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ABSTRACT

Nine temperate and subtropical maize populations had undergone one cvcle of S1-
family selection for drought tolerance. The original (C0) and improved (CI) populations
were cvaluated under normal (flooding) and stress irmigation conditions at Sids and Nubaria
Agnic. Res. Stations in 2000. ;

Results showed that the behavior of CO and C1 populations under the two irrigation
levels differed from onc population to another, moreover, response of different traits to
selection for drought tolerance varied considerably among populations and between the two
irrigation levels. Reduction in yield under drought stress was less for C1 (29.6%) of Giza 2
Cé6, Giza 2 C8,DTP.1 C7(Y), and DTP.2 C5 (W) populations when compared with yield
reduction of CO (48.5%) of these populations, which reflects the success of selection to
improve performance of the four populations under drought stress conditions. Average
gain/cycle for grain vield under drought stress was 10%. Improved performance under
drought stress of the four populations was mainly due to an improvement in number of
cars/plant and/or 100-kemels weight. For most of the studied populations, selection
succeeded to reduce the silk-tassel interval wnder drought stress by I-3.5 days. It was
concluded that Giza 2 C8 is the best population for the development of drought tolerant
inbred lines.
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INTRODUCTION

Considerable attention is currently being given to the effect of limited
irrigation water supply on crop growth and production. Maize production in
the new reclaimed lands at Nubaria and some parts of Western Delta is
facing irrigation problems due to either insufficient amounts of water
reaching these areas or distant irrigation shifts amounting to 3 weeks during
hot summer.

Either of the two reasons could impose severe drought impact on
maize growth specially when it occurs during the critical periods of crop
growth, ie. flowering period. Yield losses due to drought stress varies from
one area or one season to another and can reach 50% or more (Denmead and
Shaw 1960, Mc Pherson and Boyer 1977). Reduction in maize production
due to drought stress depends upon level of tolerance of the grown plants,



durability of drought period, and the growth stage at which plants were

exposed to drought.

Improved tolerance of maize hybrids and populations to drought stress
has contributed significantly to grain yield improvement of maize in areas
apt to moisture stress during growing season {Tollenaar ef af 1994a).
Recently, there are increasing efforts in the National Maize Program
towards developing drought tolerant hybrids. The basis for developing these
hybrids is to have drought tolerant populations (local or exotic) or to
improve the existing population (s) for drought tolerance.

The objectives of this investigation are, (1) to study the effect of
timing and duration of drought stress periods on growth and yield of nine
maize populations; (2) to search if any of these populations can be used as a
direct source for developing drought tolerant inbred lines; and (3) to
evaluate the response of these populations to one cycle of S1 recurrent
selection for drought tolerance.

MATERIALS AND METHODS

Nine maize populations had undergone one cycle of Si-family
selection for drought tolerance. Out of the 9 populations, 5 were white i.e.
Giza 2 cycles 6, 7 and 8; Drought Tolerant Population # 2 C5-W (DTP.2
C5-W), and Drought Tolerant Population # 1C7-W (DTP.1 C7-W), The
other four populations were yellow, i.e. Population 45 C1 and C2; Drought
Tolerant Population #2 C5-Y; and Drought Tolerant Population #1 C7-Y).
Both Giza 2 and Population 45 were developed by the National Maize
Program. The drought toleramt populations were developed by the
International Center for Maize and Wheat Improvement (CIMMYT). The
germplasm background of these populations is given in Table (1).

In 1997, the 9 populations were grown in the breeding nursery at Sids
Station under regular irrigation. At flowering, about 500 plants were
selected and selfed based on good morphological attributes. At harvest, 250-
300 ears were selected (based on good ear characters) and shelled
separately. In 1998, S! families were evaluated at two locations under
regular irrigation and stress irrigation conditions. Under stress irrigation
(drought conditions), water was withheld for 3 consequent irrigations (about
35 days) starting from about 10-15 days before flowering. Selection
intensity of 20-25% was used based on good yield performance under both
irrigation levels, short tassel-silk interval, and resistance to late wilt disease.
In 1999, remnant seed of selected S1 families from each population were
planted in the breeding nursery and crossed in all possible combinations in a
half-sib manner to form C1 population. At the same time, selected Si
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families were advanced to S2 generation. In year 2000, both original CO
and improved C1 populations were evaluated at Sids and Nubaria Agric.

Table 1. Germplasm constitution of the populations used in the study,

Population Grain Genetic background
color
type
Giza 2 White (A composite pepulation consisted of 10 genotypes
(C6-C7-C8) Dent |(Tepalsinge No.5, Tepalsingo No.6, Tuxpeno,|
Mexican June, Laposta, Kitale Syn.2, Blanco
Comune, American Early Dent, Composite C, and
Local 14). It was developed by the National Maizt;‘
Breeding Program and had undergone 8 cycles o
H.S.recurrent selection for yield and disease
resistance.
Composite 45 | Yellow Originally a CIMMYT population named
(C1-C2) Dent [AMARILLO (BAJIO), a subtropical-temperate
population with good adaptaion to EgyptianJ
environment and had undergone two cycles of]
H.S.recurrent selection for yield and disease
resistance.
DTP.1 C7 White |A CIMMYT white population consisted of]
Dent drought tolerant sources and subjected to 7 cycles
of S1 recurrent selection for yield and drought
tolerance.
DTP.1 C7 Yellow |{Same genetic constitution as white populationH
Dent |[DTP.1 C7 but converted to yellow population.
DTP.2 C5 White A CIMMYT white population consisted of DTP.1|
Dent ;white population in addition to some other
drought tolerant sources. It was subjected to 5
cycles of 81 recurrent selection for yield and
drought tolerance.
DTP.2 C5 Yellow Same genetic constitution of DTP.2 white
Dent population but converted to vellow population,

Res. Stations under normal irrigation and drought stress as descried for 1998
evaluation trials. Meanwhile, selected S2 families were advanced to S3
generation. The experimental design was split - plot with 4 replicates. The
irrigation levels were assigned to the main plots, while the populations were
assigned to the sub-plots. Two replicates were for normal irrigation and the
other two were for the stress irrigation. The experimental plot consisted of
two rows, each of 6 m length and 70 cm width. Planting was performed in
hills evenly distributed at 25 ¢cm along the row, at the rate of 2 seeds per hill.
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- -.-Plants- were thinneds later to one .Flanzferhiil,-fwviding for a.population

density of 24000 plants/fad.

Fertilizers were applied at the rate of 120:30:24kg N:P:K per faddan.
Other agricultural practices were followed as recommended. At Sids, day

temperatures during the growing season ranged between 30 and 42°0C, while
mght temperatures ranged between 183 and 25°C. At Nubaria, day

temperatures were 28-350C and night temperatures were 15-220C. Depth of
soil water table was about 80 cm at Sids, while at Nubaria it was about 150
cm. Data were collected for number of days to 50% silking and tasselling,
plant height {measured on 5. plants/plot), grain.yield, and ear length and
diameter. - a '
Test of homogeneity of error variances at both locations was
performed according to Snedecor and Cochran (1967). Error variances were
found to be heterogenious, therefore, combined analysis was not applicable.

RESULTS AND DISCUSSION

Mean squares for grain yield, number of ears per plant, 100-kernels
‘weight, ear dmmeter; ear length, silk-tassel interval, and plant height are
given in Table (2) for Nubaria and Sakha Research Stations. Significant
differences were found between the two stress levels for grain yield (at both
locations), 100-kernels weight and ear diameter at Nubaria, and number of
ears/plant, silk-tassel interval, and plant height at Sids. Moreover,
significant differences were found among populations for all traits at both
locations except for ear length at Sids and silk-tassel interval at Nubaria.
Populations x stress interaction was significant for grain yield, ears/plant,
and silk-tassel interval at Sids only.
A- Performance of populations under normal irrigation

1- Giza 2 population (C6, C7 and C8)

After one cycle of selection for drought tolerance in the three Giza-2
populations, grain yield of C1 at Sids was less than CO for (Giza-2Cé and
Giza 2 C7, while C1 was slightly higher than CO for Giza 2 C8 (Table 3). At
Nubaria, yield of CO for Giza-2 C6 was significantty higher than Cl, while
the opposite trend was found for Giza-2 C8. The highest response to
- selection was- achfeved for Giza 2-C8 wirere vield-of C1 (29:4 ard /fad) was
significantly higher than CO (25.3 ard/fad) by 16% at Nubaria, while at Sids,
there was a slight increase in yield of CO when compared with C1. Grain
yield .of C1-of Giza 2 C8 at both locations was.the highest among the 3 Giza
2 populations. It was concluded that, generally, no remarkable yield
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Table 2. Mean squares for yield and six agronomic traits of 18 maize populations grown under normal and stress irrigation at Nubaria and
Sids Research Stations in 1999,

Grain yield Ears /plant 1040 kernels wt, Ear diameter Ear length 8-T inmterval T Plant height
5.0.v ar (ardiad) (no) ® (om) (cm) @ (em)
Nubaria Sids Nubaria | Sids | Nubaria| Sids Numbaria | Sids | Nubaria | Sids | Nubaria Sids Nuharia Sids
Replicates 1 0.38 1.06 0.003 | 0.602 | 1217 | 9135 | 0257 | 0180 | 946 | 140 | 00 0.89 159.01 8.68
Stress 1 | 501.60* § 2330.96* | 0.047 | 1.220* ) 141.68* | 43.71 | 0.740* | 0.409 | 2301 | 3.02 | 635 j102.72%+] 406501 | 10296.13*
Rep. x Stress 1 3.05 730 0011 | 0.001 | 0.8% 1615 | 0.003 | 0036 | 059 | 494 | @13 a.01 268.35 51.68
Entry 17 | 3113 | 47.03** d.ozgu 0.016**| 20.07** | 30.83* | 0.294~* [ 0.219% | 3.06** | 4.08 | 056 | 7.12** | 569.80%* 127.90
Entry x Stress | 17 5.60 18.10* | 0007 |0.014*+| 228 1549 | 0024 [ 0092 | 034 | 426 | 023 | 393 80.93 200.65
Pooled error 34 3.08 318 0.004 | 0.004 | 134 1352 1 0028 o111 ! 030 | 4.61 '0.42 1.31 7241 199.09
C.V.(0.05) 7.64 9.25 608 | 738 | 3.08 1371 3.51 790 | 326 | 1327 1450 4.7 424 830

*, *~ Sjgnificant and highly significant at 0.05 and 0.01 probability levels, respectively.Silk-tassel interval.
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Table 3. Means for vield and six other agronomic traits for nine populations at Nubaria and Sids Res. Stations under normal irrigation in 1999

T

‘ l Grain yield Ears/plant 100-Kernel wt. | Far diameter | Ear length S-T interval* | Plant height

Population Cycle | (ard/fad) {no} B (cm) | Jem) (d) _ (emy
| Nub. | Sids | Nub. | Sids | Nub. | Sids | Nub. ' Sids ; Nub. ! Sids ;| Nub. | Sids | Nub. | Sids

i 7G, Vzcsr | co | 2895 27.03| 112 {099 | 417 | 289 | 53 | 45 | 174 | 168 | 25 | 30 | 218 | 203
za 8.95 | 27 |99 ) | 33 7 8] %5 _ 30 | n8 | 203 |
Cl | 2570 | 2354 | 096 | 093 374 | 301 | 53 | 46 | 183 [ 180 | 25 | 20 | 220 | 19
€O | 2310|2820 098 | 097 404 | 316 | 51 | 47 | 171 167 | 25 | 20 | 22 | 191
Giza 2 C7 SR 316 | |
€1 | 2414 | 2596 | 100 | 095 | 412 | 238 | 48 | 42 | 174 | 174 | 20 | 15 | 211 | 190
Cion 2 C CO 2534 | 30.59 | 100 | 098 | 402 | 339 | 49 | 44 | 189 | 173 | 25 | 20 | 219 | 179
1z8 Ea—
Cl | 2926 | 2908 | 118 | 1.04 | 416 | 274 | 46 | 42 | 17.9 | 178 | 20 | 15 | 213 | 1%
0 | 2407 | 2631 | 103 | 098 | 378 | 346 | 51 | 43 | 160 | 148 | 25 | 25 | 207 | 184
POP. 45 C1 P v o A v L O e U e O E A

Cl (2258|2306 | 103 { 099 | 339 | 293 | 49 | 45 | 170 | 165 ] 20 | 20 | 195
CO | 2340 | 2582 | 1.02 | 098 | 402 | 3.6 | 52 | 48 | 175 ' 181 | 25 | 25 | 197 | 185
POP.45C2 |- — Seihantl) Sy : :

Cl | 1740 | 19.18 | 1.04 | 099 | 357 | 249 | 46 | 41 | 165 | 161 20 | 25 | 188 | 174
co |29a1 {2505 | 122 (110 375 [ 94 45 | 42 | 180 (17 35 [ 20 | 230 | 188
DTP. l C‘T w e e L — . . PO ORI - _ .
Ct | 2612 | 1945 | 1.09 | 101 | 384 | 309 | 43 | 41 | 172 |, 167 | 3.0 | 10 | 212 | 158
c0 | 2647|2257 | L1s | 101 | 384 | 285 48 | 42 [ 177|158 30 [ 30 | 219 | 2m
Cl | 2695 | 2152 | 119 | 107 | 392 | 271 . 49 | 39 | 160 | 166 | 25 | 20 | 196 | 168

o 2779 | 2208 | 113 | 1.02 | 328 250 4.7 4.1 158 | 16.2 3.0 25 209 | 204

DTP.1C7TY -

DIP.2C5W —
C1 (2935 !2519 | 1.10 | 1.06 | 370 | 285 | &3 44 | 170 | 159 . 3.0 25 | 197 | 172
€O | 2313|1905 | 115 | 1.08 | 379 | 248 | 47 40 | 185 | 150 | 25 | 20 | 215 | 190

DTP.Z2C5Y e s EE R S e e
c1 | 2388 | 1735 | 118 | 099 | 383 | 222 | 43 35 | 162 [ 156 | 25 | 20 | 185 | 149
[ LSD (0.05) _ 266 | 447 | 012 | NS | 2.1 62 | 03 T 06 | 11 | NS | NS | 14 | 17 1 28
CV % ""39 ] 85 | 50 | 66 2.5 10.7 33 62 | 31 | 173 ] 199 | 288 | 38 | 72

* S-T interval : silk-tassel interval



improvement due to selection was noticed for the 3 (Giza 2 populations with
the exception of Giza 2 C8 at Nubaria only. Higher yields were mainly due
to higher number of ears/plant and/or higher kernels weight. Direction of
response to selection for ear length, ear diameter, and plant height was not
constant. There was a slight response to selection for reduced silk-tassel
interval where selection reduced the interval by 0.5-1 day.

2- Population 45 (C 1-C 2)

Grain yield of Cl for both populations was less than CO. Yield
reduction ranged from 6.2-25.7%, The reduction was significant for Pop.45
C2 at both locations. Yield reduction was mainly due to less kernels weight.
Ear length and diameter were slightly less in C1 populations. However,
selection led also to a noticeable reduction in plant height, which resulted in
less vigorous plants, smaller ears and consequently less kernels weight.
Little change was noticed in 8-T interval between CO and C1 under normal
irrigation, but there was evident change under drought stress.

3- Population DTP., 1 C7 (W) and DTP.1 C7 (Y)

Response to selection of the two populations was different. Selection
for drought tolerance in the white population resulted in significant decrease
in grain yield at both locations. At Nubaria, yield of C1 was 10.3% less than
€0, while at Sids the yield reduction was 22.4%. Yield decrease was mainly
due to significant reduction in plant height and less ears / plant. In addition,
ear diameter and length tended to be less in C1 compared with CO
population. For DTP.1 C7 yellow population, no significant differences
were found between CO and C1 for grain yield and all other traits except for
plant height at both locations where C1 plants were significantly shorter
than CO plants. A noticeable improvement due to selection was found for S-
T interval between C0O and C1 plants under stress conditions.

4- Population DTP.2 C5 (W) and DTP.2 C5 (Y)

Yield of C1 was greater than that of CO for DTP.2C5 white
population at both locations. Yield increase at Nubaria was due to
significant increase in kernels weight, ear diameter and length, while at Sids
it was due to kemels weight and ear diameter only. C1 plants were shorter
than CO plants, where at Sids, C1 plants were 32 c¢m shorter than CO plants.
No change occurred in S-T interval between CO and C1 at both locations.
For DTP.2CS yellow population, no significant differences in yield were
found between CO and Cl at both locations. Little or no change due to
selection was observed for the other traits except for plant height at both
locations where significant reduction occurred. C1 plants were 30 (41%)
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and 4lcm (21.6%) shorter than CO plants at Nubaria and Sids, respectively.
No ghgmsg Qeeutred in §-T ititéfvalbetween C1 and CO plants.

~ied

B- Performance of pepulatipas wngder drought stress
1- Giza 2 population (C6, (i“?'ﬁﬂ*d*cs)

Response. of Giza-2 pofm}atmﬂa to selection for drought tolerance was
much clear when these populations were evaluated under drought stress
conditions. Grain yield of Cifsp@putatlons was much better than that of CO at
both locations (Table 4). AtSidt? the difference in grain y:eld between CO
and Cl1 was significant for @)2 Cé and G.2 C8. The increase in yield of C1
for the two populatlons reac 41 8 and 28.8%, respectively. Asunder
normal irrigation, C1 of G: g ylelded the best of all Giza-2 populations.
From results under normal ; 3 sffess irrigation, it is clear that one cycle of
selection for drought tolq;gang:e o . {iza-2  population has reasonably
improved performance of these.papulations under drought stress conditions.
The high vield of Cl for Giza:2:¢66 and Giza-2 C8 was mainly due to
improved ability of plants toicarry more ears under drought stress. Plants of
C1 under droughit stfess weére" exeéptionally taller than those of CO. Taller
and vigrous C1 plants of Glza-ﬁ ﬁpulat:ons under drought conditions could
be the main reason of having bétter yield of C1 population. These characters
enable plants to store bigger amcgng,g of dry matter in stems and leaves to be
used during drought stress périod and consequently enabling production of
relatively good yield under drought conditions. It was noticed from the
results that yield under drought conditions at Sids was much less than that at
Nubaria for all-populations. The reason was that, water witholding at
Nubaria started ten days before tassel emergence due to the system of
irrigation shifts; white at Sids, water witholding started three weeks before
tasselling.  As a result, drought effect at Sids covered an important period of
the plant vegetatlve growth, flowering period, and early filling period,
which resulted in more drought stress and consequently more yield
reduction. The effects of higher "témperature at Sids relative to that at
Nubaria can not be ruled out .

Differences between C1 and CO of the above two populations for
kernels weight and ear length and diameter were insignificant. The effect of
selection on S-T interval was more noticeable under drought than under
normal irrigation. S-T interval fqr C0 of Giza-2 populations at Sids ranged
from 4.5 - 6.5 days while for'C1 planits it was 2-3.5 days which reflects gain

from selection for this trait.
' " ¥ }:‘ if.c.L. ....
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Table 4. Means for yield and six other agronomic traits for nine populations at Nubaria and Sids Res. Stations under drought stress in 1999.

Grain yield Ears/plant 100-Kernels Ear diameter | Ear length S-T interval* Plant height
Pap. Cycle | (ard/fad) (no) wt (g) Cem) (cm) (d) (cm)
Nub, Sids | Nob., | Sids | Nub. | Sids | Nub. | Sids | Nub. | Sids | Nub. | Sids | Nub. | Sids j
Giza 2 C6 Cco 19.53 1 1079 | 096 | 055 357 251 5.0 4.5 15.7 16.8 35 6.0 198 169
iza - - =
C1 19.68 | 1530 | 0.98 0.79 36.1 26.2 51 4.1 17.5 17.3 3.0 3.0 212 179
Giza 2 CT Co 18.24 | 11.97 0.96 0.59 38.9 2.8 49 43 15.1 16.0 25 6.5 187 159
iza . L
C1 | 1975 | 12.38 | 089 0.73 | 383 28.6 4.6 4.6 16.7 16.6 2.0 45 202 167
Gha2 (8 Co hl 19.95 | 17.80 1.01 0.55 38.1 222 4.8 4.3 17.0 16.6 2.5 45 197 161
a i
C1 2254 | 2293 | 104 0.85 | 383 25.4 4.6 4.0 16.4 15.3 2.0 3.0 201 176
ﬁ’OP 45l <o 17292 | 1477 1.0% i _088 32.6 26.8 4.5 43 i5.1 16.4 3.0 4.5 182 162
) C1 ! 19.60 | 11.21 0.96 0.82 334 21.6 i_ 4.6 4.0 16.2 14.1 3.0 3.5 188 163
o 1946 | 1677 | 0.97 0.84 36.9 26.1 50 | 41 15.6 14.4 3o 7.0 194 155
[POP. 45 C2 - - ~~
C1 14,76 12.09 0.95 0.71 ] 334 24.2 4.5 4.1 16.0 16.1 2.5 3.5 172 136
P 1 CTW Co 2395 { 1282 | 107 | 0.73 i 354 31.8 4.5 4.3 17.3 16.4 3.0 5.0 220 16t
’ C1 2341 | 124 1.09 0.74 i 36.1 309 4.7 4.1 15.7 17.0 3.0 25 195 142
Co 2300 | 1136 | L10 | 071 36.0 | 281 4.5 4.3 15.9 16.1 3.5 4.5 210 152
TP.1C7Y T 1
Ci 24.14 | 15.89 119 0.84 37.6 328 4.4 4.1 15.8 16.1 3.0 2.5 187 153
TP. 2 C5 W co 19.09 | 1289 | L01 0.81 316 21.5 4.6 3.9 14.5 16.0 25 2.5 188 168
' C1 1979 | 16.57 | 105 0.86 28 254 5.1 4.7 16.3 14.8 20 1.5 194 179
co 21.69 | 1225 1.01 0.76 34.7 220 4.6 39 18.1 154 35 4.9 184 166
TP.2C5Y F . -—+— -
C1 17.13 8.9 0.92 0.69 35.3 22.8 4.1 | 3.9 150 | 16.2 2.0 3.5 171 151
LSD 451 | 283 | 6i5 [ 013 | 2.8 NS 04 | NS 1.2 NS NS 31 19 ['Ns_|
CV % 10.5 i 9.9 7.0 8.4 3.6 16.4 38 ; 93 3.4 6.9 28.0 29.1 4.7 T 10

* 8-T interval : silk-tassel interval
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2- Population 45 (C1 - C2)

Significant reduction in grain yield under drought was observed for
C1 of the two populations, except for Pop. 45 C1 at Nubaria, where yield of
C1l was slightly higher than that of CO but not significant. The reduction in
yield was mainly due to reduction in number of ears/plant, kernels weight,
and plant height. This was more obvious in Pop.45 C2. Reductions in
kernels weight and plant height for Pop-45 C2 were significant at Nubaria,
while at Sids only reduction in ears/plant was significant. Reduction in §-T
interval was not significant and was noticed only under Sids environment.

3- Population DTP. 1 C7 (W) and DTP.1 C7 (Y)

No significant differences were found for yield between C1 and CO of
DTP.1 C7 white population at both locations. For the yellow population
DTP.1 C7 no significant differences were obtained for yield between C1
and CO at Nubaria, however, yield of C1 was slightly higher than that of CO.
At Sids, significant difference for yield was found between C1 and CO,
where C1 yielded 40% more than CO. This increase was due to more
ears/plant and higher kernel weight.

For both populations, at Nubaria, C1 plants were significantly shorter
than CO plants. At Sids, CO and C1 plants of DTP.1 C7 yellow population
were of the same height, while for population DTP.1 C7 white population,
C1 plants were shorter than CO plants. For the two populations, the
difference between CO0 and C1 for S-T interval at Nubaria was small, while
at Sids the interval was reduced by 2 days for C1 plants which reflects the
efficiency of selection.

4- Population DTP.2 CS (W) and DTP.2 C5 (Y)

For DTP.2C5 white population, grain yield of C1 at Sids was
significantly higher than that of CO by 3.7 ard/fad (28.5%). This increase
was mainly due to more ears/plant, higher kernel weight, and increased ear
diameter. At Nubaria, yield of C1 and CO was nearly the same. It was
noticed that C1 plants were slightly taller than CO plants. Slight reduction
was found in S-T interval between C1 and CO plants.

On the contrary to DTP.2 C5 (W) population, selection for drought
tolerance in DTP.2 C5 yellow population caused significant reduction in
grain yield of CO plants. Yield reduction reached 4.6 (21%) and 3.4 (27%)
ard/fad at Nubaria and Sakha, respectively. Yield decrease was mainly due
to less ears/plant, smaller ear diameter and length, and reduced plant height.
Reduction in S-T interval of CO due to selection was 0.5-1.5 days.
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From the results of evaluation under regular irrigation and drought
stress we can notice that the behavior of CO and C1 differed from one
population to another. Also, response of different traits to selection for
drought tolerance varied a lot among populations and between the two
irrigation levels. There was a clear and distinct reduction in yield for all
populations when they were subjected to drought stress. However, the
magnitude of reduction differed from one population to another depending
on the response of each population to selection. The effect of thetwo
irrigation levels on the other 6 studied traits was not the same at both
locations since this effect was significant only at one location or the other.

The real value of selection for drought tolerance is to have good
performance under both normal and stress irrigation for the same population
{(or hybrid). As mentioned earlier, the response of different traits to selection
varied from one population to another as follows:

1- Grain yield

The results obtained showed that, under normal irrigation, selection
for drought tolerance either reduced or had no effect on grain yield for 7 of
the 9 populations. Only for Giza 2 C8 (at Nubaria) and DTP.2 C5 (W)
populations, yield of C1 was higher than CO population. Under drought
stress, which is more important and reflects efficiency of selection, C1 of
populations Giza 2 C6, Giza 2 C8, DTP.1 C7(Y), and DTP.2 C5(W) had
significantly higher yield than CO populations. The increase in yield of C1
over CO was 41.8, 288, 40.0, and 28.5%, respectively. It should be noticed
that C1 of Giza 2 C8 and DTP.2 C5 (W) were also supperior to CO under
normal irrigation. Under drought stress, the reduction in grain yield of
original populations (C0) ranged from 6.2-32.5% (average 20.3%) at
Nubaria, and from 35.1-60.5% (average 46%) at Sids. Similar results were
reported by Denmead and Shaw (1960), McPherson and Boyer (1977),
Jurgens et al (1978), Perro and Cassel (1986), Eck (1986), and Lorens et al
(1987). They indicated that yield reduction due to drought stress ranged
from 10-54% depending on the stage of growth subjected to drought and
duration of drought stress period. Jurgens et a/ (1978) indicated that drought
stress imposed 10 days after flowering until maturity reduced grain yield by
54% and yield reduction was mainly due to reduction in kernels weight.
They have also indicated that photosynthesis was more inhibited than dry
matter translocation. Eck (1986) found that water stress imposed for 4
weeks starting from 41 and 55 days from planting reduced grain yield by
23-46% and 10-36%, respectively. He reported that grain yield reductions
were proportional to reductions in kernels weight.
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Performance of C1 populations ( improved cycles}) under drought
stress showed that grain yield of C1 was better than CO for populations,
Giza 2 (6, Giza 2 C8, DTP.1 C7(Y), and DPT.2 C5 {W). The reduction in
yield under drought was less for C1 of these populations as compared with
yield reduction of CO populations which reflects the success of selection in
improving performance of these 4 populations wunder drought stress
conditions. Reduction in C1 yield of the four populations when tested under
drought at Sids (severe stress) was 29.6%, while it was 48.5% for CO of
satne populations when tested under the same stress conditions, which
means an average gain of 18.9% from one cycle of 81 family selection in
these 4 populations. At Nubaria, where relatively mild stress was imposed,
average gain from selection for the 4 populations was 1.1%. Accordingly.
average gain for grain yield under drought stress across the two locations
was 10%. However, taking into consideration population yield per se under
normal and stress irrigation, we can conclude that Giza-2 population
especially C8 is the best population to be used in a breeding program aiming
at developing drought tolerant inbred lines. Similar results were obtained by
Edmeades et af (1999), Chapman ef af (1999) and Bryne ef a/ {1995). After
3 cycles of $1 recurrent selection and 8 cycles of half-sib recurrent selection
for drought tolerance in three tropical maize populations, Edmeades ef a/
(1999) obtained yield gain/cycle of 12.6 and 3.8% for S1 and half-sib
selection methods, respectively. Bryne er al (1995} found that 8 cycles of
full-sib recurrent selection for drought tolerance at one site in Tuxpeno
sequia population resulted in 1.68% gain/cycle for grain yield.

2- Number of ears per plant and 100-kernels weight

Improved performance of C1 population of Giza 2 C6, Giza 2 C8,
DPT.1 C7(Y), and DPT.2 C5(W) under drought stress was, in most cases,
due to better ability of plants to carry more ears and/or increased kernel
weight. The increase in ears/plant ranged from 6-54%, while for 100-
kernels weight it was from 14 4-18.6%. Chapman and Edmeades (1999)
obtained 8.9% increase in ears/plant/cycle under drought m Sirecurrent
selection program for drought tolerance. Bryne ef a/ (1995) obtained 1.26%
gain/cycle for ears/plant in a full-sib recurrent selection program for drought
tolerance in 2 tropical populations.

3- Ear diameter and ear length

No significant increase due to selection was obtained, in most cases,
for ear length and diameter. However, in few cases, high yield of C1 plants
under drought was partially due an increase in ear diameter.
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4- Silk-tassel interval . _

During selection in the 9 studied populations, silk-tassel interval was
the main selection criterion used for drought tolerance. For different cycies
of Giza 2 and Pop.45, the S-T interval for CO plants under drought stress
ranged from 4.5-7 days, and one cycle of selection was successful to reduce
the interval by 1-3.5 days. Because DTP.1 C7 and DTP.2 C5 were
developed for drought tolerance, the S-T interval under drought was not as
big as S-T interval for Giza 2 and Pop.45, therefore, the reduction due to
selection in DPT.1 and DPT.2 populations was less. Champan ef al (1999)
obtained a reduction of 22% per cycle of selection for drought tolerance in
some tropical maize populations using S1 family recurrent selection. Ina
different study, Bryne e al (1995) obtained 8.59% reduction in S-T interval
per cycle of selection using full-sib family recurrent selection.

5- Plant height

For the 3 Giza 2 populations and DTP.2 C5(W) population selection
has resulted in taller C1 plants than CO plants. For the other 5 populations,
C1 plants were nearly equal or shorter than CO plants. Among the 4
populations that had good performance of C1 plants under drought
conditions, three of them, i.e. Giza-2C6, Giza 2 C8, and DTP.2 C5 (W) had
taller C1. The fourth population, i.e. DTP.1C7(Y) had significantly shorter
C1 plants than CO plants. Bryne et al (1995) obtained slight decrease (-
0.83% per cycle) in plant height during a recurrent selection program for
drought tolerance. Similar results were found by Chapman er al (1999)
where they obtained a plant height reduction of 2.0% per cycle of selection
for drought tolerance in some tropical maize populations.
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