30.1 18.0 17.0 342 321 1.4
GFP 60,5 588 575 622 610 544 534 61.7 61.3 3.0
GFR 1.5 L6 1.6 1.6 1.6 2.0 1.8 1.7 1.6 0.1
PH 222 184 178 196 190 208 202 230 223 9
BP 1.5 0.4 0.6 0.8 04 0.2 0.6 0.7 1.4 0.5
KPR 37.0 354 33.0 381 358 433 40.7 394 363 3.6
100KW 183 21.1 193 20,6 19.1 206 19.3 220 211 2.6
GYPP 925 958 936 995 957 1086 972 1049 96.8 7.0
GYPF 156 144 13.3 16.4 148 19.1 17.6 16.6 15.9 1.0
Water-stress conditions
DTS 61.2 588 58.1 564 574 6277 62.0 63.8 63.1 2.2
DTM 117 112 111 116 114 114 112 121 120 4
GDD 1754 1683 1661 1723 1705 1708 1683 1823 1815 66
GMC 24.8 17.2 152 285 277 18.2 16.2 30.6 28.6 14
GFP 56.1 536 532 391 568 516 503 57.2 57.2 2.0
GFR 1.5 1.5 1.5 1.5 1.5 1.8 1.7 1.6 1.5 0.2
PH 217 167 178 192 i74 - 200 200 221 217 9
BP 4.9 31 2.9 1.2 2.4 1.1 2.1 32 2.7 2.6
KPR 336 359 317 368 320 342 297 353 29.9 38
100KW 152 18.5 16,0 212 186 178 158 21.1 18.1 2.6
GYPP 827 8i5 803 911 84.1 94.4 86.3 93.7 852 5.4
GYPF 118 101 9.4 11.6 106 14.1 13.7 12.6 11.2 0.8
Water stress effect (WSE%)
DTS -2.4 -1.2 -2.9 -4.6 -3.0 -4.4 -4.5 -0.6 -2.9
DpTM -4.8 -5.0 -5.1 -4.8 -5.0 -4.8 -5.1 -3.9 -4.8
GbU -5.5 -5.0 -5.3 -5.7 -6.1 -5.7 -5.0 -4.0 -4.7
GMC -8.5 1.2 -48 -11.0 -8.1 0.8 -48 -10.6 -11.0
GFP -7.2 -8.8 -7.4 -4.9 -6.9 -5.2 -5.8 -7.3 -6.7
GFR -3.7 -6.7 -7.3 -3.8 -5.7 -8.3 -5.7 -3.7 -5.7
PH -2.3 -94 -1.7 -2.2 -8.5 -3.8 -1.1 -3.9 -2.8
BP 228 676 375 47 500 450 257 343 89
KPR -9.1 1.7 -4.2 35 -10.7 211 271 -10.5 -17.6
100KW -17.1 -12.58 -17.3 32 23 <133 -17.8 38  -140
GYPP -10.6 -150 -142 -85 -121 -130 -11.2 -10.7 -12.0
GYPF -244 -30.0 -29.1 -292 -285 -263 -22.6 -243 -294

WSE% (Water stress effect) = 100 (WS-WW)/WW.,

232



respectively. Reduction in grain yield/fed due to water stress in all studied
populations was mainly attributed to reduction in grain yield/plant followed
by reduction in 100KW, KPR. This indicates that drought just before and
during flowering affects mainly the number of kemels/row. The earliest
populations in maturity (DTM) were Pop-EEWS (117.3 and 111.3 days),
Pop-EEWW (118.3 and 112.4 days), Pop-ELWW (121.3 and 115.5 days
and Pop-ELWS (120.2 and 114.3 days) as compared with Pop-0 (123.2 and
117.3 days) under well-watering and water-stress, respectively. On the other
hand, the latest populations in DTM were Pop-LLWW (125.9 and 126.3
days) and Pop-LLWS (126.3 and 120.2 days). The earliest populations in
flowering (DTS) were Pop-EEWS, Pop-EEWW and Pop-ELWS under both
water-stressed and non-stressed environments. On the contrary, the
populations Pop-LLWW and Pop-LLWS were the latest in DTS under both
environments.

In general, the highest estimates of GDD, GMC and GFP traits were
shown by Pop-LLWW and Pop-LLWS, while the lowest estimates were
exhibited by the populations Pop-EEWW and pop-EEWS under both
irrigation regimes. It is interesting to mention that the populations Pop-
LEWW and Pop-LEWS were earlier in maturity and at the same time gave
higher grain yield/fed as compared with Pop-0 (Giza-2). The increase of
these two new populations in yield over Giza-2 could be attributed to the
elongation in vegetative growth period (source) and thus accumulation of
more photosynthetic assimilates as well as to the high rates of grain filling
shown by these populations. Corke and Kannenberg (1989) found that
increased vegetative phase duration (VAD) had positive significant effect on
grain yield and that increased actual filling period duration (AFPD) had
positive slightly effects on grain yield, but these were generally not
significant. They reported that differences in kernel number per plant
contributed most to grain yield variation within any environment, whereas
1000 kernel weight contributed most to grain yield difference across
environments. Their results indicated a vegetative size limitation for grain
yield of short season maize in the material studied. They stated that this
should not be interpreted strictly as a source (supply of photoassimilate)
limitation during the grain filling period, because preanthesis source size
may partly determine kernel number per plant and thus affect sink size.

Change due to selection

a. Change in selected traits

One cycle of S; recurrent selection for high grain yield, late
flowering and early maturity using the well-watered as a selection
environment caused a significant improvement of the Pop-LEWW over its
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Table 8. Change in selected traits due 10 one cyele of §; recurrent selection in

the eight improved populations in absolute units (AC) and relative
(RC%) values as compared to the original population (Pop-0)
evaluated under well watered and water stress conditions at Sids

2007.
Well-water Water-stress

Population DTS DIM GYPF DTS DIM GYPF
(d) (d) (ard/fed) (d) (d) (ard/fed)

Pop-EEWW AC 32%  49%  12%  2.4* -50¢ 17
RC(%) -5.1 4.0 77 40 42 -146

Pop-EEWS AC 2.9%  .59%  23%  31% .61 -2.4%
RC(%) 4.7 48 -149 51 52 202
Pop-ELWW AC 3.6% 1.9 0.7  -48*  -18 0.2
RC(%) -5.8 -15 48 79 15 -1.9+
Pop-ELWS AC 354 .30 0.8 38 3.1 12
RC(%) -5.6 2.4 49 62 26  -101
Pop-LEWW AC 2.9 32¢ 35 15 3.0 2.3
RC(%) 4.6 26 026 24 26 19.5
Pop-LEWS AC 22%  .49% 20 08  -5.0%  1.9%
RC(%) 3.5 -4.0 130 * 13 -43 15.7
Pop-LLWW AC 1.4 2.7+ 1L.0*  2.6* 3.7 0.8
RC(%) 23 2.2 63 4.2 3.1 65
Pop-LLWS AC 22% 3% 0.3 1.9 2.9 0.6
RC(%) 3.6 2.5 1.9 3.0 2.5 4.8

AC; Absolute change = New Pop — Pop-0 and RC(%), Relative change = 100 {(New Pop — Pep-0)/Pop-0.
* indicates significance at 0.05 level of probability.

original population (Pop-O) in grain yield/fed by 3.5 and 2.3 ard (22.6 and
19.5%), significant lateness in silking by 2.9 and 1.5 days (4.6 and 2.4%)
and significant earliness in maturity by 3.2 and 3.0 days (2.6 and 2.6 %)
under well-watered and water-stressed environments, respectively (Table 8).

The improved Pop-LEWS developed by using the soil moisture
deficits as a selection environment came in the second place with regard the
improvements over Pop-O in grain yield and earliness traits. This new
population (Pop-LEWS) showed superiority over Pop-O in grain yield/fed
by 2.0 and 1.9 ard (13.0 and 15.7%), and was later than Pop-O in maturity
by 4.9 and 5.0 days (4.0 and 4.3%) under non-stress and water-stress,
respectively.
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Selection for high grain yield, late flowering and late maturity under
well-watering caused significant improvements in grain yield/fed for the
new population Pop-LLWW by 1.0 and 0.8 ard (6.3 and 6.5%) over its
original population (Pop-O) under well-watered and water-stressed
environments, respectively. However, this new population Pop-LLWW
showed a delay in silking of 1.4 and 2.6 days (2.3 and 4.2%) and in maturity
of 2.7 and 3.7 days (2.2 and 3.1%) as compared with the original population
Pop-0, under well-watered and water-stressed environments, respectively.

Selection for grain yield under stressful conditions 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, Johnson and
Geadelmann 1989 and Bolanos and Edmeades 1993). 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-stress conditions. One cycle of S; recurrent
selection for early silking, early maturity and high grain yield under water-
stress environment in the Pop-EEWS caused a direct significant
improvement in earliness of silking of 2.9 and 3.1 days (4.7 and 5.1%) and
in earliness of maturity of 5.9 and 6.1 days (4.8 and 5.2%) and significant
reduction in grain yield/fed of 14.9 and 20.2% under well-watering and
water-stress conditions, respectively. Moreover, the new experimental
population (Pop-EEWW) developed by one cycle of S;-recurrent selection
for early silking, early maturity and high yield under a well-watering
selection environment was significantly eariier than the original Giza-2
population (Pop-0} in silking by 3.2 and 2.4 days (5.1 and 4.0%) and in
maturity by 4.9 and 5.0 days (4.0 and 5.2%), but was significantly lower in
grain yield/fed by 1.2 and 1.7 ard (7.7 and 14.6%) under well-watered and
water-stressed environments, respectively.

b. Change in unselected traits

Selection improvement in earliness of silking, earliness of maturity
and high grain yield/fed over Pop-0 under the moisture deficit target
environment was associated with a significant decrease in growing degree
units (GDD) of 71.0 and 93.0 unit (4.0 and 5.3%), decrease in grain
moisture content (GMC) of 7.6 and 9.6% (30.8 and 38.7%), shortening in
grain filling period (GFP) of 2.5 and 2.9 days (4.5 and 5.2%), decrease in
plant height (pH) of 49.7 and 42.0 cm (22.9 and 19.4%) for Pop-EEWW and
Pop-EEWS, respectively (Table 9). Under the well-watered target
environment, selection improvement in earliness of silking, earliness of
maturity and high grain yield over Pop-0 was attributed to significant
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Table 9. Change in unselected traits due to one cycle of S; recurrent selection
in the eight improved populations in abselute units {AC) and relative
(RC%) values as compared to the original population (Pop-0)
evaluated under well watered and water-stress conditions at Sids

2007,

Population Change GDD GMC  GFP PH BP GFR KPR 100KW GYPP

(%o} d) (em) (%) (g/d) 4] ®
Well- watering

Pop-EEWYY AC -83.8* -10.1* -7 -37.6% -14 61* -7 28 33
RC(%) -4.5 -¥37.3 28 -169 9.7 6.5 4.5 15.2 3.6
Pop-EEWS AC -102.0% -11.1*  -30% d40* <12 0.1 -4.0* 1.0 1.1
RC(%} -3.5 -41.1 -5.0  -199  -80.0 6.5 -10.7 54 1.2
Pop-ELWW AC <290 5.0* L7 257 -15 0.1* 1.1 23 7.0*
RC(%) -1.6 18.3 2.9 116 -96.7 4.6 3.0 12.3 7.6
Pop-ELWS AC -41.0* 3.0* 4.5 318 -1.1 0.0 -1.2 0.8 3.2
RC(%) -2.2 11.2 0.3 -i44 2733 26 -3.4 43 3d

Pop-LEWW AC -45.0* 9.0*  61* 137 -1.3 0.5* 6.3* 23 16.1*
RC(%) -2.4 -33.3 -10.0 62  -86.7 304 17.0 12.8 174
Pop-LEWS AC -83.8* -10.4% 7 S196% 0.9 0.3* Ky 1.0 4.7
RC(%) -4.5 -37.3 .11 -8.8 -60.8 18.9 10.0¢ 53 5.0

Pop-LLWW AC 43.0* T.1* 1.2 7.9* -0.8 0.2+ 2.4 37 12.4*
RC(%) 23 26.4 2.0 3.6 -51.7 11.1 6.4 20.0 13.4
Pop-LLWS AC 19.0* 5.i* 0.8 1.1 -0,1 0.1* -0.7 28 4.3
RC(%0) 2.6 18.8 14 0.5 -6.7 3.3 -2.0 15.3 4.7

Water stress

Pop-EEWW AC -7L0* 76 2.5 457 -8 0.0 2.3 33 -1.3
RC(%) -4.0 -30.8 -3.5 -22% 374 31 6.8 21.7 -1.5
Pop-EEWS AC -93.0* 9.6 -2.9% 420 11 0.0 -2.0 0.8 <24
RC(%) -5.3 -38.7 -5.2 194 421 2.4 -5.9 52 -2.9
Pop-ELWW AC =30 3.1 3.0 249 3.8 0.1 32 6.0 8.4
RC(%) -1.8 15.0 54 1L 2761 4.5 9.4 39.9 10.1
Pop-ELWS AC -49.0 2.9* 0.7 429 25 0.0 -1.7 3.5 1.4
RC(%) -2.8 11.7 12 -19.8 513 0.4 -5.0 229 1.6

Pop-LEWW AC -46.0 6.6 ~4.5%  .16.5* -38* (04 0.5 2.7 1.7+
RC (%) 2.6 -26.6 -8.1 6 V17 242 1.6 17.7 141
Pop-LEWS AC S7L0r 8.6 -5.8*  -16.6* -2.8* 0.2* -40* 0.7 3.6
RC(%) -4.0 7 -104 77 374 165  -11.8 4.5 4.4

Pop-LLWW AC 69.0* 5.8+ 1.1 4.2 -1.7 0.2* 1.6 6.0 1L0*
RC(%) 39 234 240 1.9 -34.8 11.1 4.8 39.2 133
Pop-LLWS AC 61.0 3.8 1.0 -0.1 -2.3 0.0 -3.9 3.0 25
RC(%) 35 15.5 1.9 0.9 -46.2 1.1 141 19.6 30

AC; Absolute change = New Pop — Pop-0 and RC%; Relative change = 100 (New Pop — Pop-
0)/Pop-0. , * indicates significance at 0.05 level of probability.
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improvements in other traits, namely decrease in GDD by 83.8 and 102.0
units (4.5 and 5.5%), decrease in GMC by 10.1 and 11.1% (37.3 and
41.1%), shortening in GFP by 1.7 and 3.0 days (2.8 and 5.0%), decrease in
PH by 37.6 and 44.0 cm (16.9 and 19.9%) for Pop-EEWW and Pop-EEWS,
respectively.

Selection for early silking, late maturity and high grain yield was
associated with significant decrease in GDD by 31.0 and 49.0 units (1.8 and
2.8%), increase in GMC by 3.7 and 2.9 (15.0 and 11.7%), increase in GFP
by 3.0 and 0.7 days (5.4 and 1.2%), decrease in PH by 24.9 and 42.9 (11.5
and 19.8%) and increase in 100KW by 6.1 and 3.5 g (39.9 and 22.9%) for
Pop-ELWW and Pop-ELWS, respectively under moisture deficit target
environment. Under well-watered target environment, significant changes in
the unselected traits included a reduction in GDD by 29.0 and 41.0 (1.6 and
2.2%), an increase in GMC by 5.0 and 3.0% (18.3 and 11.2%), an increase
in GFP by 1.7 and 0.5 days (2.9 and 0.8%), a decrease in PH by 25.7 and
31.8 cm (11.6 and 14.4%), an increase in 100KW by 2.3 and 0.8 g (12.3 and
4.3%), and an increase in GFR by 0.07 and 0.04 g/day (4.6 and 2.6%) for
Pop-ELWW and Pop-ELWS, respectively.

Under water stressed target environment, selection improvement in
lateness of silking, earliness of maturity and high grain yield over the
original population Pop-0 was associated with significant decrease in GDD
by 46.0 and 71.0 (2.6 apnd 4.0%), decrease in GMC by 6.6 and 8.6% (26.6
and 34.7%), decrease in GFP by 4.5 and 5.8 days (8.1 and 10.4%), decrease
in PH by 16.5 and 16.6 cm (7.6 and 7.7%), increase in GFR by 0.5 and 0.3
g/day (30.4 and 18.9%) and increase in 100KW by 2.7 and 0.7 g (17.7 and
4.5%) for Pop-LEWW and Pop-LEWS, respectively. Under non-stress
target environment, significant changes in the unselected traits included
decrease in GDD of 45.0 and 83.8 units (2.4 and 4.5%), decrease in GMC of
9.9 and 10.1% (33.3 and 37.3%), decrease in GFP of 6.1 and 7.1 days (10.0
and 11.7%), decrease in PH of 13.7 and 19.6 cm (6.2 and 8.8%b), increase in
GFR of 0.2 and 0.1 g/day (11.1 and 3.3%) and increase in 100KW of 2.3
and 1.0 g (12.5 and 5.3%) for the same populations (Pop-LEWW and Pop-
LEWS), respectively. Selection for late silking, late maturity and high yield
caused a significant increase in GMC by 2.3 and 2.6% and increase in
I00KW by 3.7 and 2.8 g (20.0 and 15.3%), for Pop-LLWW and Pop-
LLWS, respectively evaluated under well watered-target environment.
Significant changes in the unselected traits as compared to Pop-0 included
increase in GDD by 69.0 and 61.0 units, (3.9 and 3.5%), increase in GMC
by 5.8 and 3.8% (23.4 and 15.5%), increase in GFR by 0.2 and 0.02 g/day
(11.1 and 1.1%), and increase in 100KW by 6.0 and 3.0 g (39.2 and 19.6%)
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for the same populations Pop-LLWW and Pop-LLWS, respectively when
were evaluated under water-stress conditions.

Actual vs predicted progress

In general, estimates of actual progress in grain yield/ fed as a result
of practicing one cycle of S, recurrent selection shown in only three of the
new populations, i.e Pop-LEWW (22.6 and 19.5%), Pop-LEWS (13.0 and
15.7) and Pop-LLWW (6.3 and 6.5), were much lower than those of
predicted progress, under well-watered and water-stressed environments,
respectively. This could be due to the overestimation of the heritability
based on the total genetic variance (in the broad sense). It is believed that a
considerable amount of non-heritable genetic variance (dominance and
epitasis) is included in such total genetic variance. Failure in achieving
actual progress in grain yield/fed in some of the newly-developed
populations could be attributed to the negative correlation between grain
yield and earliness of DTS and DTM, especially for Pop-EEWW and Pop-
EEWS and high percentage of lodging (data not presented) and barrenness
for Pop-LLWS. Furthermore, Al-Naggar ef al (2004) reported that one cycle
of S; rac.rem selection using the well-watered as a selection environment
cause a significant improvement in GYPF of Pop-1 over DTP-1 under water
deficits by 30.8% and under well-watered conditions by 16.0%.

The higher gains in grain yield/fed from selection per cycle achieved
in the present study in some newly-developed populations (especially Pop-
LEWW and Pop-LEWS) as compared to those reported by other
investigators might be attributed to the richness of the original population
(Giza-2) in genetic variability and to using the S, progeny method which
utilizes the additive genetic variance in a better way than other methods and
presents an opportunity for selection against major deleterious recessive
genes that become homozygous with inbreeding (Genter 1971 and 1973,
Tanner and Smith 1987 and Hallauer and Miranda 1988). Actual progress in
earliness either for silking or maturity as a result of practicing one cycle of
S; recurrent selection was much lower than those of the calculated predicted
progress. This also could be e to overestimation of the heritabilities for
these earliness trni's based ¢i the total rather than on the additive genetic
variance. The a' :.2] signiti~.. . 2ain via one cycle of S; recurrent selection
for earliness - . .a.arity achieved in this study was 5.9 and 6.1 days for Pop-
EEWS, 4.9 and 5.0 days for Pop-EEWW, 3.0 and 3.1 days for Pop-ELWS,
3.2 and 3.0 days for Pop-LEWW and 4.9 and 5.0 days for Pop-LEWS under
WW and WS, respectively. This gain in earliness of maturity is much
greater than that reported by previous investigators ( Subandi 1985, Troyer
and Larkins 1985, Troyer 1988 and 1990, Ordas 1988 and Ordas et al
1996). The reason for obtaining such higher gains in earliness of maturity
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than those reported by other researchers might be attributed to the
following: (1) the better effectiveness of S; recurrent selection as compared
with other selection methods used in other studies, (2) the richness of Giza-2
in genetic variability concerning days to flowering and to maturity, which
was not previously utilized in selection programs and (3) practicing
selection for earliness in this study under water stress conditions which gave
better gains for earliness than under non-stress conditions.
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