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ABSTRACT

Two field experiments were pedformed at the Experimental Farm of Faculty of
Agriculture, Zagazig University, in Khattara, Sharkia Governorate, during 2003 and
2004 growing seasons fo study the effect of soil moisture stress (no stress, stress
during reproductive growth, stress during vegetative growth and stress during both
stages) on yield and its attributes of three mrize hybrids (SC 10, 5C 18 and TWC
310).

Results indicated thal waler stress all over maize growing season {I.) or only at
reproductive stage (lz) significanlly reduced plant height, ear length, ear diameter,
number of grainsfrow, number of grainsfear and grain yield/fad compared with control
{l:) and water stress at vegetative growth (13).

The single cross 10 (SC 10) surpassed significantly the cther hybrids in plant
height, ear leaf area, number of grainsfrow, 100-grain weight and shelling %.
Meantime SC 10 gave more yield than TWC 310, while SC 18 hybrid was statstically
at par with the two hybrids.

The interaction effects showed that SC 10 was more sensitive for watar siress
during the late gross stage than the other two hybrids.

Keywords: Maize hybrids, moisture stress, clay and reclaimed sandy soils.

INTRODUCTION

Maize (Zea mays, L} is the third most important cereal crop in the warld,
after wheat and rice. It is widely used in bread making in rural areas of the
country. It also forms the basas for several industries such as starch, fructose
and corn oif; as well as the main component {about 70 %) of animal feed.
Recently the governmental policy is to mix wheat flour {80 %) with corn flour
{20 %) in bread making ali aver the country in order to reduce wheat imports.
In Egypt the annual cultivated area with maize is about 1.5 to 2 millicn fad in
the summer seasgn with some recent variable declines of this area due to
competition with rice.

Previous studies indicaled that proionging irrigation intervals led to
decreased growth, yield and its components of maize (Grant et af, 1989; EI-
Noemeni et al., 1990, lbrahim et a/., 1992; Abd El-Haleem, 1994 and El-
Sheikh, 1894). Atta Allsh (1998) found that maize cuitivars varied in their
response to irrigation intervals. Water stress caused significant reduction in
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grain yield and yield components of maize hybrids (Abd E}-Mawgood ef al.,
1989 in S, lines and E-Ganayni et al., 2000 in 18 maize populations). Samira
Hussein et al. (2000) determined water requirements of maize (SC10) under
drip irrigation system in newly rec¥atmed sandy soil. The maximum yield/fad
was obtained by applying 3360 mfad per season. Drought conditions
reduced grain yield, plant height, ear length, ear diameter and number of
rowsfear in 10 single crosses and 10 three way crosses (Younis and Al-Aref,
2001). Drought adverse effect on grain yield varied depending on the stage of
development at which it occured (Osman and Khalifa, 2001). Hero, Sharma
and Upadhyay (1973) showed that the early vegetative growth stage (20-40
DAS) and tassling and silking (40-60 DAS} are the most critical stages where
the effect of water stress is severe. Also, yield losses due to water stress
could vary from one area or one season to another and could reach 50% or
more {(Mahgoub ef al. 2001). Mahfouz (2003) indicated that water stress
treatment {irrigation every 25 days) caused severe reduction in growth
parameters, yield and yield components of ten hybrids except number of
rows. Also, significant differences among hybrids were observed in growth,
yield and yield components.

The present investigation was undertaken to study the response of some
maize hybrids to irrigation intervals {water stress) under newly reclaimed
sandy soil conditions.

MATERIALS AND METHODS

Two field experiments were carried out at the Experimental Farm of
Faculty of Agriculture, Zagazig University, in Khattara Sharkia Governcrate,
during the two growing seasons (2003 and 2004), aiming at investigating the
productivity of some maize hybrids as influenced by water stress during
vegetative and reproductive growth stages in sandy scils. The studied factors
were:

A-Water stress treatments:

1. 1y lrrigation every 3 days up to100 days after sowing DAS (no
stress)

2. |y lrrigation every 3 days up to 50 DAS and 6 days thereafter

(stress during  reproductive growth}.

3. |y irrigation every 6 days up to 50 DAS followed by irrigation every 3
days thereafier (stress during vegetative growth).

4, |y irrigation every 6 days up o100 DAS (stress during both stages).

B- Maize hybrids:

1-8C 10 2-8C 18 3-TWC 310.

A split-plot design with three replicates was used in the two seasons.
Water stress treatments were arranged in the main plots while maize
hybrids were randomly distributed in the sub-plots.

Main plots were surrounded by wide border {1.5 m) to avoid seepage of
water amang irrigated and non irrigated plots. The sub-plot area was 16.8m?
and consisted of 6 ridges 70 cm apart and 4 m fong. After complete
emergence (18 DAS), the crop was thinned to one plant per hill, in 30 cm
apart,
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The soil of experimental fields was sandy in texture. The mechanical and
chemical analyses of the soil in both seasons are presented in Table 1.

Table 1: Soil mechanical and chemical analyses of the experimental
fields (for the upper 30 cm of the soil surface).

Property 2003 2004
Mechanical analysis:
Coarse sand % 48.57 47.33
Fine sand % 36.83 35.91
Silt % 8.25 6.91
Clay % 8.35 985
Chemlical analysis:
pH 7.8 7.9
T.S. 5. mmhos (cm?) at 25 °C 0.27 0.29
QOrganic matter 0.084 0.093
HCO3 ppm 5283 541.6
CcL ppm 17286 169.3
S0, opm 187.1 207 2
Ca™ ppm
Avajlable soil nutrients :
N ppm 5.28 6.48
P,0Os pem 3.82 4.09
K,O ppm 86.16 108.36

The preceding crop was wheat in the two seasons. Super phosphate
(155 P205) at the rate of 100 kg/fad and potassium sulfate (48 % K;0) at
the rate of 100 kg/fad were applied before sowing. Nitrogen as ammonium
sulfate (20.6 % N) at the rate of 112 kg N/fad was added in four equal doses
after 12, 24, 30 and 42 days after sowing. Maize was sown on May 26" and
22™ in the first and second seasons, respectively. The other agronomic
practices were followed as recommended in the region.

Recorded data:

The two outer ridges (1% and 6") were left as borders. The second two
inner ridges were used for recording growth characters ang to determination
yield altributes.

A} Growth characters:

After 75 days from sowing, piant height {cm), ear height {cm), leaf
area/plant (dm?) and ear leaf area (cm?) were measured using five guarded
plants from each sub-plot.

B) Grain yield and its components:

At harvest, ten guarded plants were taken from the 2™ and 5" ridges of
each sub-plot, then ear length (cm),ear diameter (cm), number of grains per
both row and ear, 100-grain weight (g) and shelling percentage were
recorded. Plants of the central two ridges were used to determine grain yield
(ardab/fad), which was then adjusted at 15.5 % moisture content.
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Statistical analysis:

The obtained data of both seasons were subjected to the proper
statistical analysis according to Snedecor and Cochran (1980). For
comparison of means, Duncan's multiple range test was used {(Duncan,
1855).In interaction Tabies capital and small letters were used to compare
rows and columns means, respectively.

RESULTS AND DISCUSSION

1- Water stress treatments:

Results in Table 2 clear that irrigation treatments had a significant effect
of pfant height, ear height, leaf area/plant (dm?) and ear leaf area (cm?). This
was true in both seasons and their combined analysis except plant and ear
heights in the 1% season where the differences did not reach the level of
significance. Data of the combined analysis indicate that water stress all over
the season or during the reproductive stage shortened plant height. However,
the stress all over the season lowered ear height as compared with stress
induced at the reproductive stage. Moreover, unstressed plants followed by
those stressed during the reproductive stage recorded larger leaf area/plant
compared with the other two stress treatments. Also, water stress early in
vegetative growth as in I; or all over the season |; decreased ear leaf area as
compared with the other two treatments.

This is to be expected since waler plays an important physical role in
plants and moisture deficits can have a deleterious effect on most processes.
Similar trend was reparted by Ibrahim et al. {1992) and Mahfouz (2003).

It evident from data in Table 3 that the fried waler stress treatments
exhibited significant effects on ear tength (cm) ear diameter {cm), number of
grain/row and number of grainsfear. This was the same in both seasons and
their combined except in ear length in the first season differences were not
significant. Data of the combined analysis showed that ears of plants
exposed to water stress all over the season were shorter and thinner than
those of the control plants without siress, or those exposed fo early stress
during the first 50 days of growth (vegetative growth). However, water stress
all over the season and during the reproductive stage hand decreased the
number of grainsfrow and consequently numbers of grains/ear as compared
with the rest both treatments. These results generally reflect the role of water
during the reproductive stage in promoting the make up of sink units. These
results are in harmony with those obtained by lbrahim ef af. (1992) and El-
Ganayni ef al. {2000).

Regarding the 100-grain weight, it is evident from Table 4 that the
heaviest weight was recorded by the control plants (l) followed by those
stressed during the early 50 days of growth (l3), but without significant
differences.
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The lowest 100-grain weight was recorded by the whole season water
stressed piaints (l,) followed by those stressed during the late 50 days of
growth I; Similar results were aiso obtained by Ibrahim et af (1992} and El-
Ganayni ef al. (2000).

The results are rather expected as early water stressing did not reflect a
significant adverse effect on grain filling as expressed herein in the 100-grain
weight. This stress didn't, also, affect the number of grains / ear (Table 3) but
however, decreased significantly the leaf area / plant (Table 2).

Shelling percentage was significantly influenced by water stress (Table
4). The control treatment recorded significantly higher shelling percentage
than the other imigation treatments. The differences did not reach the level of
significance in the second season Samira Hussein et al. (2000) indicated that
irrigation significantly affect on shelling % under sandy soil conditions.

Two different trends were obtained in the two seasons regarding grain
yield /fad. In the first season, the early water stressed plants (is) produced the
lowest yield average, whereas in the second season the lowest average was
recorded by |, where water stress was imposed on maize plants for 100 days.
In both seasons, the highest yield was recorded by the control plants but
without significant difference with I; in the second season. However, the
combined analysis ascerlained the superiority of the control plants followed
with significant difference by the |, plants where stress was practiced early in
growing season. The lowest grain yield was recorded by the continuously
water stressed plants (l,) without significant difference with 1; where piants
were siressed late in the season.

It is clear from the above mentioned resuits that irrigation maize crop
every 3 days afforded plants with adequate soil moisture content than any
other irrigation treatments. Prolonging the irrigation interval to 6 days induced
water stress. The question which arises here, whether the early water stress
during vegetative growth was more adversely affecting the productivity of
maize plants ar equslly effective as late water stress during the reproductive
growth. These resulis gave an answer. If moisture stress lock place late
during the reproductive growth it had more adverse effect early water stress
during vegetative growth stage. Moreover, when the stress was imposed
during both growth stages {l,).it produced as much grain yield as 1, when
water was imposed late during the season .Moreover, the moisture stress
during the vegetative growth stage (l3) gave yield compenents equal fo those
of the control |,. This was observed with ear iength, ear diameter and number
of grains/row and ear. 100-grain weight showed similar behavior, but shared
the position of [; indicating that the reduction in grain yield of |3 was mainly
due to trends of reductions in these components, but the differences did not
reach the levels of significance. These results are in harmony with those
obtained by Abd El-Mawgocd et al (1999), El-Ganayni et al {2000),
Mahgoub et al. (2001) and Younis and El-Aref (2001). Also, Mahfouz (2003 )
indicated that irrigation stress caused severe reduction in the value of growth,
yield and yield companents.
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b} Hybrids variation:

The single cross 10 (SC 10) cultivar was significantly taller than SC 18
and both were taller than TWC 310. Thay did not differ in their ear height. SC
10 cultivar had greater leaf areafplant than TWC 310 or SC 18 which did not
differ from each other.

The three hybrids gave similar ears in both length and diameter. SC 10
had more grain number /frow than the other two hybrids and TWC 310 was
inferior in number of grains/ear to the other two. SC 10 was also superior to
SC18 in its 100-grain weight. But the iatter had heavier 100-grain weigh than
TWC 310 cultivar. SC 10 was also superior in its sheliing % than the other
two hybrids.

All these variations i.e. in growth and yield attributes led the SC 10 to
give more yield than TWC 310, while SC 18 hybrid was significantly at par
with the other two hybrids. This superiority in yield and its attributes of SC 10
may be due 1o its genalically make up. These results are in agreement with
those obtained by Atta Alla (1996}, Abd El-Mowgood et af. (1999}, Hassan
and Gaballah (1999), EI-Ganayni ef al., (2000}, Younis and El-Aref (2001)
and Mahfouz (2003).

2) Effect of the interaction:

Some interactions were statistically significant, but no additional
information could be added to the main effects axcept that interaction effect
of both factors of study on grain yield (Table 5)

Table 5: Grain yield (ardifad) as affecied by the interaction between
water stress treatments and maize hybrids {comblned

analysis). -
. Maize hybrids
Water stress treatments: —sc 10 i SC 18 TWC 310
I A B C
f | 2191a 19.633 17.10a
AB A B
l; 14.03d 15.00¢ 13.65¢
A A A
I3 { 17.04b 17.31b 16 810
A AB B
Ly | 1583 1485c 14.48¢

It 15 quite evident from Tabtle5 that SC10 was more sensitive than the
other two hiybrnids to water stress freatments. In this cultivar differences in
grain yield / fad were significant among the four irrigation treatments. The late
water stressed plants (l,) produced the lowest grain yield followed by the
continuous water stressed ones (1,). However, the highest yield was recorded
by the control plants followed by those stressed during the early 50 days of
growth. In the other two hybrids 15 or 15 produced at par lower yield than either
1, or |; where the former produced higher grain yield than the latter .
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The results clearly indicate that high yielder genotypes of maize
(5C10} where more adversely affected by water strass than low yielder ones.
The data further indicate that the formers SC10 were more adversely affected
by late water stress during grain filling to the extent that the whole season
water stressed plants produced higher grain yield. This could refer to a better
balance between the sources and sink in the whole season water stressed
plants, than in the (ate water siressed ones.

The data further indicate that grain filling in SC10 was form current
rather than stored assimilates to a greater extent than in either SC18 or
TWC310. Below et al. (1981) reported that current assimilates contributed
from 70 to more than 90% of grain filling in maize. They added that this
contribution was, always, higher in the high yielding genctypes than in low
yielder ones. Under the present study, SC10 recorded higher grain yield than
the other two hybrids. Therefore, the contribution of current assimilates to
grain yield might have had been higher in the former than in the latter
according, prolonging the irrigation interval to 8 instead of 3 days during the
last 50 days of growth, adversely affected photosynthesis and hence
photosynthesis availability for grain filing. This adverse effect was more
pronounced in SC10 than in SC18 or TWC 310. This could account for the
more dacrease of grain yield in this hybrid when water stress was imposed
during the {ast 50 days of growth where most of grain filling was taking place.
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