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Abstract

A field experiment was carried out at Mallawy Research
" Station, Field Crops Res. Inst, Agric. Res. Center, Egypt in 2010 and
2011 seasons to study the effect of water deficit at different
physiological growth stages on growth and yield of maize hybrids.
Twenty hybrids, i.e. {SC 10, SC 122, SC 123, SC 124, SC 128, SC
129, SC 162, SC 164, SC 166, SC 167, SC 168, SC 173, TWC 310,
TWC 311, TWC 314, TWC 320, TWC 321, TWC 324, TWC 329, and
TWC 352), and four water stress treatments i.e. skipping the third
and fourth irrigations, skipping the fifth and sixth irrigations,
skipping the seventh irrigation, and the control, ( regular irrigation).
Statistical design was randomize complete blocks arranged in
incomplete blocks with four replications nested within blocks (water
stress treatments), and hybrids were randomly distributed within
water stress treatments (blocks). Results of 2010 revealed that
skipping 3rd and 4th irrigations and, skipping the 7th irrigation
significantly reduced number of days from planting to 50%
tasseling and silking, In 2011 skipping irrigation treatments did not
significantly affect tasseling and silking, and plant and ear heights.
But in 2010, data presented showed that water deficit treatments
i.e. (skipping irrigations 3rd and 4th, 5th and 6th irrigations and 7th
irrigation) at different reproductive growth stages significantly
reduced plant and ear heights compared with the control (regular
irrigation), and skipping irrigation 7 was associated with the highest
ear length, and number of kernel per row in both growing seasons.
In contrast, skipping irrigation 3rd and 4th lead to the shortest ear
length and number of kernels per row in the two growing seasons
2010 and 2011. Application of regular irrigation significantly
produced the highest grain yield (34.58 and 37.4 ard fed-1), while
the lowest grain yield was linked to skipping irrigations 3 and 4 .
Three way cross 310 was the earliest hybrid for number of days to
50% tasseling and silking in both growing seasons. But TWC 329
recorded the latest in terms of tasseling and silking in the first and -
second season. TWC 321 and SC 10 had the tallest plant and ear
heights, but TWC 352 was the shortest hybrid in both growing
seasons. Moreover, the tallest and the shortest ear length were
recorded for SC 162 and TWC 352 in both growing seasons,
respectively. Single cross 129 had the highest grain yield followed
by SC 10 in both growing seasons. In contrast, TWC 329 and TWC
352 recorded the lowest grain yield in both seasons. SC 129 and SC
10 were the most tolerant hybrids in terms of agronomic traits
when skipping irrigation happened at 3rd and 4th , and 5th and 6th
irrigations. )
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INTRODUCTION

Water availability is considered one of the most limitng fadors to increase
crop yields. Drought stress is one of the most important environmental stresses
affecting agricultural  productivity worldwide and can result in considerable yield
reductions. Irrigated agriculture is under pressure to cut down the amount of water
use for crop production and at the same time to produte more crops with less
water by achieving the objective of more crops per drop of water. Water stress
results in less evapotranspiration in plants due to closure of the stomata decreased
biomass production (Smith et al, 2002). When the water stress is severe or occurs
at the critical growth stages of a crop, the reducion in yield may be so high that
the beneftt and retums for water will be reduced. The subjects of deficit irrigation
and the effect of moisture stress on crop production are widely reported in
literatures (Jensen. 1968, Hargreaves, 1975, Doorenbos and Kassan, 1979, English
et al, 1950, Howell 1990, English and Raja, 1996, and FAO, 2002). The effect of
deficit irrigation for the same crop may vary with location as it very much depends
on dimate, which dictates the evaporative demand and soil type, which dictates
the available water for plant uptake. Previous reports showed that stress during
tasseling or sikking was most harmful and stress during grain filing was more
drastic than that during the vegetative growth stage (Grant et al 1989), Further
studies demonstrated that stress during early vegetative growth was more drastic
than that during the grain filling growth stage (Ahmed- Amal, and Mekki 2005),
Additional data indicated that water stress during pre or post silking reduced grain
yvield by 9 and 10% compared with the conventional imigation, respectively (EL-
Sheikh 1994). (Vicente et al 1999) reported that the reduction in grain yield was
70% and 90% in intermediate water stress and severe water stress, respectively
with grain yield fluctuating between 0.30 and 2.41 t ha-1 in severe stress. Normal
irigation and number of cobs per plant were reduced by 50°% in severe stress.
Mareover, the reduction in plant height was found to be 36 cm in severe stress.

Water stress is one of the major problems affecting crops production,
induding com, in many parts of Egypt. Maize cop may experience reductions of
grain yields when subjected to water deficit during the critical period of crop cyde
from tasseling stage to initiation of grain filling. In maize, grain yield reduction
caused by water stress ranges from 10 to 76% depending on the severity and
stage of occurence (Bolacos and Edmeades 1993). Water stress at silking,
tasseling, and grain filing has been reported to be more drastic on grain vyield in
maize than stress during vegetative phase (Grant et al., 1985). Water stress, or
more generally, limited water availability is the main factor limiting crop production
{Seghatolestami et al., 2008, Golbashy et al 2010).

The objective of this study was to test water stress tolerance of maize
hybrids as affected by water deficit at different physiological growth stages.
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MATERIALS AND METHODS

A field experiment was carried out at Mallawy Res. Stn. in Egypt in 2010
and 2011 to study the effect of water deficit at different physiological growth
stages on growth and vyield of some maize hybrids. Treatments were four water
stresses and twenty hybrids. Water deficit treatments, were skipping imigations 3"
and 4" (at flowering stage), skipping irrigations 5 and 6" (at filing stage),
skipping irrigation the 7% (before harvest), and the control. Hybrids were (SC 10,
SC 122, SC 123, SC 124, SC 128, SC 129, SC 162, SC 164, SC 166, SC 167, SC
168, SC 173, TWC 310, TWC 311, TWC 314, TWC 320, TWC 321, TWC 324, TWC
329, and TWC 352). Statistical design was randomize complete blocks arranged in
incomplete blocks  with four replications nested within  blocks (water stress
treatments), and hybrids were randomly distributed within water stress treatments
(blocks). Wheat was the previous cop in both seasons. A side dress application of
30 kg P,0s and 24 kg KO fed! were applied for all plots. Plot size was two rows,
70 am in width, 6 m in length and 25 cm between hills. Two to three kemels of
hybrid were planted per hil, then thinned to one plant/hill at thinning. Nitrogen
fertilizer (120 Kg \fed'l) was applied in the foom of ammonium nitrate (33.5%) and
split into two equal doses, where the first was applied by the first irrigation and the
second was added by the second irrigation. Recorded data were,

1- Number of days from planting to 50% tasseling.

2- Number of days from planting to 50% silking.

3- Plant height (cm) measured from ground surface to the base of tassel
node.

4- Ear height (cm) measured from ground surface to the node of the
topmost ear.

5- Ear length and number of kernels row™.

6- .Grain yield in ardab faddan® (ard fad) adjusted to 15.5 % grain
moisture.
Recorded data were statistically analyzed, according (Steel and Torrie
1980).

RESULTS AND DISCUSSION

Effect of skipping irrigations:

Effect of skipping irrigation ‘on flowering date, plant and ear heights,
grain yield and yield components in 2010 and 2011 growing seasons is
presented in Table (1). Skipping irrigation 7, and skipping irrigation 3 and 4,
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significantly reduced number of days from planting to 50% tasseling or
silking in 2010, but all skipping irrigation did not significantly affect tasseling
or silking in 2011. In this regard, Song et al. (1998) showed that water stress
led to siower pollen and filament development and decreased filament
. fertility. Similar results were recorded by Batanouny et al. (1991), Grant et al
(1989) Ahmed and Mekki (2005), and El-Sheikh (1994). Results aiso showed
that plant and ear heights were not significantly affected by skipping
irrigations in 2011. In 2010, results showed that subjecting maize plants to
water deficits conditions i.e. (skipping the 3" and 4" irrigation, the 5 and 6™
irrigation, and the 7% irrigation), which represent different physiological
growth stages significantly reduced plant and ear heights compared with the
control. The depression in these growth parameters as a result of water
deficit may be attributed to the Ioés of turgor which affects the rate of cell
division and enlargement. Skipping irrigation treatments control (Normal
irrigation), and skipping 7™ irrigation were coupled with the highest ear
length, and number of kernels row?, in 2010 and 2011 growing seasons.
Whereas skipping of the 3 and 4" irrigations was associated with lowest ear
length and number of kernels row™ in 2010 and 2011.

Table 1. Effect of skipping irrigations on number of days to 50 % tasseling, 50 %
silking, plant height, and ear height in Mallawy in 2010, and 2011

seasons.
Skipping Days to 50% Days to 50% Plant height Ear height
irrigations t.;ssiling silking (cm} (cm)

2010 2011 2010 2011 2010 2011 2010 2011
3-4 56.1 63.0 _ 57.0 64.4 241 248 i36 140
5-6 57.4 634 | 58.4 64.4 247 252 135 145
7 55.7 62.6 56.8 63.9 249 255 138 148
control 56.1 61.5 57.1 63.4 261 256 147 149
LSD 0.05 1.0 NS 1.0 NS 8 NS_ 7 NS
V% 2.3 5.3 2.2_ 2.3 4.4 5.0 6.4 9.0

Data presented in Table (2) show that the application of normal
irrigation {control) significantly produced the highest grain yield, while the
lowest grain yield was obtained' by water stress at skipping the 3™ and 4
irrigations in 2010 and 2011. These results are in confirmation with those of
Quaranta et a/ (1998), and Simpson {(1981), who reported that the variation
in yvield and yield components due to water stress at different growth stages



HASSAN. MMM, et. &/, - 319

could be ascribed to the impairment of many metabolic and physiological
processes in plants. ]

Table 2. Effect of skipping irrigations on ear length, number of kernels row-1, and
grain yield at Mallawy in 2010, and 2011 seasons.

Ear length (cm) Grain yield
Skipping number of kernels row™
{ard\fad)
irregations : I ‘
2010 2011 2010 2011 2010 2011
34 16.3 20.1 35.7 39.8 25.15 25.68
5-6 19.0 21.7 39.0 43.4 28.88 30.68
7 21.0 23.4 42.2 47.6 33.77 35.87
control 21.3 23.0 42.6 45.9 34.58 37.47
LSD 0.05 0.7 0.6 1.0 1.7 1.68 2.91
CV % 4.7 4,2 3.8 7.0 9.3 8.1
Effect of hybrids:

Data in Table (3) show that significantly differences among' hybrids
for number of days to 50% tasseling and silkking in both growing seasons
were detected. Three way cross 310 was the earliest hybrid for number of
days to 50% tasseling (51.2 and 56.1 days) and silking (52.2 and 57.5 days)
in both seasons, respectively. Meanwhile, three way cross 329 recorded the
latest hybrid for tasseling (58.9 and 65.1 days) and silkking {59.8 and
66.3days) in the two seasons, respectively. The observed significant variation
among hybrids might refiect partially their different genetic backgrounds.
Three way cross 321 and single cross 10 showed the tallest plant height and
ear height, but TWC 352 was the shortest hybrid in both seasons. Moreover,
the tallest ear length was recorded for SC 162 (21.1 and 23.3 cm), and the
shortest ear length was recorded for TWC 352 (16.8 and 18.9 ¢m) in both
growing seasons.

There were significant differences among hybrids in grain yield in the
first and the second seasons. The highest grain yield was obtained by SC 129
(34.58 and 36.45 ard fed™) and SC 10 (33.99 and 35.39 ard fed!) in both
seasons, respectively. In contrast, TWC 329 and 352 had the lowest grain
yield (26.48 and 26.22 ard fed!), in the first season and (22.40 and 22.75
ard fed) in the second season, respectively (Table 4).
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Table 3. Days to 50 % tasseling, days to 50 % silking, plant height, and ear height of
the 20 hybrids averaged over water stress treatments at Mallawy in 2010
and 2011 seasons.

Days to 50% Days to 50% Plant height Ear height
Hybrids tassiling silking (cm) {cm)
2010 2011 2010 2011 2010 2011 2010 2011
5C 10 57.9 63.5 58.9 64.8 270 268 151 158
SC122 57.4 62.8 58.3 64.2 247 248 140 144
SC 123 56.9 63.3 57.9 64.5 253 256 139 147
SC 124 56.3 62.5 57.4 63.9 242 © 249 138 143
SC 128 54.6 60.7 55.6 62.2 236 251 129 135
SC 129 55.3 57.5 56.4 62.4 256 261 143 150
5C 162 57.6 63.6 58.5 64.8 258 262 143 154
5C 164 56.8 63.0 57.8 64.4 248 241 138 135
5C 166 56.3 63.1 57.3 64.4 232 245 131 138
SC 167 572.7 63.2 58.7 64.3 238 233 135 134
SC 168 56.1 62.9 57.1 643 231 242 131 . 138
SC 173 56.3 63.4 57.4 64.8 234 248 132 136
TWC 310 51.2 56.1 52.2 57.5 235 263 125 154
TWC 311 56.6 62.2 57.6 63.6 271 251 153 144
TWC 314 55.9 62.3 56.9 64.3 252 257 142 151
TWC 320 56.2 64.3 57.2 65.6 261 264 150 156
TWC 321 57.3 64.4 58.3 65.5 271 263 153 161
TWC 324 57.5 64.8 58.5 66.1 268 264 151 154
TWC 329 58.9 65.1 59.8 66.3 260 257 143 152
TWC 352 53.8 61.8 54.8 62.9 223 231 119 126
LSD 0.05 0.9 2.3 0.9 1.0 8 9 6 9
V% 2.3 5.3 2.2 2.3 4.4 5.0 6.4 9.0

Table 4. Ear length, number of kernels row-1, and grain yield of the 20 hybrids
averaged over water stress treatments at Mallawy in 2010 and 2011

seasons.

Ear length number of kemels Grain vield

Hybrids {cm) row? (ard\fad)
2010 2011 2010 2011 2010 2011
SC 10 20.4 225 42.0 43.7 33.99 35.39
SC 122 18.5 21.2 38.8 44.5 30.16 34.84
SC 123 * 183 19.9 38.5 i 43.4 32.71 32.35
SC 124 18.5 216 38.5 44.4 28.79 ° 34.50
SC 128 19.9 22.6 40.6 44.2 31.55 34.57
SC 129 19.4 219 398 45.2 34.58 36.45
SC 162 21.1 233 41.7 45.7 31.32 35.60
SC 164 18.7 22.2 39.2 45,1 32.29 32.34
SC 166 19.7 224 40.1 44.1 30.10 35.53
SC 167 19.5 22.7 40.3 44.2 31.70 34.40
SC 168 19.3 22.3 40.2 44.4 29.98 32.33
SC 173 19.7 224 39.8 43.2 31.48 32.54
TWC 310 19.0 228 39.6 44.5 28.71 3290
TWC 311 204 219 41.0 43.1 3042 34.11
TWC 314 19.1 23.0 39.2 43.5 29.76 33.72
TWC 320 20.7 23.0 41.2 44.7 32.23 31.16
TWC 321 20.1 21.7 40.2 43.5 25.83 30.50
TWC 324 20.2 23.1 404 45.8 29.61 30.09
TWC 329 19.0 217 39.6 43.9 26.48 22.40
TWC 352 16.8 18.9 369 42.8 26.22 22.75
LSD 0.05 0.64 0.65 1.06 NS 1.98 1.83

Qv % 4.7 4.2 38 7.0 9.3 8.1
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Skipping x hybrids Interaction:

In this study, grain yield of maize hybrids showed different response
to skipping treatments depending on the Incidence of water stress. Single
cross 129 and SC 10 were the most tolerant when water stress at the (3"
and 4™, and the (5" and 6") Irrigations (Table 5), but the difference among
hybrids SC 10, SC 123, and SC 128 in the first season, and SC 10, SC 124,
and TWC 324 in the second season was not significant. The response of
genotypes to water stress intensity and time differs according to their genetic
structure and adaptability. Wenzel (1999) reported that some genotypes
yieided more under moisture stress than under near-ideal moisture
conditions, and the grain vyield was severely reduced when water stress
occurred during the reproductive stage., This may be attributed to the fact
that there was accelerating leaf senescence at. this stage, which resulted in
shortening of the seed filling period (De Souza et al, 1997). Therefore, it
could be concluded that there was a differential response of malze genotypes
to water stress which varies with stage at which water stress occurs. The
genotypes that showed wide range of adaptation and tolerance to drought,
such as SC 129, SC 10, and SC 128 could be used as water stress tolerant
maize hybrids.

Table 5. Effect of skipping irrigation on grain yield of maize hybrids at Mailawy in
2010, and 2011 seasons.

Hybrids skipping irrigation, 2010 skipping irrigation , 2011
3-4 5-6 7 control 34 5-6 7 control
SC 10 27.71 31.21 37.41 39.65 28.11 34.10 39.45 39.93
SC 122 25.96 27.02 33.74 33.92 26.61 34.22 35.85 42.67
SC123 27.89 29.81 35.34 37.82 27.34 30.62 35.37 36.07
SC124 23.95 27.43 32.36 31.43 27.58 33.54 36.87 40.04
SC 128 29.10 28.31 36.35 32,43 26,88 31,92 40.73 38.77
SC 129 29.30 31.07 38.06 35.91 31.16 35.98 36.87 41.78
SC 162 27.23 27.53 35.76 34.75 27.66 32.92 37.77 44.04
SC 164 24.50 30.90 37.67 36,10 23.78 32.00 34.23 39.36
SC 166 23.98 28.67 33.27 34.48 27.32 33.32 39.44 42.03
SC 167 26.02 28.41 _37.47 34.92 29.28 31.97 35.32 41.05
SC 168 22.49 27.33 35.01 35.09 27.10 30.60 34.69 36.95
SC173 25.17 28.58 36.18 35.99 24.81 26.72 40.47 39.58
TWC310 23.38 28.83 29.59 33.04 26.49 31.00 36.68 42.25
TWC311 23.01 31.29 32.05 35.33 26.61 33.19 36.85 38.22
TWC314 24.94 30.63 28.76 34.72 22.82 27.98 36.26 34.93
TWC320 25.60 31.61 36.52 35.18 23.39 27.54 36.44 32.98
TWC321 23.16 28.87 33.90 33.41 26.68¢ 31.73b 37.08 a 39.42 a
TWC324 23.44 27.29 33.50 34.21 28.11 34.10 39.45 39.93
TWC329 23.21 26.86 - 27.96 27.89 26.61 34.22 35.85 42.67
TWC352 22.98 26.00 24.52 31.40 27.34 30.62 35.37 36.07
L.SD 0.05 3.96 7.5
CV % 9.3 8.1

LSD 0.05 For skipping x hybrid interaction are 3.96 and 7.5 in 2010 and 2011, respectively.
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