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1. INTRODUCTION

Maize (Zea mays, L.) is one of the most important grain crops in Egypt. It ranks the
third among the world cereal crops . In Egypt , it is used mainly for human consumption
and animal feed. Therefore, efforts are focused on increasing productivity of such crop by
growing high yielding hybrids under the most favorable cultural treatments.

Maize productivity in Egypt has increased in the last 10 years and reached 8.0 tons
per hectare . Total national production of maize is about 6.0 million tons , mostly of white
grain , while the annual demand is about 8.0 million tons . Accordingly about 2.0 million
tons are annually imported , all of yellow grain and totally consumed in the feed industry .

Plants vary in the timing of their need for water, that timing depends on how much
moisture stress they are able to tolerate at any particular stage of growth. If water supply is
actually inadequate, care should be taken at least to provide water at the critical stages of
growth, thus the knowledge about the sensitive plant stages to water deficit is very
important for judicious water management.

Water, is often the primary limiting factor in crop production, irrigation water
resources are limited in Egyptian cultivation area as a result of agricultural expansion in the
newly reclaimed lands and increasing water consumption. Irrigation and cultivars are the
most factors that play a great role in maize production.

Maintenance of water resources is one of the most important national aims to face the
great demand for irrigation water. More attention was paid to maintain the water resources
by minimizing losses, decreasing the water consumption and cultivating more adapted
varieties to water stress.

So, irrigation management is very important nowadays in Egypt to determine the
optimum water requirements and planning the best irrigation regime that can be used in the
grow of maize to obtain maximum vyield.

Maize is known to be sensitive to deficits in soil moisture. Plant growth and grain
yield are known to be adversely affected by water deficits, especially during reproductive
growth stage. In new reclaimed lands maize is often produced in areas of limited water
supply , additional yield increases may be achieved by selecting cultivars with greater
productivity under deficit soil moisture (Boyer, 1982).

The objective of the present investigation was to precisely evaluate the recommended
maize cultivars under different irrigation water treatment.
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2. REVIEW OF LITERATURES

Water is the most limiting factor for crop production in arid and semiarid lands . If
sufficient water is not available application of high optimal agriculture practices and the use
of yielding crop varieties are useless. Drought is the most important factor limiting maize
crop productivity in many areas of the world and great yield losses can occur when maize is
exposed to drought conditions especially around flowering growth stage .

2.1. Effect of irrigation :

Alberte and Thornber (1977), found that the majority of chlorophyll lost in
response to water stress occurs in the mesophyll cells with a lesser amount being lost from
the bundle sheath cells. All of the chlorophyll loss could be accounted for by reduction in
the lamellas content of the light harvesting chlorophyll a/b. Protein is a rather specific
target for water stress. The decreased content of this chlorophyll protein accounts for the
elevated chlorophyll a/b ratios and the reduced photosynthetic unit sizes of the two cell
types in stressed plants.

Schobert and Tscheschesche (1978), concluded that proline posses high solubility in
water. The hydrophilic behavior of proline is unusual because it's molecule posses a
hydrophobic as well as a hydrophobic plant. They arrived at the conclusion that the actions
of praline in proteins is therefore different from that of detergents , it does not interfere with
intra molecular hydrophobic interactions of protein (which leads to the denaturation) but
binds instead only with hydrophobic residues. They hypothezied that these properties of
praline aggregates are preserved even with lowering of water potential in the cell and
increase of the salt concentration.

Dorrenbos and Kassam (1979), reported that maize appears to be relatively tolerant
to water deficits during the vegetative and ripening periods.

Kassam (1979), reported that maize appears to be relatively tolerant to water deficits
during the vegetative and ripening periods. The greatest decrease in grain yields is caused
by water deficits during the flowering period including tasselling silking and pollination.

Shalaby and Mikheil (1979), reported that increasing the number of waterings
during vegetative growth, flowering and fruiting periods of maize plant led to higher grain
yield/plant , increases were 15.5 and 37.9% for 8 and 10 waterings, respectively, as
compared to 6 waterings.

Abd EIl-Gawad et al. (1980), studied the effect of skipping one of 6 irrigations on
yield of maize hybrid D.C. 355. They found that grain yield, ear diameter, 100-kernel
weight, ear number and the number of double-eared plants/feddan were decreased.
However, the number of kernels/row were not affected. Skipping the 3 , 4" or 5%
irrigation reduced grain yield by 21.0, 19.9 and 17.0%, respectively. The greatest reduction
in 100-kernel weight resulted from omitting the 5" or 6" irrigation.

Hall et al. (1980), found that the decreased pollen grains due to water stress was in
proportion to drought susceptibility of the varieties.



Moustafa and Seif El-Yazal (1980), studied the effect of irrigation intervals of 9, 12,
15, 18 or 21 days on vegetative, flowering or maturity growth stages of hybrid D.C. 186.
They found that grain yield was decreased with increased irrigation intervals at all growth
stages. The greatest effect on grain yield resulted from the effect on flowering stage. The
best irrigation intervals of 12, 9 and 15 days were recommended, respectively, for
vegetative, flowering and maturity stages.

Gardner et al. (1981), stated that the greatest reduction was obtained when water
stress occurred during the pollination or grain-filling periods.

Herrero and Johnson (1981), suggest that due to delay in silking, pollen may be
exhausted before the silks appear and this was the reason for reduced grain number under
drought. However, when pollen from fully watered plants was added to plants under
drought stress at different stages of silk development , zygotes were formed but failed to
develop even when the stress was relieved prior to pollination.

Herrero and Johnson (1981), reported that stressed plants maintained a low leaf
water potential so their silk elongation rate was lower than the well watered plants . Severe
stress caused delay in silking until all or most of the pollen had shed , therefore large
numbers of barren stalks or poorly filled ears were obtained at harvest .

Labanauskas et al. (1981), found that water stress during the flowering and pod-
filling stages of cow pea plants increased the free amino acids pool. Proline, arginine,
threonine, serine, cystire valine, methionine and isoleucine were significantly affected by
water stress. However, there were no consistent patterns in the effect of water stress on the
individual amino acids. The sum of protein amino acids in the cow pea seeds was not
significantly influenced by various treatments, since some of the protein amino acids
increased and others decreased producing an averaging effect on the sum of the amino
acids.

Ainer (1983), indicated that irrigation at 20% deficit of the available soil moisture for
the upper 60 cm layer of the soil significantly increased ear diameter, number of
kernels/row, number of ears/plant, 100-kernel weight and grain yield/fed., as compared to
irrigation at deficits of 40, 60 or 90%. However, the crude protein percentage decreased by
increasing the amount of available moisture at irrigation time.

Aly (1984), applied irrigation at 20%, 50% and 80% deficits from the available soil
moisture for the upper 60 cm layer of the soil. He found that ear length and grain yield were
increased by increasing the soil moisture content at irrigation time, while kernels
number/ear and weight of 100-kernels were not affected.

Chang and Lieu (1984), studied the effect of leaf position on proline accumulation
and the differences in proline accumulating abilities among ten soybean cultivars under
drought stress conditions. They noticed that old and mature leaves contained more proline
than young leaves. On the other hand, the increase of proline was paralled to the decrease
of leaf water potential under drought conditions. Roots could not synthesize proline, but
proline could be transported from leaves to roots. Proline could be accumulated
pronouncedly under moderate to severe drought but the content of proline could also be
reduced among soybean cultivars under the same drought conditions.



El-Sahookie and Wasson (1988), showed that soil moisture stress decreased grain
yield/plant, grain yield and its efficiency (grain yield/unit leaf area).

Mohamed (1984), in Egypt, indicated that yields of grain, stalks and total DM
increased with increasing irrigation and fertilizer application. At 300 m?irrigation / feddan ,
water use efficiency increased with increase in N application but at 400 and 500 m?, water
use efficiency was greatest at 50 kg urea/feddan.

Bhaskaran et al. (1985), stated that in ten varieties of sorghum grown as callus
culture, proline levels increased due to water stress induced by the addition of polyethylene
glycol (PEG) to the medium. They also observed that the magnitudes of these increases
were not correlated with stress tolerance of the individual varieties in culture.

El-Kassaby et al. (1985), found that increasing the available soil moisture deficit
decreased plant height, dry weight of plant, weight of grain/plant, weight of 100-grains and
consequently the grain yield (ard./fed.).

Salwau (1985), found that 100-kernel weight was consistently decreased by skipping
one irrigation during flowering and maturity stages.

Westgate and Boyer (1985), concluded that early kernel development was highly
dependent upon the supply of assimilates from because plant reserves were not sufficient
to maintain kernel growth at low water potential .

Harold (1986), found that water deficit during the vegetative growth had little effect
on kernel weight . Grain yield reduction was proportional to reduction in kernel weight .

Mohamed et al. (1986), found that the maximum 50-53% and minimum 8%
reduction in ear yield was detected by skipping the 3" or 4" irrigation and the 2" one,
respectively. For straw yield the reduction amounted from 36, 33 and 28% by skipping 2",
3 and 4" irrigation respectively. Number of 21-23 folds of the control treatment as earn
plants deprived of 3, 4™ or 5" irrigation.

Nour EI-Din et al. (1986), mentioned that effect of drought was significant on ear
and straw yields when maize plants imposed to drought during ear formation or grain filling
stages and during vegetative stage.

Ragab et al. (1986), found that maximum (50-53%) and minimum (8%) reduction in
ear yield was detected by skipping the 3™ or 9" irrigation and 2" one, respectively.

Saeed (1986), reported that soil moisture was depleted during mid season more than
during vegetative growth stage will definitely affect crop yield depending upon the degree
of stress.

Sobrado (1986), found a strong relationship between leaf expansion rate under
drought and pre drown leaf turgid potential elongation ceasing at turgid potential of less
than —0.2 M pa. Water stress accelerates the senescence of lower leaves in maize and
cultivars with increased capacity for asthmatic stalk compared with control plants. However
accumulation of TEC and TKN in excess of control values in the isolated plants did not
prevent kernel loss.



Soliman (1986), found that water deficit shortened the effective filling-period and
reduced grain yield. However, the period involving silk emergence and pollen shedding has
bean identified as the most sensitive to drought. Substantial yield losses have been
observed even when drought occurs during the vegetative or the grain filling periods.

Westagate and Boyer (1986b),found that varied the time around pollination when
low W was present. As the time 4- increased after pollination exposure to low W resulted in
less abortion by 10-14d after pollination exposure to low W rarely caused abortion.

Ouattar et al. (1987), found that maize kernel development was not affected when
severe water stress was imposed during either early or mid grain filling. Maintenance of a
high stalk moisture content in spite of severe leaf dehydration, may had facilitated
translocation of assimilates from the stalk to the grain.

Schoper et al. (1987), reported a sensitivity of pollen to high temperatures and
indicated that there was genotypic variation for this sensitivity.

Fredrick et al. (1989), reported that water stress delayed silking and antithesis dates
in addition to its effect on shortening the grain filling period.

Fischer et al. (1989), reported that after three cycles of improvement , grain yield of
maize was increased by 1.8, 7.8 and 20.6% under mild, medium and severe moisture
deficits, respectively. Also, they reported significant changes in drought correlated traits but
there was no significant change in days to flowering under normal irrigated conditions.

Gieant et al. (1989), reported that kernel number of maize ears was sensitive to
moisture stress at intervals of 2 to 7 days after silking and ended 16 to 22 days after silking.
Yield decrease resulting from soil moisture deficit depends upon numerous factors, such as
growth stage at which the moisture deficit develops, the severity and duration of water
deficiency, and the susceptibility of the examined genotypes .

Vassey and Sharkey (1989), showed that in phaseolus this decrease induced an
inhibition of sucrose phosphate synthase (SPS) activity when measured in normal air. The
SPS inhibition was relieved by a 5 h exposure to 1% CO..

Sinclair et al. (1990), majored both grain yield and total accumulated biomes at crop
maturity were measured and the examined relationship between these two parameters . In
all cases high linear correlation between grain yield and accumulated biomes was obtained.
At moderate stress harvest index of the crop was stable-under , severe stress the
accumulated biomes was less than but grain yield decreased to a greater extent than
accumulated biomes.

Sinclair et al. (1990), reported that severe water stress during the R1 (silking) to R3
(early grain-fill) reduced grain dry matter accumulation more than total dry matter
accumulation because of premature senescence.

Sobrado (1990), studied the effect of three water regimes, i.e., weekly irrigation
(IRR) no irrigation between 30 to 56 days from sowing (D1); no irrigation from 15 to 56
days from sowing (D2) on six maize varieties and hybrids. He observed that kernel number
and kernel size were reduced under water stress as compared to the IRR regime . Kernel
number and kernel size were more reduced in D> than in Ds. A strong correlation between
leaf area at anthesis and grain yield was observed, suggesting that small leaf area, as a
consequence of water deficit during vegetative development of the crop decreased the
carbohydrate source available for kernel growth.



Ashour (1991), found that drought stress increased soluble protein content,
peroxidase activity, total free amino nitrogen and free proline, these changes were more
pronounced in Clark than in Call variety. He reported that free proline content in stressed
Clark plants was 9.4 times greater than control at 29 days old. Also, he mentioned that
adapted plants of both soybean varieties accumulated more free proline as compared to
non-adapted plants at the age of 37 days in response to drought stress for one day.
Moreover, he reported that drought stress increased the relative percentage of some amino
acid, e.g., proline while decreased others in both soybean and maize. He concluded that the
response of biochemical constituents in plant cells to drought stress varied widely among
soybean and maize plants and also within a tissue over time course.

Helweg (1991), indicated that in case of high water use efficiency, the highest
feasible crop production can be obtained. Schedules most of plants must be adjusted
according to the changes in crop water requirement over the growing periods.

Ober et al. (1991), showed that there was no difference in water potential among
basal kernels from these two treatments. The anatomy of the developing kernel is such that
after pollination, the majority of water is presumably channeled through the placental
chalazal /region of the kernel.

Schussler and Westgate (1991), showed that plant water deficit during flowering
and early kernel growth, reduced maize yield by decreasing kernel number per ear.

Zinselmeier (1991), reported that water deficit prior to pollination decreased ovary
water content by about 3-4% (87% to 83% moisture) and that enough to cause abortion of
nearly all pollinated florets.

Bassetti and Westgate (1993), found that silks lost receptivity to pollen as they aged
if plants were subjected to water limitation. Much emphasis has been placed on minimizing
these asynchronous effects by genetic selection for drought tolerant plants.

Bolanos et al. (1993), reported that good grain yield and normal antithesis silking
interval (ASI) were not a consequence of improved water relations but rather were due to
improved partitioning of biomes toward the female inflorescence at flowering.

Many plants , including halophytes , when exposed to drought or salinity stress
accumulate compatible osmolytes , such as amino acids , sugar alcohols (e.g. pinital) , other
sugars (e.g.,fructose) and quaternary ammonium compounds (e.g., glycine betaine)

Delauney and Verma , (1993) . Although many workers have reported positive
correlations between the capacity for praline accumulation and drought or salinity tolerance
of different varieties of some species O'regan et. al., (1993) and Vanrensburg et. al .,
(1993) . Others have defined the value of proline accumulating potential as positive index
for tolerance to osmolic stress Delauney & Veramd (1993) and Hever (1994).

Edmeades et al. (1993), reported that kernel set in maize grown under drought or
high plant density was decreased to a greater extent in genotypes whose average spi kelet
biomes was less than 1.0 mg at silk emergence.

Hefini et al.(1993), showed that ear length, ear height, number of kernels/row, 100-
kernel weight, grain yield/plant and straw yield/feddan were significantly decreased by
increasing the depletion of available soil moisture from 40 to 80%.



Jones (1993), noted that high water use efficiency (WUE) may be associated with
low productivity and decreased water use. Paradoxically is often positively associated with
biomes and grain yield under drought.

Keller and Ludlow (1993), observed an increase of activity for starch hydrolyzing
enzymes, sucrose synthesis and sucrose content in drought stressed leaves of pigeons
tropical legume. Moreover, the changes were associated with an increased activity of SPS
and the pinitol synthetic pathway.

Abdalla et al. (1994), evaluated twenty sorghum biocolor genotypes, 13 locally
adapted landraces and 7 commercial cultivars in four water stress treatment. He reported
that in general, water deficit at all stages adversely affected the agronomic traits although
the degree to which they were affected varied according to the growth stage at which the
water stress was applied. Grain protein content was decreased in plants that were water
stressed at flowering, grain filling and physiological maturity stages.

Schussler and Westgate (1994), found that the brief water deficit decreased Kernels
per ear by 45% in the controls, 72% in the shade treatment and 49% in the isolated
treatment. Low kernel set in the shade treatment was associated with low levels of total
extractable carbohydrate (TEC) and total kyeldahl nitrogen (TKN) in stalk leaves and
reproductive stage.

Varvel (1994), reported precipitation use efficiency (PUE) of 36-137 kg ha* cm™
for growing continuous maize as compared to 57-165 kg ha'! cm™ in maize-soybean
rotation. Adjustment of water supply have been shown to have a delayed leaf senescence
under drought.

Westgate (1994), found that drought during booting and flowering stages in sorghum
greatly reduced grain yield.

Dhopte et al. (1995), reported that the increase of amino acids (proline, glycine and
phenylalanine) was similar in both tolerant and susceptible grain sorghum genotypes, under
normal and water stressed conditions. They found that lysine and valine contents were
considerably affected. The former being reduced and the latter being increased under stress
conditions in the susceptible genotype (R-208). They proposed supplementing crop with
lysine may probably endure stress conditions.

Sadek et al. (1995), showed that the maximum water use efficiency was obtained
when using 7 irrigations. Skipping one irrigation at (silking + 5 days) regime was applied in
both seasons of the study.

Varvel (1995), found that PUE for soybean averaged 30 kg hal cm™ whereas
sorghum was 89 kg ha ~* cm ~* during 8 years period studies.

Attaallah (1996), reported that plant height, ear height, ear leaf area, number of
ears/plant, number of rows/ear, grain yield/plant and grain yield/feddan were significantly
decreased with increasing irrigation interval.

Bolanos and Edmeades (1996), studied the drought tolerance in six tropical maize
populations and found that grain yield, kernels/cob, kernels/plant, and kernel weight were
decreased with increasing drought.



Chapman et al. (1996), stated that maize crop was found to be susceptible to drought
several weeks before and after flowering.

Chementi et al. (1996), found some variability for Osmotic Adjustment (OA) in 20
maize inbred characterized by either high or low OA in yield.

Eyherabide et al. (1996), reported that 34 — 40% of the inter annual variability of
yield in the principal maize growing region of Argentine are explained by variations in
rainfall in the 30 days period immediately prior to and just after flowering of the crop.

Khedr et al. (1996), found that irrigation at 25% or 50% water depletion gave similar
yields which were significantly higher than irrigation at 75% depletion. Water use
efficiency (WUE) was the highest when irrigation was done at 50% water depletion, and
was higher for cultivars S.C.9 and T.W.C. 320.

Abdul-Salam and EI-Naim (1997), studied the effect of cutting height (at the soil
surface and 15 cm above) on the chemical composition of leaves, stem and whole plant of
grain sorghum and pop corn. Percentage of crude protein was higher in pop corn leaves and
stem, whereas total ash was the highest in maize but crude fiber was the highest in grain
sorghum. The highest amounts of total carbohydrate and total ash was in leaves, stem but
the highest amount of total protein was in grain.

El-Karamity and Attaallah (1997), revealed that leaf area/plant, plant height, grain
yield and its components (except ear length), protein and oil percentage in grains were
significantly affected by irrigation treatments, while number of days to 50% tasselling and
silking was not affected in both seasons.

Ribaut et al. (1997), reported that drought at flowering time of maize in some cases,
have severe effect on the crop. Trials with F3 families were conducted in the field under
well watered conditions (WW) and two other water stress regimes affecting flowering
(intermediate stress [IS] and severe stress [SS]). Drought resulted in 60% decrease of grain
yield under severe stress conditions (SS). The F3 families that performed as the best under
(WW) conditions were found to be proportionately more affected by stress and the yield
reductions due to (SS) conditions were inversely proportional to the performance under
drought.

Saied (1997), found that grain yield of maize was significantly decreased when plants
were subjected to drought when withholding one irrigation at vegetative, flowering and
grain formation stages. Reduction in yield was more pronounced when withholding
irrigation coincided flowering and vegetative stages. Effect of water regime on grain yield
and weight of 100-kernels was highly significant. He ascribed the decrease in grain yield to
the decrease in available water in the root zone, which reduced uptake of water and
nutrients.

Tollenaar et al. (1997), reported a greater number of ears and kernels in a stress
tolerant hybrid than a stress susceptible hybrid.

Wesgate (1997), reported that a decrease in as simulates production in drought plants
under drought coupled with inhibition of the carbohydrate metabolism in the fertilized
ovaries lead to a decrease of carbohydrate partitioning to the ear and eventually to kernel
abortion.
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El-Sayed (1998), reported that reduction in yield due to drought at different growth
stages was accompanied by losses in grain yield components, i.e., number of ears/plant,
rows/ear, kernel/row, and 100-kernel weight. The reduction in ears/plant was higher than
reduction in all other yield components at all stressed moisture regimes. In contrast water
stress caused significant increase (delay) in silking date by 7.4, 6.1 and 6.7 days and
elongation in anthesis silking intervals (ASI) by 5.4, 5.9 and 5.9 days when water stress
was imposed at pre-flowering, flowering and post flowering stages , respectively. Also, he
observed an increase in leaf temperature relative to air temperature by 114, 113 and 117
due to drought stress imposed at pre-flowering, flowering and post flowering stages,
respectively.

Lemcoff et al. (1998), concluded, through analysis of a multiplication data base trial
and measurements of capacity for Osmotic Adjustment (OA) in several hybrids, that
genetic variation for (OA) exists in temperate maize and that high yield stability.

Voleti et al. (1998), studied the proline accumulation under moisture stress at three
different growth stages in young and mature leaf tissues of Brassica carinata hybrids of
tropical origin and their parents. They reported that proline accumulated significantly in
young leaves at pre-flowering stage and immature leaves at flowering stage. They also
observed maternal influence for this character.

Abu-Grab and Othman (1999), reported that grain and stover yields were the most
affected characters by moisture stress at all tested drought stages. Reduction in grain yield
were 24.27, 34.39 and 20.54% when plants were subjected to drought at vegetative,
flowering and grain filling stages, respectively.

Al-Naggar et al. (1999), found that grain yield was significantly reduced by soil
moisture stress at both GS, and GS3 stages, but GSs (grain filling stage) was more sensitive
to stress than the GS; (pre-flowering stage). They attributed this contrast in results to anther
factor i.e., the drought severity at GSz due to length of stress period, which was 45 days at
GS2 while was 55 days at GSs.

Abdalla Abou Elazem et al. (2000), studied the effect of skipping irrigation at the
different plant growth stages of maize on yield, they indicated that skipping on irrigation at
grain filling stage, i.e., milk ripe or dough stage produced the highest yields which were
17.59 and 18.00 percent of the control. Water stress during the vegetative and flowering
stages caused the highest yield reduction, which was 37.98 percent of the control. They
concluded that the more the soil moisture stress the more was the grain yield reduction.
Moreover both vegetative and flowering stages are the most critical stages, where plants
suffered from drought stress and yield decreased more than any other stage of plant growth
during the growing season.

El-Ganayni et al. (2000), mentioned that flowering stage was the most sensitive to
water deficit, where the reduction was 68% in grain yield and 53% in number of ears per
plant. They added that grain filling stage was also sensitive. The pre-flowering and
flowering stages were equal in sensitivity to water deficit effect on anthesis silking interval
and number of rows/ear. When water stress elongated it reduced number of rows/ear by 4%
as compared to the control. Moreover, severe stress experienced from the beginning of
flowering stage until maturity showed maximum reduction in grain yield (75%) ears/plant
(56%) and rows/ear (5%) as compared to the control. Also, prolonged irrigation interval of
22 days significantly reduced grain yield/plant and number of kernels/ear as compared to
irrigation at 12 days.
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Young et al. (2000), examined the effects of water stress on the contents of proline,
ornithine, arginine and glutamic acid in detached rice leaves. They concluded that in water
stressed leaves, the proline content of was elevated to approximately 8, 14 and 17 fold
higher than in control leaves after 4, 8 and 12 h., respectively. Also, they observed that
ornithine and arginine contents were much higher under water stress than in control leaves.
Moreover, the contents of glutamic acid in water stressed leaves was higher after 4 and 8 h
and lower after 12 h than that in control leaves.

Asch et al. (2001), found that leaf water potential decreased slowly as a function of
available soil water content and resulted in 0.4 Mpa at the end of the longest irrigation
period and 0.12 Mpa at the end of the shortest irrigation period. Under fully water
conditions plot yields averaged 1400 gm™ for total dry matter (DM) and 700 gm for grain
yield with a harvest index of about 0.5. Initiation of drying cycle close to flowering did not
change yields while long drying cycles resulted in significant yield reductions up to 70% of
the fully watered control. Kernel number per cob was reduced up to 60%under long
drought conditions and not affected under short term drought.

Berengur and Faci (2001), found that water stress produced a decrease of the
seasonal evapotranspiration , total dry, matter grain yield and harvest index. The
relationships between the total dry matter, grain yield and harvest index versus the seasonal
irrigation water applied was linear in the four sorghum plant densities.

Berengur and Faci (2001), showed that the differential irrigation treatments
significantly affected the productive parameters and the grain yield of sorghum. Water
stress produced a decrease of the seasonal evapotranspiration, total dry matter, grain yield
and harvest index. The important decrease of the harvest index as water stress increased,
indicated that grain yield was more sensitive to water stress than dry matter production.

Ober and Sharp (2001), found that at a low water potential (LWP) of -1.6 Mpa, the
rate of pro deposition in the root tip was decreased by 75% in flurid one (FLU) treated
compared to untreated roots. FLU treatment increased root diameter and therefore water
content per unit length. But water deposition rates decreased longitudinal expansion. Thus
the decrease in pro concentration was attributable entirely to the decrease in pro deposition.

Zeinab (2001), studied the effect of drought stress on the accumulation of free amino
acids and described difference between drought tolerant and susceptible genotypes. In
general, absolute amount of most free amino acids increased under stress compared to
control. The maximum increase in free amino acids due to water stress occurred in proline
content and lower increase was in glutamic acid.

Banziger et al. (2002), found that heavier kernel weights were likely the result of
delayed leaf senescence and increased assimilate supply during grain filling. They
concluded that decreased ear abortion and increased assimilate supply during grain filling
of maize was due to good water supply. Selection for tolerance to mid season drought also
provide tolerance to nitrogen stress and therefore may contribute to increased yield and
yield stability.

Khalifa et al. (2002), indicated that there was significant difference between the two
stress levels for all studies traits except for ear diameter, number of rows per ear in one
grown season while no. of days to mid silking and leaf proline content (LPC) in another
season. Water stress resulted in (30.3 %— 43.2 %) reduction in grain yield in 2000 season
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and 11.6% - 20.0% in 2001 grow season. Reductions due to water stress in no of ears
/100plants , ear length and diameter , no. of rows per ear , no. of kernel per row, 100 kernel
weight and plant height were (8.1 -20.8 % ,9.1 - 14.3%,0.7-45%, 1.4 -3.7%, 13.1 -
23.6% , 6.4 — 12.8% and 0.2 — 10% ) ,respectively . Considerable changes in LPC at
flowering stage. LPC increased by (10.7% - 41.1% and 19.9%), at 52, 62 and 90 days,
respectively as compared to values under normal irrigation.

Claudio et al. (2005), reported that the components of yield and their determinants
(i.e., floret number/ear, grain set, grain number and weight per grain) exhibited differential
responses with timing of the drought and in response to level of Osmotic Adjustment (OA).
They concluded that (OA) can contribute to drought tolerance in maize exposed to water
deficit both before and during flowering.

2.2. Effect of maize varieties:

Maize crop is known to be sensitive to available soil moisture, since plant growth,
grain yield and yield components are known to be diversely affected by water deficits. The
effect of water stress on yield and its components of maize was found a relation between
the tested genotypes, severity of water stress and plant growth stage.

Herrero and Johnson (1981), used the single cross (FR632xFR 619) to study the
effect of different soil moisture treatments at tassel emergence. Mild and severe drought
increased the interval from initial silking to initial pollen shed by an average of 3 and 4
days, respectively. Plants under stress maintained a low leaf water potential, so their silk
elongation a rate was lower than the well-watering plants. Severe stress delayed silking
until after all or much of the pollen had shed therefore, large numbers of barren or poorly
filled ears were noticed at harvest. They concluded that the effect of drought that begins at
anther’s shedding was greater on female floral development than on male ones.

Ihsan and Dorffling (1982), found that proline levels increased continuously during
the stress period in the four varieties but with different amounts. The drought susceptible
varieties Shaheen and Goldprinz produced higher levels of proline than the drought
resistant varieties Swabi white and Garbo.

Patil (1983), studied 3 genotypes of maize under three moisture regimes. He found
that grain yield was generally reduced under water stress. Reduction in case of composite
varieties was lower than in hybrids. He attributed this result to better penetration and
distribution of the root composites.

Dow et al. (1984), identified the morphological and physiological traits related to
drought tolerance in maize. They found that the drought index was correlated negatively
with date of mid anthesis. Selection for early selling related to antithesis could be beneficial
in breeding for drought resistance.

Villegas et al. (1985), compared some cultivars of maize under irrigated and stress
conditions. They suggested that the most drought resistant cultivar had the least delay in
silking under stress conditions.

El-Hattab et al. (1986), reported significant differences in grain yield/plant and grain
yield/feddan among maize cultivars grown under different soil moisture stress.
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Lorens et al. (1987), identified a difference in dry matter accumulation between the
two maize hybrids Pioneer Brands 3192 and 3165 when subjected to water stress. Under
drought grain yield of the hybrid 3165 was higher than of hybrid 3192. This finding was
explained on the basis of higher plant growth and final biomes rate of hybrid 3165.

Undersader (1987), detected no differences in yield and yield components of maize
hybrids involving different heat-and drought- susceptible lines. He declared that number of
ears per plant was more important than number of kennels per ear.

Ashraf (1989), found that the leaf water potential and turgor potential can be
employed as a criterion to determine drought resistance of maize cultivars and lines during
early vegetative growth.

Gie et al. (1989), evaluated the response to drought stress at different separate growth
stages of the single crosses Danyh 13, Yudan8, Zhengdan 8, 171x330, and the inbred
Baiha. Yield of the 5 varieties and inbreds were reduced significantly when water stress
was imposed at the grain filling stage.

Fischer et al. (1989), evaluated the full-Sib progenies of the tropical low land
Tuxpeno population under low, medium and severe moisture-deficit treatments. Average
yields were 6.1, 4.3 and 1.61 T/ha, respectively. The interaction between yield of the
genotypes and soil moisture deficit was significant.

Frederick et al. (1989), subjected four hybrids to soil moisture deficit from early
vegetative development until pollination. They found that drought stress delayed silking
and anthesis dates and reduced grain-filling period of each hybrid, but had little effect on
the date of phepiological maturity. The period between anthesis and silking was increased
under drought in the two single crosses (B73 x LH38) and FS854, but was not changed in
the single cross (B73 x Mo 17) and decreased in U 513. Results of this study showed that
the delayed- senescence hybrids B73 x LH 38 and FS 854 were the most resistant to
drought imposed during the vegetative and early reproductive development.

Nigem (1989), reported that, significant differences were found among nine maize
varieties. In general D.C.202, Giza-2 and Cairo-1 were superior in grain yield, ear length,
number of green leaves and leaf area/plant as compared with “Local-1, Local-2, Sabeeny,
Nab EL-Gamal’’ Pioneer 514 and Pop. 45.

El-Bialey et al. (1991), revealed that there were varietal differences in growth and
yield plants of both S.C. 10 and D.C.215. They were taller and had lower number of
rows/ear than those of Giza-2 but had taller ear length and higher number of grain/row.
With respect to grain yield S.C.10 produced higher yield followed by D.C.215 while Giza-2
gave the lowest yield.

Bedeer et al. (1992), found that maize hybrid D.C.204 and 215 produced higher grain
yield than the open-pollinated variety Giza-2. D.C.204 was the most productive hybrid
(25.17ard/fed) followed by D.C.215 and Giza-2 (24.37 and 23.5 and/fed), respectively.

Ibrahim et al. (1992) found significant differences among five maize varieties under
different irrigation treatments in number of ears/plant, number of rows/ear, number of
kernel/row, and grain yield over two seasons.
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Nesmith and Ritichie (1992), studied the effect of several soil water deficts during
the grain- filling period in two maize hybrids. Reduction in yield ranged from (21% to
40%) according to the stress treatment. Kernel weight was the most decreasing trait as a
result of the short grain filling period.

Shalaby (1992) reported significant differences among maize genotypes under
different drought treatments. The studied genotypes differed greatly under drought stress
for 100-kernel weight and grain yield.

Weerath-Aworn (1992), studied water stress for a prolonged period before or after
flowering stage. They found that prolonged water stress before flowering reduced grain
yield due to lower kennel number and 100-kernel weight. Post flowering stress mainly
reduced 100-kernel weight. They mentioned that some cultivars were tolerent to water
stress at the pre- flowering stage while others were tolerent at post flowering.

Bolanos et al. (1993), conducted eight cycles of full-sib recurrent selection in the
population Tuxpeno grown under stress at flowering and grain filling stages. They studied
also the direct and correlated selection response in number of days to flowering, days from
50% antithesis to 50% silking (ASI) and biomes of reproductive organs at antithesis. Grain
yield and its components especially kernels/plant showed a strong dependance upon ASI.

Camacho and Caraballo (1994), subjected 10-maize cultivars to increasing water
deficit in a late growth stage. The cultivars differed significantly in all growth parameters
except length of the roots. Cargill-163 hybrid, was the least sensitive to water deficit. It was
suggested that measurement of the root dry weight was the most appropriate criterion for
selection of maize genotypes to drought tolerant.

Mitu et al. (1994), found that the cumulative effect of drought stress during growth
period in the drought years of 1987 and 1988 resulted in (73% - 88%) yield reduction when
compared to condition in normal year. Some hybrids showed good tolerance to drought
under field conditions, reduction in yield ranged from (21% to 40%) according to the stress
treatment. Kernel weight was the most decreasing trait as a result of the short grain-filling
period.

El-Karamity and Atta-Allah (1997), found that the highest grain yield and its
components were recorded with S.C.10 cultivar irrigated with fresh water over the season,
followed by those irrigated with drainage water after receiving two irrigations with fresh
water. So, one-third of fresh water could be replaced by drainage water in irrigation with no
sacrifice in yield. The lowest values for the studied were produced by Giza-2 cultivar,
irrigated with drainage water over the whole growing season. The highest grain protein was
recorded with SC. 10 cultivar irrigated with drainage water over the growing season, while
the highest oil percent was obtained with Giza-2 irrigated with drainage.

Moursi (1997), found that maize genotypes differed significantly under water stress
in number of rows/ear, ear weight, number of kernels/row, 100 kernel weight, and grain
yield.

Subramanian and Charest (1997), subjected two different sensitive maize cultivars
to drought stress for 3 weeks following tasselling (75-95 days) after sowing. Grain yield of
a sensitive cultivar was reduced by 55%.

15



El-Sayed (1998), evaluated 18 open-pollinated populations of maize under different
soil moisture regains. Based on high absolute yield the local cultivars Giza-2 and the
CIMMYT’S drought-tolerant populations DTP-1 and DTP-2 were considered as the most
drought resistant genotypes. On the other hand some populations behaved as highly
susceptible under pre-flowering stage and some others were high susceptible at either
flowering or post flowering stages.

El-Sheikh (1999), found that late- season water stress had more severe effects on
grain yield than early- season water stress. Grain yield of hybrids S.C.10 and T.W.C. 73
and four double cross was less than single crosses. Single crosses exhibited severe
reduction in the early season stress treatment (skipping the second irrigation, 80 days from
planting). Reductions in grain yield as a percentage of the control were 5% and 16% in
1995 season 8% and 22% in 1996 season for early-and late season stress treatments,
respectively. The most sensitive period was flowering stage therefore, tolerant cultivars
would be affected by reduction in kernel dry matter accumulation and consequently kernel
weight.

Ibrahim et al. (2001), reported that Giza-2 was more tolerant than S.C 155 since
50% of its grains have greminated at the water potential 0.8Mpa, while the germination
percentage of S.C 155 was reduced to 30% at soil water potential-0.6MPa, and 100
%inhabited at —0.8 Mpa treatment. The photosynthetic efficiency of Giza-2 leaves was
higher than S.C 155 hybrid at all levels of soil water potentials.

Mahgoub et al.(2001), found that the behavior of coardo populations under the two
irrigation levels differed from one populations 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 Giza2 C6, Giza 2 C8 , DTP. 1 C7 (Y) and DTP.2 C5 (W) populations . Average gain
cycle for grain yield under draught stress was 10% improved performance under drought
stress of the four populations was mainly due to an improvement in number of ears per
plant and — or 100 kernels weight . The selection succeeded to reduce the silk tassel interval
under drought stress by 1-3and 5 days. Giza-2 C8 is the best population for the
development of drought tolerance inbred lines.
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3. MATERIALS AND METHODS

Two field trials were conducted at the Experimental Farm of Nubaria Agricultural
Research Station ARC, which represent calcareous soil of newly reclaimed land of Nubaria
and north west Egypt. Trials were conducted in 2002, 2003 and 2004 growing seasons to
evaluate the effect of some drought treatments on growth and yield of 4 maize (Zea mays,
L.).cultivars

Due to failure in applying some of the irrigation treatments at the proper time in
2004, the results presented and discussed are those of 2002 and 2003 only.

The preceded crop was wheat in the two seasons. Sowing date was 20" and 15" of
June in the two successive seasons. Two seeds were hand-sown in hills spaced 25 cm on
ridges of 0.70 m apart. Hills were thinned to one plant after 21 days from planting. The
recommended cultural practices for Nubaria region were followed. Harvest was done on the
215 and 14" of October for the two successive years.

3.1. Soil type

The soil in which the experiments were conducted is calcareous . The physical and
chemical analysis of the soil is given in Table (1).

The experimental design was spli-plot with four replicates. Irrigation treatments were
randomly assigned to main plots while hybrids were assigned to sub-plots. Each sub-plot
consisted of 3 rows of 6 m., long and 0.70 m. apart. The two central rows were harvested
for grain yield data.

3.2. Treatments and experimental layout

Two experimental factors including irrigation treatments and cultivars were studied in
the present experiment. The levels or treatments of each factor was as follow :

3.2.1. Irrigation treatments :
Skipping one irrigation at each of the following growth stages Table (2).

1- The conventional irrigation practices applied in Nubaria Region, i.e., the first irrigation
at 21 days from sowing, the following 6 irrigations were given at 15 days intervals.

2- Pre-flowering, 35-50 days from planting (skipping 2" irrigation).

3- Flowering 50-65 days from planting (skipping 3 irrigation).

5- Early grain filling 65-80 days from planting (skipping 4" irrigation).

6- Late grain filling 80-95 days from planting (skipping 5" irrigation).

7- Skipping irrigation at pre-flowering + early grain filling (the 2" and 4™ irrigations).
8- Skipping irrigation at flowering + late grian filling (3" and 5" irrigations).

9- Skipping irrigation at pre-flowering + late grian filling (the 2" and 5" irrigations).
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Table (1): Soil chemical and mechanical analysis of the two experimental sites in 2002 and
2003 seasons.

Variables 0-30cm 30-60cm
2002 2003 2002 2003
E.C.ds m-1-paste ext. 3.60 4.26 3.09 4.16
pH (1 : 2.5 soil : water) 8.4 8.45 8.00 8.10
OM (%) 0.51 0.49 0.53 0.50
CaCOs (%) 21.90 23.85 22.98 24.05
Available P ug P/g soil 6.5 7.16 6.2 6.2
Available N ug N/g soil 46.00 28.00 50.00 24.00
Soluble cations (meqg/l) :
Ca™ 17.40 12.09 17.04 12.19
Mg* 12.06 10.05 16.43 9.09
Na** 5.04 4.36 4.00 4.06
K* 0.98 1.00 1.30 0.90
Soluble anions (meqg/l) :
COs 2 0.00 0.00 0.00 0.00
HCOz 3.59 4.30 2.05 3.20
CI 29.00 20.35 32.12 21.00
SOy 1.98 3.99 1.50 0.99
DTPA-Fe, ext., ppm 3.20 3.40 3.40 3.30
DTPA-Zn, ext., ppm 0.40 0.46 0.79 0.80
DTPA-Cu, ext., ppm 0.70 0.78 0.55 0.60
DTPA-Mn, ext., ppm 131 1.15 1.39 1.29
Mechanical analysis :
Sand % 47.00 5000 56.00 50.50
Silt % 29.00 30.00 26.00 29.50
Clay % 24.00 20.00 18.00 20.00
Texture order Sandy clay loam Sandy clay loam
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Table (2): Irrigation treatments involved in the study in 2002 and 2003 seasons.

Irrigation treatments

Growth stage

Pre- Late
| Early
i Flowerin rain
flowering | g Grain fg”
50-65 days illin
35-50 days f y filling 9
rom 80-95
from _ 65-80
planting planting days days from
planting
from
planting
Al- Skipping 2" irrigation X
A2- Skipping 3" irrigation X
A3- Skipping 4™ irrigation X
A4- Skipping 5™ irrigation X
A5- Skipping 2" in 4™ irrigation X X
A6- Skipping 3" in 5" irrigation X X
A7- Skipping 2" in 5" irrigation X X

AS8- Control
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To avoid water leakage from irrigated to non-irrigated plots, a ditcher and two border
ridges were aligned between each two main plots. Also, a parallel irrigation ditch was
digged between each two main plots.

3.2.2. Maize hybrids :

Four different maize hybrids were used in all experiments. These hybrids may be
classified according to the following :

Hybrids Plant height Maturity Kernel color
S.C. 123 Tall Intermediate
T.W.C. 321 Tall " )
White
Giza?2 Tall "
DTP-1 Intermediate "

The objectives of the present investigation were :
1- To study the effect of different water stress treatments (skipping certain irrigation) on yield,
yield components and different growth characters.
2- To determine the best cultivars from among the studied cultivars to be recommended for
farmers in Nubaria area which have irrigation problems

3.3. Data recorded

The following data were recorded for each plot.

3.3.1.Agronomic characteristics: This part includes the following agronomic

Characteristics :

1. Plant height: The height from the soil surface to the base of the flag leaf in cm (from 5
guarded plants/sub-plot).
2. Ear height (cm.): The distance from soil surface up to the node of the top most ear.

3. Stem diameter: The diameter of the stem in the middle of the internode under the ear
position (cm).
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4. Leaf area index: The leaf area index was determined as follows:
LA
LAI = (—)
GA

LA. Leaf area (cm?): was estimated at anthesis growth stage as the average of five plants
leaves taken randomly from each sub plot. It was measured using electrical apparatus (LI-
3000 portable Area Meter, LI-3050. The methods recommended by Radford (1967).

GA = ground area (cm?)

5. Days to 50 percent tasselling : Expressed as the number of days from planting to the day
when 50% of the plants had tasseled in each sub-plot.

6. Days to 50 percent silking : Expressed as the number of days from planting to the day when
50% of the plants had silk emergence.

7. Chlorophyll determination : Chlorophyll content was determined as a SPAD unit (Soil
Aplant Analysis Departement) of Minolta Co. This unit was trasnformed to mg/gm as
described by Monge and Bugbe, (1992) as follows:

Chl. =80.05 + 10.4 (SPAD 502)

8. Leaf water potential (-bar): It was determined using a pressure meter (plant water status
console model 3005, Santa Barbara, Ca. U.S.A) at four times during the growing seasons
(after each of the drought treatment)

(1) Pre-flowering (35-50 days).

(2) Flowering (50-65 days).

(3) Early grain filling (65-80 days).
(4) Late grain filling (80-95 days).

3.3.2.Chemical characters:

1. Leaf proline content: Three fresh-leaf samples were taken for physiological
determination of percentage leaf proline content (LPC, (g\g) as physiological
indicators of the plant status under the implemented water stress treatments.
Sampling time was at 49, 65, and 80 days after planting (DAP) representing pre-
flowering, flowering and early grain filling stages. Samples were collected
between 11: 00 am and 2:00 pm. Leaf disks were taken from two plants in each
plot. The leaf disk were immersed immediately in the cooled proline extraction
solution (3% aqueous sulfosalicylic acid solution). Samples were taken to the
cooled conditions and were kept refrigerated until extraction and determination
of leaf proline content (Bates et al. 1973). Samples were measured by
spectrophotometer and repeated twice .

2. Pollen grain viability (%): The number of pollen grain per scop as described
by Walden and Everett (1961).
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3.3.3. Yield and yield components :

This part of the study includes the following :
1. Ear length : length of the ear (cm), measured from 5 random ears/sub-plot.

2. Cobe diameter : was measured in cm., as an average of the same five cobes
used in ear length estimation.

3. Number of kernels per row : was estimated from the samples taken before.

4. Weight of 100-kernels (gm): taken randomly from the some five ears used
in the length estimation.

5. Grain yield/hectare (ton/ha): The yield of grain/sub-plot (kg) was adjusted
to 15.5% moisture content and than transformed to ton/hectare.

6. Straw yield (ton per hectare): Straw yield, estimated as weight of straw of the
two middle raws after harvesting ears.

Reduction percentage (RD%) was calculated as the following :

RD% = (Yc-Yda)/Yc X 100
where :
Y = Normal irrigation
Yd = Skipping irrigation
Drought susceptibility index ( DI ) was calculated for grain yield and yield
components according to Fischer and Maurer (1978) as the following :

DI=(1-YdYc)/D
where :
Y = grain yield of the same genotype in the control treatment.
Yq = grain yield of the same genotype in the drought treatment.
(Mean Yy of all genotypes)

D = drought intensity = 1-
(MeanY:. of all genotypes)

3.4. Statistical analysis

Data of all studied characteristics were analyzed according to the model for split-plot
design described by Snedecor and Cochran (1969). Means for the different treatments
were compared using L.S.D. values at 0.05 level of probability.
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4 RESULTS AND DISCUSSION
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4. RESULTS AND DISCUSSION

The main objectives of the present investigation were to study the effect of drought
treatments and cultivars on yield and some agronomic characters of maize (Zea mays, L.).

The results of each studied characteristics will be presented and discussed separately.
Significant differences at 0.05 level of probability will be considered as true differences.

4.1. Agronomic characteristics

This part includes the following agronomic characteristics:
Plant height (cm.).

Ear height (cm.).

Stem diameter (cm.).

Number of leaves.

Leaf Area index.

Days to 50 percent tasselling.

Days to 50 percent silking.

Chlorophyll content.

Leaf water potential (LWP).

4.1.1. Plant height:

Means of plant height, as affected by different irrigation treatments and varieties are
presented in Table (3).

Data in Table (3) indicated clearly that plant height of the studied cultivars in 2002
and 2003 seasons was significantly affected by different irrigation treatments.

The highest significant reduction in plant height was obtained from the 1%, 5" and 7*"
irrigation treatments. This coincided with pre-flowering, and pre-flowering + early grain
filling and pre-flowering + late grain filling. The corresponded means were 218.00, 218.94
and 218.19 versus 247.75 cm for the control treatment (2002 season), and 211.13, 208.88,
212.25 versus 239.25 cm for the control treatment (2003 season), respectively. The
reduction percentage relative to the control were 8.80, 8.82 and 8.81% in 2002 season, and
8.83, 8.73 and 8.87% in 2003 season, respectively. The least reduction in plant height was
obtained from the 4" irrigation treatment (late grain filling) where plant height was nearly
the same as that of the control treatment.

Skipping irrigation at flowering and flowering + late grain filling (the 2" and 6%
irrigation) followed the previous treatments in lowering plant height. Means of this
treatment were 229.19 and 229.19 cm in 2002, 229.69 and 225.81 cm in 2003 season,
respectively. This finding are supported with those obtained by Mokadem and Salem
(1994); Esmail (1996) and El-Ganayni et al. (2000) whom mentioned that the pre-
flowering stage was the most sensitive to water stress and plant height was reduced by
23%.
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The reduction in plant height may be attributed to the loss of cell turner which affects
rates of cell division and cell enlargement. The lowest plant height resulted from water
treatment that included skipping the 1% irrigation (pre-flowering growth). The finding might
be attributed to skrinkage of cells and reductions of elongation caused by inadequate
watering during vegetative growth more than other growth stages. These findings are in
agreement with those obtained by Ashoub (1977) who found that plant height was
decreased with the increase in the level of soil moisture deficit before irrigation. Mahgoub
(1979) found that water stress during vegetative growth stage caused significant reduction
in plant height. Ainer (1983); Aly (1984); Salwau (1985) found that skipping two or three
irrigations during flowering and maturity stages caused significant reduction in plant
height. Also, Porro and Cassel (1986) reported that delaying irrigation during a dry
growing season reduced plant height. Salem (1993 a) showed that increasing irrigation in-
interval from 12 days to 18 days decreased plant height significantly. Atta-Allah (1996)
indicated that plant height was significantly increased with shortining irrigation intervals
from 20 to 10 days.

The results presented in Table (3) indicated that maize varieties varied significantly
in plant height in both seasons across all irrigation treatments. S.C. 123 and TWC 321
cultivars had the tallest plant height (245.65 and 245.25cm.) , respectively , as an average
of the two seasons. Difference in plant height between varieties is mainly attributed to the
genetic make up of these varieties. Shalaby and Omar (1981) reported that the late
varieties were taller than medium ones, while the early variety was the shortest one. Similar
results were obtained by Ibrahim et al. (1992) and Moursi (1997) who found significant
differences in plant height among five maize varieties under different irrigation treatments.

Irrigation treatments X cultivars interactions (I X C) was insignificant in both
seasons, indicating similar performance of the studied cultivars under the studied irrigation
treatments.

4.1.2. Ear height:

The analysis of variance showed significant effect for both skipping irrigation
treatments and maize cultivars on ear height in both seasons.

Different irrigation treatments resulted in highly significant differences for ear
height of cultivars in 2002 and 2003 seasons Table (3).

Skipping any irrigation in 2002 and 2003 seasons resulted in significant decrease
in ear height as compared to the control treatment except treatment A4 ( skipping
irrigation at late grain filling) in 2002 and treatment A3 ( skipping irrigation at early
grain filling) in 2003 where they showed insignificant ear height reduction as compared
to the control treatment. The highest reduction in ear height in 2002 was obtained by
skipping irrigation at pre-flowering + early grain filling, flowering and pre-flowering +
late grain filling stages (the 5" , 2" and 7" irrigations treatments). Means of these
treatments and the control were 126.65, 127.31 , 127.75 cm and 146.25 cm.,
respectively. The relative reduction was 8.65, 8.71 and 8.74% as compared to the
control.
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cultivars in 2002 and 2003 seasons.

Table (3): Effect of drought treatments on plant height and ear height (cm.) of four maize

Characters studied Plant height (cm.) Ear height (cm.)
Treatments 2002 2003 2002 2003
Drought treatments (A) :
Skipping 2" irrigation AL 21844 c 211.13c¢ | 130.13cd | 117.19e
Skipping 3™ irrigation A 229.19b 229.69 b 127.31d 126.69 ¢
Skipping 4™ irrigation Az 243.81a 23450a | 136.88bc | 135.81ab
Skipping 5" irrigation Ay 245.56 a 235.87a | 141.94ab | 13350b
Skipping 2" @44 jrrigation  As 218.94c | 208.88c | 12656d | 117.38 de
Skipping 3™ and 5™ irrigation Ag 229.19b | 22581b | 134.06cd | 125.88c
Skipping 2" and 4" irrigation A7 218.19¢ | 212.25¢ | 127.75d | 123.25cd
Control (give all irrigation)  As 247.75 a 239.25a 146.25 a 141.75a
L.S.D. 0.05 9.69 8.48 9.03 5.98
Cultivars (B) :
S.C. 123 247.44 a 243.69a | 146.31a 13941 a
T.W.C. 321 250.75 a 237.72b | 149.53a 136.91 a
Giza -2 221.03 b 217.75¢ | 123.34b 123.09 b
DTP -1 206.38 ¢ 197.53d | 116.25¢ 111.31¢c
L.S.D. 0.05 4.66 3.89 4.58 4.44
Interaction :
AXB N.S. N.S. N.S. N.S.
N.S. : Not significant.

Means followed by the same letter, within each column are not significantly different from
each other according to L.S.D. at 0.05 level of probability.
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In 2003 season, the highest reduction in ear height as compared to the control was
obtained by skipping irrigation at pre-flowering growth, pre-flowering + early grain
filling and pre-flowering + late grain filling stages (the 1% , 5" and 7" irrigations)
treatments.

Means of these treatments and the control treatment were 117.19, 117.38 , 123.25
and 141.65 cm., respectively. The relative reduction was 8.27, 8.28 and 8.70% as
compared to the control.

It can be concluded that skipping irrigation in earlier stages of plant growth
reduced ear height and produce shorter plants. These results are in accordance with those
obtained by Ashoub (1977) who found that ear height was decreased with the increase
in the level of soil moisture deficit. Also, Salwau (1985) found that skipping two or
three irrigations during flowering and maturity stages caused significant reduction in ear
height.

El-Ganayni et al. (2000) mentioned that the pre-flowering stage was the most
sensitive to water stress causing reduction of 25% for ear height, Balba (2002) found
that the highest significant reduction for ear height was obtained by skipping irrigation
at vegetative, seed setting and grain maturity stages (the 3, 51" and 7™ irrigations).

Means of ear height for hybrids are presented in Table (3). Results showed that
T.W.C. 321 and S.C. 123 had the highest ear height in 2002 season (149.53 and 146.31
cm). Giza 2 population ranked second (123.34 cm), while DTP-1 population produced
the shortest ear height (116.25 cm). In 2003 season, S.C. 123 had the highest ear height
(139,42 cm.) as compared to the other cultivars. No significant differences were detected
between the S.C. 123 and T.W.C. 321. DTP-1 population had the lowest ear height
(111.31 cm). Similar results were reported by Badr et al. (1993) and EI-Sheikh (1999).

Ibrahim et al. (1992) found significant differences for ear height among five
maize varieties under different irrigation treatments. Moursi (1997) found that maize
genotypes differed significantly for ear height under water stress treatments, Balba
(2002) reported that S.C. 10 had the highest ear height under water stress as compared
to T.W.C. 324 and S.C. 160.

The effect of the interaction between skipping irrigation treatments and cultivars
on ear height was insignificant in both seasons of study. Showed that irrigation treatment
and varieties acted independently on the previous character.

4.1.3. Stem diameter.

Mean of stem diameter in 2002 and 2003 as affected by skipping irrigation

treatment and varieties and their interaction is given in Table (4).

Stem diameter results showed that maximum stem diameter of the studied maize
cultivars was obtained from the 4™ irrigation treatment (skipping irrigation at late grain
filling) in the two successive seasons. The decrease in stem diameter due to 1% irrigation
treatment ( skipping irrigation at pre-flowering) during both seasons. These findings are in
harmony with those obtained by Herrero and Johnson (1981); Ainer (1983); Ibrahim et

al. (1992) and Atta-Allah (1996).
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Differences in stem diameter among the studied varieties were significant in 2002
and 2003 seasons, respectively. Giza 2 and DTP-I varieties had the smallest stem diameter
in both seasons. However T.W.C. 321 and S.C. 123 gave the highest stem diameter in 2002
and 2003 seasons, respectively. Similar results were obtained by El-Hattab et al.(1985);
Nigm (1989) and EI- Bialy et al. (1991).

The first order interaction between drought treatments X varieties was insignificant
in 2002 and 2003 seasons.

4.1.4. L eaf Area index :

Data in Table (4) revealed the presence of significant differences in leaf area index of
some varieties of zea maize due to different irrigation treatments in both seasons of the
study. The differences between the control treatment and each of skipping irrigation
treatments was significant, except for skipping the 3 and 4" irrigation treatments in both
seasons. The highest reduction in leaf area index resulted from skipping irrigation at pre-
flowering , pre-flowering+ late grain filling and pre-flowering + early grain filling stages
(the 1%, 7" and 5™ irrigation treatments). Seed setting and grain maturity stages corresponds
with the 5™ and 7" irrigation treatments. Means of LAl at 1%, 5" and 7" irrigation
treatments in 2002 were 5.49, 5.61 and 5.42 as compared to 6.31 for the control treatment.
The corresponding values in 2003 season were 4.98, 5.02 and 4.97 versus 5.50 for the
control treatment. The reduction in leaf area as compared the control were 8.7, 8.9 and 8.6
% in 2002 and 9.1, 9.11 and 9.03% in 2003 season, respectively. Skipping irrigation at
early grain filling and late grain filling stages (skipping the 3™ and 4" irrigation treatments)
had almost no reduction in leaf area as compared to control treatment. Leaf area index for
the two stages and the control treatment were 5.98, 6.08. and 6.31, respectively. It was clear
from the obtained results that the highest effect of skipping one irrigation was obtained
when skipping occurred at the pre-flowering growth stage.

Atta-Allah (2001), stated that smaller leaf area index may be advantageous under
water stress conditions, due to less water requirements and less transpiration area.
Reduction in leaf area was also reported by Sobrado (1990), he suggested that smaller leaf
area caused by water deficit during vegetative development decreased the carbohydrate
source available for grain growth. EI-Marsafawy (1995). also, reported that prolonged
irrigation interval resulted in lower leaf area index. Mohammad et al. (1998) found that
leaf area index was reduced by water stress during the reproductive development. This
result as well as that of EI-Ganayni et al. (2000) agreed well with our finding that the pre-
flowering stage was the most sensitive to water stress. Dow et al. (1984) identified
morphological and physiological traits related to drought tolerance in maize hybrids. They
found that the drought index was correlated negatively with leaf area index. Nesmith and
Ritichie (1992) also, found that plants grown under irrigation water deficit during grain
filling had less green leaf area, while, Wery et al. (1994) found that severe water stress
caused the older leaves of plant to senescence early leaving only the younger leaves to
support the plant. They added that the loss of the older leaves appears to be an effective
adaptation since the top leaves which are more active in photosynthesis are retained.
Moreover, reduction of growth and acceleration of leaf senescence are common response to
water deficit and the reduction in leaf area.
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Data recorded in Table (4) showed that the studied maize varieties differed
significantly from each other in leaf area index across all water stress treatments.
T.W.C.321 had the highest leaf area index (6.71 and 6.01) in both successive seasons. On
the other hand, the DTP-I variety had the lowest leaf area index (4.96 and 4.44) in 2002 and
2003 seasons, respectively. These differences are mainly attributed to the genetic
constitution of the 4 varieties since two of them, i.e. S.C. 123 and T.W.C. 321 are hybrids
while the other two, i.e. Giza-2 and DTP-1 are populations and expected to have less plant
growth as compared to hybrids. These results are in harmony with those of Nigem (1989)
and Atta-Allah (1996).

The effect of the interaction between some irrigation treatments and varieties on leaf
area index was significant in 2002 season only as shown in Table (5).

Salem et al. (1983) suggested that the difference in this trait among varieties is
generally attributed to the difference in their genetic make up, Ibrahim et al. (1992), found
significant differences in leaf area of five maize varieties under different irrigation
treatments. Moursi (1997) found that maize genotypes differed significantly in leaf area
under water stress.

Drought susceptibility index (DI) has been used to characterize relative drought
tolerance of grain maize genotypes. Low drought susceptibility index (DI < 1) is
synonymous with higher stress tolerance.

Table (6) indicated that grain maize genotype could be categorized into two groups ,
high and low values according to drought susceptibility index (DI) and reduction
percentage (RD%) in leaf area index for each irrigation treatment in 2002 season. For
treatment (skipping 3" irrigation) the highest values of DI and RD% were for Giza-2 (1.13
and 15.5%, respectively), while the lowest values were for S.C.123 (0.88 and 12.1%,
respectively).

For treatment (skipping 4™ irrigation) the highest values of DI and RD% were for
DTP-1 population (1.96 and 21.8%, respectively), the lowest values of the two parameters
were for T.W.C.321 (0.43 and 4.8%, respectively). For treatment (skipping 5™ irrigation)
showed that the highest values of DI and RD% were 1.39 and 8.4%, respectively for DTP-1
population, while the lowest values were 0.86 and 5.12%, respectively for Giza-2
population. Regarding treatment (skipping 6" irrigation) indicated that the highest values of
DI and RD% were 1.82 and 7.9%, respectively for DTP-1 population, while the lowest
values were 0.03 and 0.14%, respectively for T.W.C.321.

Concerning treatment (skipping 3" and 5" irrigations) the highest values of DI and
RD% were 1.30 and 17.6%, respectively for DTP-1 population, while the lowest values
were 0.85 and 11.5%, respectively for T.W.C.321. For treatment (skipping 4" and 6%
irrigations) showing the highest values of DI and RD% were 1.20 and 10.7%, respectively
for DTP-1 population, but the lowest values were (0.69 and 5.7%), respectively for Giza-2
population. For the last treatment (skipping 3" and 6" irrigations) the highest values of DI
and RD% were 1.46 and 23.33% , respectively for T.W.C.321, while the lowest values
were 0.63 and 10.0%, respectively for S.C.123.
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Table (4): Effect of drought treatments on stem diameter (cm.) and leaf area index of four

maize cultivars in 2002 and 2003 seasons.

Characters studied | Stem diameter (cm.) Leaf area index
Treatments 2002 2003 2002 2003
Drought treatments (A) :
Skipping 2" irrigation AL 2.39c 2.43d 549d 4,98 ¢c
Skipping 3" irrigation A, 2.56 a 2.53 b 570 bcd | 5.18 abc
Skipping 4" irrigation Az 2.50 ab 2.49 cd 5.98 abc 5.36 ab
Skipping 5" irrigation Ay 259 a 2.60 a 6.08 ab 5.35ab
Skipping 2" 29 4" jrrigation  As 2.39¢ 2.46 cd 5.61 cd 5.02¢C
Skipping 3" and 5™ irrigation Ae 2.53 ab 2.57 ab 5.83 bed 5.10 b
Skipping 2" and 4™ irrigation Az 2.43 e 2.48 cd 5.42d 497 ¢
Control (give all irrigation)  As 254 a 2.59 ab 6.31a 550a
L.S.D. 0.05 0.09 0.07 0.47 0.33
Cultivars (B) :
S.C. 123 2.51a 257a 621 a 565 a
T.W.C. 321 2.53a 2.57a 6.71 a 6.01 a
Giza -2 2.45b 2.47b 5.32 b 463D
DTP -1 2.48 ab 246 b 4.96 b 4.44 b
L.S.D. 0.05 0.06 0.04 0.52 0.41
Interaction :
AXB N.S. N.S. bl N.S.
N.S. : Not significant.
=~ . Significant at 0.01 level of probability.

Means followed by the same letter, within each column are not significantly different from
each other according to L.S.D. at 0.05 level of probability.
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Table (5): The effect of interaction between drought treatments and varieties on leaf area
index /plant of four maize cultivars in 2002 and 2003 seasons.

Leaf area index /plant
Treatments

Skipping Irrigation Varieties 2002 2003
A1 5.88 5.49
Az 5.89 5.56
A3 6.33 6.00
As 6.36 5.94
As S.C.123 5.83 5.42
As 6.15 5.46
A7 6.02 5.56
As 6.69 6.02
A1 6.43 5.93
Az 6.98 6.08
A3 6.94 6.45
As 7.32 6.37
As 6.69 5.84
A7 5.62 5.37
As 7.33 6.09
A1 4.85 4.29
A2 5.29 4,74
Az . 5.44 4.79
As Giza 2 5.43 4.61
As 5.01 4,57
As 5.41 4.58
A7 4,97 4,53
As 5.74 4.89
A1 4.80 4.19
A 4.43 4.35
Az 5.19 4.49
As 5.22 4.46
As DTP 1 4.67 4.26
As 5.06 450
A7 4,76 4.41
As 5.67 4.77
L.S.D. 0.05 0.18 N.S.
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Table (6): Drought susceptibility index (DI) and reduction percentage (RD%) for leaf area

index season 2002.

Leaf area index 2002

S.C. 123 T.W.C. 321 Giza?2 DTP-1

(D) RD% DI RD% DI RD% DI RD%
Al 0.88 12.1 0.90 12.3 1.13 15.5 1.12 15.3
A2 1.07 114 0.43 4.8 0.70 7.8 1.96 21.8
A3 0.89 5.4 0.88 5.3 0.86 5.12 1.39 8.4
A4 1.13 4.9 0.03 0.14 1.24 5.4 1.82 7.9
A5 0.95 12.8 0.85 115 0.94 12.7 1.30 17.6
A6 0.96 8.1 1.04 8.7 0.69 5.7 1.20 10.7
A7 0.63 10.0 1.46 23.33 0.84 13.4 1.00 16.0
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4.1.5. Days to 50% tasselling :

Significant differences among the studied irrigation treatments for number of days to
50 % tasselling were obtained as shown in Table (7). Moreover, differences among the 4
studied cultivars across different irrigation treatments were significant Table (7).

In 2002 season, skipping irrigation at flowering stage caused significant delay in
tasselling .The relative reduction as compared to the control was (-6.3%) .

In 2003 season ,skipping irrigation at pre-flowering and flowering stages (3" and 4"
irrigations) caused significant delay in tasselling. The relative reduction compared to the
control were (-4.22% and -8.57% respectively).

El-Nigoly (1975) found the moisture stress delayed tasseling in most of varieties abd
F1 crosses tasseling date were considerably earlier in autumn than summers season.
Frederick et al. (1989) also, reported that water stress delayed tasseling dates, beside its
effect on shorting grain filling period. Also, Moursi (1997) found that water stress
increased number of days to 50% tasseling. Dow et al. (1984) identified the morphological
and physiological traits related to drought tolerance in maize hybrid. They found that the
drought index was correlated negatively with date of mide anthesis.

Differences among cultivars were significant when Giza-2 was the earliest in both
growing seasons (52.41 and 54.3 days), respectively. S.C.123 was the latest tasselling
(59.47 days) in season 2002, while TW.C. 321 and S.C. 123 were the latest (59.56 and
59.28 days respectively) in season 2003.

The results indicate that drought stress caused earlier tasseling which is confirmed by
El-Sheilh (1999), he explained that early season skipping irrigation (at 35 days from
planting, 2" irrigation) resulted in earlier plants than conventional and late season
(skipping the fifth irrigation, 80 days from planting) stress treatment Mourad et al (1999)
reported that early flowering and short periods of antithesis are the most mechanisms of
resistance and tolerance the stress conditions.

Early tasseling shorten vegetative growth stage of maize indicating earlier maturity
EI-Nigoly (1975) evaluated forty-four elite maize varieties of diverse genetic origin, and
obtained significant differences in number of days to tasseling among varieties.

The interaction between irrigation treatments and cultivars was significant as shown
in Table (8) which indicates that cultivars pre-formed differently across different irrigation
treatments. S.C. 123 and DTP-1 cultivars had significant delayed tasseling (63.25, 62.50
and 63.25, 63.7 days) respectively in both seasons when the fourth irrigation was skipped
(flowering stage), while T.W.C. 321 showed significant delayed tasseling (61.75 days) in
2003 only when the same irrigation was skipped. Skipping the third irrigation (pre-
flowering stage) caused significant delay in tasseling for T.W.C.321 and DTP-1 cultivars
(60.5 and 59.0 days respectively in 2003 season.
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4.1.6. Days to 50% silking :

The main effects of the different factors for number of days to 50% silking, and their
analysis of variance are given in Table (7), respectively.

The analysis of variance for such trait indicated that there were significant differences
for the effect of the two factors on number of days to silking during 2002 and 2003 seasons.

In both seasons skipping irrigations at flowering (skipping 4™ irrigation) caused
significant delay in silking (62.38 and 64.5 days respectively. The relative reduction
compared to the control were (-7.8% and -10.8% respectively), while skipping irrigation at
pre-flowering (skipping 3" irrigation) caused significant delay in silking (60.50 day) in
season 2003 only. Increase in number of days to 50% silking (delay silking) due to drought
stress during the pre-flowering and flowering, the plant became more delayer. This result
and conclusion is in accordance with that stated by El-Sayed (1998), who reported that
water stress caused significant increase (delay) in silking date when water stress was
imposed at pre-flowering, flowering and post-flowering stages.

Frederick et al. (1989) who identified the morphological and physiological traits
related to drought tolerance in maize hybrids and found that the drought index was
correlated negatively with day from mid anthesis and mid silking. Therefore, selection for
early silking related to anthesis could be beneficial in breeding for drought resistance.

Differences among cultivars were significant when Giza-2 was the earliest in both
growing seasons (54.81 and 56.91 days), respectively. S.C.123 was the latest silking (61.91
days) in season 2002, while T.W.C. 321 and S.C. 123 were the latest (61.91 and 61.81 days
respectively) in season 2003 as shown in Table (7).

Khalifa et al. (1984 a) who reported that varieties significantly differed in number of
days to 50% silking. Frederick et al. (1989) reported that the time between anthesis and
silking was increased by drought stress in some maize genotypes. Bolanes and Edmeadres
(1996) who found that drought tolerant genotypes were characterized having shorter
anthesis silking interval (ASI). Gaafar (1993) found that Giza 2 latter than Alex-11 by
about 16.10 days as an average of the two seasons. Atta-Allah (2001) found that the most
tolerant genotypes had a shorter ASI the most susceptible ones by about 1.4 days under
water stress.

It was also shown that the interaction between irrigation treatments X varietiey was
significant in both seasons of this studying. Table (8) reveals highly significant differences
for number of days to 50% silking due to different irrigations treatments in both seasons of
study.

S.C.123 and DTP-1 cultivars had significant delayed silking (67.0, 66.25 and 66.0,
66.5 days respectively) in both seasons when the fourth irrigation was skipped (flowering
stage), while Giza-2 was the earliest one which reached to 50% silking under the same
skipping irrigation treatments (pre-flowering and flowering) in both seasons.
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Table (7): Effect of drought treatments on number of days to 50% tasselling and days to
50% silking of four maize cultivars during 2002 and 2003 seasons.

Characters studied | Days to 50%o tassel ling | Days to 50% silking

Treatments 2002 2003 2002 2003
Drought treatments (A) :
Skipping 2" irrigation As 55.94 bc 58.50 b 58.25¢ 60.50 ¢
Skipping 3™ irrigation A 59.19 a 60.94 a 62.38 a 64.50 a
Skipping 4™ irrigation Az 55.63 bc 55.75d 57.75 cd 57.81le
Skipping 5" irrigation Ay 55.31c 55.81d 57.44d 58.00 e

Skipping 2" a9 4" jrrigation  As 55.88 bc 57.19¢ 58.25¢ 59.44 d
Skipping 3™ and 5™ irrigation Ag 59.00 a 58.63 b 62.25 a 61.88 b
Skipping 2" and 4" irrigation Az 56.31 b 58.00 b 59.00 d 60.31 ¢
Control (give all irrigation)  Ag 55.69 bc 56.13 d 57.88cd | 58.19de

L.S.D.0.05 0.81 0.75 0.73 0.78

Cultivars (B) :

S.C. 123 59.47 a 59.28 a 61.91a 61.81a
T.W.C. 321 57.97b 59.56 a 60.84 b 61.91a
Giza -2 52.41d 54.28 ¢ 54.81d 56.91c
DTP -1 56.63 ¢ 57.34b 59.03c 59.69 b
L.S.D. 0.05 0.35 0.30 0.42 0.41
Interaction :
A X B ** * ** **
xx . Significant at 0.05 level of probability.

Significant at 0.01 level of probability.
Means followed by the same letter, within each column are not significantly different
according to L.S.D. at 0.05 level of probability.
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Table (8): Interaction between drought treatments and varieties on number of days to 50%
tassling and 50% silking of studied maize varieties during 2002 and 2003

seasons.
Days to 50% Days to 50%
Treatments tassling silking

Skipping Irrigation Varieties 2002 2003 2002 2003
A1 58.50 58.25 60.50 60.25
A2 63.25 62.50 67.00 66.25
As 58.75 57.25 60.75 59.25
As S.C.123 58.00 58.25 60.00 60.25
As 58.25 58.00 60.25 60.50
As 62.75 61.00 66.25 64.00
Az 58.75 60.00 60.50 62.75
As 57.75 59.00 60.00 61.25
A1 58.75 60.50 60.50 62.50
Az 58.50 61.75 62.50 65.00
As 58.00 58.50 60.00 60.50
As4 T.W.C. 321 56.75 57.25 59.50 59.50
As 57.50 58.75 60.50 60.75
As 58.00 61.50 61.75 64.75
Az 58.00 59.25 61.75 61.25
As 58.25 59.00 60.25 61.00
A1 52.75 56.25 55.50 58.25
Az 51.75 55.75 54.00 57.25
As 51.75 52.75 53.75 54.75
Asg Giza 2 52.50 52.25 54.00 54.75
As 53.00 53.50 55.50 56.00
As 52.00 53.50 55.25 56.50
A7 53.00 56.25 55.75 58.75
As 52.50 54.00 54.75 56.00
A1 53.75 59.00 56.50 61.00
Az 63.25 63.75 66.00 66.50
As 54.00 54.50 56.50 56.75
Asg 54.00 55.50 56.75 57.50
As DTP1 54.75 54.50 56.75 56.50
As 63.25 58.50 65.75 62.25
A7 55.75 56.50 58.00 58.50
As 54.25 56.50 56.50 58.50
L.S.D. 0.05 0.98 1.09 1.18 1.15
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4.1.7. Chlorophyll content:

Results of analysis of variance at 2002 and 2003 seasons are presented in Table (9)
indicated clearly that photosynthetic pigments of maize leaves were affected significantly
by irrigations treatments especially in 2003 season. Chloropyhll content reached its
maximum concentration using normal irrigation treatment (control treatment) whereas the
lowest concentration was obtained by skipping, 5" irrigation treatment in 2002 and 1% and
2" irrigation treatments in 2003. In 2002 season, skipping irrigation at the early grain filling
stage and pre-flowering + early grain filling had resulted in significant decrease in
chlorophyll content while in 2003, skipping irrigation mainly at the pre-flowering and
flowering growth stages reduced significantly leaf chlorophyll content Table (9). Leaf
chlorophyll content was determined on the same leaves sampled for water potential
measurements. We attempted to select leaves of the same physiological age by sampling
the leaf appearing in the same position relative to the top of the plant. During the latter
stages of the experiment, the leaves being sampled were physiologically somewhat more
mature than those sampled at the start and were gradually accumulating more chlorophyll.
This accumulation is typical response for growing leaves (Maksymowych, 1973). These
results are in harmony with those reported by Alberte and Thornber (1977); Bakelana et
al. (1986); Ragab et al. (1986); and El-Sheikh (1994).

The lower concentration of chlorophyll under water stress conditions might be
attributed to low rate of synthesizing photo-chrome under such conditions . These results
are in agreement with those reported by Abd ElI-Gawad and Abo Shetiaia (1995) .

Regarding varieties results presented in Table (9) for 2002 season indicated that
DTP-1 population gave the highest chlorophyll content (642.07 ug/mg2) while S.C.123
gave the highest content in 2003 (544.51 ug/mg2) as compared to other varieties involved
in the study in both seasons. Similar trend was reported by Gardner et al. (1981) and
Attia (1999).

It was noticed that the first order interaction between the drought treatments and
cultivars for this character was not significant in both seasons as shown in Table (9).

4.1.9. L eaf water potential (LWP).

Leaf water potential (LWP) for different irrigation treatments was measured at 49
days (pre-flowing), 65 days (flowring), 79days (pre-grain filling) and 94 days (end of grain
filling period) from planting in 2002 and 2003 growing seasons Table (10) and Figures
(1,2,3and 4).

Results in Table (10) indicated significant differences in LWP due to drought stress
treatments when LWP was measured at 49, 65, 79 and 94 days from planting in both
seasons of study. LWP was significantly higher for drought treatments than control
treatment at all growth stages in both seasons. In 2002 when LWP was measured at 49 days
from planting , it was found that the highest LWP (11.46 bar) was obtained at the pre-
flowering stage (35-50 days) . At 65 days the highest LWP (17.96 bar) was obtained from
skipping the 4" irrigation (50-65 days) which corresponds with the flowering stage . At 79
days , skipping the 5" irrigation (65-80 days) which corresponds with the early grain filling
stage resulted in the highest LWP (20.64 bar) . At 94 days the highest LWP ( 21.49 bar )
was obtained when the 6™ irrigation (late grain filling stage) was skipped . similar results
were obtained in 2003 season.
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Table (9): Effect of drought treatments on chlorophyll content (ug/mg) of four maize
varieties in 2002 and 2003 seasons.

Characters studied
Chlorophyll content (ung/mg)
Treatments
2002 2003
Drought treatments (A) :
Skipping 2" irrigation A 621.16 ab 511.75 bc
Skipping 3™ irrigation Az 609.93 ab 500.21 ¢
Skipping 4™ irrigation Az 606.50 b 529.12 ab
Skipping 5" irrigation Ay 630.00 ab 538.79a
Skipping 2" @4 4t jrrigation  As 600.54 ab 516.23 bc
Skipping 3™ and 5" irrigation Ae 613.46 ab 516.95 bc
Skipping 2" and 4™ irrigation A7 612.63 ab 516.14 bc
Control (give all irrigation)  Ag 638.32 a 537.96 a
L.S.D. 0.05 30.34 20.70
Cultivars (B) :
S.C. 123 615.44 b 544.51a
TW.C. 321 610.66 b 514.04 b
Giza 2 605.67 b 508.66 b
DTP1 642.07 a 516.12 b
L.S.D. 0.05 14.66 11.44
Interaction :
AXB N.S. N.S.
N.S. : Notsignificant.

Means followed by the same letter, within each column are not significantly different
according to L.S.D. at 0.05 level of probability.
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Table (10): Effect of drought treatments on leaf water potential (-bar) at different growth
stages of four maize varieties during 2002 and 2003 seasons.

49 days from 64 days from 79 days from 94 days from
Treatments planting planting planting planting

2002 2003 2002 2003 2002 2003 2002 2003

Irrigation (A) :

Ay 1146 a 1167a | 14.68bc 15.23 bc 16.58 ¢ 18.24b 17.17 bc 18.49b
Az 7.24b 791c 17.76 a 18.88a 15.93 cd 18.54b 17.01b 18.84b
As 7.29b 7.74c¢ 14.05¢ 1453 ¢ 20.64 a 20.79 a 17.54 bc 18.35b
Ay 7.10b 8.24c¢ 14.82b 15.04 bc 15.68d 18.66 b 2149 a 20.79 a
As 10.06 a 11.00a 15.69b 15.33 bc 20.13 a 20.36 a 17.88 b 18.36 b
As 7.21b 7.89¢ 1746 a 18.14a 17.47b 18.23b 2117 a 21.29a
Ar 1043 a 10.86b | 14.75Dbc 15.63 b 15.98 cd 18.61b 20.48 a 20.99 a
Asg 7.22b 7.96¢C 14.13¢ 15.58 b 16.08 cd 18.18b 16.91c 1475¢
L.S.D. 0.05 0.68 0.57 1.07 0.97 0.70 0.69 0.79 0.78

Cultivars (B) :

S.C. 123 8.86a 9.22b | 16.12a 15.69 a 17.63a  19.07ab | 19.3la  18.87ab
TW.C. 321 8.68 a 8.73¢ 13.98¢ 1598 a 1757 a 1954 a 19.30a 19.02 ab
Giza 2 771b | 926ab | 16.46a 15.82a 17.29a  1867bc | 18.18b 18.64 b
DTP1 8.75a 9.65a | 15.22D 16.19a | 16.72b 18.53 ¢ 16.88 ¢ 19.38a
L.S.D. 0.05 0.43 0.40 0/52 0.52 0.55 0.53 0.40 0.64
Interaction :
AXB ** ** ** N.S. *x N.S. ** N.S.
N.S. : Notsignificant.
** :  Significant at 0.01 level of probability.

Means followed by the same letter, within each column are not significantly different
according to L.S.D. at 0.05 level of probability.
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Table (11): interaction between drought treatments and varieties on leaf water potential of
maize plant during 2002 and 2003 seasons.

Treatments

49 days 64 days 79 days 94 days
- from growth from growth from growth from growth
Skipping Varieties
Irrigation

2002 | 2003 | 2002 | 2003 | 2002 | 2003 | 2002 | 2003
As 10.50 11.38 15.25 14.30 16.55 18.31 18.25 18.37
Az 8.27 8.45 18.03 18.25 15.98 18.80 17.98 18.75
As 7.65 7.85 13.93 14.47 20.85 21.05 18.40 17.97
A S.C. 123 7.75 8.30 15.75 14.50 15.13 18.65 21.03 20.87
As 11.00 11.55 16.00 14.82 20.00 20.80 18.80 18.62
As 7.50 8.00 19.60 18.30 20.00 18.17 21.53 21.32
A7 10.15 10.30 15.10 15.12 15.98 18.62 20.73 20.00
As 8.03 7.90 15.28 15.17 19.38 18.15 17.80 15.65
AL 11.80 12.50 14.25 18.95 16.70 18.37 17.93 18.10
Az 6.28 6.35 15.93 18.07 15.95 19.50 17.75 18.85
Az 7.45 6.78 13.30 14.07 21.18 21.00 18.18 18.30
A T.W.C. 321 6.75 6.15 14.15 14.70 15.25 19.20 21.25 20.67
As 12.00 12.35 13.65 15.10 20.40 21.32 18.40 18.37
As 7.00 6.35 15.80 19.15 17.70 19.52 22.40 21.55
A7 11.75 11.50 13.35 14.95 16.70 18.92 20.55 21.62
As 6.45 6.65 11.40 15.70 16.70 18.50 17.95 14.65
AL 8.50 10.65 15.25 15.42 17.50 18.40 18.35 18.17
Az 7.30 8.00 18.28 17.05 15.85 18.00 17.85 18.62
Az 6.90 7.85 15.00 14.65 20.30 20.80 18.35 17.40
As Giza 2 7.18 8.55 15.18 15.40 16.33 18.55 19.63 20.80
As 9.60 11.65 18.50 15.40 21.00 19.07 18.50 18.07
As 7.18 8.442 18.48 17.32 16.18 17.37 20.38 20.42
A7 8.00 9.98 15.90 15.82 16.00 | 18.387 | 20.03 21.02
As 7.05 8.95 15.10 15.50 15.20 18.25 17.38 15.35
AL 11.05 11.20 13.95 16.00 15.55 17.90 14.15 19.32
Az 7.13 8.65 17.68 17.25 15.95 17.85 14.45 19.72
As 7.18 8.48 13.98 14.92 20.23 20.32 15.23 19.72
A DTP1 6.73 8.95 14.20 15.55 15.00 18.25 20.08 20.80
As 11.63 11.13 14.63 16.00 19.13 20.25 15.63 18.92
As 7.18 8.80 17.98 17.77 15.77 17.85 20.38 21.83
A7 11.8 11.65 14.65 16.05 16.25 18.00 20.60 21.32
As 7.35 8.32 14.73 16.00 15.85 17.80 14.53 13.35
L.S.D. 0.05 1.21 1.14 1.44 N.S. 1.54 N.S. 1.13 N.S.
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It was clear from the previous results that skipping any of the 3™ 4" 5" or g
irrigation or any combination among them, resulted in higher LWP at the corresponding
growth stage as compared to the control treatment (normal irrigation). Leaf water potential
Is important because of its relation to cell turgor pressure and osmotic potential. The turgor
component is important in cell expansion and cell division, while the osmotic component
influences cell metabolism and enzyme activity (Moustafa et al., 1996). The present results
are in a agreement with those obtained by Lehman et al. (1993); Tollenaar et al. (1994a)
and Asch et al. (2001).

Begg and Tuiner (1976) noticed that the use of total water potential was the best
single indicator of plant water status has its limitation when attempting to understand the
effect of water deficits on the various physiological process involved in plant growth.

Data in Table (10) indicated that little differences among the four cultivars effect for
LWP accross the 7 irrigation treatments in both seasons. Giza-2 and DTP-I cultivars
produced the highest LWP at 49 65 days from planting but T.W.C. 321 cultivar produced
the highest LPW at 79 and 94 days from planting as an average for both seasons,
respectively. Differences in leaf water potential (LWP) may, be explained in part by
differences in rate of water use and soil water content at the time that measurements were
made.

These results are in general agreement with those obtained by Lehmen et al. (1993);
Moustafa et al. (1996), and Ogola et al. (2002). It is important to report that skipping 5%
irrigation treatment (pre-flowering + early grain filling) with T.W.C. 321 variety gave the
highest LWP at 49 days from growth in both seasons Table (11) and Figures (5. 6. 7
and 8). But skipping the 6™ irrigation treatment (flowering + late grain filling) with
S.C.123 variety in Table (11) was obtained the greatest LWP at 65 and 94 days in 2002
season only. At 79 days skipping 5™ (pre-flowering + early grain filling)with Giza 2 variety
gave the highest LWP in the first season. Moustafa et al. (1996) found that the differences
among the cultivars were not significant in the well watered treatment as compared to the
water stressed treatments. They found that Giza 165 and Geimiza had low leaf water
potential than klassic and Sphe-3 in the water stress treatments.

4.2. Chemical characters:
e Leaf proline contents.
e Pollen grain viability

4.2.1. Leaf proline content (LPC)

Leaf proline content was measured at 49 and 65days from planting. Results presented
in Table (12) and Figures (9 and 10) showed that leaf proline content (LPC) was affected
significantly by irrigation treatments.
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Table (12): Effect of drought treatments on leaf proline content mg/g of four maize
varieties grown in 2002 and 2003 seasons.

Characters studied 49 days from 64 days from
planting planting
Treatments 2002 2003 2002 2003
Drought treatments (A) :
Skipping 2" irrigation AL 42.08 35.80 19.43 14.83
Skipping 3" irrigation Az 29.24 22.92 20.66 16.78
Skipping 4™ irrigation As 30.33 24.50 16.47 14.04
Skipping 5™ irrigation Ay 29.93 22.02 16.08 12.62
Skipping 2" @4 4t jrrigation  As 43.31 37.88 18.17 16.19
Skipping 3" and 5™ irrigation Ag 28.91 20.74 19.99 17.38
Skipping 2" and 4™ irrigation As 41.01 33.7 17.62 14.20
Control (give all irrigation)  As 20.03 20.96 14.17 15.27
L.S.D. 0.05 2.08 3.1 2.05 3.24
Cultivars (B) :
S.C. 123 40.08 30.91 18.88 17.29
T.W.C. 321 40.53 30.48 18.73 16.34
Giza2 29.34 23.33 18.39 14.34
DTP1 25.96 22.67 15.65 12.17
L.S.D. 0.05 1.40 1.92 1.35 1.29
Interaction :
A X B ** *%* ** **
N.S. : Notsignificant.
** :  Significant at 0.01 level of probability.

Means followed by the same letter, within each column are not significantly different
according to L.S.D. at 0.05 level of probability.
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Leaf proline content as an indicator of drought stress at 49 days was increased
significantly by skipping 1%, 5" and 7" irrigation treatments as compared to other
treatments. Leaf proline content reached its maximum value (43.31 and 37.80 mg/g) when
irrigation was skipped at the pre-flowering and/or early grain filling stages followed by
skipping irrigation at both pre-flowering and late grain filling stage (41.01 mg/g) in both
seasons.At 65 days leaf proline content was increased significantly by skipping 2" or 6%
irrigation treatments as compared to control (8" treatment).At 65 days leaf proline content
reached its maximum value (20.66 mg/g) when irrigation was skipped at flowering stage in
the first seasons as well as by skipping irrigation at flowering + late grain filling stage
(17.38 mg/g) in season 2003. Proline is considered to be involved in adaptation
mechanisms in drought stress. These results are in harmony with those reported by Stewart
and lee (1974); Hahi and Doiffing (1982); Chang and lieu (1984); Bhaskaran et al.
(1985) and Ashour (1991).

Schobert (1979) reported that a protective function for enzymes in the cytoplasm is
to bind water to the proteins and thus maintain their hydration. Results of leaf proline
content (LPC) for the four varieties at 49 days after planting in 2002 and 2003 seasons, are
presented in Table (12). Single cross 123 and T.W.C 321 varieties produced the highest
LPC (35.49 and 35.51 mg/g), while DTP-I population produced the lowest LPC (24.31
mg/g) as an average of both seasons. At 65 days after planting in the same seasons, are
presented in Table (12) S.C.123 produced the highest LPC (18.88 and 17.29 mg/g
respectivly) while DTP-1 population produced the lowest LPC (15.65 and 12.17 mg/g
respectivly) in both seasons. Results of proline content indicated that the two studied
populations i.e. , Giza 2 and DTP.1 were less sensitive to drought stress treatments
especially DTP.1 population which is used mainly as drought tolerant population . the two
hybrids , i.e. , SC. 123 and TWC 321 were more sensitive to drought stress as they have
narrow genetic base as compared to Giza-2 and DTP.1 populations. Results of LPC are
encouraging but need to be confirmed over more growing seasons and over a wide rang of
genotypes before deciding the most at critical period of plant growth that can be used as an
indication of plant water status under drought stress.

The most sensitive physiological process to drought is photosynthesis. This process
could be affected markedly due to less water availability especially in C4 plants such as
maize. So ,water shortage lead to inhibited photosynthetic activities of maize plants and as
a result, less assimilates, therefore, the whole plant growth and yield are affected. These
results are in good agreement with those reported by Cavalier and Hang (1979); Sinclair
and Ludlow (1985); Ekana and Maloy (1990); and Tollenaar et al. (1994).

Hahi and Dorffling (1982), found that proline levels increased continuously during
the stress period in all the 4 varieties used in their study. The drought susceptible varieties
Shaheen and Goldprinz produced higher levels of proline than the drought resistant
varieties “Swabi white and Garbo”.

Singh et al. (1973) reported that barley varieties which accumulated larger
concentrations of proline were found to be able to survive more extreme stress conditions
than these with lower proline levels. On the contrary Hanson et al. (1977) was not able to
confirm a positive correlation between proline accumulating potential and drought
resistance capacity in barley.
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Table (13): Interaction between some drought treatments and varieties on leaf proline
content (mg/g) of 4 maize varieties grown in 2002 and 2003 seasons.

49 days from 64 days from
Treatments proline proline

Skipping Irrigation Varieties 2002 2003 2002 2003
A1 56.55 42.95 17.52 16.29
Az 29.95 22.38 12.47 17.60
As 32.18 24.05 16.97 15.17
Aq S.C.123 33.13 27.03 14.30 15.20
As 55.95 40.93 17.67 18.40
A 28.93 24.65 22.22 17.80
A7 50.10 40.55 19.38 19.47
As 33.90 24.73 14.01 15.52
A1 46.43 49.93 21.35 18.20
Az 38.75 17.85 18.77 20.47
As 34.45 25.95 13.87 10.79
As T.W.C. 321 37.75 26.53 13.75 11.70
As 47.95 40.60 16.52 19.45
A 38.30 18.88 18.50 19.18
A7 46.33 45.58 20.68 18.15
As 34.03 18.55 14.35 13.70
A1 33.13 31.63 20.57 19.95
Az 26.38 17.18 18.50 19.30
As 25.55 20.73 11.15 15.26
A4 Giza 2 26.40 20.53 13.57 12.30
As 34.80 26.78 17.10 16.03
As 27.80 18.93 18.55 17.87
A7 34.08 31.08 23.42 18.62
As 26.60 19.78 13.27 12.42
A1 33.03 26.70 11.25 12.85
Az 21.88 19.08 11.90 13.75
As 21.15 19.28 14.90 12.95
A4 22.43 22.00 13.20 10.70
As DTP1 34.53 27.23 13.38 14.60
As 20.63 20.53 12.70 14.93
A7 33.23 25.73 15.03 14.55
As 20.80 21.00 12.35 10.33
L.S.D. 0.05 3.98 5.44 3.81 3.66
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Table (13) and Figures (11 and 12) showed that (at 49 and 65) days. The first order
interaction between some drought treatments and cultivars on such characteristic was
significant in 2002 and 2003 seasons. The 4 varieties behaved differently at different
drought stress treatments according to their genetic constitution . At 49 days, S.C.123
variety gave the highest value (56.55 mg/g) with skipping irrigation at pre-flowering (the 1%
irrigation treatment) in the first season, while T.W.C.321 gave the highest value (49.93
mg/g) in the second season with the same treatment. At 65 days, S.C.123variety gave the
highest value (22.22 mg/g) with skipping irrigation at flowering + late grain filling (the 6™
irrigation treatment) in the first season, while skipping irrigation at flowering (the 21"
irrigation treatment) gave the highest value (20.47 mg/g) with the T.W.C.321 variety. The
proline levels in the four varieties were found to be inversely correlated to their capacity to
withstand severe water stress.

4.2.2. Pollen grain viability

Analysis of variance presented showed in Table (14) and Figure (13) that this
characteristic was significantly affected by the skipping irrigation treatments in 2002 and
2003 seasons. The interaction between skipping irrigation x cultivars was not significant in
both seasons.

Data presented in Table (14) revealed significant differences due different irrigation
treatments in both seasons of study. Skipping irrigation at flowering (50-65 days from
planting) resulted in a significant reduction in pollen grain viability (7.51%) as compared to
the control treatment, while skipping irrigation at early grain filling stage (65-80 days from
planting) resulted in 2.92% reduction in pollen grain viability. The mean values were 76.89,
69.38 , 73.97% (2002) and 76.62, 68.91, 74.20% (2003) for the control treatment,
flowering and early grain filling stages, respectively. Moreover, no significant reduction in
pollen grain viability was detected due to irrigation treatments that involved skipping
irrigation at pre-flowering or late grain filling stages (The 3™ or 6" irrigation) as compared
to the control treatment in both seasons.

Grain numbers on the ear decrease because several developmental changes especially
ovary abortion and increased pollen sterility as a result of water stress. These results are in
agreement with the obtained by Hall et al 1982. Wastage 1984, Schoper et al 1986 and
Boyer and Wastage 2004.

Johnson and Herrero 1981, who studied the effect of water and heat stress on pollen
viability and found that the magnitude of their effect on pollen viability remains unclear.

Results in Table (14) indicated that T.W.C. 321 produced the highest pollen grain
viability in both seasons (76.43 and 75.74% , respectively) while DTP-I variety gave the
lowest viability (69.49 and 71.10%, respectively) in the two growing seasons. Pollen grain
viability of SC-123 and Giza-2 variety was similar in both seasons. Differences among the
studied varieties in pollen grain viability , across all irrigation treatments, indicated that
these differences are due differences in the genetic make-up of these varieties.
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Table (14): Effect of drought treatments on pollen grain viability (%) of four maize
varieties in 2002 and 2003 seasons.

Characters studied
Pollen grain viability (%0)
Treatments
2002 2003
Drought treatments (A) :
Skipping 2" irrigation A 75.01 ab 75.74 b
Skipping 3" irrigation Az 69.38 d 68.91d
Skipping 4™ irrigation A; 73.97 bc 7420 b
Skipping 5™ irrigation Ay 75.19 75.26 a
Skipping 2" 2 4™ jrrigation  As 72.43 ¢ 72.89 ¢
Skipping 3™ and 5" irrigation Ae 67.78 d 68.96 d
Skipping 2" and 4" irrigation Az 74.97 ab 74.82b
Control (give all irrigation)  As 76.89 a 76.62 a
L.S.D. 0.05 2.24 1.50
Cultivars (B) :
S.C. 123 73.82Db 73.25b
T.W.C. 321 76.43 a 75.74 a
Giza 2 73.05b 73.11b
DTP 1 69.49 ¢ 71.10c
L.S.D. 0.05 1.49 1.20
Interaction :
AXB N.S. N.S.
N.S. : Notsignificant.

Means followed by the same letter, within each column are not significantly different
according to L.S.D. at 0.05 level of probability.
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These results are in agreement with those obtained by Wastaget and Boyer (1986b)
Wastage (1994) and Zinselemein et al (2002) Edmeades et al (1993) found that the
genotypes that exhibit early silk emergence (silks appear before pollen shed begins) remain
within the pollen-shed interval and this is evident in many modern maize hybrids and
contributes significantly to their improved drought performance.

The interaction between “skipping irrigation treatments x cultivars was not significant
for pollen grain percentage in both seasons Table (14). This showed that skipping irrigation
and cultivars acted independently on pollen grain viability.

4.3. Yield and vield components:
This part of the study includes the following:

e Ear length, (in centimeters).

e Cob diameter, (in centimeters).

e Number of kernels per raw .

e One hundred- kernels weight (in grams).
e Grain yield (tons per hectar).

e Straw yield (tons per hectar).

4.3.1. Ear length:

The analysis of variance presented in Table (15) showed that ear length was
significantly affected by the two studied factors in both seasons of this study.

The interaction between irrigation and cultivars was significantly affected only in
2003 season.

Table (15) showed that ear length was significantly affected by different irrigation
treatments in both seasons of study.

Table (15) showed that irrigation treatments in 2002 season resulted in significant
lower means of ear length. The greatest significant decrease in ear length was obtained by
skipping irrigation at early grain filling, flowering, pre-flowering + late grain filling and
pre-flowering stages (the 3, 2", 7" and 1% irrigation treatments) followed by skipping
irrigation at pre-flowering + early grain filling, flowering + late grain filling and late grain
filling (5" , 6™ and 4" irrigation treatments). Ear length of those treatments were (17.46,
17.60, 17.75, 18.03, 18.12 and 18.34 cm) while the mean of the control treatment was
18.91 cm. The reduction percent were (9.23, 9.31, 9.39, 9.48, 9.53, 9.58 and 9.70%) less
than the control treatment, respectively.
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In 2003 season skipping irrigation at flowering, early grain filling and pre-flowering
+ early grain filling stages (the 2" , 3@ and 5" irrigation treatments) caused the highest
significant decrease in ear length followed by skipping irrigation at pre-flowering, pre-
flowering + late grain filling and flowering + late grain filling stages (the 1%, 7" and 6™
irrigations treatments). The respective 15.70, 15.96, 15.97, 16.05, 16.40 and 16.68 versus
17.53 cm for the control with relative reductions 9.07, 9.10, 9.11, 9.16, 9.36 and 9.50%.
These results are in accordance with those obtained by Mahgoub (1979); Gomaa (1981);
Moursi et al. (1983); Aly (1984); EI-Sabbagh (1988); Abdel-Mawgood et al. (1992) and
Mahgoub et al. (2001). They reported significant ear length reduction as a result of water
stress during different growth and maturity stages.

Regarding varieties the results in Table (15) indicated that T.W.C. 321 gave the
tallest ears length, across all water stress treatments, as compared to the other varieties in
both seasons.

Means of ear length for the four varieties, i.e., S.C.123, T.W.C. 321, Giza 2 and DTP-
1 were 18.45, 18.90, 16.62 and 14.96 cm as an average of the two seasons, respectively.
DTP-1 variety had the shortest ear length in both seasons (15.74 and 14.18 cm.
respectively) Ear length is an indicator for the number of kernels/raw and number of
kernels/ear which considered among the major yield components. Similar trend was a
reported by Badr et al. (1993); Atta-Allah (1996) and Abo-zahra (2003) found that
variety h.sh.2 had the highest panicle length (35 and 37.7 cm) in both seasons. Moursi
(1997) found that genotypes differed significantly under water stress for ear length.

On the other contrary the ICSB-I genotypes had the lowest panicle length (18.8 and
18cm) as compared with all tested genotypes in the two succession seasons, respectively.

Analysis of variance of ear length data Table (16) revealed highly significant
differences among the studied maize varieties under the different drought treatment on ear
length in 2003 season. Meanwhile irrigation treatments X cultivars interaction was not
significant in 2002 season.

Drought susceptibility index (DI) has been used to characterize relative drought
tolerance of grain maize genotypes. Low drought susceptibility index (DI<1) is
synonymous with higher stress tolerance.

Table (17) reveal that cultivars could be classified into two groups, high and low
values according to drought susceptibility index (DI) and reduction percentage (RD%) for
each irrigation treatment in 2003 season. For (skipping 3™ irrigation) the highest values of
DI and RD% were for DTP-1 population (1.38 and 11.4%, respectively), while the lowest
values were for T.W.C.321 (0.63 and 5.3%, respectively) with the same treatment. For
treatment (skipping 4" irrigation) the highest values of DI and RD% were for T.W.C.321
(1.38 and 14.2%, respectively). The lowest values of the two parameters were for S.C.123
(0.79, 8.1%, respectively). Treatment (skipping 5™ irrigation) recorded that the highest
values of DI and RD% were 1.49 and 13.1%, respectively for S.C.123, while the lowest
values were 0.72 and 6.3%, respectively for Giza-2, respectively. Regarding treatment
(skipping 6™ irrigation) showed that the highest values of DI and RD% were 2.09 and
8.4%, respectively for S.C.123, while the lowest values were 0.34 and 1.3%, respectively
for T.W.C.321. Concerning treatment (skipping 3" and 5" irrigations) the highest values of
DI and RD% were 1.35 and 11.8%, respectively for S.C.123, while the lowest values were
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0.78 and 6.8%, respectively for T.W.C.321. For treatment (skipping 4" and 6™ irrigations)
the highest values of DI and RD% were 1.32 and 6.2%, respectively for DTP-1 population,
but the lowest values were (0.45 and 2.1%), respectively for T.W.C.321. For the last
treatment (skipping 3" and 6" irrigations) the highest values of DI and RD% were 1.5 and
9.4% , respectively for DTP-1 population, while S.C.123 gave the lowest values which
were 0.5 and 3.1%, respectively under the same treatment.

4.3.2. Cob diameter (cm.):

Means of cob diameter as affected by different skipping irrigation treatments and
varieties are given in Table (15), results reveal highly significant differences in cob
diameter due to different irrigation treatments in both seasons of study (2002 and 2003
seasons).

All skipping irrigation treatments in 2002 and 2003 seasons resulted in significant
lower means of cob diameter. The greatest significant decrease during 2002 season was
obtained from skipping irrigation at pre-flowering + early grain filling, pre-flowering + late
grain filling and early grain filling stages (the 5™, 7! and 3" irrigation treatments) followed
by skipping irrigation at pre-flowering, (the 1% and 2" irrigation treatments), at late grain
filling and flowering grain + filling stages (the 4™ and 6" irrigation treatments). No
significant differences were detected between these treatments. Cob diameter of these
treatments were 2.81 and 2.81 cm. The mean of control treatment was 2.92 cm. The
reduction percentages were 9.62 and 9.62%, respectively.

In the 2003 season skipping irrigation at pre-flowering and early grain filling (the 2"
and 3 irrigation treatments) caused the highest significant decrease in cob diameter
followed by skipping irrigation at pre-flowering + late grain filling, flowering + late grain
filling and pre-flowering + early grain filling stages (the 7%, 6" and 5" irrigation
treatments) and at late grain filling and vegetative growth stages (the 4™ and 1% irrigation
treatments). Mean values were (2.76, 2.78, 2.83, 2.84, 2.85, 2.86 and 2.88) cm with
reductions percentage of 9.26, 9.33, 9.50, 9.53, 9.53, 9.56 and 9.60% from the control
treatment, respectively.

Regab et al. (1986); Esmail (1996); and Atta-Allah (1996) reached the same
conclusion.

Concerning the variety effect, Giza 2 had the largest cob diameter in both seasons
(2.93 and 2.96 cm), respectively. The S.C.123 had the smallest cob diameter (2.62 cm) in
2002 and T.W.C.321 (2.73 cm) in 2003 season, respectively this finding may be attributed
to better environmental conditions especially irrigations or moisture. The effect of the
interaction between skipping irrigation treatments and varieties on cob diameter was
significant in 2002 season only. The largest cob diameter was obtained by growing Giza-2
under the control treatment (normal irrigation), while the lowest one was obtained by
growing SC123 under the treatment of skipping irrigation at early grain filling stage as
shown in Table (16).
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Table (15): Effect of drought treatments and varieties on ear length and cob diameter (cm)

during 2002 and 2003 seasons.

Characters studied Ear length Cob diameter (cm)
Treatments 2002 2003 2002 2003
Drought treatments (A) :
Skipping 2" irrigation A: | 17.93bcd | 16.05de | 2.74 bcd 2.88 b
Skipping 3™ irrigation A> | 17.60 bc 15.70e |2.78 bc 2.76 C
Skipping 4" irrigation As | 17.46d 1596e |2.73cd 2.78 bc
Skipping 5™ irrigation As | 18.34b 16.80b [2.81b 2.86 b
Skipping 2" & 4™ jrrigation As | 18.03bc | 1597e |2.70d 2.85 bc
Skipping 3" and 5™ irrigation As | 18.12bc | 16.68c |2.81b 2.84 be
Skipping 2" and 4" irrigation A; | 17.75cd | 16.40cd |2.70d 2.83 bc
Control (give all irrigation)  As | 18.91a 1753a |[2.92d 298 a
L.S.D. 0.05 0.53 0.39 0.07 0.09
Cultivars (B) :
S.C. 123 19.17b 17.73 a 2.62b 2.76 b
T.W.C. 321 19.86 a 17.94 a 2.66 b 2.73b
Giza2 17.55¢ 15.69 b 293a 2.96 a
DTP1 15.74d 14.18 ¢ 2.88 a 295a
L.S.D. 0.05 0.39 0.29 0.05 0.05
Interaction :
AXB N.S. e * N.S.
N.S. Not significant.
* :  Significant at 0.01 level of probability.
*x :  Significant at 0.05 level of probability.

Means followed by the same letter, within each column are not significantly different
according to L.S.D. at 0.05 level of probability.
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Table (16): Interaction between some drought treatments and varieties on ear length and
cob diameter (cm) of maize plant during 2002 and 2003 season.

Treatments Ear length Cob diameter (cm)

Skipping Irrigation Varieties 2002 2003 2002 2003
A1 18.95 17.75 2.60 2.83
Az 18.32 17.55 2.68 2.67
As 17.82 16.60 2.50 2.82
As S.C. 123 18.31 17.50 2.63 2.80
As 17.80 16.85 2.68 2.75
As 18.75 18.00 2.65 2.67
A7 18.62 18.50 2.50 2.72
As 19.51 19.10 2.73 2.80
A1 19.10 18.00 2.60 2.75
Az 17.72 16.30 2.68 2.65
As 18.65 17.65 2.70 2.70
As T.W.C. 321 19.50 18.75 2.70 2.70
As 18.77 17.70 2.60 2.73
As 19.24 18.60 2.65 2.75
A7 18.45 17.55 2.55 2.70
As 19.77 19.00 2.78 2.85
A1 16.10 14.85 2.85 2.95
Az 16.77 15.20 2.83 2.80
As 15.87 15.60 2.88 2.83
As Giza 2 17.27 16.35 2.95 3.02
As 16.36 15.48 2.88 2.97
As 16.51 15.73 3.03 2.97
A7 16.43 15.65 2.90 3.00
As 17.60 16.65 3.12 3.12
Ai 14.30 13.60 2.90 2.97
Az 14.80 13.75 2.93 2.92
As 14.50 14.00 2.83 2.77
As 15.20 14.60 2.95 2.93
As DTP 1 15.05 13.85 2.65 2.97
As 15.10 14.40 2.90 2.97
A7 14.17 13.90 2.85 2.90
As 15.97 15.35 3.05 3.15
L.S.D. 0.05 N.S 0.84 0.14 N.S
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Table (17) showed that cultivars could be classified into two groups, (high and low
values) according to drought susceptibility index (DI) and reduction percentage (RD%) for
each irrigation treatment in 2002 season. For (skipping 3™ irrigation) the highest values of
DI and RD% were for Giza-2 population (1.38 and 8.7%, respectively), while the lowest
values of DI and RD% were for S.C.123 (0.76 and 4.8%, respectively). Treatment (skipping
4™ jrrigation) the highest values of DI and RD% were for Giza-2 population (1.94 and
9.3%, respectively). The lowest values of the two parameters were for S.C.123 (0.38 and
1.8%, respectively). Treatment (skipping 5" irrigation) showed that the highest values of DI
and RD% were 1.28 and 8.4%, respectively for S.C.123, while the lowest values were 0.44
and 10.9%, respectively for T.W.C.321. Regarding treatment (skipping 6 irrigation)
recorded that the highest values of DI and RD% were 1.43 and 5.4%, respectively for Giza-
2 population, while the lowest values were 0.76 and 2.9%, respectively for T.W.C.321.
Concerning treatment (skipping 3 and 5 irrigations) the highest values of DI and RD%
were 1.76 and 13.1%, respectively for DTP-1, while the lowest values were 0.24 and 1.8%,
respectively for S.C.123. For treatment (skipping 4" and 6" irrigations) the highest values
of DI and RD% were 1.27 and 4.9%, respectively for DTP-1, while the lowest values were
(0.74 and 2.9%), respectively for Giza-2 population. For treatment (skipping 3 and 6™
irrigations) indicating the highest values of DI and RD% were (1.12 and 8.4%),
respectively for S.C.123, while the lowest values of them were (0.87 and 6.6%, respectively
in DTP-1 population in the same season.

4.3.3. Number of kernels per raw:

The effects of skipping irrigation treatments and cultivars on number of kernels per
row for the two growing seasons are presented in Table (18).

Data in Table (18) revealed highly significant differences in number of kernels/row
due to different irrigation treatments in both seasons of the study.

The lowest number of kernels/row in 2002 season was obtained from skipping
irrigation at flowering, early grain filling, pre-flowering + late grain filling and pre-
flowering + late grain filling stages. The reduction percentage compared with the control
treatment were 9.02, 9.13, 9.13, and 9.16% their respective means were 34.44, 34.88,
35.88, and 35.01 versus 38.19 for control treatment. No significant difference was found
between skipping the 1% and 6™ irrigation treatments, and 2" and 4™" irrigation treatments
under the control treatment, ears had highly significant number of kernels/row than under
any of the skipping irrigation treatments.

In 2003 season, the lowest mean of number of kernels/row was given by skipping
irrigation at flowering, early grain filling, flowering + late grain filling and pre-flowering +
early grain filling stages (the 2", 3@ | 6™ and 5" irrigation treatments) followed by the
mean of skipping irrigation at pre-flowering , pre-flowering + late grain filling and late
grain filling stages (the 1%, 7"and 4™ irrigation treatments), the means were 32.94, 33.00,
33.01, 33.03, 34.31, 34.88 and 35.56 versus 38.19 for the control treatment.

The percent reduction than the control were 8.62, 8.64, 8.66, 8.65, 8.98, 9.13 and
9.31%. The control treatment in both seasons had the highest significant number of
kernels/row than other treatments.
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These results may be due to the abortion of some flowers as a result of relationship
between soil moisture stress via skipping irrigation and different physiological processes
that occurs in the plant. These results were in harmony with those obtained by EKanoyake
et al. (1990); Schussler and Vestgate (1995); and Boonjung and Fukai (1996). Larson
(1975), who declared that drought stress especially at anthesis reduces the number of
kernels/row because of the dehydration of pollen grain or wilting of the styles which
interferes with pollen tube growth, a response which is more pronounced in maize which
possess long style. Mahgoub (1979), found that water stress during the vegetative growth
stage of maize caused significant reduction in number of kernels/row. Also, Ainer (1983)
indicated that irrigation at 20% water deficit in the upper 60 cm layer of the soil
significantly increased number of kernels/row, as compared to irrigation at deficit of 40, 60
or 90 percent. Bolanos and Edmendes (1996) found that grain number per ear under water
deficit, maize appears to dependent directly on the rate of photosynthisis during the two
weeks around flowering. Also, EI-Ganayni et al. (2000) indicated that pre-flowering stress
caused 22% reduction in number of kernels/row.

Results also indicated that T.W.S. 321 had the highest number of kernels/row of i.e.,
39.34 and 39.31 kernels in the two successive seasons, followed by S.C. 123 (38.91 and
39.59) kernels and Giza-2 (33.59 and 30.31) kernels. The DTP-1 had the lowest number of
kernels/row of 31.89 and 29.63 kernels in both seasons, respectively. these results are in
agreement with those of El-Hattab et al. (1985); Nigem (1989); and Bialy et al. (1991);
Fredrick et al. (1989) who found that drought stress caused a decrease in number of
kernels/row. The delayed senescence of hybrids (B 73 X LH 38 and FS 854) were due to
resistance to drought which was imposed during vegetative and early flowering
development. Also, Ibrahim et al. (1992) and Moursi (1997) found that number of
kernels/row was significantly reduced in maize varieties under different irrigation
treatments.

The interaction between skipping irrigation treatments X cultivars was highly
significant in 2003 season only showing that cultivars and irrigation treatments acted
dependently on number of kernels/row (Table 20).

Table (20) showed that T.W.C. 321 variety produced the highest number of kernels
per row under normal irrigation (control), while the lowest number was obtained by
skipping irrigation at pre-flowering + late grain filling stage in Giza-2 population.

Table (21) showed that cultivars could be categorized into two groups , high and low
values according to drought susceptibility index (DI) and reduction percentage (RD%) for
each irrigation treatment in 2003 season. For A treatment (skipping 3" irrigation) the
highest values of DI and RD% were for Giza-2 population (1.61 and 16.6%, respectively),
while the lowest values of DI and RD% were for T.W.C.321 (0.64 and 6.6%, respectively).
For treatment (skipping 4" irrigation) the highest values of DI and RD% were for Giza-2
population (1.39 and 19.3%, respectively). The lowest values of the two parameters were
for T.W.C.321 (0.34 and 5.0%, respectively). Treatment (skipping 5" irrigation) showed
that the highest values of DI and RD% were 1.63 and 18.6%, respectively for Giza-2, while
the lowest values were 0.63 and 7.2%, respectively for T.W.C 321. Regarding treatment
(skipping 6™ irrigation) indicated that the highest values of DI and RD% were 1.96 and
13.8%, respectively for Giza-2 population, but the lowest values were 0.26 and 1.8%,
respectively for S.C.123. Concerning treatment (skipping 3" and 5" irrigations) the highest
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values of DI and RD% were 1.35 and 15.7%, respectively for DTP-1 population, while the
lowest values were 0.73 and 8.4%, respectively for S.C.123. For treatment (skipping 4" and
6" irrigations) the highest values of DI and RD% were 2.01 and 20.7%, respectively for
Giza-2 population, but the lowest values were (0.53 and 5.4%), respectively in S,C.123, for
the last treatment (skipping 3™ and 6™ irrigations) the highest values of DI and RD% were
1.91 and 26.9% , respectively for Giza-2 population, while the lowest values were 0.47 and
6.6%, respectively in S.C.123.

4.3.4. 100-kernels weight (gm.):

Results of the effect of different irrigation treatments on 100-kernels weight in both
seasons of the study are presented in Table (18) and Figure (14).

Date presented in Table (18) showed that skipping irrigation at flowering + late grain
filling, early grain filling and pre-flowering + late grain filling stages (the 6", 3@ and 7*"
irrigations treatments) resulted in the lowest 100-kernels weight in 2002 followed by
skipping irrigation at pre-flowering + early grain filling, flowering and late grain filling
stages (the 5™, 2" and 4™ irrigations treatments). The means were (35.36,35.45, 35.47,
35.62, 35.68 and 35.84 gm versus 38.86 gm to the control treatment, respectively.

The reduction percentage as compared to the control treatment were 9.10, 9.12, 9.13,
9.17, 9.18 and 9.22%, respectively. Results of 2003 season, showed nearly the same trend
as in 2002.The reduction percentage as compared to the control were 9.00, 9.01, 9.05, 9.06,
9.16 and 9.17%, respectively.

In 2002 and 2003 seasons, skipping irrigation at pre-flowering (the 1st irrigation
treatment)resulted in highest means of kernels weight than all other skipping irrigation
treatments. These means were 37.05 and 36.34 gm for the two successive seasons,
respectively.

According to the results shown in Table (18) the following conclusions could be also
detected (a) The lowest means of 100-kernels weight were obtained by skipping irrigation
two times including flowering or early grain filling stages. (b) The mean for control was
significantly higher than all other skipping treatments. (c) Reduction in 100-kernel weight
was higher in 2002 than 2003.

Thus, the higher concentration of dry weigh were probably due to suspended
accumulation of structural dry matter in response to the water stress treatments. Similar
results were obtained by Abdel-Raouf (1973). He concluded that drought during the
growing period of 49-70 days from planting (flowering and kernel-formation)decreased
1000-kernel weight. The effect of drought was more severe during flowering and kernel
formation stages. Also, Abdel Gawad et al (1980) studied the effect of skipping one of 6
irrigations on maize hybrid D.C.355, they found that 100-kernel weight was decreased.
They added that the greatest reduction in 100-kernel weight resulted from emitting the 5"
and 6" irrigations. Gomaa (1984) reported that 100-kernel weight was reduced
significantly by exposing plants to water stress at vegetative, flowering and maturity stages.
Bolanos and Edmeades (1996) reported that grain weight decreased by increasing drought

period.
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Table (18): Effect of drought treatments and varieties on number of kernels/row and 100-
kernels weight of maize plant during 2002 and 2003 seasons.

Characters studied IL\Iumber of 100-kernels weight
ernels/row
Treatments 2002 2003 2002 2003
Drought treatments (A) :
Skipping 2" irrigation A1 | 35.87bcd | 34.31Dbc 37.05b 36.34b
Skipping 3" irrigation Az | 34440 32.94d 35.68 bc  35.68 bc
Skipping 4™ irrigation As | 34.88d 33.08 cd 35.45¢c 35.00¢c
Skipping 5™ irrigation As | 36.25Dbc 35.56 b 35.84bc  35.29 bc
Skipping 2" @44t jrrigation As | 35.06cd | 33.03cd | 35.62bc  35.24 bc
Skipping 3" and 5" irrigation As | 35.01bcd | 33.01bc | 35.36¢c  35.72hbc
Skipping 2" and 4" irrigation A; | 34.88d 34.88 d 35.47¢  35.09 bc
Control (give all irrigation)  As | 38.19a 38.19a 38.86 a 38.95a
L.S.D. 0.05 1.25 1.37 1.50 1.27
Cultivars (B) :
S.C. 123 38.91a 38.59 s 35.02¢ 35.30 ¢
T.W.C. 321 39.34 a 39.31a 3794 b 37.37hb
Giza 2 33.59b 30.31b 40.23 a 38.65a
DTP1 31.89¢ 29.63 Db 31.44d 32.35d
L.S.D. 0.05 0.77 0.83 0.69 0.75
Interaction :
AXB N.S. ** N.S. N.S.
N.S. : Notsignificant.
** :  Significant at 0.01 level of probability.

Means followed by the same letter, within each column are not significantly different

according to L.S.D. at 0.05 level of probability.
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On the other hand, Aly (1984) found no effect on 100-kernel weight under irrigation
at 20%, 50% and 80% water deficits for the available soil moisture from the upper 60 cm.
layer of the soil.

The reduction in 100-kernel weight due to irrigation treatments may be attributed to
the reduction of assimilate translocation from the plant canopy to the developing grain
(1997). Under high water stress conditions photosynthetic activity is low and metabolites
translocation to the grain was not enough to attain its maximum weight.

Results in Table (18) indicated that Giza 2 variety produced the highest 100-kernels
weight in both seasons (40.23 and 38.65 gm. respectively), while DTP-I variety gave the
lowest values (31.44 and 32.35 gm. respectively) in both seasons of the study. The most
sensitive period to water stress for maize plant is the reproductive growth stage. Therefore
tolerant cultivars would be less affected by the reduction in kernel weight. These results are
in harmony with those obtained by Nigem (1989). Breeder et al (1992), Shalaby (1992).
Moursi (1979). El-sheikh (1999) and Ibrahim and EIl-Semary (2001) who reported
significant differences among maize genotypes in 100-kernel weight under different
drought treatments.

It is noteworthy to record that the interaction between skipping irrigation treatments x
cultivars for 100-kernels weight was not significant in both seasons 2002 and 2003. These
results indicated that both factors acted independently regarding their effect on 100-kernel
weight (Table 18).

4.3.5. Grain vyield .

Mean grain yield per hectar for the two factors of study and their interactions is
shown in Table (19) and Figures (15).

Table (19) revealed highly significant differences between irrigation treatments for
grain yield in 2002 and 2003 seasons. Grain yield was significantly higher for normal
irrigation as compared to the other treatments. Skipping any of the scheduled irrigations
treatments significantly decreased grain yield in both seasons. In 2002 the treatment of
skipping irrigation at the pre-flowering + late grain filling, flowering + late grain filling and
pre-flowering + early grain filling stages (the 7™, 6" and 5" irrigation treatments) had the
highest reduction in grain yield followed by skipping irrigation at early grain filling, pre-
flowering, late grain filling and flowering stage (the 3 ™ 1%, 4" and 2" treatments). That
means values for grain yield of these treatments were 8.21, 8.87, 9.10, 9.03, 9.48, 9.75 and
9.80 ton/ha versus 10.67 ton/ha for the control treatment. The corresponding reduction
percentages were 7.70, 8.31, 8.46, 8.53, 9.14, 9.19 and 9.35% respectively.

In 2003, the same trend was obtained by skipping irrigation at the pre-flowering +
late grain filling , pre-flowering + early grain filling and flowering + late grain filling stages
(the 7", 5" and 6™ treatments) had the highest reduction in grain yield followed by
skipping irrigation at early grain filling, flowering, pre-flowering and late grain filling (the
3, 2M 15t and 4" treatments) that means values for grain yield of these treatments were

72



(7.41, 7.70, 7.77, 8.06, 8.17, 8.30 and 8.94 ton/ha) respectively versus 9.55 ton/ha for the
control treatment.

In both seasons, skipping the 4" irrigation treatment resulted in the lowest reduction
in grain yield as compared to the other skipping irrigation treatments. Grain yield for this
treatment were 9.80 and 8.94 t/ha for the two successive seasons, respectively. The results
indicated that maize grain yield is severely affected by drought stress at anthesis or early,
grain, filling stages. This is the period for maximum rates of biomass accumulation. Similar
results were reported by El-Sahookie and Wassam (1984); Sinclair et al. (1990); Hefini
et al. (1993); and Bolanos and Edmeades (1996).

Abu-Grab and Othman (1999) reported that grain yield was the most affected trait
by moisture stress at all tested drought treatments. Reductions in grain yield were 24.27,
34.39 and 20.54% when plants were subjected to drought at pre-flowering, flowering and
grain filling stages respectively. Also, EI-Sheikh (1999) found that the reduction in grain
yield were 5%, 16%, 8% and 22% when skipping the second (35 days from planting) and
the fifth irrigation (80 days from planting), respectively. EI-Ganayni et al (2000), reported
that flowering and grain filling growth stages were the most sensitive to water deficit.

Differences among the 4 studied varieties across all irrigation treatments were
significant as shown in Table (20), results indicated that T.W.C.321 variety produced the
highest grain yield (10.95 and 9.79 ton/ha.) in 2002 and 2003, respectively), while DTP-1
population produced the lowest grain yield per hectar (7.47 and 6.32 ton/ha.) in the two
growing seasons, respectively. The differences among the 4 varieties in grain yield
constitution of this varieties rather than irrigation treatments. It was expected that S.C.123
would produce the highest grain yield however, T.W.C.321 produced the highest yield
across all irrigation treatments. This may be due to the wide genetic base of the three-way
crosses as compared to single crosses. This reflected the growth characteristics of
T.W.C.321 and the consequently the grain yield and its components. Similar results were
obtained by Badr et al. (1993); Tantawy (1994); Kamel (1995); Atta-allah (1996); El-
Karamity and Atta-Allah Radwan (1998); and Attia (1999).

Data in Table (20) and Figures (16) the effect of the interaction between some
drought treatment and cultivars was significant for grain yield/ha. In season 2002 only. It
can be seen from the previous results that maize grain yield was decreased significantly
when plants subjected to drought conditions for more than one irrigation especially at pre-
flowering, flowering and early grain filling stage.

Almost all biochemical and physiological processes in plants are relevant to
physiological components of yields. These processes which are associated with crop growth
and development are influenced by drought stress. One of the important indicators of
drought tolerance which is used in breeding programs is drought susceptibility index (DI)
which represents the grain yield measured under control and stressed conditions (Bruckuer
and Frohberg, 1987). DI was used as a parameter to provide a measure of stress tolerance
based on minimization of yield loss under stress as compared to the optimum conditions
rather than on yield level under non-stress conditions (control). Table (21) indicated that
grain yield of maize genotypes could be categorized into two groups high and low values
according to drought susceptibility index (DI) and reduction percentage (RD%) for each
irrigation treatment in 2002 season. For A; treatment (skipping 3" irrigation) the highest
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values of DI and RD% were for Giza-2 population (1.21 and 10.9%, respectively), while
the lowest values of DI and RD% were for T.W.C.321 (0.76 and 6.8%, respectively). For
treatment (skipping 4™ irrigation) the highest values of DI and RD% were for Giza-2
population (1.60 and 10.0, respectively). The lowest values of the two parameters were for
DTP-1 population (0.26 and 1.66, respectively). Treatment (skipping 5" irrigation) showed
that the highest values of DI and RD% were 1.20 and 17.6%, respectively for S.C.123,
while the lowest values were 0.74 and 10.9%, respectively for Giza-2 population.
Regarding treatment (skipping 6" irrigation) indicated that the highest values of DI and
RD% were 2.36 and 18.9%, respectively for DTP-1 population, but the lowest values were
0.18 and 1.4%, respectively for Giza-2 population. Concerning treatment (skipping 3™ and
51 irrigations) the highest values of DI and RD% were 1.4 and 21.2%, respectively for
DTP-1 population, while the lowest values were 0.75 and 11.4%, respectively for
T.W.C.321. For treatment (skipping 4" and 6" irrigations) the highest values of DI and
RD% were 1.49 and 24.8%, respectively for S.C.123 , but the lowest values were 0.60 and
10.0% , respectively for Giza-2 population. For the last treatment (skipping 3 and 6™
irrigations) the highest values of DI and RD% were 1.48 and 26.3% , respectively for
S.C.123, while the lowest values were 0.74 and 16.9%, respectively for Giza-2 population.

4.3.6. Straw vield (ton/ha):

The analysis of variance presented in table (19) showed that this characteristic was
significantly affected by the two studied factors.

The interaction between the two irrigation treatments X cultivars were insignificant
in both seasons with regard to the effect of skipping irrigation treatments it was observed
that the straw yield was significantly affected in both seasons of study 2002 and 2003. The
highest straw yield was produced using normal treatment (control treatment) while skipping
irrigation at pre-flowering + late grain filling and flowering + late grain filling produced the
lowest straw yield in 2002 and 2003 seasons Table (20). In both seasons, insignificant
differences were found in straw yield between normal treatment and skipping 4" treatment
(late grain filling).

This results are in accordance with the findings of Wastage (1994); Atta-Allah
(1996); and Bolanos and Edmeades (1996).

Regarding varieties the results in Table (19) indicated that T.W.C.321 variety gave
the highest straw yield/ha as compared to DTP-1 population in both seasons. The main
grain yield/ha as of the four varieties S.C.123, T.W.C.321, Giza-2, and DTP-1 were 28.27,
30.57, 25.68 and 21.62 as an average of the two growing 2002 and 2003 seasons,
respectively. These results are in agreement with those obtained by Shalaby and Omar
(1981); Khalifa et al. (1983) and Abd EI-Galil et al. (1990).
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Table (19): Effect of drought treatments and varieties on grain yield and straw yield

(ton/ha) of maize plant during 2002 and 2003 seasons.

Characters studied | Grainyield (ton/ha) | Straw yield (ton/ha)
Treatments 2002 2003 2002 2003
Drought treatments (A) :
Skipping 2" irrigation AL 9.75b 8.30c 28.6lab 23.75de
Skipping 3™ irrigation Az | 9.48Dbc 8.17c 27.97bc  26.01 bc
Skipping 4" irrigation Az 9.10c 8.06 cd 27.13bc  25.96 bc
Skipping 5™ irrigation Ay 9.80b 8.94b 29.23ab 27.76 ab
Skipping 2" 29 4" jrrigation  As 9.03¢ 7.70de | 27.02bc 25.50cd
-Skipping 3" and 5" irrigation As | 8.87 ¢ 7.77cde | 24.98cd 23.20e
Skipping 2" and 4" irrigation A; | 8.21d 7.41¢e 23.48d  23.40 de
Control (give all irrigation)  As | 10.67 a 9.55a 31.48 a 29.06 a
L.S.D. 0.05 0.641 0.55 3.06 2.14
Cultivars (B) :
S.C. 123 10.53 b 9.26b | 5963 27.48 b
T.W.C. 321 10.95a 9.79 a 31.99 a 29.15a
Giza 2 8.75¢ 7.57¢c 26.17 C 25.19c¢c
DTP1 7.47d 6.32d 22.08d 21.16d
L.S.D. 0.05 0.32 0.29 2.31 1.98
Interaction :
AXB * N.S. N.S. N.S.
N.S. : Notsignificant.
* :  Significant at 0.05 level of probability.

Means followed by the same letter, within each column are not significantly different

according to L.S.D. at 0.05 level of probability.
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Table (20): Interaction between drought treatments and varieties on number of kernels/row
and grain yield (ton/ha) of maize plant during 2002 and 2003 season.

Number of Grain yield
Treatments kernels/row (ton/ha)
Skipping Irrigation Varieties 2002 2003 2002 2003
A1 38.00 37.25 11.19 9.21
A2 37.00 35.50 11.13 9.04
As 37.50 37.75 9.99 8.74
Aa S.C.123 40.25 40.75 11.30 .10.62
As 38.00 38.00 10.48 8.72
As 39.77 39.25 9.12 8.42
Az 38.25 38.75 8.93 8.28
As 41.62 31.50 12.12 11.07
A1 39.25 39.00 11.32 9.72
Az 40.00 39.75 11.58 9.54
As 39.00 38.75 10.37 9.75
As4 T.W.C. 321 39.75 40.75 11.34 10.35
As 38.00 37.50 10.77 9.22
As 38.37 38.25 10.86 9.62
Az 38.62 38.75 9.21 8.81
As 41.63 41.75 12.15 11.34
A1 31.87 30.25 8.62 7.93
Az 32.12 29.25 8.70 7.63
As 30.62 29.50 8.62 7.34
Asg Giza 2 33.00 31.25 9.53 8.26
As 31.00 30.75 8.07 6.84
As 30.87 28.75 8.70 7.35
A7 29.62 26.50 8.03 6.46
As 36.50 36.25 9.67 8.78
A1 31.25 30.75 7.86 6.34
Az 29.62 27.25 8.52 6.46
As 30.37 29.50 7.41 6.41
A4 30.63 29.50 7.02 6.55
As DTP1 30.37 28.25 6.82 6.01
As 31.62 31.00 6.82 5.67
Az 29.00 27.50 6.66 6.11
As 33.00 33.50 8.66 7.02
L.S.D. 0.05 N.S 2.35 0.91 N.S.
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4.4. Correlation between traits.

Phenotypic correlation between grain yield and 100 kernals weight, ear length, leaf
area, proline content and plant height were positive and significant in both seasons of the
study. The result in the first season were (0.40, 0.80, 0.68, 0.41 and 0.76 respectively), the
result in the second season were (0.46, 0.82, 0.82, 0.17 and 0.77 respectively) Tables (22
and 23).

These results indicated that ear length, leaf area and plant height are highly correlated
with grain yield at the two growing seasons 2002 and 2003.

One hundred-kernals weight and leaf proline content had intermediate positive
phenotypic correlation values with grain yield in both seasons (0.40, 0.46 — 0.41 and 0.17
respectively).

80



81



82



5. SUMMARY AND CONCLUSION

83



5. SUMMARY AND CONCLUSION

A sound understanding of plant growth and development is an essential element of
efficient and economic maize management system .The impact of drought could be more
accurately predicted with a clear picture of the relationships between growth stage and
plant response to stress. The optimum timing, dose of fertilizers application and irrigation
determined by crop growth stage. Two field experiments were carried out in the new lands
at Nubaria Agriculture Research Station, Agriculture Research Center, Egypt during the
growing summer seasons of 2002 and 2003

The objectives of the present investigation were:

To study the effect of different water stress treatments (skipping certain irrigation) on
yield, yield components and different growth characters.

To determine the best drought tolerant hybrids that can be recommended for farmers
in Nubaria area which have irrigation problems.

The experimental design was split-plot with four replicates in. Eight irrigation
treatments were randomly assigned to the main plots and four hybrids occupied the sub-
plot.

The studied characters are:

1. Agronomic characteristics
1.1. Plant height (cm).
1.2. Ear height (cm).
1.3. Stem diameter(cm).
1.4. Leaf area index.
1.5. Number of days to 50% tasseling (day).
1.6. Number of days to 50% silking (day).
1.7. Chlorophyll content.
1.8. Leaf water potential (-bar).

2. Chemical characters.
2.1. Leaf proline content.
2.2. Pollen grain viability.

3. Yield and yield components.
3.1. Ear length (cm).
3.2. Cob diameter (cm).
3.3. Number of kernels.
3.4. 100-kernels weight (gm).
3.5. Grain yield (ton/ha).
3.6. Straw yield (ton/ha).

4. Correlation analysis.
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The obtained results could be summarized as follows :

1. Agronomic characteristics

1.1. Plant height :_The highest significant reduction in plant height was obtained by
skipping the 1%, 51" and 7" irrigation treatments. These irrigation coincided with pre-
flowering, pre-flowering + early grain filling and pre-flowering + late grain filling
stages. S.C.123 and T.W.C.321 hybrids had the tallest plant height than other cultivars
as an average in the two seasons, followed by Giza2 population. DTP-1 population had
the shortest plant height in both seasons.

1.2. Ear height : Skipping any irrigation in both growing seasons resulted in significant
decrease in ear height than control treatment. The lowest values of ear height was
obtained by skipping irrigation at pre-flowering, early grain filling + pre-flowering and
late grain filling + pre-flowering stages (The 1%, 5" and 7" treatments). The control
treatment in both seasons had the highest ear height. S.C.123 and T.W.C.321 hybrids
had the highest significant ear height followed by Giza2 and DTP.1 populations in both
seasons.

1.3. Stem diameter : The maximum stem diameter was obtained from skipping irrigation
at late grain filling (The 4" irrigation treatment), while the minimum stem diameter was
obtained from skipping at pre-flowering stage (The 1% irrigation treatment) in both
growing seasons. T.W.C.321 and S.C.123 hybrids had significantly higher stem
diameter in 2002 and 2003 seasons. No significant differences were detected between
the Giza2 and DTP.1 populations in both seasons. T.W.C321 produced the highest
number of leaves/plant, while the lowest DTP-1 population as an average in both
seasons. The first order interaction between irrigation treatments and cultivars was
significant for number of leaves/plant in 2003 season only.

1.4. L eaf area index : The irrigation treatments resulted in significant decrease in leaf area
index as compared to the control irrigation. The greatest significant decrease in leaf area
index was obtained by skipping irrigation at pre-flowering + late grain filling and pre-
flowering + early grain filling stages (The 7" and 5" irrigation treatments) in the two
growing seasons. T.W.C.321 hybrid had the highest significant leaf area as compared to
the other cultivars in the two seasons, on the other hand DTP-1 population had the
lowest leaf area/plant in both seasons. The data showed that the interaction between
skipping irrigation and cultivars was significant for leaf area/plant when skipping
irrigation at flowering (the 4™ irrigation treatment) with T.W.C.321 hybrid, while the
lowest one was obtained by skipping irrigation at pre-flowering (the 1% irrigation
treatment) with DTP-1 population in 2002 season.

1.5. Number_of days 50% tasselling :_The data indicated that skipping irrigation at
flowering stage caused significant delay in tasselling in 2002 season. Skipping irrigation
at pre-flowering and flowering stages caused significant delay in tasselling in 2003 .
Giza2 population gave the earliest tasselling in both seasons, while the latest tasselling
cultivar was T.W.C.321 in 2003 season and S.C.123 hybrid in both seasons. The
interaction between irrigation treatments with cultivars was significant for number of
days to 50% tasselling. S.C.123 and DTP-1 cultivars had significant delayed tasselling in
both seasons when the 4™ irrigation was skipped.
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1.6. Number of days to 50% silking :_The data indicated that, in both seasons, skipping
irrigation at flowering stage caused significant delay in silking, while skipping irrigation
at pre-flowering caused significant delay in silking. Giza2 population was the earliest
silking in both seasons. S.C.123 was the latest silking in season 2002 while S.C.123 and
T.W.C.321 were the latest silking in season 2003. The interaction between irrigation
treatments with cultivars was significant on number of days to 50% of silking for
S.C.123 and DTP-1 cultivars.Significant delayed silking was obtained in both seasons
when the 4" irrigation was skipped.

1.7. Chlorophyll content : The highest Chlorophyll content was obtained with the normal
irrigation treatment whereas the lowest concentration was obtained by skipping 5%
irrigation treatment (pre-flowering + early grain) in 2002 and skipping irrigation at the
pre-flowering growth and flowering growth stages in 2003 season. DTP-1 population
gave the highest content of chlorophyll in the first season, and S.C.123 in the second
season.

1.8. Leaf water potential (L.W.P.) : When L.W.P. was measured at 49 days from planting
the highest values was obtained at the pre-flowering stage (35-50 days). When measured
at 65 days, the highest L.W.P. was obtained from skipping at the flowering stage (50-65)
days. Measuring L.W.P. at 79 days, skipping irrigation at early grain filling stage (65-80
days) gave the highest L.W.P., while at 94 days, the highest L.W.P. was obtained when
skipping irrigation at the late grain filling stage. Giza2 and DTP-1 cultivars had the
highest L.W.P. at 49 and 65 days from planting, but T.W.C.321 cultivar produced the
highest L.W.P. at 79 and 94 days from planting as an average for both seasons. The first-
order interaction between the skipping irrigation at pre-flowering + early grain filling
stage (5" irrigation treatment) with T.W.C.321 variety gave the highest L.W.P. at 49
days from planting in both seasons, but the skipping irrigation at flowering + late grain
filling stage (6" irrigation treatment) with S.C.123 variety gave the highest L.W.P. at 65
and 94 days in 2002 season only. At 79 days skipping irrigation at pre-flowering + early
grain filling stage (5™ irrigation treatment) with Giza2 variety gave the highest L.W.P. in
the first season only.

2. Chemical characters:

2.1. Leaf proline content : Leaf proline content was increased significantly by skipping
irrigation at pre-flowering stage when measured at 49 days from planting. At 65 days,
leaf proline content was the highest when skipping irrigation at flowering stage. S.C.123
produced the highest leaf proline content at 49 days, while DTP-1 gave the lowest value
in the both seasons in same period. Similar results was obtained at 65 days. The first
order interaction between drought treatments and cultivars on leaf proline content was
significant in 2002 and 2003 seasons.

2.2. Pollen grain viability : The highest significant reduction in pollen grain viability was
obtained by skipping irrigation at flowering stage in both seasons. T.W.C.321 hybrid
produced the highest pollen grain viability, while the DTP-1 population gave the lowest
one in the two growing seasons. The interaction between skipping irrigation treatments
with cultivars was not significant for pollen grain viability in both seasons.
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3. Yield and yield components

3.1. Ear length : Skipping irrigation treatments in 2002 and 2003 resulted insignificant
decrease in ear length as compared to the control treatment. The hightest significant
decrease in ear length was obtained from skipping irrigation at early grain filling,
flowering, pre-flowering + early grain filling and late grain filling stages, in both
seasons. T.W.C. 321 gave the tallest ears as compared to other varieties in both seasons.
Interaction between skipping irrigation and cultivar had significant effect on ear length
in 2002 season only.

3.2. Cob diameter : All skipping irrigation treatments in 2002 and 2003 seasons resulted in
significant smaller cob diameter. The greatest significant decreases were obtained from
skipping irrigation at early grain filling, pre-flowering + early grain filling and pre-
flowering + late grain filling stages during both seasons. Giza2 had the largest cob
diameter, in both seasons, than other studied cultivars in the control irrigation treatment
while the lowest cob diameter was obtained by skipping irrigation at early grain filling
stage (the 3" irrigation treatment) for S.C.123 hybrid.

3.3. Number of kernels/row : The lowest number of kernels/row was found when skipping
irrigation at flowering, early grain filling, pre-flowering + early grain filling and
flowering + late grain filling stages (The 2", 395" and 7" irrigation treatments).
T.W.C.321 showed higher significant number of kernels/row than all other cultivars in
the two seasons followed by S.C.123 and Giza2. DTP-1 had the lowest number of
kernels/row in both seasons. The interaction between skipping irrigation treatments with
cultivars was highly significant in 2003 season only.

3.4. 100-kernels weight (gm) : Skipping irrigation at early grain filling, flowering + early
grain filling and pre-flowering + late grain filling stages (skipping the 3", 6" and 7%
irrigation treatments) resulted in the lowest 100-kernals weight in both seasons. Giza2
had significantly higher values for 100-kernals weight than all other cultivars in the two
seasons. DTP-1 had the lowest values for 100-kernels weight in both seasons.

3.5. Grain _vyield (ton/ha) : Skipping any of the scheduled irrigations significantly
decreased grain yield. Skipping the 5", 6" and 7" treatments resulted in the lowest grain
yield in 2002. Skipping irrigation at the pre-flowering + early grain filling, flowering +
late grain filling and pre-flowering + late grain filling stages produced 9.03, 8.87 and
8.21 ton/ha, respectively as compared to 10.67 ton/ha from the control treatment in 2002
season.. In 2003, skipping irrigation at pre-flowering + late grain filling, pre-flowering +
early grain pre-flowering + late grain filling and flowering + late grain filling stage (the
7" 5™ and 6" irrigation treatments resulted in the lowest grain yield (7.41, 7.70 and
7.70 ton/ha, respectively). Results showed that T.W.C.321 had the highest grain yield in
both seasons (10.95 and 9.79, respectively) while DTP-1 produced the lowest grain yield
(7.47 and 6.32 ton/ha, respectively) in the two successive seasons.

Data showed that T.W.C.321 was the yielding hybrid under the drought stress treatment
used in the study and conditions of the newly reclaimed lands of Nubaria area.
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3.6. Straw vield (ton/ha) : The highest straw yield was obtained from normal irrigation
treatment while skipping irrigation at pre-flowering + late grain filling and flowering +
late grain filling produced the lowest straw yield in 2002 and 2003 seasons. T.W.C.321
had the higest straw yield per hectar in both seasons (31.99 and 29.115 ton/ha,
respectively) as compared to the other cultivars.

4. Correlation between traits : Phenotypic correlation coefficients between grain
yield and 100-kernals weight, Ear length, leaf are, proline content and plant height were
positive and significant in both seasons.

Conclusion

It could be concluded that leaf water potential, leaf proline content and could be
recommended as a selection criteria for grain yield breeding program.

Maize crop responds to water stress, but irrigation management is important to
produce consistently high yields with minimum number of irrigation.

Checking the water stress to plant leaves at different growth stages as an indicator of
how plant need irrigation.

Water stress pre-flowering and flowering stages limits potential yield that is not
regained when water stress is relieved. Therefore, irrigation to prevent stress during pre-
flowering and flowering would be more advisable than delaying irrigation until grain
filling.

Found that Giza-2 population gave the minimum value of number of 50% tassalling,
silking and maximum value of 100- kernel weight.

Data showed that T.W.C.321 hybrid was the best yielding under the different drought
stress treatments used in the study and conditions of Nubaria region.
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Using: A:\\CORR.DT
Variable: Elongation

Source SS df MS F P

Main Effects

Grad 1.4095238095 5 0.2819047619 1.2573451327 .2901 ns
*Var. 3.456031746 6 0.576005291 2.5690855457 .0247
Interaction

Grad x Var. 4.0782539683 30 0.1359417989 0.6063244838 .9381 ns

Error 18.833333333 84 0.2242063492

Total 27.777142857 125
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Duncan’s Multiple Range Test
Factor: Grad

Error mean square = 0.2242063492
Degrees of freedom = 84
Significance level = .05

LSD .05 =0.2905887858

Rank Trt# Mean n Non-significant ranges

1 5 5.7523809524 21 a
2 3 5.6714285714 21 a
3 6 5.6476190476 21 a
4 1 55666666667 21 a
5 4 5.4666666667 21 a
6 2 5.4666666667 21 a

Duncan's Multiple Range Test
Factor: Var

Error mean square = 0.2242063492
Degrees of freedom = 84

LSD .05=0.3138717617

Rank Trt# Mean n Non-significant ranges

1 5 5.8222222222 18
2 3 5.6888888889 18
3 4 5.6888888889 18
4 7 5.6888888889 18
5 6
6 2
7 1

5.4944444444 18 ab
5.4944444444 18 ab
5.2888888889 18 b
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Using: A:\CORR.DT
Variable: Uniformity

Main Effects

*** Grad 190.96920635 5 38.19384127 41.985901239 .0000
***\ar. 737.43634921 6 122.9060582 135.10873611 .0000
Interaction

*** Grad x Var. 652.93412699 30 21.7644709 23.925347525 .0000
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Duncan’s Multiple Range Test
Factor: Grad

Error mean square = 0.9096825397
Degrees of freedom = 84
Significance level = .05

LSD .05 = 0.5853287096

Rank Trt# Mean n Non-significant ranges

1 87.285714286
2 87.104761905
3 85.428571429

4 84.661904762

21 a
21 a
21 b
21 bc
21 ¢

1

2

3

4 6 84.966666667
5

6 5 83.961904762 21 d
Duncan's Multiple Range Test
Factor: Var

Error mean square = 0.9096825397

Degrees of freedom = 84

LSD .05 =0.6322272651

Rank Trt#

Mean n Non-significant ranges

1 1 87.888888889
2 7 87.788888889
3 2 87.444444444
4 3 86.455555556
5 4 85.116666667
6 6 83.294444444
7 5 80.988888889

18 a
18 a
18 a
18 b
18 ¢
18 d
18 e
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SE.ofr S.E.ofb P

X Variable Y Variable Corr (r) Slope(b) YlInt(a) n-2

Mic. @) 0.303776526 0.1002889717 0.2693980382 124
***0.0855588753 0.0282464605 5.442205E-04

Mic. P.M. 0.5783220405 8.691589035 53.814547423 124
***0.073261772 1.1010495359 1.325875E-12

Mic. H.W. 0.5926406839 18.073370901 53.608468037 124
***0.0723330681 2.2058937289 2.66347E-13

Mic. o/l 0.7779714413 0.1616700549 0.0507356437 124
***0.0564229732 0.0117252443 -1.887229E-17

Mic. P.M.// 0.6764356201 15.770087503 14.087038829 124
***0.0661398111 1.5419510406 -8.232015E-17

Mic. HW.// 0.9262719532 32.114978092 2.0258495308 124
***0.0338426469 1.1733658339 5.200213E-17

O Mic. 0.303776526 0.9201428248 2.8895120154 124
***(0.0855588753 0.2591588832 5.442205E-04

O P.M. 0.2848218306 12.965932171 75.868288452 124
**0.0860830678 3.9187558603 0.0012272125

O H.W. 0.2961567082 27.357115646 99.223497489 124
***0.085774047 7.9232732436 7.596755E-04

O o/l 0.462844192 0.2913411177 0.4300484321 124
***0.0796046306 0.0501077953 4.848096E-08
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P.M./ 0.4361364703 30.79860681 49.621048725 124
***0.0808116577 5.7066689935 3.311582E-07

O HW.// 0.2880384002 30.249662863 94.3916/5941 124
**0.0859967122 9.0313359288 0.001073186
P.M. Mic. 0.5783220405 0.0384804644 0.2295423776 124
***0.073261772 0.004874701 1.325934E-12
P.M. O 0.2848218306 0.0062566635 0.0913747553 124
**0.0860830678 0.0018909814 0.0012272125
P.M. H.W. 0.2926844224 0.593906213 66.273919498 124
***0.0858701114 0.1742449847 8.817413E-04
P.M. o/l 0.4544923185 0.0062843887 0.0825419061 124
***0.0799917704 0.0011060679 8.999541E-08
P.M. P.M.// 0.401578558 0.622943575 16.356589816 124
***0.0822434752 0.1275791334 3.154382E-06
P.M. H.W.// 0.4680782724 1.0798368871 22.475935094 124
***0.0793574361 0.1830742674 3.262241E-08
H.W. Mic. 0.5926406839 0.019433175 1.2006171947 124
***0.0723330681 0.0023718607 2.662261E-13
H.W. O 0.2961567082 0.0032060688 0.2438829807 124
***0.085774047 9.28554E-04 7.596755E-04
H.W. P.M. 0.2926844224 0.1442385502 67.113029969 124

***0.0858701114 0.0423178667 8.817413E-04

107



H.W.

H.W.

H.W.

o/l

o/l

o/l

o/l

o/l

P.M.//

P.M./I

o/l 0.4860340961 0.0033119591 0.2250836854 124
***(0.0784821151 5.34797E-04 7.959431E-09

P.M.// 0.4225921072 0.3230586071 31.094504564 124
***0.0813899371 0.0622200918 8.254888E-07

H.W.// 0.6859362945 0.7798394469 22.505512603 124
***0.0653459405 0.0742916543 3.710116E-17

Mic. 0.7779714413 3.7436714181 1.174492342 124
***0.0564229732 0.2715126301 -5.295987E-18

O 0.462844192 0.7353055681 0.167845495 124
***0.0796046306 0.1264652968 4.848096E-08

P.M. 0.4544923185 32.869269769 63.82111176 124
***0.0799917704 5.785072646 8.999541E-08

H.W. 0.4860340961 71.32610446 72.601390297 124
***(0.0784821151 11.517347421 7.959431E-09

P.M./ 0.9010281413 101.08345057 6.9811983826 124
***0.0389528549 4.369995571 4.762414E-17

H.W.// 0.7653137909 127.68583601 35.198871384 124
***0.0578021376 9.6437753329 1.488369E-17

Mic. 0.6764356201 0.0290147501 1.466112358 124
***0.0661398111 0.0028369737 -8.232015E-17

O 0.4361364703 0.0061760917 0.1923891061 124
***(0.0808116577 0.0011443671 3.311582E-07
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P.M.//

P.M.//

P.M.//

P.M.//

H.W.//

H.W.//

H.W.//

H.W.//

H.W.//

H.W.//

P.M. 0.401578558 0.2588763168 66.098360427 124
***0.0822434752 0.0530179899 3.154382E-06

H.W. 0.4225921072 0.5527916147 78.158178736 124
***0.0813899371 0.1064659609 8.254888E-07

o/l 0.9010281413 0.0080314998 0.0586113683 124
***0.0389528549 3.472143E-04 4.762414E-17

H.W.// 0.6733595535 1.0014021232 44.336283122 124
***0.0663924617 0.098737074 1.636158E-17

Mic. 0.9262719532 0.0267158747 0.4367493006 124
***0.0338426469 9.76102E-04 -5.677102E-17
O 0.2880384002 0.0027427122 0.3060327792 124

**0.0859967122 8.188639E-04 0.001073186

P.M. 0.4680782724 0.2028984856 60.922823092 124
***0.0793574361 0.034399169 3.262241E-08

H.W. 0.6859362945 0.6033403439 47.882944921 124
***0.0653459405 0.0574774108 9.350096E-17

o/l 0.7653137909 0.0045870804 0.0910624918 124
***0.0578021376 3.464501E-04 1.488369E-17

P.M.// 0.6733595535 0.4527782374 17.418061147 124
***0.0663924617 0.0446434028 1.636158E-17

End of Correlation
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Figure (1): Effect of some drought treatments and varieties on grain yield (ton/ha)
of maize plant during 2002 and 2003 seasons
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Figure (2): Interaction between some drought treatments and varieties on
grain yield (ton/ha) of maize plant during 2002 season.
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Figure (3): Effect of some drought treatments and varieties on leaf proline content

of maize plant during 2002 and 2003 seasons
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Figure (4): Interaction between some drought treatments and varieties on leaf proline content (p/g)
of maize plant during 2002 and 2003 seasons
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Figure (5): Effect of some drought treatments and varieties on leaf water potential at
stage (49 days from growth) of maize plant during 2002 and 2003 seasons
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Figure (6): Effect of some drought treatments and varieties on leaf water potential at

stage (65 days from growth) of maize plant during 2002 and 2003 seasons
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Figure (7): Effect of some drought treatments and varieties on leaf water potential at

79 days from growth of maize plant during 2002 and 2003 seasons
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Figure (8): Effect of some drought treatments and varieties on leaf water potential
at stage (94 days from growth) of maize plant during 2002 and 2003 seasons
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Figure (9): Interaction between some drought treatments and varieties on leaf water potential of

maize plant at 49 days from growth during 2002 and 2003 seasons




Leaf water potential

0S.C.123 BTWC.321 0OGiza2 0ODTP1

Al A2 A3 A4 A5 A6 A7

Skipping irrigation
Figure (10): Interaction between some drought treatments and varieties on
leaf water potential of maize plant at 65 day from growth during 2002 season
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Figure (11): Interaction between some drought treatments and varieties on
leaf water potential of maize plant at 79 days from growth during 2002 season
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Figure (12): Interaction between some drought treatments and varieties on
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Table (17): Drought susceptibility index (DI) and reduction percentage (RD%) for ear length season 2003 and cob diameter season 2002.

Ear Length 2003

Cob Diameter 2002

S.C.123 T.W.C.321 Giza 2 DTP-1 S.C.123 T.W.C. 321 Giza?2 DTF

DI | RD% | DI RD% | DI |RD% | DI | RD% DI RD% | DI |[RD% | DI |RD% | DI | RD%
A1 0.85 7.1 0.63 5.3 1.30 | 108 | 1.38 | 114 0.76 4.8 1.04 6.5 1.38 8.7 0.79 4.9
A2 0.79 8.1 138 | 142 | 0.85 8.7 1.01 | 104 0.38 1.8 0.75 3.6 1.94 9.3 0.82 3.9
Az 149 | 131 | 081 7.1 0.72 6.3 1.00 8.9 1.28 8.4 0.44 2.9 1.17 7.7 1.09 7.2
As 2.09 8.4 0.34 1.3 0.45 1.8 1.22 4.9 0.96 3.7 0.76 8.9 1.43 5.4 0.86 3.4
As 135 | 11.8 | 0.78 6.8 0.80 7.0 1.12 9.8 0.24 1.8 0.87 6.5 1.03 7.7 1.76 | 131
As 1.23 5.8 0.45 2.1 1.18 5.5 1.32 6.2 0.76 2.9 1.21 4.7 0.74 2.9 1.27 4.9
A7 0.50 3.1 1.21 7.6 0.96 6.0 1.50 9.4 1.12 8.4 1.10 8.3 0.94 7.1 0.87 6.6




Table (21): Drought susceptibility index (DI) and reduction percentage (RD%) for grain yield season 2002 and no. of kernels/row season 2003.

8.

Grain yield No. Kernel/row
S.C.123 T.W.C.321 Giza 2 DTP-1 S.C.123 T.W.C. 321 Giza?2 IP-1

DI |RD% | DI |RD% | DI |RD% | DI |RD% DI RD% | DI [RD% | DI |RD% | DI | RD%
A1 0.86 7.7 0.76 6.8 121 | 109 | 1.03 9.2 0.99 10.2 | 0.64 6.6 161 | 16.6 | 0.79 8.2
A2 1.30 8.2 0.75 4.7 1.60 | 10.0 | 0.26 1.6 1.04 144 | 0.34 5.0 1.39 | 193 | 1.34 | 187
As 1.20 | 176 | 100 | 146 | 0.74 | 109 | 0.98 | 144 0.79 9.0 0.63 7.2 163 | 186 | 1.04 | 119
As 0.85 6.9 0.83 6.7 0.18 14 236 | 18.9 0.26 1.8 0.34 2.4 196 | 13.8 | 170 | 119
As 089 | 135 | 0.75 | 114 | 1.09 | 165 1.4 21.2 0.73 8.4 088 | 10.2 | 1.31 | 152 | 1.35 | 157
As 149 | 248 | 064 | 106 | 0.60 | 10.0 | 1.27 | 21.2 0.53 54 0.81 8.4 201 | 20.7 | 0.72 7.5
Az 148 | 263 | 105 | 242 | 0.74 | 169 | 1.01 | 2438 0.47 6.6 0.51 7.2 191 | 269 | 127 | 179




Table (22)

: Correlation on grain yield (ton/ha) of maize plant during 2002 season.

18

G.Y. 100 KW E.L L.A. LPC LWP, LWP; LWP; LWP, P.H.
G.Y.
100 KW | 0.40**
E.L 0.80*9* 0.47**
L.A. 0.68** 0.41*9* 0.65**
LPC 0.41** 0.14 0.49** 0.14
LWP; -0.18* -0.01 -0.37** 0.62**
LWP; -0.25* -0.02 -0.13 -0.24** -0.21*%9 -0.13
LWP; -0.03 0.04 0.03 0.13 0.12 0.03
LWP,4 0.13 0.35** 0.24** 0.22* -0.03 0.20* -0.02
P.H. 0.76** 0.33** 0.74** 0.77** 0.23** -0.31** -0.27** 0.05 0.24**
G.Y. Grain Yield (ton/ha).
100 KW One Hundred Kernels Weight (gm.).
E.L Ear Length (cm.).
L.A. Leaf Area (cm?).
LPC Leaf Proline Content (%).
LWP, Leaf Water Potential P,
LWP2 Leaf Water Potential P,
LWP3 Leaf Water Potential P3
LWP4 Leaf Water Potential P4
P.H. Plant Height (cm.).
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Table (23): Correlation on grain yield (ton/ha) of maize plant during 2003 season.

G.Y.
100 KW
E.L
L.A.
LPC
LWP,
LWP,
LWP3
LWP,
P.H.
G.Y.
100 KW
E.L
L.A.
LPC
LWP1
LWP:
LWP3

LWP4
P.H.

G.Y. 100 KW E.L L.A. LPC LWP, LWP; LWP3 LWP4 P.H.

0.46**
0.82** 0.44**
0.82** 0.33** 0.77*%*

0.17* 0.03 0.29** 0.09
-0.30** -0.18* -0.21* -0.42** 0.68**

-0.15 -0.06 -0.11 -0.12 -0.35** -0.22

0.13 -0.03 0.07 0.23* 0.11 -0.01 -0.20*

-0.23* -0.34** 0.35** -0.14 0.06 0.68 0.17* -0.03
0.77** 0.38** 0.78** 0.67** 0.01 0.47** -0.07 0.11 -0.18*

Grain Yield (ton/ha).

One Hundred Kernels Weight (gm.).

Ear Length (cm.).
Leaf Area (cm?).

Leaf Proline Content (%).

Leaf Water Potential P,
Leaf Water Potential P,
Leaf Water Potential P3
Leaf Water Potential P4
Plant Height (cm.).






=) padlal)
Laalld) B Ao skl algay) ik

Al ) A
B Jsmane iloloaily laliy 8 Lol Ml aey lall jslais sl 383 a5e2d o)
a8 mha e daeh3l) dualaall Ly ay dddec (8 Laga o sl Canlig ¢ el
clill lgilaly Lode ldags Leadagis el lpall Pliiad Gy slaiaY) of ) 2L ¢
saill oyl gy dlaje IS Llia G A spai dalie B daulidl Sl
V) 13 ¢ bl b Sl eV pcieall salll ge deald ¢ loge Slele ey Janalls
Giagal ades sLall jbas (e LESH @Dlgin) ) gag Lee OISl Vel sliall s by
S s Gl 5 Bl Bl clal) e s el 0 bl aladin) ausl dale dslsd)
alall sl sai dabe DA Ga¥b esd) slall e o aiagay Jsmanal) 28 s

BH A

LolesSl CDlelill pun Gigan 4 ab ) Ll 4l Ll jaldd) il el
¢ gl Jballs il ddee o ,alilly A alial) QU] By ¢ cilalls Lalal) Al
&b 9 G Jgpmnall o 55 lea lld sy saill ¢ i) balaal) ¢ ciligig ) G ¢ (el
I3 ¢ dabaall ogar Jlohl DA bl Jabs B Linslsandl) ildeall dhana ge Sl Ll
Agad alainly il gei sk on 4D DA e il e Cilial) ek duln o
Calial Lol ey ALl Slsall Chra (e et A shaliall 8 ald laga ey osh)l
o Al o 5 ye e Cangy ) Al Calaall e Caleadl daglie Aslil) 5,A) (e Baaa
sl Sl e Cagn Caliall daglid) dapy b Jasale il aag 4sl g paal) Gag - LY

o))l cBlaleally il g ykg dasall g hally Cauall
Adadl depyall iy suaall pal¥) Cigoh caad lulis Gluyas Ciedl @l g o
5db el Al Yoo VY oY Cpansall PA (A o)) dbisll Aol Giadl ddasa
Alslay Gl Joane S o daaldl) 53 Jpana 503 dalie DA Gl (e Glasal
algadl Aaulia 28Y) Jalyall ol A el maaty Al Lagloudll Glall Giloay dabkiadll

skl
o Se al A Baaly e Addial) ahadll apana dojaill 038 b addiesall aaenal) (S
s bl gadl



DA skl algal) cilalaa Ao cigiaf Al adadl)

e 0=V gl U8 4y aad) sl J Asje sl gl algadd bl (asyes -
(Al Al et

Lyl ploa’ ass To—0n janll ol 4y anad) Hlajyl el ol algadd clilall (s —¥
(‘)

=10 gl lll eyl Uil 4y apat) Cagaadl all) jodal) ol algadll culilall anpes —¥
(bl Ll Glea ag A

el Daay) sl 4y aat) gl Sl DY) sl el algadl cibilall aipen — ¢
(Lsalal) )1 loga’ asr 30-Av Cagaall

) e Olasa) Gagall Gl ey Alsyay il U8 Asje ol algaDll cililall (e —o
Al Al Glapa’ gl (Sl SacY) dlsje (8 4y e Gloadl + a3l U8 dls e 8
("l a)lls

sl 4y anpad) Cogaall gl oDaaY) dsyag il Alage ol algadld blal) (e %
("asalially Zaahll Aoyl lapa Cagaall lgal) DluaY) ol anys )

at) gl el ey layas il U Alsje ol gl dlgadd bl Giasges =Y
(M) g Al Al laa asaall leal) DluaY) Ul anys il ol 4,

i) (ol by caiy (4)lke) Adbidall sgai Jlshal (A Jaadl dawliall daca )Y dughayl) g —A
o3 10 JS A Jaar by T Al e Lag Y am iy Jof and Gus Adal) dehally

bl gyl cleleas gl HEE (g0 Ayl Cuaiadd Ll (e dadial) adadl) L

Cgai Aaye ol g by e bl EOLle Jeati Al ilaall ol agl) aaaty dald)

s DTP-1 gdes Y=g ¢« YY) (U (ma ¢ VYT (63 (paa) ildally Gagd) calad

ccaleall Alaniall 53 gl yildall aal

Alsll suaal) S 4 age sa LS (391 Lehy3l) Cilileal) BIS Cupa]

1 g yaal) Cilial)

Ll g )]

5ssl) g il

LBLal) ylad

L3yl dalidl)

BS) gl e %0+ Hselal ALY 22 O
Agall sl e %00 zoyal a2 0
PPN IRCRT I I

O O O

o



(U —) Ghs Sl sleaY) ©
Ol el paaall e Ghs¥) gsime O

Wl Cgs dgs 0

P Joaaal) @lisfe g J paaall
() 580 sk
() Aalgl L -
i U] gl s —F
(P) da Ve Oy ¢
(UESe/h) sl Joiana
(LbSa/oh) il Jgana )

— S Al @il (adlis g
tdoa glgunadl) ciluldl) — )
: cll) g lis) -

N Glayms lall gl 8 (gyine pall el I skl Mg 53 @bl e (ool
o3l U8 s ey ¢ agall (All) Sl DY) + el U8 As e 5 ¢ oyl S Alsje
Ljlie YY) D5 s VYT (628 (pad (e ddde deaatl) 5 bl g Ul el o il
DTP-1) Caleall daslaal) saially ¥ shan jiliall culacly .9aY) GluaY) 8 cbilal ¢ syl
b emge DA clall Jola ol
: oSl ok —

dabe e dlase 6 (B G 00 gloall e dualall HI @il aghl) sleaY) (o
ULl (gt axe) A5jlaal) dlalee ae A5alls 35S0 £ il 3 (gpina pmlead] ) dabisall sal
3580 gl b Lo Jpaan) o5 dad JB cul€y Yoo ¥ @ YooY ange IS (ashl) aleadd
Usye ¢ gl Jd + Qpall Sl odaeY) dlaye ¢ paill dd daje (S Gl 0o Glasad) v
el YV (DG Gy VYT 68 G hely gl Sl slgml) dlsje + il U
salll asge DA (gsine g i)

D alad) yhad —
Dl 8 Aaye (8 6 e gloall die ad) Jguagl) 2 Ll jhad Jif o bl el
Ji e Jeeanl) ) gl Ggall Slgall DYl Aape 4 ) (e Gloall Wi ¢ Gaangall 8
VYV (28 Cpaag YY) DG cuna o Ll s Y1 Glial) culSy . bl jhs e s



el amge o8 DTP-1 Calill i glial

: A8, ol daluall Jula —

Ljlie clall Ao dd)sl dalaall 3 (gpine mlaadl @l o ang Lahyall cuge o8
sl i Aa e A )l e glpall O (sha)ll algadld Glall (aiges aae) &)kl Aalaa
oaliasl Ji el agall Sl DY) + il U dlsje Gl Cgiall il syl +
IS0 o gie€ lyfd sl dalual) dba b Glia¥) el Gl bl ewge A (S5ina
¢ opansdl NS 3 gAY Gl il A5l TYY OB eaa s Sl sleal) cdlles
Da DTP-1 Cileall daglie 8yadall cul€ culy/ddys dalue J8 o 2y AV Culall e
5 Glualy Al @l Clalee G Lo Jals @llia (S 4l il Caiagl LS ¢ Crangall
YY) DU G Cia g il Alage die (gl e lajall pe LA g dalue el cula
Bpadiall Ciia ae gl U8 dlaje 8 ()l e Qloall die das (ssine daln BB (IS Lai «
cLai YooY ange PDIA cllig DTP-1 Ciliall daglaal

: 5Saall cyoill e %0+ egdil ALY aae -

%0 selal ALY 2ae 5l el gl dla e gl e laad) o il o)L
@l arl) U Alaye (B @) e glaall O aag LS Al cange DS 5830 sl (e
Galial) S Sy Tt YooY anige 8 5SI Clsill (e %0 jselal ALY aaal (ggiaa il
GliaY) ST iy Cpengall DS 8 Y Sas Byudic Ciia g8 S0 clygill (e %0+ seds b
CY Y ause b clllg YY) DB Cpaa Ciia sa 5S0) 8ygil) sglal SV e 6 1l
Gl clalae (L IV dsall e Jalall S L sl DS 8 VYT (Ga) (e Ciia
Lsina allll o€ 5 5800 clygll e %00 selal ALY dae dbal CaliaYly dibadl
. Osansall DS & DTP-1 Galiall dasliall yaiiall 5 VYF (g2)8 cuaa Caliadl]

p(Ahigal) 5)6) Bpal) (1e %0+ sglil ALY axc —
AV 2ae 3 gsiee il el gl dlage @l ge laall o ol ol
Gyina JAL Lad lael a5l J8 dlsje b )l (e Glajal) e Zigall 55l (10 %0+ skl
b )<l (88 il Ll ¢ bl YooY ase B ST Riige 558 %0 ysglal ALY 2ae b
o 5 sl Lauge DA Y- Baa Canall sa (Ligall 55l) Supall e %00 sk bl aae
b Ball e %o ysels oLl e 8 bl VYT ai e G Gl Y Calal)
Dselal DAl T VYT (3 ey YY) DB s GiliaY) cilS La ¢ YooY e




Abaall (ol cDlalee (o Lo rine Jalu lia ISy Yo 0¥ ause Egall Bgll e %O
Laglie Badies VYT (28 cpad Cilial cilael Gus Bpall e %00 sela Ll aaal GiliaYl
e Gaansall DS 8 &gl 55l e %0 seda ol dae L (gsiea Al (DTP-1) Galeall

ol dlsse (Bl e plaal)

b by B (o) olsl) (ggiaa -
Aalae) Mgadd @blal) (mpt axe de clall (g sl ginal cilehall el culg
ey Alsye + a5l J8 Alsye (b Gloall die ade Jgeanl) & 55 i OIS L ¢ (4l
sy ¢ sl J8 clase (B9 0o plaall (53l YooY ause (el 5 Gl Sl
g5l (sginal Calal) el culSy gyl b s (sgima alisal () Yoo ¥ s
S asall 3VYY 68 aas ¢ oY) ausall 8 (DTP-1) Caleall dagladl) syuiiall oo

Al s GaliaY) | Bl 45l

s alill ) algay) -
Ji L dlaye b ol Sl slga) el el del))ll 0n g €3 22 Gl (e glapadl

Aaje 3@l e @l Glos ae OIS @lill e slga] Jef o Lasgl g 10 viey 5l
hel Gigall ) SaaY) age (B @l 0n Gloal) of s el e s V4 Ay Dl
Asye die lill Sl slga) ol cilans Gey3l (e g 3¢ die Laiy ¢ clall Sl algal e
Bade L clall Sl algaY) 8 Glial) el of bl ey ¢ cagall Sleal) £Dlaay)
o< z\.cbj\ e as 10 die dhsj a9l €4 2 uﬂb‘g (DTP-].)L_QLOAM z\.«j\.ﬁ.d\ Wb Y =8
DS A del3ll (e oam 96 5 VA DA YY) D6 e e Sl laalea) 8 s e
e Oloall of aag Gua Galia)y dabidall () c abas (Lo o) daall (e Jalailly

el el (D 53 (s e e igall Sl DY) + sl J8 Alsye S o)
Sare 2O e Oloal) L ¢ Cpangall S (B Aeh e a8 DA clall Sl sles)
vie clall Sk alga) Jef el VYT (g8 fuaa (i o ol Jlgll Syl + il
el (el (D g3 aa e pe agaall Sl eyl + sl U dlage G o)l
Sy B Ol e Gloall Liw (Oaensall AS G2 Aol (e am 81 DA Slall Sl algal
vie clill Sl olga) el el VYT 608 e Cia pe agaall el DlaY) + il
0o Oloall of ang deh 3 (e ag VA e Laiw ¢ Jah YooY ause Al e am 48 570



e algal el el Y-ga Ciia pe cagall Sl ey + sl U8 Aage S )l
o oY) angall 3 colall

dilasl) ailadl) —¥
Clgpd) e @) (Sginag —

G N e planall die Gyl e dsl) (grine & Digies B oeks il Canin]
el ina o 3ng Al (e g T0 Nie e Al (e g €9 Jac die gl U8 dlsge
Gilial) S el 5 il Alaye (9 0e plonll ga gyine Ll el ael oty il e
Budall Gl e lalsine (B aglll OIS Laiw VYT (5358 cuma 58 Calandl e Wlgine B
25l ey pengall DA Aeh3 (e g £9 i bl @iy 5 (DTP-1) Calial Zaslad)
CBlalae pans o Lo (81 dpall (e Je i) OISy A3l (e as 10 vie Gulills L) Jeasil
A3l cange DA gl G Lalgina (& Gl 5 )l

D g Lgs -
P Gl ge gloal) vie Gl s L (B gine paliadl el ) Jeagill

Gmnd sp Ul Qg dugen (8 Glual) Jeb o il 5 de)3l anse PlA il dlsje
Gliall desladll  spdell ZE Cgs diga B Al G Law YYD
&b e e GluaYl 5 ol clelae (g L Jalall Gl 5 sail) ewse Dl (DTP-1)

) s dugas dba (B gadll s

: AlligSa g Jguanall - ¥
P aesh Jgha -

b e paliad] L & Cpansall DA G e Gloall Elales Gl duhall @)L
Uaye ol e gloall s 35S Joba BBl e Jseanl @5 5 d5lial) dlalass d3lhe 36l Joha
Y] dlajye 5 gl Sl )+ el J dsge ¢ el ¢ sl Sl (BlaaY)
Wlie 3ol Pl el YYY (DB cpna canall el 5L Grengal) AS G Gagaall Sl
Conangall PIA (53 GaluaY

G oSl Jsh e Galials datad) gl e lalae g Lo Jalall gyiea dlia S
i YooY auige

: daledl) yad —



Pl dalgill jld Laugia 4 (ssina palisd cilael lgases 9l o ploall clalas
Aaye B @l oo Oloall DA Ge Ll Jpas) &5 (gina palisdl el OIS 5 Cpasal
ol d Als e ¢ pall ) Sady) dlaye + il J8 dsje ¢ Qpall Sl SGY)
g OS @il ki Sl o il cnlal 5 L cpensall A (8 Gagaall gl 2DliaY) dls e
oamgal) A Gilaal) il 25jlee Sl algal) cDllas S0 a6 Y=Bua Sjudic Ciia
OIS L Y=g China ga (Olopal) pae) dlial) dlalas (g dalsill jld 5 e Jganl) 5
Y Usje 4 (e il die IYY (G cpaa Chia dalgll i b GaluaY) J8
gl Sl

: uba/c.u.\a.“ Ne -

SSad) SaaYly il Alsye G ol Ge Gloall e g e B e Jgeasll o
el DYl dlsje + gl dlsje ¢ pall Sl SBAY) Rl J8 Asje ¢ sl
Sl jlae YY) OB Gad Giia pe Cia [asaall a2l sl Slel a5 ¢ gl
b alaY) J8 IS 5 Y=ga ¢ VYT 608 gona Ll Cawsd) DA Al s Glial)
2l djasa 8al) Cangy Gpangall PIA (DTP-1) caleall daglaall spdiall Caa/gaal) 2xe
ol YooY age 8 CaluaYls duhall a6l cDlalae G e Jalal) L Caa/cigal)

tdn Ve d O3

o3l ¢ Sl el Jabe (B Sl 0e Glaall Lyasa dan Y ee J) O Aa il
Gy ol Cua gl Al oY) + il U8 dlsje 5o gl Sl Saay) 4
pangal) S 4 A Vv J)

DS 4 Galia) il dle am Vo d) Gigd gine dad el Yoga e Ja
Gl Alae dm Vo s i (DTP-1) Galeall daglan saiie b LAY Gulad) Lo Cpansgal)
Opangal) DS 3 CGalaal)

:(LSa/od) crgal) Jomna - Y
Uaje (b Gl g Qloals gl Jpeana (& g paliail I )l Ga gl s
b oaliadl U el gl Sl eyl + al ¢ gl Sl oaay) ¢ il J
Gy axe) Aliall Alaleey Ajae () e SESa/oha AAY ¢ AYY ) gl Jgeane
amsall (Y0¥ aige DI Gl 5 HUSa/oh VoY bl Al 5 (sl algadU @il
Gigall Sl eyl + sl Jd dabe B o)) e Olos J ol ang (Yoo 1) S




paliadl Sl el Cagaall Jlgdl) oDlaaY) + sl ¢ gl ) laaYl + gl Ja
(sl e S [l VLYY 5V Ve 6V, EY) Gl Jgeane b (s5ina

OS5 YY) (D6 Cpaa Canal o sl Jseans b lgle Juaniall gl el el
JI O Wi il e dehll awge DA JESa/oh 4,¥4 ¢ Ve d0 U] i
LYY ¢ VeV el GuaDTP-1) ) Caliall daglaadl sadiall Cagsall Jpemna 3 CaliaY)
Jymana (3 Gilial) doadl of bl comimgl 5 . Nl e Cpansall A & lSa/o)h
Absil) dilaies aaall omhY) sl dleaY) Cigyl a3 YY) (DG (a8 Gageal)

lia /) | il wre
GBlal) Gy axe) Akl dabee e ddde Janl) & Gl Jgeane o gl el
o5l ¢ gl Sl oY) + il J8 Alage (B 9 e plaad) Lain (shl) sleadd
G albay) el oSy Gaensddl DA (gall Jgeana i el Cgall gl o) +
(sl e SUSa/ola Y4,005 ¥1,29) Cpansall US 8 FYY D cpaa (i) Jenna
caaliay) il 455l

:dg i) cilbal) (ganig igal) Jgana oo La b Y —

Gilias dga e ol Jpane Glia on L (5385 (sine LY o) Audall Cnia
& bl Jolag cudosal) e Ghg¥) (ssine 5 ¢ Ayl dalia 5 ¢ 3o< Jola ¢ i Ve v d) O
<Ot gall SIS

s gale Juanial) i) o el

Lubige (3hsoU Ala) slgal) dacal alg ) aaY) Gaelall e 3leY) (s5ine il Sy 43li -
Al 53 Jgemne A malin b olaadll

o Jyeaall cllyy dala ddee ()l a8 13 agha) sleadl i dualsll 5 Jyana -
bl e Kee 2o il aluf el

glin o sdse 4l Cus Al gaill lohl &l Ghe¥ Sl sgall (il e A -
Ll )

Lol 5l e Ji Sy padll sl lage ol clall ghy sleal Glas) -
bl 5558 A aey i diargad Joemnall galaig Y (535 Jaanall

gt cilall (mnat aaal llyg juasally uiadl) saill Silaje sl Jseanall (530 (ouas il
- oflaall Gals (gl



L Vv Oy b aadlel Laady 25all 5 5,0l 5510l (10 %0+ sedal Calual S o ang -
Yo bude’ Ciia g Algal) Cagyl caas
Cagyla cand @lldy "WYY DU Goaa Cia g8 igiall Jgeana & Calual) Joadl o aag —

L)L) dilaiey Bas Aabiaioall alY) 8 Gl g algaY)



Summary (1000 words)

Maize response to water stress in calcareous soils

A sound understanding of plant growth and development is an essential element of efficient
and economic maize management system .The impact of drought could be more accurately
predicted with a clear picture of the relationships between growth stage and plant response to
stress. The optimum timing, dose of fertilizers application and irrigation determined by crop
growth stage. Two field experiments were carried out in the new lands at Nubaria Agriculture
Research Station, Agriculture Research Center, Egypt during the growing summer seasons of
2002 and 2003 The objectives of the present investigation were: To study the effect of
different water stress treatments (skipping certain irrigation) on yield, yield components and
different growth characters. To determine the best drought tolerant hybrids that can be
recommended for farmers in Nubaria area which have irrigation problems. The experimental
design was split-plot with four replicates in. Eight irrigation treatments were randomly
assigned to the main plots and four hybrids occupied the sub-plot.

The obtained results could be summarized as follows :

1. Agronomic characteristics

1.1. Plant height : The highest significant reduction in plant height was obtained by skipping
the 1%t , 5™ and 7" irrigation treatments. These irrigation coincided with pre-flowering,
pre-flowering + early grain filling and pre-flowering + late grain filling stages. S.C.123
and T.W.C.321 hybrids had the tallest plant height than other cultivars as an average in the
two seasons, followed by Giza2 population. DTP-1 population had the shortest plant
height in both seasons.

1.2. Ear height : Skipping any irrigation in both growing seasons resulted in significant
decrease in ear height than control treatment. The lowest values of ear height was obtained
by skipping irrigation at pre-flowering, early grain filling + pre-flowering and late grain
filling + pre-flowering stages (The 1, 5" and 7™ treatments). The control treatment in
both seasons had the highest ear height. S.C.123 and T.W.C.321 hybrids had the highest
significant ear height followed by Giza2 and DTP.1 populations in both seasons.

1.3. Stem diameter : The maximum stem diameter was obtained from skipping irrigation at
late grain filling (The 4™ irrigation treatment), while the minimum stem diameter was
obtained from skipping at pre-flowering stage (The 1% irrigation treatment) in both
growing seasons. T.W.C.321 and S.C.123 hybrids had significantly higher stem diameter
in 2002 and 2003 seasons.

1.4. Leaf area index : The irrigation treatments resulted in significant decrease in leaf area
index as compared to the control irrigation. The greatest significant decrease in leaf area
index was obtained by skipping irrigation at pre-flowering + late grain filling and pre-
flowering + early grain filling stages (The 7" and 5" irrigation treatments) in the two
growing seasons. T.W.C.321 hybrid had the highest significant leaf area as compared to
the other cultivars in the two seasons, on the other hand DTP-1 population had the lowest
leaf area/plant in both seasons.

1.5. Number of days 50% tasselling : The data indicated that skipping irrigation at
flowering stage caused significant delay in tasselling in 2002 season. Skipping irrigation at
pre-flowering and flowering stages caused significant delay in tasselling in 2003 .Giza2
population gave the earliest tasselling in both seasons, while the latest tasselling cultivar
was T.W.C.321 in 2003 season and S.C.123 hybrid in both seasons.

1.6. Number of days to 50% silking : The data indicated that, in both seasons, skipping
irrigation at flowering stage caused significant delay in silking, while skipping irrigation at
pre-flowering caused significant delay in silking. Giza2 population was the earliest silking
in both seasons. S.C.123 was the latest silking in season 2002 while S.C.123 and
T.W.C.321 were the latest silking in season 2003. 1.7. Chlorophyll content : The highest
Chlorophyll content was obtained with the normal irrigation treatment whereas the lowest
concentration was obtained by skipping 5% irrigation treatment (pre-flowering + early
grain) in 2002 and skipping irrigation at the pre-flowering growth and flowering growth




stages in 2003 season. DTP-1 population gave the highest content of chlorophyll in the
first season, and S.C.123 in the second season.

1.8. Leaf water potential (L.W.P.) : When L.W.P. was measured at 49 days from planting
the highest values was obtained at the pre-flowering stage (35-50 days). When measured at
65 days, the highest L.W.P. was obtained from skipping at the flowering stage (50-65)
days. Measuring L.W.P. at 79 days, skipping irrigation at early grain filling stage (65-80
days) gave the highest L.W.P., while at 94 days, the highest L.W.P. was obtained when
skipping irrigation at the late grain filling stage. Giza2 and DTP-1 cultivars had the highest
L.W.P. at 49 and 65 days from planting, but T.W.C.321 cultivar produced the highest
L.W.P. at 79 and 94 days from planting as an average for both seasons.

2. Chemical characters:

2.1. Leaf praline content : Leaf praline content was increased significantly by skipping
irrigation at pre-flowering stage when measured at 49 days from planting. At 65 days, leaf
praline content was the highest when skipping irrigation at flowering stage. S.C.123
produced the highest leaf proline content at 49 days, while DTP-1 gave the lowest value in
the both seasons in same period. Similar results was obtained at 65 days. The first order
interaction between drought treatments and cultivars on leaf proline content was
significant in 2002 and 2003 seasons.

1.2. Pollen grain viability : The highest significant reduction in pollen grain viability was
obtained by skipping irrigation at flowering stage in both seasons. T.W.C.321 hybrid
produced the highest pollen grain viability, while the DTP-1 population gave the lowest
one in the two growing seasons.

3. Yield and yield components

3.1. Ear length : Skipping irrigation treatments in 2002 and 2003 resulted insignificant
decrease in ear length as compared to the control treatment. The hightest significant
decrease in ear length was obtained from skipping irrigation at early grain filling,
flowering, pre-flowering + early grain filling and late grain filling stages, in both seasons.
T.W.C. 321 gave the tallest ears as compared to other varieties in both seasons.

3.2. Cob diameter : All skipping irrigation treatments in 2002 and 2003 seasons resulted in
significant smaller cob diameter. The greatest significant decreases were obtained from
skipping irrigation at early grain filling, pre-flowering + early grain filling and pre-
flowering + late grain filling stages during both seasons. Giza2 had the largest cob
diameter, in both seasons, than other studied cultivars in the control irrigation treatment
while the lowest cob diameter was obtained by skipping irrigation at early grain filling
stage (the 3 irrigation treatment) for S.C.123 hybrid.

3.3. Number of kernels/row : The lowest number of kernels/row was found when skipping
irrigation at flowering, early grain filling, pre-flowering + early grain filling and flowering
+ late grain filling stages (The 2", 35" and 7t irrigation treatments). T.W.C.321 showed
higher significant number of kernels/row than all other cultivars in the two seasons
followed by S.C.123 and Giza2. DTP-1 had the lowest number of kernels/row in both
seasons.

3.4. 100-kernels weight (gm) : Skipping irrigation at early grain filling, flowering + early
grain filling and pre-flowering + late grain filling stages (skipping the 3, 6" and 7'
irrigation treatments) resulted in the lowest 100-kernals weight in both seasons. Giza2 had
significantly higher values for 100-kernals weight than all other cultivars in the two
seasons. DTP-1 had the lowest values for 100-kernels weight in both seasons.

3.5. Grain yield (ton/ha) : Skipping any of the scheduled irrigations significantly decreased
grain yield. Skipping the 5™, 6™ and 7" treatments resulted in the lowest grain yield in
2002. Skipping irrigation at the pre-flowering + early grain filling, flowering + late grain
filling and pre-flowering + late grain filling stages produced 9.03, 8.87 and 8.21 ton/ha,
respectively as compared to 10.67 ton/ha from the control treatment in 2002 season. In
2003, skipping irrigation at pre-flowering + late grain filling, pre-flowering + early grain
pre-flowering + late grain filling and flowering + late grain filling stage (the 7", 5" and 6™
irrigation treatments resulted in the lowest grain yield (7.41, 7.70 and 7.70 ton/ha,
respectively). Results showed that T.W.C.321 had the highest grain yield in both seasons




(10.95 and 9.79, respectively) while DTP-1 produced the lowest grain yield (7.47 and 6.32
ton/ha, respectively) in the two successive seasons. Data showed that T.W.C.321 was the
yielding hybrid under the drought stress treatment used in the study and conditions of the
newly reclaimed lands of Nubaria area.

3.6. Straw vield (ton/ha) : The highest straw yield was obtained from normal irrigation
treatment while skipping irrigation at pre-flowering + late grain filling and flowering +
late grain filling produced the lowest straw yield in 2002 and 2003 seasons. T.W.C.321
had the higest straw yield per hectar in both seasons (31.99 and 29.115 ton/ha,
respectively) as compared to the other cultivars.

4. Correlation between traits : Phenotypic correlation coefficients between grain yield and
100-kernals weight, Ear length, leaf are, praline content and plant height were positive and
significant in both seasons.

Conclusion

It could be concluded that leaf water potential, leaf proline content and could be
recommended as a selection criteria for grain yield breeding program.

Maize crop responds to water stress, but irrigation management is important to produce
consistently high yields with minimum number of irrigation.

Checking the water stress to plant leaves at different growth stages as an indicator of how
plant need irrigation.

Water stress pre-flowering and flowering stages limits potential yield that is not regained
when water stress is relieved. Therefore, irrigation to prevent stress during pre-flowering
and flowering would be more advisable than delaying irrigation until grain filling.

Found that Giza-2 population gave the minimum value of number of 50% tassalling, silking
and maximum value of 100- kernel weight.

Data showed that T.W.C.321 hybrid was the best yielding under the different drought stress
treatments used in the study and conditions of Nubaria region.




Summary (1500 words)

Maize response to water stress in calcareous soils

A sound understanding of plant growth and development is an essential element of efficient
and economic maize management system .The impact of drought could be more accurately
predicted with a clear picture of the relationships between growth stage and plant response to
stress. The optimum timing, dose of fertilizers application and irrigation determined by crop
growth stage. Two field experiments were carried out in the new lands at Nubaria Agriculture
Research Station, Agriculture Research Center, Egypt during the growing summer seasons of
2002 and 2003 The objectives of the present investigation were: To study the effect of
different water stress treatments (skipping certain irrigation) on yield, yield components and
different growth characters. To determine the best drought tolerant hybrids that can be
recommended for farmers in Nubaria area which have irrigation problems. The experimental
design was split-plot with four replicates in. Eight irrigation treatments were randomly
assigned to the main plots and four hybrids occupied the sub-plot.

The obtained results could be summarized as follows :

1. Agronomic characteristics

1.1. Plant height : The highest significant reduction in plant height was obtained by skipping
the 1%t , 5™ and 7" irrigation treatments. These irrigation coincided with pre-flowering,
pre-flowering + early grain filling and pre-flowering + late grain filling stages. S.C.123
and T.W.C.321 hybrids had the tallest plant height than other cultivars as an average in the
two seasons, followed by Giza2 population. DTP-1 population had the shortest plant
height in both seasons.

1.2. Ear height : Skipping any irrigation in both growing seasons resulted in significant
decrease in ear height than control treatment. The lowest values of ear height was obtained
by skipping irrigation at pre-flowering, early grain filling + pre-flowering and late grain
filling + pre-flowering stages (The 1%, 5" and 7" treatments). The control treatment in
both seasons had the highest ear height. S.C.123 and T.W.C.321 hybrids had the highest
significant ear height followed by Giza2 and DTP.1 populations in both seasons.

1.3. Stem diameter_: The maximum stem diameter was obtained from skipping irrigation at
late grain filling (The 4™ irrigation treatment), while the minimum stem diameter was
obtained from skipping at pre-flowering stage (The 1% irrigation treatment) in both
growing seasons. T.W.C.321 and S.C.123 hybrids had significantly higher stem diameter
in 2002 and 2003 seasons. No significant differences were detected between the Giza2 and
DTP.1 populations in both seasons. T.W.C321 produced the highest number of
leaves/plant, while the lowest DTP-1 population as an average in both seasons.

The first order interaction between irrigation treatments and cultivars was significant for
number of leaves/plant in 2003 season only.

1.4. Leaf area index : The irrigation treatments resulted in significant decrease in leaf area
index as compared to the control irrigation. The greatest significant decrease in leaf area
index was obtained by skipping irrigation at pre-flowering + late grain filling and pre-
flowering + early grain filling stages (The 7" and 5" irrigation treatments) in the two
growing seasons. T.W.C.321 hybrid had the highest significant leaf area as compared to
the other cultivars in the two seasons, on the other hand DTP-1 population had the lowest
leaf area/plant in both seasons. The data showed that the interaction between skipping
irrigation and cultivars was significant for leaf area/plant when skipping irrigation at
flowering (the 4™ irrigation treatment) with T.W.C.321 hybrid, while the lowest one was
obtained by skipping irrigation at pre-flowering (the 1% irrigation treatment) with DTP-1
population in 2002 season.

1.5. Number of days 50% tasselling : The data indicated that skipping irrigation at
flowering stage caused significant delay in tasselling in 2002 season. Skipping irrigation at
pre-flowering and flowering stages caused significant delay in tasselling in 2003 .Giza2
population gave the earliest tasselling in both seasons, while the latest tasselling cultivar
was T.W.C.321 in 2003 season and S.C.123 hybrid in both seasons. The interaction




between irrigation treatments with cultivars was significant for number of days to 50%
tasselling. S.C.123 and DTP-1 cultivars had significant delayed tasselling in both seasons
when the 4™ irrigation was skipped.

1.6. Number of days to 50% silking : The data indicated that, in both seasons, skipping
irrigation at flowering stage caused significant delay in silking, while skipping irrigation at
pre-flowering caused significant delay in silking.

Giza2 population was the earliest silking in both seasons. S.C.123 was the latest silking in
season 2002 while S.C.123 and T.W.C.321 were the latest silking in season 2003. The
interaction between irrigation treatments with cultivars was significant on number of days
to 50% of silking for S.C.123 and DTP-1 cultivars.Significant delayed silking was
obtained in both seasons when the 4" irrigation was skipped.

1.7. Chlorophyll content : The highest Chlorophyll content was obtained with the normal
irrigation treatment whereas the lowest concentration was obtained by skipping 5%
irrigation treatment (pre-flowering + early grain) in 2002 and skipping irrigation at the
pre-flowering growth and flowering growth stages in 2003 season. DTP-1 population
gave the highest content of chlorophyll in the first season, and S.C.123 in the second
season.

1.8. Leaf water potential (L.W.P.) : When L.W.P. was measured at 49 days from planting
the highest values was obtained at the pre-flowering stage (35-50 days). When measured at
65 days, the highest L.W.P. was obtained from skipping at the flowering stage (50-65)
days. Measuring L.W.P. at 79 days, skipping irrigation at early grain filling stage (65-80
days) gave the highest L.W.P., while at 94 days, the highest L.W.P. was obtained when
skipping irrigation at the late grain filling stage. Giza2 and DTP-1 cultivars had the highest
L.W.P. at 49 and 65 days from planting, but T.W.C.321 cultivar produced the highest
L.W.P. at 79 and 94 days from planting as an average for both seasons. The first-order
interaction between the skipping irrigation at pre-flowering + early grain filling stage (5"
irrigation treatment) with T.W.C.321 variety gave the highest L.W.P. at 49 days from
planting in both seasons, but the skipping irrigation at flowering + late grain filling stage
(6™ irrigation treatment) with S.C.123 variety gave the highest L.W.P. at 65 and 94 days in
2002 season only. At 79 days skipping irrigation at pre-flowering + early grain filling
stage (5" irrigation treatment) with Giza2 variety gave the highest L.W.P. in the first
season only.

2. Chemical characters:

2.1. Leaf praline content : Leaf praline content was increased significantly by skipping
irrigation at pre-flowering stage when measured at 49 days from planting. At 65 days, leaf
praline content was the highest when skipping irrigation at flowering stage. S.C.123
produced the highest leaf proline content at 49 days, while DTP-1 gave the lowest value in
the both seasons in same period. Similar results was obtained at 65 days. The first order
interaction between drought treatments and cultivars on leaf proline content was
significant in 2002 and 2003 seasons.

1.2. Pollen grain viability : The highest significant reduction in pollen grain viability was
obtained by skipping irrigation at flowering stage in both seasons. T.W.C.321 hybrid
produced the highest pollen grain viability, while the DTP-1 population gave the lowest
one in the two growing seasons. The interaction between skipping irrigation treatments
with cultivars was not significant for pollen grain viability in both seasons.

3. Yield and vield components

3.1. Ear length : Skipping irrigation treatments in 2002 and 2003 resulted insignificant
decrease in ear length as compared to the control treatment. The hightest significant
decrease in ear length was obtained from skipping irrigation at early grain filling,
flowering, pre-flowering + early grain filling and late grain filling stages, in both seasons.
T.W.C. 321 gave the tallest ears as compared to other varieties in both seasons. Interaction
between skipping irrigation and cultivar had significant effect on ear length in 2002 season
only.




3.2. Cob diameter : All skipping irrigation treatments in 2002 and 2003 seasons resulted in
significant smaller cob diameter. The greatest significant decreases were obtained from
skipping irrigation at early grain filling, pre-flowering + early grain filling and pre-
flowering + late grain filling stages during both seasons. Giza2 had the largest cob
diameter, in both seasons, than other studied cultivars in the control irrigation treatment
while the lowest cob diameter was obtained by skipping irrigation at early grain filling
stage (the 3 irrigation treatment) for S.C.123 hybrid.

3.3. Number of kernels/row : The lowest number of kernels/row was found when skipping
irrigation at flowering, early grain filling, pre-flowering + early grain filling and flowering
+ late grain filling stages (The 2", 35", and 7™ irrigation treatments). T.W.C.321 showed
higher significant number of kernels/row than all other cultivars in the two seasons
followed by S.C.123 and Giza2. DTP-1 had the lowest number of kernels/row in both
seasons. The interaction between skipping irrigation treatments with cultivars was highly
significant in 2003 season only.

3.4. 100-kernels weight (gm) : Skipping irrigation at early grain filling, flowering + early
grain filling and pre-flowering + late grain filling stages (skipping the 3, 6" and 7%
irrigation treatments) resulted in the lowest 100-kernals weight in both seasons. Giza2 had
significantly higher values for 100-kernals weight than all other cultivars in the two
seasons. DTP-1 had the lowest values for 100-kernels weight in both seasons.

3.5. Grain yield (ton/ha) : Skipping any of the scheduled irrigations significantly decreased
grain yield. Skipping the 5™, 6" and 7" treatments resulted in the lowest grain yield in
2002. Skipping irrigation at the pre-flowering + early grain filling, flowering + late grain
filling and pre-flowering + late grain filling stages produced 9.03, 8.87 and 8.21 ton/ha,
respectively as compared to 10.67 ton/ha from the control treatment in 2002 season. In
2003, skipping irrigation at pre-flowering + late grain filling, pre-flowering + early
grain pre-flowering + late grain filling and flowering + late grain filling stage (the 7™, 5™
and 6" irrigation treatments resulted in the lowest grain yield (7.41, 7.70 and 7.70 ton/ha,
respectively). Results showed that T.W.C.321 had the highest grain yield in both seasons
(10.95 and 9.79, respectively) while DTP-1 produced the lowest grain yield (7.47 and 6.32
ton/ha, respectively) in the two successive seasons. Data showed that T.W.C.321 was the
yielding hybrid under the drought stress treatment used in the study and conditions of the
newly reclaimed lands of Nubaria area.

3.6. Straw vield (ton/ha) : The highest straw yield was obtained from normal irrigation
treatment while skipping irrigation at pre-flowering + late grain filling and flowering +
late grain filling produced the lowest straw yield in 2002 and 2003 seasons. T.W.C.321
had the higest straw yield per hectar in both seasons (31.99 and 29.115 ton/ha,
respectively) as compared to the other cultivars.

4. Correlation between traits : Phenotypic correlation coefficients between grain yield and
100-kernals weight, Ear length, leaf are, praline content and plant height were positive and
significant in both seasons.

Conclusion

It could be concluded that leaf water potential, leaf proline content and could be
recommended as a selection criteria for grain yield breeding program.

Maize crop responds to water stress, but irrigation management is important to produce
consistently high yields with minimum number of irrigation.

Checking the water stress to plant leaves at different growth stages as an indicator of how
plant need irrigation.

Water stress pre-flowering and flowering stages limits potential yield that is not regained
when water stress is relieved. Therefore, irrigation to prevent stress during pre-flowering
and flowering would be more advisable than delaying irrigation until grain filling.

Found that Giza-2 population gave the minimum value of number of 50% tassalling, silking
and maximum value of 100- kernel weight.

Data showed that T.W.C.321 hybrid was the best yielding under the different drought stress
treatments used in the study and conditions of Nubaria region.
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Maize response to water stress in calcareous soils

A sound understanding of plant growth and development is an essential element of efficient and
economic maize management system .The impact of drought could be more accurately predicted with a
clear picture of the relationships between growth stage and plant response to stress. The optimum
timing, dose of fertilizers application and irrigation determined by crop growth stage. Two field
experiments were carried out in the new lands at Nubaria Agriculture Research Station, Agriculture
Research Center, Egypt during the growing summer seasons of 2002 and 2003 The objectives of the
present investigation were: To study the effect of different water stress treatments (skipping certain
irrigation) on yield, yield components and different growth characters. To determine the best drought
tolerant hybrids that can be recommended for farmers in Nubaria area which have irrigation problems.
The experimental design was split-plot with four replicates in. Eight irrigation treatments were
randomly assigned to the main plots and four hybrids occupied the sub-plot.
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