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I. Growth attributes

Effect of years:

The characters studied for growth of maize plants were
dry weight/p1ant,“1eaf area/plant and leaf area index at 60,
75 and 90 days from sowing, chlorophyll a,b and (a+b),
carotenoids, crop growth rate, relative growth rate, net
assimilation rate, time of silking, plant height, ear height
and stem diameter. Effects of years are presented in Table

(4).

A1l characters were significantly affected due to years
except stem diameter. The average values of dry weight/plant,
leaf area/plant and leaf area index 1in the three stages,
carotenoids, time of silking and plant height were high values

in the third season.

However, high mean values for chlorophyll a, b, (a+b),
crop growth rate, relative growth rate, net assimilation rate
were detected in the first season. It could be concluded that
the differences in these characters of maize plants owing to'
different growing seasons might be due to the differences in
prevailing edaphic conditions especially to solar radiation

and mean temperature of day and night.
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Table 4: The average values of growth atributes of maize as

affected by years in combined analysis of the three

seasons.
Characters |Growth stage Years
(day) 1988 1989 1990

Dry ' 60 76.86¢C 104.73b 166.16a
weight/plant 75 144.28c¢C 165.52b 225,16a
(g) 30 248.59b 260.51b _ 318.97a
Leaf 60 45 .55Db 86.92a 86.38a
area/plant 75 95.82b 107.38a 106.65a
(dm®) 90 83.25¢ 87.29b 99.53a
Leaf area 60 2.17b 4,.14a 4.11a
index 75 4.56b 5.11a 5.08a
90 3,96¢ 4.16b 4.74a
chl. a mg/dmé L.A. 2.40a 2.03c 2.34b
chl. b mg/dm’ L.A. 1.88a 0.88b 1.80a
car. mg/dmé L.A. 2.21b 1.92¢ 2.32a
Ch1. (a+b) mg/dm® L.A. 4.28a 2.91b 4.142
chl. (a+b) Car. ratio 1.95a 1.53c¢ 1.79b
CGR g/m’/day 21.40a 19.29b 18.72b
R.G.R. mg/g/day 0.415a 0.312b 0.200¢
N.A.R. g/mi/day 6.78a 4.30Db 4.01b
Time of silking 62.77b 65.62a 65.92a
plant height cm 231.90b 239.96a 243.37a
Ear height cm 125.94¢C 141.89%9a 135.100
Stem diameter cm 2.08a 2.09a 2.11a
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RESULTS AND DISCUSSION

1. Dry matter accumulation and distribution:

A. Effect of water stress:

The average values of dry weight/plant, the percentage of
leaves and stem from total dry weight of plant at 60 days
after sowing, and dry weight/piant, the percentage of leaves,
stem, ears and tassel at 75 and g0 days from sowing date as

affected by irrigation levels are presented in Table (5).

The differences between the mean values of dry
weight/plant at 60, 75 and 90 days after sowing and the
percentage of jeaves, stem, ears and tassel at 90 days after
sowing were significantly affected by irrigation levels. on
the other hand, the percentage of leaves and stem at 60 days
from sowing, also the percentage of leaves, stem, ears and
tassel at 75 days after sowing were not significantly affected
by increasing depletion of available soil moisture from 40 to

80%.

The highest values of dry weight/piant were 123.65,
194.36 and 300.49 (g), obtained when maize plants were
irrigated at 40% available soil moisture depletion after 60,
75 and 90 days from sowing, respectively. whereas the lowest
ones were 107.50, 158.06 and 243.18 (g) at the same order,
respectively, gained when plants were irrigated at 80%

available soil moisture depletion.
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RESULTS AND DISCUSSION

After 90 days from sowing, the percentage of leaves, stem
and tassel significantly increased by increasing available
soil moisture depletion from 40 to 80%, but the percentage of
ears significantly decreased by increasing depletion of

available soil moisture.

water deficit caused a loss in cell turgidity and this in
turn resulted in a decrease in cell division and vegetative
growth is particularly sensitive to water deficit because
growth is closely related to turgor and the loss of turgidity
stops all enlargements. Similar results were reported by
Kramer (1963), Boyer (1968), Ainer (1976), El1-Nomany (19878),
Mahgoub (1979) Salwau (1985), Sobrado (1986), Rizk et al.
(1987) and El-Shenawy (1990).

B. varijetal differences:

Table (5) shows that the differences between maize
cultivars under study was significant in dry weight/pliant at
60, 75 and 90 days after sowing as well as the percentage of
stem and leaves at 60 days and the percentages of leaves,
stem, ears and tassel at 75 and 90 days from sowing in
combined analysis over the three seasons. Three Way Cross 310

cultivar gave the highest mean value of dry weight/plant in

the three samples, but Karnak cultivar gave the Jowest one,.

Giza 2 cultivar significantly surpassed T.W.C.310 and

Karnak cultivars in the percentages of ears and stem per tota)
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RESULTS AND DISCUSS ION

dry weight of plant at 75 and 90 days after sowing in combined
analysis over the three seasons. while, T.W.C.310 cultivar
gave the highest mean value of the percentage of stem and
Karnak cultivar gave the higher percentage of leaves/total dry
weight of plant at 75 and 80 days from sowing. On the other
hand, Giza 2 cultivar had the lowest values in the percentages
of leaves and stem at 75 énd 90 days from sowing' in the
combined analysis petween 1988, 1989 and 1990 seasons when

compared with T.W.C.310 and Karnak cultivars.

In this connection, it could be noticed that these
differences may be due to the genetical between cultivars of
maize. Similar trend was also realized by El-Nomany (1978},
Abou-Khadrah (1984), Bedeer (1984), Kamel et al. (1988),
Raghip et al. (1989) and E1-Shenawy (1990).

C. effect of zinc levels:

The data reported in Table (5) show the average values of
dry weight/plant and the percentage of different plant
fraction at 60, 75 and 90 days from sowing time as affected by
foliar application of zinc sulphate concentration in combined

analysis over the three seasons.

At 60 days from sowing date there were no significant
difference between the average values of dry weight/plant,
leaves and stem % as affected by zinc levels. The average

values of dry weight/plant at 75 days after sowing and the
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Table 5: The average values of dry matter accumulation and
distribution at different growth stages as affected by
water stress cultivars and foliar application of zinc
sulphate in combined analysis between 1988, 1989, and 1990
seasons.

Treatpents growth stages
80 days 15 days 90 days
Dry {leavesiStem ¥} Dry Leaves |Stem %|Fars %| Tas-| Dry [leaves Stem % |Ears ¥} Tas-
weight | X weight X sels & weight| X sels %
g¢/plant g/plant g/plant
Water stress
40% ASND 193.65a41.84a]58, 152l 194.36a] 24.15a 50.05a122.37a] 3.442}300.4%a 18.06b] 34.54abl 44, 443 2.21b
§0% ASHD | 115.60b|43.21a|56.79a] 182,55b| 24.20a {50,358 22.13al 3.33a|264,40b|19.00b} 32,90b |45.87a 2,152
80% ASKD 107.50c | 44.27a155.77a| 158.06¢| 24,912 |49.3%3 97.3%a] 3.51a]243.18¢c|20.26a| 35.962 41,366] 2.42a
Irrig, x Years K.§. H.§ | NS, N.S. H N5 | N8, ) KS. ) NS NS NS N.S. 3]
tultivars
Giza ? 114,892} 40,47b159.57a| 172,04 23.94b 47.54b124.61a| 3.94a2{273.510]18.38b) 31, 43¢ 47,75a) 2.48a
T.%.C.310 120.98a | 42,3806 |57.62a) 192,18a| 22.66b 53.20b121,10b] 3.17b]{301.922|18.24b 38.04a 141.37b]2. 34ab
Karnak 111.88b146,47a153.530) 170,74k | 26.65a 49,05a|21.10b] 3.196{252.64c|21.502 23,935 {42.34p| 2.16D
Cult. x years| N.S. K.§ | NS, Xt L) xx L2 ¥ N.S. ] NS, L L3 ¥
linc levels
0.0% 113.412143.38156.62a] 174,362 25.222 49.35a|21.99a] 3.443(261.71b;19.72a} 35.00a 42.80a) 2,39
0.3 120, 14a | 42.54a|57.50a| 186.54a| 23,502 |50.24a[22,802) 3,318 297.48a}19,24a| 33,732 [44.88a 2.1%a
0.6% 114,202 ] 43,402 56.60a] 174.07a}24,452b}50.20a 71,94a| 3.5427273.88b{19.24a} 34,58 43,7821 2.402
In % years H.5. NS, NS N.5. .5, | H.§ | NS, ¥ k.5, | N5 L NG| NSNS
interactions
Irx €. k.8, N.5. | NS, .5, NS, | NS, T NS, | NS, RSNS ¥ 1 N.S.
IrxCx Y N.8. N.8, | N.5. N.§. k.5, 1 KRS NS | LS. NS ]S, ¥ K.S. | b.5.
in g Ir. N.S. | N.8. | N8| NS, e Lons PNs L NS | NS | NSO NS | NSRS,
Imxirx Y| NG, | NSNS, | NS s, [ ns s s b NS, TS D S NSNS,
Inx C. N.S. K.§5. 1 N5, K.5. N.5. | N5, | NS, ﬂ.S. N.S. | N5, NSNS NG
InxCxy N.§. ¥.5. | NS, N.5. RS, P NS, NS ] NS RS NS NS N5 | NS,
Inx Cx Ir N.S. L L} N3, K.§. L) N5, F N8 1 W8, | NS NSNS, k.S,

Inx C.xIr.x ¥l NS, N.5. | N.§. NS, k.8, | N.§. | NS, L N.§, | .5 NS, NG| NS,

ir. = Irrigation

C. = Cultivars.

Y = Years.

ASMD = Available soil moisture depletion
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RESULTS AND DISCUSSION

percentage of stem, ears and tassel at 75 and 80 days after
sowing were not significant due to foliar application of zinc.
on the other hand, the mean values of dry weight/plant
significantly increased by increasing zinc concentration up to
0.3% and significantly decreased by increasing zinc levels up
to 0.6% because the high concentration of zinc led to a
poisonous influence on the "plant. These results are in
accordance with the results obtained by Takahashi and Ito
(1976), Baza (1981), Abd El-Aziz et al. (1986), El-Sayed et
al. (1986), Kamel et al. (1986}, and Badr (1987) who found
that dry matter accumulation and distribution significantly
increased by zinc application up to 0.4% zinc sulphate. On the
other hand, Ohki et al. (1978), Bedeer (1984) and Younis
(1985) indicated that application of zinc sulphate did not
exert any significant effect on dry matter/plant and different

plant fraction.

1t could be concluded that zinc played an important role

in metabolic process and this in turn plant growth.

2. Leaf area/plant and leaf area index:

The mean values of leaf area/plant and leaf area index at
60, 75 and 90 days after sowing as affected by irrigation
levels, maize cultivars and foliar application of zinc
sulphate in combined analysis of 1988, 1989 and 1990 seasons

are illustrated in Table (6).
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Table 6: The average values of leaf area (dm’)/plant and leaf area
index at different grawth stages as affected by water
stress, cultivars and foliar application of zinc sulphate
in combined analysis between 1988, 1989 and 19390 seasons.

Treatments Leaf area (dm%/p1ant Leaf area index

Growth stages (days)

60 75 90 60 75 90
Water |stress

40% ASMD 77.26a | 111.02a|| 95.28a 3.68a 5.29a 4.54a

60% ASMD 73.25b | 103.21bj| 92.44a 3.49b 4.91b 4.40a

80% ASMD 68.34c | 95.63c || 82.35b 3.25c 4.55¢ 3.92b

Irrigation x N.S. N.S. N.S. N.S. N.S5. N.S.
years

Cultlivars

Giza 2 71.20a | 96.92b | 83.87b 3.39a 4.61b 3.99b

T.w.C.310 75.11a | 107.59%a| 94.35a 3.58a 5.12a 4.49a

Karnak 72.54a | 105.3ba| 92.05a 3.45a 5.02a 4, 38a

Cultivars x *XK 33 N.S. *% *k N.S.
years

Zinc |levels

0.0% 71.04b | 99.99b | 83.67a 3.38b 4.76b 4.21a
0.3% 75.52a | 106.45a| 94.,35a 3.60a 5.07a 4.3%a
0.6% 72.29ab|103.42abl 92.05a | 3.44ab | 4.92ab 4.26a
Zn X years N.S. N.S. N.S. N.S. N.S. N.S.
Intenaction
Ir.x C. N.S. N.S. N.S. N.S. N.S. N.S.
Ir.x C.x Y N.S. N.S. N.S. N.S. N.S. N.S.
Zn x Ir. N.S. N.S. N.S. N.S. N.S. N.S.
In x Ir.x Y N.S. N.S. N.S. N.S. N.S. N.S.
Zn x C. N.S. N.S. N.S. N.S. N.S. N.S.
Zn X C.x Y N.S. N.S. % N.S. N.S. *
Zn x C.x Ir N.S. N.S. N.S. N.S. N.S. N.S.
Zn x C.xIr.Xx Y N.S. * N.S. N.S. * N.S.

Ir. = Irrigation

C. = Cultivars.

Y = Years.

ASMD = Available soil moisture depletion




RESULTS AND DISCUSSION

These results are in agreement with those obtained by El-

Nomany (1978), Aly (1981), Ainen (1983), Salem et al. (1983),

Bedeer (1984), Salwau {1985), Younis (1985), Aly (1988) and

shams (1988).

C. Effect of zinc levels:

e e =

Table (6) shows ‘that

the average values of leaf

area/plant and leaf area inddx significantly increased by

increasing foliar application of zinc sulphate concentration

up to 0.3% in the two samples| out of three in the combined

anaiysis over the three seasqns. Application of 0.3% zinc

sulphate increased leaf area/

the role of zinc as an essenti

pjant and leaf area index due to

al component for the activity of

some dehydrogenases, proteinases, peptidases and alcohoil

dehydrogenase (Vallee and Wacker, 1970). On the other hand,

the highest zinc sulphate rate |{0.6%) significantly decreased

leaf area/plant and leaf area

ilhdex. This reduction may be due

to slight toxic of the highest zinc level. Similar results

were obtained by Dibrova (1978), Kamel et al. (1986) and Badr

(1987) who found that leaf area significantly increased as the

zinc level increased up to

0.4% zinc sulphate, whereas a

further increase in the concentration of zinc sulphate up to

0.8% decreased them.

3. Chlorophyll content:

The data reported in Table (7) show that the average

values of chlorophyll content

in ear leaves of maize plant at
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RESULTS AND DISCUSSION

75 days after sowing date as a

maize cultivars and zinc levels

1988, 1989 and 1990 seasons.

A. Effect of water stress:

It was evident that the ay
and carotenoids significantly ¢
able soil moisture depletion fi
tion after 40 or 60% availablse
the same trend in the mean vali
tenoids. On the other hand, th;
values of chlorophyll b, (atb)
(a+b) to carotenoids were nt

irrigation levels. The soi]l
inhibits the metabolism of chig
but also leads to dissociation
formed. These results were in
including Barnett and Nylor (1

Kimenov (1980), Gomaa (1981),

al. (1986), and Ragab et al. (
B. Varietal differences:

There were no significan]

values of chliorophyll content

chlorophyll a, (Table 7).

\J

=

=

=

Kar

ffected by irrigation levels,

in combined analysis between

rerage values of chliorophyll a
lecreased by increasing avail-
rom 40 to 80%, but the irriga-

soil moisture depletion gave

ies of chlorophyll a and caro-

differences between the mean

and the ratio of chlorophyl]

ht significantly affected by

moisture depletion not only

yrophy11 in the leaves of plant

of the chlorophyll previously
\ccordance with various authors
966), Hsiao (1873), Zhekov and
Ssalwau (1985), Nour E1-Din et

1986).

-
b

differences between the mean
as affected by cultivars except

\ak cultivar surpassed signifi-

cantly Giza 2 cultivar in the mean values of chlorophyll a due

to superiority of Karnak culti

var in leaf area/plant. Chloro-
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phy1l concentration was corre

absorbed more photosynthetical]

results was obtained by Fleming
et al.
phyll and 1its components per
hybrid 186 exceeded those in opé€
Early. They also foﬁnd that ther
cant differences between variet
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Effect of zinc levels:
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(1979) they found that 1

tated with Tleaf area which

y active radiation. Similar
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e were no statistical signifi-
es in the ratio of chlorophyll
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san Early. On the other hand,
fferences between Pioneer 514
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hoids in the combined analysis
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The same trend was reported b
found that chlorophyll conten
0.05 ppm Zn. Biswas and Choudt

rice plants with zinc sulpha

6

y Takahashi and Ito (1976) who
ts in leaves was highest with
uri (1981) found that spraying
te at different growth stages
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Table 7: The average values of photosynthetic pigments of leaves
of maize at 75 days from sowing as influenced by water
stress, cultivars and|zinc sulphate concentration in
combined analysis of the three seasons 1988, 1989 and
1980.

Treatments Chl. a chl. bl jchl. (a+b) Cag. chl.(a+b)/
mg/dm2 LA mg/dm2 LA mg/dm2 LA| mg/dm* LA |Car. ratio
Water stress
- 40% ASMD 2.32a 1.53a 3.84a 2.18a’ 1.76a
60% ASMD 2.26b 1.54a 3.80a 2.17a 1.75a
80% ASMD 2.19¢ 1.4%a 3.68a 2.10b 1.76a
Irrig. x years * N.S. * %k X%
Cultjvars
Giza 2 2.19b 1.47a 3.66a 2.10a 1.74a
T.w.C.310 2.28ab i.54a 3.79a 2.16a 1.77a
Karnak 2.32a 1.54a 3.87a 2.20a 1.76a
Cult. x years * % *% x % *k N.S.
Zinc Jevels
0.0% 2.20a 1.47a 3.67a 2.10a 1.76a
0.3% 2.2%a 1.54a 3.83a 2.19a 1.75a
0.6% 2.28a 1.54a 3.82a 2.16a 1.76a
Zn X years N.S N.S. N.S. N.S N.S
Interaction
Ir.x C. N.S. N.S. N.S. N.S. N.S.
Ir.x C.x Y %k * * 2k *K N.S.
Zn x Ir. N.S. N.S N.S. N.S. X
Zn x Ir.x Y N.S. N.S. N.S. N.S. X
Zn x C. * N.S. N.S. * X
ZIn X C.x Y * XK * * K N.S. N.S.
Zn x C.x 1Ir N.S. N.S. N.S. N.S. N.S.
Zn X C.XIr.x Y N.S. N.S. N.S. * N.S.

Ir. = Irrigation

C. = Cultivars.

Y = Years.

ASMD = Available soil moisture depletion
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caused ah

pre-flowering stages.

It could be concluded that
content in leaves fed by zinc mi
role of zinc in chlorophyll synt
thetic pigments content of ma

chiorophyll a.

4. Crop growth rate:

The
of crop
moisture
affected by zinc levels
growing seasons 1988, 1983 and

A. Effect of water stress:

The average values of cr

decreased by increasing availa
to 80%, (Table 8). The highest
was 22.44 g/nﬂ/day, obtained fr
in available water, but
depletion gave the lowest one 1
in good connection with thos
Mahrous (1977), El-Nomany {1978

that crop growth rate increased

soil moisture. It was observed

4

increase in chloroph)

411 contents at seedling and

the increase of chlorophyli

ght be attributed to the known

hesis and increased photosyn-

ize blades and stability of

results in Table (8) i
growth rate was sig

depletion or maize cul
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gation at 80% soil moisture
6.04 g/nf/day. The results were
e obtained by Hsiao (1973),
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with the increase of available

that the availability of water
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is an important factor in the
increase dry matter content of f
leaf area and leaf area 1index

associated with the increase 1in

B. varietal differences:

Table (8) shows that the ¢

growth of maize plants which
»lant and its different parts,
, and these characters were

crop growth rate.

ifferences among maize culti-

vars were significant for crop growth rate in combined

analysis over the three seasons.

the highest mean value of crop ¢

Maize cultivar T.W.C.310 gave

rowth rate and Karnak cultivar

ranked the second. The same trend was also realized by Raghib

(1979), Gouda (1982), Bedeer |

1984), Younis (1985) and Aly

(1988) they showed that signifigant differences were detected

in crop growth rate among tall and short varieties as well as

among hybrid and the open polliinated varieties. It could be

noticed that these differences

between cultivars of maize.

C. Effect of zinc levels:

may be due to the genetical

The average values of crop growth rate was not signifi-

cantly affected by foliar application of zinc sulphate. These

results may be due to dry mattgr of plant at different stages

of maize plants was not significantly affected by zinc jevels

and crop growth rate is correll
Similar trend was obtained by

(1981), E1-Attar et al. (1982),

ated to dry matter of plant.
Younis (1879), Orabi et al.

and Bedeer (1984) who indicat-
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ed that crop growth rate of

maize was not significantly

affected by application of zihg|

5.

The differences between

growth rate was not significan
maize cultivars and zinc levels

1989 and 1990 seasons as shown

similar results were obtai

(1985). They indicated that

exhibit significant differences

Regarding to maize cultiva

by Kamel et al. (1886). On t

Gouda (1982), Bedeer (1984), YG

found that varieties differed s

Relative growth rate

the mean values of relative
tly affected by water stress,
in combined analysis of 1988,

in Table (8).

ned by Mahrous (1977) and Ali
irrigation levels failed to

: in relative growth rate.

rs, similar trend was obtained

He other hand, Raghib (1979),

unis (1985) and Aly (1988) who

ignificantly in relative growth

rate. These differences may bg due to the genetical between

cultivars of maize.

Regarding to zinc levels,

by Younis (1979), Orabi et al.

similar results were obtained

(1981), El-Attar et al. {1982),

Bedder (1984) and Younis (1985), who reported that relative

growth rate of maize was n

application of zinc,

ot significantly affected by
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6. Net assimilation rat

A. Effect of water stress:

Exposing maize plants to
decreased the average values Of
combined analysis over the three

(8).

The decrease of net assimil

to mutual shedding which in turn

Le.

water stress significantly
net assimilation rate in the

seasons as indicated in Table

ation rare could be attributead

might decreased net photosyn-

thesis. Irrigation after 40% soil moisture depletion gave the

highest mean values of net assimilation rate due to more

vigorous growth expressed in
highest leaf area index. These f

Nour E1~Din et al. (1986) and R

B. Varietal differences:
The combined analysis show
ence between the three cultivars

the mean values of net assimilal

largest 1leaf area/plant and
indings are in accordance with

agab et al. (1986).

in table (8) that the differ-
not differed significantly in

ion rate. These results are in

good agreement with those obtained by Kamel et al. (1988) who

found that the difference between the averages of Giza 2 and

Pioneer 514 cultivars on net

assimitation rate was nhot

significant. Aly (1988) also found that the differences among

the averages of maize cultivars

nameiy Double Cross 204, Giza

2, American Early, Nab El-Gamal and Ciba 4405 were not

significant in net assimilation rate, On the other hand,

vYakout (1977), Raghib (1979%), Gouda (1982) and Bedeer (1984)
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indicated that varieties

assimilation rate.

genetical between maize varietie

Effect of zinc levels:

e e et

C.

It was observed from the r
average values of net assimilati
affected by increasing zinc sulj
tion up to 0.6% in the combined
sons. Similar resuits
El-Attar et al. (1982) and Youn
area/plant, leaf area index, dry

ribution and net assimilation

diff

were ohta

ered significantly 1in net

These differences may be due to the

S.

esults in Table (8) that the
on rate was not significantly
shate rate as foliar applica-
analysis over the three sea-
ined by Orabi et al. (1981),
is (1985) who found that leaf
matter accumulation and dist-

rate were not significantly

affected by zinc application. On the other hand, Kamel et al.

(1986) showed that foliar applic

zinc sulphate caused an increas

7. Time of silking:

The average values of numb
silking as affected by irrigatis
zinc levels in the combined an

1990 seasons are shown in Tabls

ation of maize plants with 0.5%

e in net assimilation rate.

er of days from sowing to 50%
bn Jevels, maize cultivars and
nlysis between 1988, 1989 and

» (8).

A. Effect of water stress;
There was a significant |delay in time of silking by
increasing depletion of avajlable soil moisture before

irrigation. The highest number
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of days for silking was 65.53,
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obtained by
whereas the lowest one was 64.10
40% available soil
differences between the averag
from irrigation at 40 and 60%
Decreasing soil moisture bef
meristimatic activity and retard
were obtzined on time of silk
Shalaby and Mikhail (1979), Ri
{1988) and El-Shenawy (1990), t
number of watering during gro
significantly silking date.
B. varietal differences:
Data indicate that time of
than T.W.C.310 and Karnak cult
respectively. These difference
differences between varieties.
with those obtained by Kassem

Ainer (1983), Bedeer (1984), Sz

Aly (1988).
C. Effect of zinc 1éve18:

irrigation at 80% ¢

moisture di

jepletion in available water,

, obtained by irrigation after
spletion. But no significant
es of silking time, obtained
depletion in available water.

ore 1irrigation inhibit the

plant-growth. Similar results
ing by Kassem et al. (1977},

zk et al. (1987), El1-Sabbagh

they mentioned that increasing

wth of maize plants hastened

silking was earlier in Giza 2

rivars by 2.07 and 4.56 days,

5 may be due to the genetical

These results are in agreement

et al. (1977), Gouda (1982),

Twau (1985), Younis (1985) and

The average values of timg of 50% silking significantly

decreased when zinc level incre
whereas no significant differer

sulphate or between 0.3% and 0

75

ased up to 0.3% zinc sulphate.

\ces between zero and 0.6% zinc

.6% zinc sulphate on the mean
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values of number of days to 50% I

harmony with those obtained by

ilking. These results are 1in

T1am (1983) and Badr (1987)

who found that time of B50% silking decreased when zinc level

increased. On the other hand, Ypunis (1985) found that zinc

application did not exert any significant effect on the number

of days to 50% silking.

8 Height of plant and ear:

Data collected on the mean values of plant and ear

heights as affected by irrigatign levels, maize cultivars and

zinc levels in the combined andlysis over the three seasons

are shown in Table (8}.

A. Effect of water stress:

of soil

It was obvious that decreasing the content

moisture before irrigation caused a significant dwarfing of

maize plant and decreasing ear height. The highest mean values

respec-

of plant and ear height were 248.40 and 140.94 cm.,

tively, obtained when irrigation after 40% available soil

lowest ohe were

moisture depletion. On the contrary,

obtained from 80% soil

228.25 and 127.58 cm, respectively,

resuitant of the

moisture depletion. Plant height

internodes of maize

increase in the number and 1length of

plant. Since the number of internodes are fixed early so the

in the length of

dwarfing effect was due to the decrease

internode which is the resultant of the number and size of the

cells. The increase in ear hefight may be a consequence of
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raising the height of plant a

levels. Many investigators di

moisture stress on the number an

reported that exposing plants to

plant height as a resuilt of losin

ment. These results agree with t
Ashoub (1977), Gomaa (1981), Sai
(1986), Rizk et al. (1987), £E1-R

al.

ture tended to increase plant an

B. varietal differences:

Three Way Cross 310 cultiva
2 and Karnak cultivars
cultivar ranked the second, wh
lowest one. Such differences m
constitution which may be man

shorter internodes. These resul

those obtained by Kassem et al.

(1982), (1983), Salem

(1984),

Ainer

{1984), Bedeer Salwau

(1988) and El1-Shenawy (1980).

C. Effect of zinc levels:

It was clear that the diffe
of plant and ear height were 7

application of zinc sulphate at

71

in pla

sl a whole due to irrigation

sicussed the effect of s0il

d size of cells. Kramer (1963)

drough caused a reduction in
5 turgidity and cell enlarge-
hose obtained by Ainer (1976),
wau (1985), Nour E1-Din et al.

éfaie et al. (1988), Nissen el

(1388) and Meleha (1992). They found that high soil mois-

d ear height.

n surpassed significantly Giza

nt and ear heights. Giza 2

1le Karnak cultivar gave the

ght be due to their genetic

ifested in lower number and

rs are in good agreement with

(1977), Gomaa (1981), Gouda
nt al. (1983), Abou-Khadrah
(1985), younis (1985), Aly

Frences between the mean values
ot significant due to foliar

different concentrations, but
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these characters increased by i

0.6%.

Bedeer (1984) and Younis (1985)

ear height were not affected by

9. Stem diameter:

Table (8) indicates the ay
b

was significantly affected

cultivars, and zinc levels in

the three seasons.

A. Effect of water stress:

Irrigation maize plants a
gave the highest mean value of 4§
whereas the lowest one was 2.(
moisture depletion. Water def
turgidity and this in turn resul
in a decreasing the growth of]
harmony with those recorded by
Nour El-Din et al. (1986) and |

B. Varietal differences:

Three Way Cross 310 cultiyv
of stem diameter which equal t
gave the lowest one (1.97 cm).
cant differences between Giza

character. In this connection,

T8

The same trend was alsg

0 2.29 cm,

ncreasing zinc sulphate up to

» realized by Younis (1979),

who indicated that plant and

zinc level,

erage values of stem diameter

yy  irrigation levels, maize

the combined analysis between

t 40% soil moisture depletion
item diameter equal to 2.17 cm,

’1 cm, obtained from 80% soil

*icit caused a loss in cell

ted in cell division, resulted
in

stems. These results are

Ashoub (1977), Gomaa (1981),

F1-Shenawy (19880).

ar gave the highest mean vailue

but Karnak cultivar

On the other hand, no signifi-

¢ and Karnak cultivars in this

it could be noticed that these




Table 8: The average values of crop growth rate, relative growth
rate and net assimilation rate at (60-75) days from
sowing, time of silking, plant height, ear height and
stem diameter at harvesting time as affected by water
stress, cultivars and folliar application of zinc sulphate
in combined analysis between 1988, 1989 and 1930 seasons.

Treatments Crop |Relative Net No. of Plant Ear Stem
growth growth | assimj-| days to| height height [diameter
rate rate lation 50% cm cm cm
g/m*/day jmg/g/day r?te sitking
g/m'/day

Water stress
40% ASMD 22_44a | 0.322a 5.25a 64.10b | 248.40a 1 140.94a 2.17a
60% ASHD 20.93a | 0.319a 5.40a 64.61b | 238.59b | 134.41b| 2.71a
80% ASMD 16.04b 0.286a 4.45b 65.50a | 228.25¢c | 127.58¢c| 2.01b
irrig. x years| N.S, N.S. N.S. N.S. N.S. N.S. N.S.

Cultivars

Giza 2 18.14b 0.285a 4.71g 62.56¢c | 241.78b | 136.12b| 2.03b
T.w.C.310 22.5%a 0.334a 5.48a 64.63b | 251.51a | 141.41a| 2.29a
Karnak i8.68b | 0.307a 4,91a 67.12a | 221.94c | 125.40¢| 1.97b
Cult. X years * N.S. N.S, ¥¥ 3 E 3 N.S.

Zinc levels
0.0% 19, 34a 0.310a 5.17a 65.01a | 236.69a | 133.01a| 2.06b
0.3% 21.07a 0.316a 5.13a 64.45b | 239.15a | 134.81a| 2.13a
0.6% 19.00a | 0.300a 4.79a | 64.84abi 239.39a | 135.11a; 2.10a
Zn ¥ years N.S. N.S. N.S N.S. N.S. N.S. N.S.

Interaction
Ir.x C. N.S. N.S. N.S N.S. N.S. N.S. N.S.
Ir.x C.x Y N.S. N.S. N.S N.S. N.S. N.S. N.S.
Zn x Ir. N.S. N.S. N.S N.S. N.S. N.S. N.S.
In x Ir.x Y N.S. N.S. N.5| N.S. N.S. N.S. N.S.
Zn x C. N.S. N.S. N.S}| N.S. N.S. N.S. N.S.
In x C.x Y N.S. N.S. N.S| N.S. N.S. N.S. N.S.
Z2n x C.x Ir N.S. N.S. N.S5| N.S. N.S. N.S. N.S.
Zn x CoxIr.x Y N.S. N.S. N.SL N.S. N.S. N.S. N.S.

Ir. = Irrigation

C. = Cultivars.

Y = Years.

ASMD = Available soil moisture depletion
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differences may be due to the

cultivars. Similar results we

genetical differences between

-

rne reported by Gomaa (1981),

Gouda (1982), Salem et al. (1983), Salwau (1985) and El-
Shenawy (1980).
C. Effect of zinc levels:

The mean values of stem diameter was significantly

increased by increasing

Jeve]

of zinc sulphate as foliar

application up to 0.3% zinc sulphate. Similar trend was
obtained by Baza (1981), El-Sayed et al. (1986), Badr (1987)
and Khalil (1892) who indicated that stem diameter signifi-
cantly increased by increasing| zinc level up to 0.9%, 0.8%,
0.4% zinc sulphate and 10 kg ginc sulphate/feddan, respec-
tively.

D. Effect of the interactions:

Interaction effect betweei

h water stress and cultivars:

Data in Table (8) show th

ears at 90 days from sowing wers

by the interaction between wate

the combined analysis of thg

highest percentage of stem was 4

at 40% available soil moist
cultivar,

irrigated at 60% available soi

2 cultivar. On the other hand,

81

but the lowest onhe wag

at the percentage of stem and
» highly significantly affected
r stress and maize cultivars in
., three growing seasons. The
10.54, obtained from irrigation
ure depletion with T.W.c.310
s 28.96%, obtained when plants
1 moisture deplietion with Giza

3iza 2 cultivar with irrigation
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at 40% or 60% depletion of soi

percentage of ears (50.41 or 50

The interaction between wats
years gave a significant effec]

chlorophyll a, b, (at+b) and carg

1 moisture gave the highest

L11), respectively.

.+ stress, maize cultivars and
t on the percentage of stem,

tenoids. These results may be

due to meteorological factors between years.

ii. Interaction effect between water stress and zinc sul-

phate:
Table {(10) shows that the

average value of chlorophyll

(a+b) to carotenoids ratio were significant as affected by the

interaction between water stress and zinc sulphate concentra-

tion. The maximum mean value of the ratio of chlorophyll (a+b)

to carotenoids was 1.80, obtained from 0.3% zinc sulphate and

40% available soil moisture depl

etion, whereas the minimum one

was 1.69, obtained from foliar dpplication of zinc sulphate at

0.6% and irrigation at 40% soi]
no significant difference was
interaction between water stre

other growth characters.

A significant effect of t

moisture depletion. However,
obtained from the effect of

ss and zinc sulphate on the

he interaction between water

stress, zinc levels and yeafrs oOnN the average values of

chlorophyll (a+b) to carotenoid

s ratio. These results may be

due to metecorological factors petween years.
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iii. Interaction effect between

cultivars and_zing levels:

There were significant differences between the mean

values of chlorophyll a, cardtenoids and the ration of

chlorophyl11l (a+b) to carotenoids due to the interaction

between maize cultivars and z1
analysis between 1988, 1989 and
highest values of chiorophyll (a
(a+b) to carotenoids were 2.39
obtained when applied 0.3% zinc

with T.W.C.310 cultivar, also

hc sulphate in the combined
1990 seasons, (Table 11). The
) and the ratio of chlorophyll
and 1.82 mg/dm2 leaf area,
ulphate as foliar application

the highest mean value of

carotenoids was 2.37 mg/dm2 lealf area, obtained from foliar

application of zinc suiphate at

0.3% with Karnak cultivar. On

the other hand, the lowest mean value of chlorophyll a was

2.13 mg/dm2 teaf area, obtained from zero zinc with T.W.C.310

cultivar and the lowest ratio of chlorophyll (a+b) to caro-

tenoids was 1.68 mg/dm2 leaf

area, obtained from Karnak

cultivar and applied zinc sulphate at 0.6%.

The differences between |the average values of leaf

area/plant, leaf area index, chlorophyll a, b and {a+b) were

highly significant affected by|the interaction of cultivars,

zinc sulphate and years. These results may be due to meteoro-

iogical factors between years.




Table 10: Chloropnyl]

water stress.

(a+b)/carots
interaction of foliar &

Table 9: Stem and ears % at 90 dayls from sowing as affected by the
interaction of water striess and maize cultivars.
wWater Stem % Ears %
stress cultivars
Giza 2 |T.W.C.310] Karnak Giza 2 |T.wW.C.310] Karnak
A40% ASMD| 29.66de 40.54a 33.42bc 50.41a 29.97b 42,93b
60% ASMD| 28.96e 36.97b 32.77cd 50.1%1a 42,49b A44,38b
80% ASMD| 35.67bc 36.62b 35.5%bc 42.72b 41.65b 39.70b
ASMD: Available soil moisture depletion.

Lnoids ratio as affected by the
nplication of zinc sulphate and

Character Chlorophyl] (a+b)/carotenoids ratio
Water stress Zinc sllphate concentration
0.0 0.3% 0.6%

40% ASMD 1.7%a t.80a 1.69b

60% ASMD 1.73ab 1.73ab 1.79a

80% ASMD 1.76ab 1.73ab i.79a
AMSD = Avaiiable soll moisture depletion.
Table 11: Chlorophyll &, carotenoids and chlorophyll {(a+b)/

carotenoids ratio as

foliar application of z]

n¥fected by the
inc sulphate and maize cultivars.

interaction of

Zinc levels Maize Chlordphyll | Carotepoids | Ch. {a+b)/
cultivars a mg/clm2 LA mg/dm2 LA carotenoids
ratio
0.0% Giza 2 2.20bc 2.15b 1.71bc
T.W.C.310 2.J13c 2.07b 1.76abc
Karnak 2J/27abc 2.07b 1.80ab
0.3% Giza 2 2i11c 2.03b i1.76abc
T.W.C.310 2.39%a 2.17b 1.82a
Karnak 2/37ab 2.37a 1.68c
0.6% Giza 2 2l26abc 2.14b 1.76abc
T.W.C.310 2l25abc 2.19b 1.73abc
Karnak 2,/ 33ab 2.15b 1.78ab
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iv.
and zinc sulphate:
Table (12) shows the diffe

of leaves and stem at 60 days af{
at 75 days from sowing were sign

interaction between water stress,

sulphate 1in the combined anal

seasons.

It was evident from Table
that the highest percentage of 1
the interaction between B0% avai
0.3% zinc sulphate and Karnak ¢
centage of leaves was 34.83, ob
depletion, zero zinc sulphate a

The highest percentage of
the effect of dinteraction bet
moisture depletion, zero zinc
the lowest one was 51.26% obtain
tion between water stress at 80%

zinc sulphate with Karnak culti

At 75 days from sowing time,

between foliar application of z
gation at 60% soil moisture dep]

gave the highest value of stem p

84

Interaction effect between

vith Giza 2 cultivar.

water stress, maize cultivars

rences between the percentage
rer sowing and stem percentage
ificantly affected due to the
maize cultivars and zinc

ysis over the three growing

(12), at 60 days after sowing
paves was 48.74, obtained from
Table soil meoisture deptetion,
cultivar. But the lowest per-
tained from 60% soil moisture
nd Giza 2 cultivar,

stem was 65.17, obtained from
ween irrigation at 60% soil
Whereas
ed from the effect of interac-
soil moisture depletion, 0.3%

var.

the effect of interaction

inc suiphate at 0.6% and irri-
letion with T.W.C.310 cultivar

ercentage (56.02). Whereas the
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lowest one was 43.82, obtained firom zero zinc sulphate, irri-

gation at 80% soil moisture_dép1étion and Karnak cultivar.

The differences between the average values of tassels

percentage, leaf area/plant, leaf area index and carotenoids

content in leaves of maize plant were significant due to the

effect of the interaction betwden water stress, maize culti-

vars, zinc sulphate and years.

meteorological factors between

These results may be due to

years.,

The interaction between water stress and years gave a

significant effect on the averapge values of leaves percentage

at 75 days from sowing, tassels percentage at 90 days from

sowing, chlorophyll a, (a+b),

carotenoids and the ratio of

chlorophyll (a+b) to carotenoids (Tables 5 and 7). The

interaction between maize culti

vars and vears gave a signifi-

cant effect on the average values of dry matter accumulation

and distribution/plant at 75 days from sowing, the percentage

of stem, ears and tassels at 90

days from sowing, chlorophyl]l

contents, leaf area/plant, leaf| area index, crop growth rate,

plant height, ear height and time of silking (Tables 5, 6, 7

and 8). There was a significant differences between the

percentage of tassels at 75 days from sowing as affected by

the interaction between zinc st

uiphate and years (Table 5).

These results may be dye to meteorological factors

between vyears.




Table 12: Leaves and stem % at 60 days and stem % at 75 days from
sowing as affected by the interaction of water stress,

cuitivars and zinc sulphate,

Characters Leaves & &t B0 days age Stem % at 60 days age Stem ¥ at 75 days age

inc concentration

~d

Nater

t 119
strass | Cultivars 0.0% 0.7 0,68 0.0% 0.3% 0.6% 0.0% 0.1% e.5%

W% ASHR | Giza 2 | 40.5ib-F| 36.13ef | 40.77b-f | 59.49arf | £3.87ab | 59.23a-g | 44.83ef | 50.92a2-¢ 46.61def
1.9.¢.318] 40.89p-F ] 39.54c-F | 42.78a-d | 59.1arq | 50.48a-d | 57.22¢-h | 50.86a-e | 54.523b | §2.88a-d
Karaak i 45.37a-d| 46.5%ab | 44.05a-d | 54.68crh | 53.41fgh | 55.95¢-h | 50.28a-f | 47.5%¢-f 52.20a-4

§0% ASHD | Giza 2 | 34.83F | 42.523-e| 44.79a-¢] 65.17a | §7.48b-h| 55.%tc-h } 47.36c-f | 48.99b-F | 47.53c-f
1.4.C.210] 44.97a-d 1 38.75def | 41.66b-¢ | 55.03cqh | 61.25abc | 58.34b-g | 52.12a-d | §3.46a-d | 56.022
Karnak | 48.72a | 46.12abc| 46.54ab | 51.28gh | 53.88d-h| §3.46e-h | 50.83a-2 44.78a-F | 47.00def

80% ASMD | Giza 2 | 43.78a-d| 40.46b-F | 40.46b-F | §6.220-h | 59.87a-e | 59.54a~f | 49.78a-F | 46.87def | 44.85¢f

3 i
b= -

T.0.0.310| 44.152-d] 44.05a-d| 44.63a-d | 55.85¢-h | 55.95¢-h | 55.37c-h | §4.13abc | 50, 11a-f | 54.30a

Karnak | 47.27ab | 48.74a | 44.8%a~d| 52.73Agh | 59.26h | 58.11c-h | 3.82f | 50.02a-f | 49.88e-f

ASMD: Available soil moisture depletion.
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IT. Yield and vy

Effect of vears:

Results in Table (13) rep
growing seasons of the study ca
nents. From the results it 1isg
components were differed signif

except ear length.

The higher average values w
ear weight, 100-grain weight,
yield/feddan in the first seaso
ear percentage, late wilt di
grains/row and straw yield ton/f

number of rows/ear in the thi

environmental conditions encour

turn affect on metabolites syn

addition 1light 1intensity and

ield components

resent averages of the three
ncerning yield and its compo-
evident that vyield and its

icantly from season to another

ere detected for ear diameter,
grain yield/ptant and grain
", plants carry more than one

sease percentage, number of

eddan in the second season and
rd season. The more suitable
age growth of plant which in
thesized by maize plants. In

proper temperature governs

differentiation of reproductive organs. On the other hand,

favorable growth conditions f

matter which 1in turn

components. Therefore, fluctuat

ment factors can exptain the dif

of different yield components f
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avors production of organic

increased biosynthesis of organic

ion of the different environ-
ferences between the averages

rom year to another.




Table 13: The average values of ylield and its components of maize
as affected by years in|combined analysis over the three
years.

Characters Years
1988 1989 1990

Plants carry more than one ear % 1.92b 5.18a 4.94a

Late wilt disease % 2.64b 4.81a 4.47a

Ear length cm 20, 25a 20.49a 20.55a

Ear diameter cm 5.06a 4.87b 4.91b

Ear weight (g) 305.30a 285.69b 276.23¢

No. of rows/ear. 13.45b 13.75a 13.78a

No. of grains/row 42, 36cC 45.00a 44.39b

100-grain weight (g). 41,943 38.93b 38.26Db

Grain yield/plant (g) 173.31a 158.15b 172.18a

Grain yield (kg/fed) 3379.05a |3201.,08b 3357.58a

Straw yield (ton/fed.) 5.98a 6.05a 5.52b
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1. The percentage of plants carried more than

one ear:

A. Effect of water stress:

The results in Table (14) indicate clearly that the

differences between the average

than one ear percentage was

values of plants carried more

significantly decreased by

increasing soil moisture depletion in the combined analysis of

the three seasons. The highest

percentage of plants carried

more than one ear was 5.22, obtained from exposing plants to

40% available soil moisture dep

Tetion. Whereas the lowest one

was 3.18%, obtained from irrigation after depletion 80% of

soil moisture. There is no sign

ificant difference between 60%

and 80% soil moisture depletionl. This is to be expected since

water deficit inhibited stem elongation and leaf enlargement

which in turn affected the slize of photosynthate surface

causing a reduce in crop growth

rate and producing plants with

lower percentage of two-ears. These results are in accordance

with those obtained by El-Noamny (1978), Shalaby and Mikhail

(1979), Salwau (1985) and Ouattar et al. (1887).

B. varietal differences:

Table {14) shows that t
cultivars were significant ¥

carried more than one ear. It ig

he differences between maize
br the percentage of plants

. clear that T.W.C.310 cultivar

had the highest mean value for the percentage of plants

carried more than one ear (6.65%), while the lowest percentage

89
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(1.58%) was obtained from Karnaj
may be due to differences in de)
ability to thrive and benefit
which are controlled genetical
(1983), Salem et al. (1883),
similar conclusions.

C. Effect of zinc levels:

There was na significant di

pilants carried more than one ej

and

x cultivar. These differences
velopment processes and their
from the available nutrients
Ainer

ly to a large extent.

Kamel et al. (1986) obtained

fference in the percentage of

ir which were not affected by

foliar application of zinc sulphate at different concentration

in the combined analysis over t

Baza (1981), Allam (1983),

Bs
percentage of plants carried

affected by adding zinc sulphat

he three seasons, (Table 14},

deer (1984) found that the
mere than ohe ear was not

e at any concentration.

2. Late wilt disease:
A. Effect of water stress:

The results presented in |Table (14), indicate 1in the
combined analysis of 1988, 1988 and 1990 seasons, that the

percentage of late wilt diseas
increasing depletion of availa
80%. The lowest value of late
2.50, obtained from irrigation
moisture. The maximum percenta
exposing plants to water stress

tion. This could be attributed t«

90

e significantly

4

increased by

ble soil moisture from 40 to

wilt disease percentage was
after 40% depletion of soil
ge (5.78) was obtained when

at B0% soil moisture deple-

b more favorable environmental
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conditions affecting the growth

aeration inh case of 80% soil mo

These results are in har
Kassem et al. (1977) who found
number of irrigation than 38 irris
significantly the percentage of
obtained the highest degree of 1

when maize plants was irrigated

B. Varietal differences:

of the causal fungus by good

isture depletion.

mony with those obtained by
that increasing or decreasing
gations resulted in increasing
infection. El1-Sabbagh (1988)
nfection by late wilt disease

at 50% of field capacity.

Giza 2 cultivar significantly exceeded the other maize

cultivars in the percentage of

Karnak and T.W.C.310 cultivars

late wilt disease followed by

Superiority of T.W.C.310 in

this trait may be attributed to gene control and heterosis

effect for late wilt resistance

C. Effect of zinc levels:

of T.W.C.310 cultivar,

The average values of Jlate wilt disease percentage

significantly increased by increasing level of zinc sulphate

as foliar up to 0.6% ZnSQ, {Table 14). It 1is evident from

these results that increasing phutrients of plants caused an

increase in the percentage of 1la

te wilt disease. Such apparent

controdication in results could be attributed to several

factors such as: different genotypes or environmental condi-~

tions and cultural practices.
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3. Ear characters:

The mean values of ear len
number of rows/ear and number
water stress, maize cultivars
analysis between the three gro
Table (14).

A. Effect of water stress:

The effect of water stre
values of ear length, ear dig
rows/ear and number of grains

combined analysis over the thr

Irrigation after 40% scoi]
highest mean value of ear ler
(5.03 cm), ear weight (304.%4 1
and number of grains/row (44.7
when irrigated at 80% soil moi
expected since water plays an
moisture deficit can have a del
process. Similar trend was repo
(1977), Shalaby and Mekhail

{1983), Moursi et al. (1983),

(1986), Nour el-Din et al. (198§
Sabbagh (1988), Grant (1989},

(1992).

imeter,

rgth (20.94 cm),

5),

16), Ouattar et al. (1987),

gth, ear diameter, ear weight,
of grains/row as affected by
and zinc levels in combined

wing seasons are presented in

ss treatments on the average
ear weight, number of

/row were significant 1in the

pe seasons {Table 14)}.

moisture depletion gave the
ear diameter
number of rows/ear (13.80)
D). These characters decreased
sture depletion. This is to be
important role in plants and
eterious on most physiological
rted by Ashoub (1977), Metwally
Gomaa Ainer

(1979), (1981),

Salwau (1985), Eweida et al.
El-

El1-Shenawy (1990) and Meleha
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varietal differences:

e et

There was a highly signif

three maize cutiivars on the ave

T.W.C.310 cultivar gave the high

weight (313.27 g),

Karnak cultivar gave the lowest

(19.17 cm) and Giza 2 cultivar

weight (265.03 g) and number

clear that Karnak cultivar surp:

and number o

jcant differences between the
rage values of ear characters.
est ear length (22.34 cm), ear
f grains/row (48.59). Whereas
average value for ear length
gave the lowest value of ear
is

hf grains/row (41.57). It

nssed significantly Giza 2 and

T.W.C.310 cultivars in the mean values of ear diameter and

number of rows/ear.

the lowest mean value of ear di

rows/ear (12.84). The difference

mainly due to genetical

similar with those obtained by Y¥

(1989) and E1-Shenawy (1990).

C. Effect of zinc levels:

It is clear from Table (14
effect of the applied zinc sul]

values of ear length and ear w

diameter, number of rows/ear an
significantiy affected by folia

at different concentration. Th

fact that these characters are genetically controlled.

highest mean values of ear leng

and 295.11 g, respectively,

On the conft

cons

rary, T.W.C.310 cultivar gave

ameter (4.79 cm) and number of
s between maize cultivars were
results are

tituents. These

ounis (1985), El1-Deepah et al.

) that there was a significant
rhate as foliar on the average
eight. On the other hand, ear
H number of grains/row were not
r application of zinc sulphate

ese results may be due to the

The

th and ear weight were 20.74 cm

obtained from applied zinc
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suiphate as foliar at 0.3% ZnSOr

ences between zerc and 0.6% z

values of ear length and ear W

But no significant differ-
inc sulphate on the average

eight. These results are in

agreement with those obtained by Younis {(1979), Baza (1881),

Allam (1983), E1l1-Beshbeshy (1883), Bedeer (1984), Younis

(1985), El-Sayed et al. (1886)
(1987) and Kabesh et al. (1988)

and ear weight significantly

, Kamel et al. {(1986), Badr
who reported that ear length

increased as zinc sulphate

increased but the other ear characters were not affected.

4. 100~-Grain weight:

A. Effect of water stress:

The differences between the mean values of 100-grain

weight were significantly affected by exposing plants to water

stress in the combined analysis

seasons {Table 14)}.

It is evident that the hig

weight was 41.27 g, obtained

between 1988, 1989 and 1980

hest mean value of 100-grain

when irrigation after 40%

depletion of available water, whereas the Towest one was 37.85

g, obtained from exposing plants to 80% soil moisture deple-

tion. This was expected since

drought stress during grain

filling may be affected greatly on the amount of photo-

synthates in the grains. This result was in harmony with those

obtained by Kassem et al. (1977
and Mikhail (1979), Gomaa (1981))

94

), El-Nomany (1878), Shalaby

, Ainer (1983), Moursi et al.
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(1987), Grant

(1983), Eweida et al. (1986),| Bajwa et al.
(1989), El-Shenawy (1990) and Meleha (1892).
B. varietal differences:

Maize cultivars of T.W.c.31

the other cultivars under study

weight. These results may be d
effects. Similar results were o
Khadra (1984), Bedeer (1984),
(1985), El-Mattab et al.

C. Effect of zinc levels:

The average values of

Karnak cultivar gave {

(1986)

100-grain weight

0 surpassed significantly than
in the mean value of 100-grain
he lowest value of 100-grain
e to the cultivars genetical
htained by Ainer (1983), Abou-
Younis

Khalifa et al. (1984),

and El1-Shenawy (1890).

increased by

increasing level of zinc sulphate as foliar application up to

0.3% ZnSOr On the other han

i, no significant difference

between 0.3% and 0.6% zinc sulphate on the mean values of 100~

grain weight. The effect of zin

interpreted through the role of

for the activity of some dehydrogenases,

dases and alcohol dehydrogenase

same result was reported by Ashour et al.

et al. (1986), El1-Sayed et al.
Badr {1987) and Kabesh et al. (1
weight significantly increased

to 0.2%, 10 kg zinc sulphate/

0.1%, respectively.

95

c on 100-grain weight could be
zinc as an essential component
proteinases, pepti-
(vallee and Wacker, 1970). The
(1983), Abd El-Aziz
(1986),

(1986}, Kamel et al.

988), who found that 100-grain
by increasing zinc sulphate up
'feddan, 0.4% and

0.8%, 0.5%,
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5. Grain yield/plant:

Table (14)

yield/plant was highly signific

treatments,
analysis of 1988, 1989 and 199

A. Effect of water stress:

The maximum

obtained from irrigation aften

whereas the minimum value was

indicated that

maize cultivars an

value of dgra

the average values of grain
antly affected by water stress
4 zinc levels in the combined

D seasons.

in yield/plant was 191.30 g,

40% soil moisture depletion,

141.91 obtained when irri-

=

gated at 80% scil moisture depletion, Increasing soil moisture

depietion depressed grain yield

effect on ear length, ear diame

/plant owing to its detrimental

ter, number of grains/row, red-

uction ear weight, 100-grain waight and number of ears/plant.

The 1increase in the grain y
increase in available s0il mois
the total leaf area which improj

of the plant. These resuits

ield/plant resulted from the
ture and this in turn increased
ved the photosynthetic capacity

agree with those obtained by

Kassem et al. (1977), El-Nomany (1978), Shalaby and Mikhail
(1979), Gomaa (1981), Ainer (1983), Salwau {(1985), Eweida et
al. (1986) and El1-Shenawy (1990).

B. varietal differences:
T.W.C.310 cultivar gave 4
yield/ptant 191.51 g, but Giza
On the other hand, the differe

cultivars in the average value

)

he highest mean value of grain
2 had the lowest one 155.33 g.
nces between Giza 2 and Karnak

s of grain yield/plant was not

5




Table 14: The average values of the percentage of plants carried
more than one ear, late wilt disease percentage, ear
characters, 100-grain weight and grain yield/plant as
affected by water stress, maize cultivars and foliar
application of zinc sulphate in combined analysis of 1988,
1989 and 19%0 seasonsS.

Treatments |Plants carried/iate wiltj Ear ‘ Ear Ear | No. of | No. of {100-grain Grain
rore than one|disease ¥|leagth cm[ diametier [weight alrows/earjgrains/row| weight g yield/plant
gar & e g
Water skress
408 ASHD 5.22% 2.506 20.94a 5,038 | 304.94a} 13.80a 34,702 41,274 191,302
60% ASKD 3.650 3.64b 20.52h 4,978 | 203.73b 13.67ab| 44.27a 39.92b 170.43b
80% ASMO 3,18b 5.782 19.83¢ 4,65b | 268.55c | 13.51h 42,776 37.95¢ t41,91¢
Irrig. X Years N.S. N.§ ] NS N.S. N.5. NS, N.S. X
Cultivars
Giza 2 5.82b §.222 18, 7% 4.01h | 265.03c) 13,550 | 417D 19,75 155,330
7.%.0.310 §.55%a 2.03¢ 22.342 4.79c | 213.27a] 12.84c | 48.%3a 41,672 191.513
Karnak 1.58¢ 3.8t 19.17¢ 5.19a | 288,93B | 14.5% 41,580 ir.7éc 156,91
Cult, x years X N5 ¥ 3 N.§. L) K.S. N.§. X
Zinc levals
{.0% 1,77 1.%4b 2. 15h 4,532 | 242,72b 13.83a 43,782 39,148 164,050
. 4,182 3.9t 20,742 4.9fa | 205,113 13.59a 44, 153 £0,20a 171,472
0.6% 3,922 4,772 20.40b 4,953 |26%.40ah; 13.638 §3.832 39.80ab 158,112
In X Years .8, k.3 NS, N.4. N.8. K.5. X.5. N.&, N.§.
Interactions
Ir.x €. N.S, N.S. N.§. X3, N.5. N.S. NS, N.S. N.§.
Irx Gy N5 H.8. N.§. .3 K.5. .5, N.§. K.§. .S,
Inx Ir. N.§. N.S. N.S, H.§. N.§. .5, N.S. N.§. NS,
Inxirxy NS, N.§, N.§. .5, H.S. k.8, N.S. N.S. x
Inx €. N.§. §.5. N.S. N.B. N.§. R.8. NS5, L2 3]
nxCuxy N.§. K.5. N.S5. N.B. N.S. 0.8, K.S. N.§. ¥
InaCux Ir NS, N.S. N.§. N.B. N.§. N.5. ¥ N.§. H.S
In x Coxlrx Y N.5. NS, N.S. N.B. K.§. K5, .5, ¥ 3

Ir. = Irrigation

C. = Cultivars.

Y = Years.

ASMD = Avaiiable soil moisture depletion

a7
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significant. Superiority of
yield/plant may be due to the su

piants carried more than one

grains/row and 100-grain weighty

of late wilt disease.

recorded by Ainer (1983), Abou-}

Khalifa et al. (1984); Younis (1
Kamel et al.
C. Effect of zinc levels:
The maximum value of gra
obtained from applied zinc sy
minimum one was 164.05, obtaing
the other hand, there was no 8]
yield/plant as a result of

sulphate. This finding could be
cant increases in ear length, e
as foliar application of zing
in harmony with

results are

(1981), Abd El-Aziz et al. (1!

Kamel et ai. (1986), and Badr

6. Grain yield kg/fedd

A. Effect of water stress:

The effect of irrigation t

of grain yield per feddan was h

9§

1

This resu

(1886) and E1-Shen

applying 0.3% and 0.6%

886 ),

an

‘. w.C.310 cultivar 1in grain
herijority in the percentage of

of

1

ear, ear length, number
and decreased the percentage
1t is in accordance with that
‘hadrah (1984), Bedeer (1984),
985), El-Hattab et al. (1986),

awy (1990).

in yield/plant was 171.47 g,

i1lphate at 0.3%, whereas the
\d from zero zinc sulphate. On
gnificant difference in grain
zinc

attributed to observe signifi-

ar weight and 100-grain weight

sulphate up to 0.3%. These

the finding obtained by Baza

El-Sayed et al. (1988),

(1987).

reatments on the average values

ighly significant in the three
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seasons as well

seasons as shown in Table (15).

The maximum mean values oOf

3789, 3573,

the combined analysis over the
obtained from irrigation after

depletion. The combined

decrease in the percentage of grs

from

compared with 40% soil moistur

expected since the average number

than one ear, ear Jlength, ear

number of grains/row, 100~grain
decreased by
Moreover, drought stress
assimilates from leaves,

this response 1in addition to r
grains itself contribute to

respect, Pierre et al. (1966)
with high production potentia]
growth and reproduction are met.
factor even 1in the more humi
subhumid regions irrigation is e
added also that the critical per

is the 3-4 weeks during tasself

3984 and 3783 kg/fe

analy

irrigation at 80% deplet?

increasing soil m

migl

as the combingd analysis over the three

grain yield kg/feddan were

ddan in 1988, 1889, 1990 and

three seasons, respectively,
40% available soil moisture
sis show that the highest
iin yield was 26.41%, obtained
on of available water when
e depletion. This 1is to be
- of plants which carried more
weight, number of rows/ear,
weight and grain yield/plant
nisture depletion up to B80%.

nt reduce translocation of

and as drought hasten maturation,

rduced photosynthesis in the

Tower grain yield. In this

nointed that maize is a crop
when 1its requirements for
Moisture is a common limiting
In semiarid and

d regions,

ssential for high yields. They

iod in maize plant development

ng, silking and ear develop-

ment. Any deficiencies of moisture that occur during this

949
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period will have the greatest g

and Videnovic (1980) reported
stomatal closure and this in tu

the air inside the tissue of th

photosynthetic efficiency becomes low.

harmony with those obtained by G

(1971), Kaul et al. (1972), O

Metwally (1977), Gardner et al.

et al. (1882), Ainer (1983), Mg
et al. (1985), Patel et al. (
Ragab et a’l. (1986), Bajwa et

(1988) and Meleha (19982).
B. Varietal differences:
Table (15) indicates that
three cuitivars on the mean va
was significant in 1988,

1989 an

analysis over the three seasons
cantly surpassed Giza 2 and Ka
ka/feddan by 18.15 and
difference between the other twop
in the average values of grain
in yield of T.W.C.310 cultivar
the percentage of plants car
Tength, ear weight, number of g
grain yield/plant.

(1879), Ewies (1980), Mtui et 35

10

rofrii

Wrsi

=~

18.83%,

ried more than one ear,

. ffect on final yields. Vasic

that water shortage causes
rn prevents Cozdiffusion into
e plants and consequently the
These results are in

lassen and Shaw (1970), Downey

(1975), Ashoub (1977),

(1981), Gomaa (1981}, Harder

et al. (1983), Papendick

1985), Eweida et al. (1986),

al. (1987), Puste and Kumer

the differences between the

lues of grain yield kg/feddan

d 1990 as well as the combined
T.W.C.310 cultivar signifi-
rnak cultivar in grain yield
respectively, whereas the
cultivars was not significant
yield kg/feddan. The increase

may be due to the increase in

ear

rains/row, 100-grain weight and
Similar results were obtained by Raghib

1.

(1981), Ainer (1983), Salem
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et al. (1983),

Younis (1885),

C. Effect of zinc levels:

The differences between t

Abou-Khadra (1
El-Hattab et al.

984), Khalifa et al. (1984},

(1386).

he mean values of grain yield

kg/feddan was highly significantly affected by foliar applica-

tion of zinc sulphate,

(Table 15). The average values of grain

yield/feddan increased by incrpasing the level of zinc sul-

phate up to 0.3%. The highest

grain yield kg/feddan were 3.

increase in the percentages of

79, 5.44, 5.02 and 4.83% as

compared with the control treatment (Zero zinc sulphate). From

these above mentioned results
played an
turn

in plant growth. Peyve

application of micronutrients

stimulate the metabolic process
direct effect on the enzymatic

were obtained by Dornescu et

(1973), Singh and Sharma (1976

al. (1980), Baza (1981),

(1983), Sakal and Singh (1984)

(1987), Kabesh et al. (1988)
(1990).
7. Straw yield/feddan:

it was clear from Table (

important role in me

Ashod

it can be concluded that zinc

tabolic processes and this in

(1969) reported that foliar

such as Zh, Mn and B seems to

within the plant through their

reactions. The same results

al. (1972), Osiname et al.

), Ghaly et al.

{1977), Khan et

r et al. (1983), El1-Beshbeshy

Badr (1987), Genaidy et al.

¥

and El-Awady and Abd El1-Naim

15) that the average values of

straw yield/feddan was highly significantly affected by water

10

1




Table 15: The average values of grain yield kg/feddan and straw
yield ton/feddan as afflected by water stress, maize
cultivars and foliar appljcation of zinc sulphate in 1388,
1989 and 1990 seasons as|well as combined analysis over
the three seasons.

Grain yield kg/feddan Straw yield ton/feddan
Treatments
1884 19489 1990 Conll. 1388 149689 1990 Comb,
Water stress
40% ASMD 1789a 3571a 39844 1783a §.28a §.70a " 6.07a 6,352
0% ASMD 3581h 12493 1366h 337%b 5.94b §.27a 5.57b 5,93b
BO% ASME 2647¢c 2784b 2724¢ 2784¢ 5,12 5,19 {.91b 5,28¢
irrig. x Years - - - N.§ - - - ¥
Cultivarg
Giza ? 3090¢ 2997h 3117h 3068h 5.87b 5.63b 5,36b 5.860
T.4.0.310 3745a 1828a 17532 37922 §.60a 7.%8a 5.89a 5.8%
Karnak 3252b 2791k J204b 3074b 5.36¢ 4,55¢ 5,300 5.07¢
Cult, ¥ yesrs - - - £ - - - 1%
Tine levells
0.0% 13213 3090b 32851 231 5.64b 5.65b §.30h 5.53b
1 34472 32584 34502 13812 §.15a §.34a 5.87a B.12a
0.6% 33663 32502 3339 3321h 6,152 §.17a 5,380 5.%08
In x years - - - N.§. - - - N.§.
Interactions
Ir.x C. N.5. N.§. N.S. .9, [ N.S H.§ NS,
Irx Cx Y - - - H.§, - - - N.§.
inx Ir, K.5. N.S. 34 N.g. K.S, H.5. N.S. N.§.
IngIrx Y - - - x - - - k.S,
Inx €, N.5. N.S. xx t N.S. N.S. N.5. .5,
nxCoxy - - - ] - - - 3
nx Cox Ir K.S, N.S. rt N.S. k.5, K.S. N.§. N.S.
in x Coxlr.a Vi - - - L - - - N.S.
Ir. = Irrigation
C. = Cultivars.
Y = Years.
ASMD = Available soil moisture depletion
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stress, maize cultivars and zind

as well as the combined analysi

A. Effect of water stress:

Irrigation after 40% soil 1
increasing significantly the

ton/feddan. The highest decreas

H

yield were 8.92, 22.54, 19.11

g
and the combined analysis over {
1y, obtained from irrigation aft
depletion as compared with 40%
result may be expected becay
different stages, 1leaf area/p]
height and stem diameter were
moisture depletion up to 80%. T
by Ashoub (1977), Shalaby and |

Moursi et al. (1983), Salwau (

{(1886).
B. Varietal] differences:

had

T.W.C.310 cultivar
yield/feddan which were 6.60, 7
in 1988, 1989, 1390 seasons and
three seasons, respectively. Wi
lowest value of straw yield/feds
ranked between T.W.C.310 and Kar
The

increase in straw yield of

103

sulphate in the three seasons

s between the three seasons.

noisture depletion resuited in
mean values of straw yield
se in the percentage of straw

ind 16.85% in 1988, 1989, 1990

the three seasons, respective-

ler 80% available soil moisture

soil moisture depletion. This
se the dry weight/ptant at
ant, c¢rop growth rate, plant

decreased by inhcreasing soil
he same results were reported
Mikhail {1979), Gomaa (1%881),

1985} and Nour El1-Din et al.

the highest value of straw
.98, 5.89 and 6.83 ton/feddan
the combined analysis over the
ereas Karnak cultivar gave the
dan (5.07 t/feddan) and Giza 2
nak cuitivars (5.66 t/feddan).

T.W.C.310 cultivar resulted
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from the increase in dry weight/

piant, leaf area/plant, plant

height and stem diameter. The same trend was obtained by Gomaa

{1981) and Salwau (1985).
C. Effect of zinc levels:
The results

values of straw yield/feddan

increasing the level of zinc sy

Application zinc sulphate at 0.

average value of straw yield/fed
analysis over the three seasol

sulphate up to 0.6% caused a d

straw yield/feddan,

0.6% ZnSO, were not significant

yield/feddan. It could be concly

zinc sulphate)

photosynthesis and the accumula

organs. Similar results were obt

Abd El-Aziz et al.

(1986) and K

in Table (15

whereas the

could be suit:

y indicate that the average

sighificantly increased by
i1lphate as foliar up to 0.3%.
3% as foliar gave the highest
dan (6.12 ton) in the combined
increasing zinc

ns. However,

lecrease in the mean value of
differences between 0.3% and
on the average value of straw
ded that this rate of Zn (0.3%
able for the enhancement of
ation of metabolites in maize
rained by El-Beshbeshy (1983),

abesh et al. (1988).

D.
i. Interaction effect betwee

The differences between t
its components were not signi
between water stress and cultiv

the cultivars response to irri

10

water stress and cultivars:
e average values of yield and
jcant due to the interaction
rs. This result indicates that

ation treatments.
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iq.
The differences between th
were not significant

stress and zinc lavels.

There was a significant di

values of grain yield/plant and

interaction between water stre

These results may be due to m

years.

iii.

Interaction effect betwean

due to t

Interaction effect betweer

water stress and zinc levels:

e averages of data under study

he 1interaction between water

fferences between the average
grain yield/feddan due to the
ss, zinc sulphate and years.

eteorological factors between

t cultivars and zinc levels:

Data 1illustrated

values of t00-grain weight, gra

were significantly affected by
cultivars and zinc levels in t

three seasons.

It is clear from Table (16
of 100-grain weight,

42.46 g, 195.25 g and 3867 kg

T.W.C.310 cultivar with applie

application. Whereas, the diff

zinc sulphate with T.W.C.310 cu

were nhot significant. On the ot

100-grain weight was 38.25 g,

and applied 0.6% zinc sulphal

in Table

(186) show that the average
yin yield/plant and per feddan
the interaction betwean maize

he combined analysis over the

) that the highest mean values

grain yield/plant and per feddan were

respectively, obtained from

s
i 0.6% zinc sulphate as foliar
erences between 0.3% and 0.6%
ltivar on the above characters
ther hand, the lowest value of
obtained from Karnak cultivar

te. Giza 2 cultivar without
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applied zinc sulphate had the

yield/plant and per feddan 1

respectively. The interaction

sulphate and Karnak cultivar wi

were not significant on th

vield/plant and per feddan.

The

and years was statistically sign
grain yield/feddan and straw yi

be due to metecrological facten

iv.

interaction between ms

Interaction effect between

lowest mean values of grain
49.08 g and 2940 kg/feddan,
between Giza 2 without zinc
th applied 0.8% zinc sulphate
values of grain

@ average

size cultivars, zinc sulphate
ificant for grain yield/plant,
eld/feddan. These results may

s between years.

water stress, maize cultivars

and zinc sulphate:

Table (17) shows that ther
between the average values for
combined analysis due to the int

maize cultivars and zinc sulpha

value for

49.63, obtained from

depietion with zinc sulphate at

was 39.75,

zero zinc sulphate with Karnak

The interactions between |

number of grains/rqg

irrigat]

obtained from 80% d

o was a significant difference
number of grains/row in the
eraction between water stress,
ate concentration. The highest
w of T.w.C.310 cultivar was
jon after 40% soil moisture
L 0.6%, whereas the lowest one
epletion of soil moisture and
cuitivar.

water stress, maize cultivars,

zinc sulphate and years were significant on the average values

10
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of 100-grain weight, grain yie

results may be due to meteorol

The interactions between

1d/plant and per feddan. These

ogical factors between years.

water stress and years were

significant on the average values of ear length, grain yield/

plant and straw yield/feddan, (
tion between maize cultivars an
average values of plants carrie
ear length, ear diameter,
plant or feddan and straw yviel
results may be d

These

between years.

107

numper of rows/ear,

Tables 14 and 15). The interac-
i years were significant on the
d more than one ear percentage,
grain yield/
H/feddan (Tables 14 and 15).

ue to meteorological factors




Table 16: The average values of 10p-grain weight, grain yield/plant
and grain yield/feddan| as affected by the interaction
between maize cultivarg and foliar application of zinc
sulphate in combined analysis over the three seasons.

Characters 100-grain Grain Grain

- - weight yield/plant |yield/feddan
Cultivars Zinc levels e g kg

Giza 2 0.0% 40.03d 149.08f 2940fF
0.3% 40.63b 159.86¢cd 3165cd
0.6% 38.6%e 157 .06cde 30399cde

T.W.C.310 0.0% 40,13¢ 187.25b 3705b
0.3% 42 . 42a 192.03ab 3801ab

0.6% 42 .,46a 195.2ba 3867a
Karnak 0.0% 37.25h 155.81de 3054d-f
0.3% 37.65g 162.53¢c 31982c¢

0.6% 38,25 152.03ef 2994ef

Table 17: Number of grains/row g
water stress,

cultivan

analysis over the three seasons.

s affected by the
s and zinc sulphate

interaction of
in combined

Characters Number of grains/row
Water stress Cultivars Zinc sulphate concentration
0.0 0.3% 0.6%
40% ASMD Giza 2 41.83d-h 43.06d 42 .38def
T.W.C.310 48|.62ab 48.,76ab 42.63a
Karnak 42, 62de 43.08cd 42.21d~g
60% ASMD Giza 2 41/95d-h 42.28def 41.70d-1
T.W.C.310 4g.61ab 43,5443 48, 39ab
Karnak 42 |50def 42 ,40def 41.08d-1
80% ASMD Giza 2 40/68e-1 40,.25gh1 40.00h+
T.W.C.310 47.18b A7 .98ab 48 ,54ab
Karnak 39.75i1 40.02hi 40.58f-1
ASMD = Available soil moisture depletion.
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III. Chemical| Composition
1. Crude protein percentage and protein
yield/feddan:
A Effect of water stress:
Results 1in Table (18) ipdicates that crude protein
percentage in grains of maize| was increased by increasing

depletion of available soil moi

The above mentioned resu

report of Kramer (1978) who con

there was a rapid drop in water

in protein, possibly due to th
During stress there was a hydrd
apparent increase in protein og
in peptides

been an increase

sture from 40 to 80%.

1ts can be explained by the
~luded that in stressed planls

cohtent and a small increase

e continued synthesis of RNA.

riysis of protein. Finally, an

curred, although this may have

rather than protein. These

results are in harmony with those obtained by Metwally (1977),

El-Nomany (1978), Gomaa (1981)

(1983), Salwau (1985}, Rizk et

On the other hand, irrig
depletion produced the highes
protein yield kg/feddan (324 kg
the three seasons. The lowest

obtained from irrigation after

moisture.

10

ation after 40% soil

Harder et al. (1982), Ainer

7

al. (1987) and Meleha (1992).

moisture

st significant mean value of

) in the combined analysis over

mean value was 265 kg/feddan,

80% depletion in avaiiable soil

9




RESULTS AND DISCUSSION

These results may be due f

yield, resulted from irrigat

depletion. These results are
obtained by Abd El1-Raouf (1973

B. Varietal differences:

Karnak cq1tivar was superi
percentage of maize grains,
the second in this trait (Table
cultivar may be due to genetic
are similar to those obtaine
(1983), Bedeer

(1981), Ainer

(1986). They reported that crug

wh

o the increase in maize grain

ion after 40% soil moisture

in full agreement with those

) and Salwau (1985},

or than Giza 2 in crude protein
jle T.W.C.310 cultivar ranked
18). The superiority of Karnak
a1 constituents. These results

d by El-Nomany (1978), Gomaa

(1984) and El-Hattab et al.

ie protein content in grains of

hybrid cultivars produced higher than that of open-pollinated

cultivars.

T.W.C.330 cultivar signij
Giza 2 cultivars in protein y
analysis over the three season

the increase in grain yield/fs

C. Effact of zinc levels:
The average values of c
grains increased by applicat]

without application. The highs
was 9.25%, obtained from appli

foliar (Table 18).

rude protein content

ficantly surpassed Karnak and
ield kg/feddan in the combined
s. These results may be due to

ddan of T.W.C.310 cultivar.

in maize
on zinc sulphate as compared

st mean value of crude protein

cation zinc sulphate at 0.3% as

i0




RESULTS AND DISCUSSION

The differences between th
kg/feddan was significantly aff
zinc sulphate. The highest vall
from application zinc sulphate

These results may be du
yie]d/feddqn and protein conten

and Wacker {1870), reported thag

largely associated with enzymes|.

protein synthesis from amino

pyrouvate.

The same results were rej

(1981), E1-Beshbeshy (1983}, Be

e mean values of protein yield

ected by foliar application of

ie was 311 kg/feddan, obtained
at 0.3%.

e to the increase 1in grain
ts. In this connection, Vallee

t zinc functions in plants are
It plays an important role in

acids and decarboxylation of

ported by Younis (18979), Baza

deer (1984), Abd El-Aziz et al.

(1986), El1-Sayed et al. (1986)), Kamel et al. (1986), Badr
(1987), and Kabesh et al. (1988).
2. 0il1 percentage and pil yield/feddan:

The average values of o0il percentage and oil yield

kg/feddan =z

zinc levels are shown in Table

A. Effect of water stress:

The average value of oil

decreased by increasing depleti
80%.

highest mean value of o©il perc

11

affected by water

Irrigation after 40% soil

stress, maize cultivars and

(18).

percentage in maize grains
on of soil moisture from 40 to
moisture depletion gave the

entage (5.70%). These results
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emphasize that the oil percentag

irrigation intervals reduced.

The previous results may
fat during the development of
accumulation is probably due to
fat in the grain itself. Moreov
vals enhanced carbohydrate
increased grain oil percentage.
reported that water stress caus
the organic compounds translg
results are in harmony with thos
Gomaa (1981),

Ainer (1983), Khs

and Meleha (1992).

The differences between 1t
kg/feddan was significant due
combined analysis over the tht
value was 214.8 kg/feddan, obta
soil moisture depletion.
kg/feddan, obtained from exposi

depletion.

These results may be due
maximum oil percentage,
moisture depletion. These resu]

those obtained by Abd El1-Raocuf

11

accumulation,

Whereas,

e of maize grains increased as

be due to the accumulation of
storage organs (grains). This
the transformation of sugar to
er, reducing irrigation inter-

which 1in turn
In this respect, Kramer (13978)
ed a considerable reduction in
cation in the plants. These
e obtained by Metwally (1977),
(1987)

sdr (1986), Rizk et al,.

the mean values of oil yield

to irrigation treatments in

ree geasons. The highest mean
ined from irrigation after 40%
the lowest one was 140.7

ng plants to 80% soil moisture

to the high grain yield and

resulted from irrigation at 40% soil

ts are in full agreement with

{(1873) and Salilwau (1985) who
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reported that oil expressed ir

freguent irrigation.

varietal differences:

It was clear from Table (
the highest oil percentage in
had the lowest one. These diffe
study may be due to genetical ¢
similar with those obtained b

salwau (1985) and kamel et al.

There was a highly signi
three maize‘ cultivars on th
kg/feddan in the combined ana
T.W.C.310 cultivar gave the
Whereas, Giza 2 cultivar had
increase in o0il yield kg/fedda

mainly due to the increase in

Effect of zinc levels:

The average values of O

increased by increasing leve

application up to 0.3%. Thes
importance of zinc for the
plants and 1its action as a
important enzymes in most plar
{

Wacker (1970) and Amberger

1

e mean

i1
1

biochemical
coenzyme
ts.
1974)

kg/feddan were increased by

18) that Karnak cultivar gave
grains, while Giza 2 cultivar
rences between cultivars under
onstituents. These results are
y Gomaa (1981), Ainer (1883},

(1986).

Ficant difference between the

values of oil vyield
lysis over the three seasons.
highest mean value 209.1 kg.

the lowest one 158.7 Kkg. The
n of T.W.C.310 cultivar may be

grain yield kg/feddan.

percentage in maize grains
of zinc sulphate as foliar
e results may be due to the
reactions in many
in some biologically
In this respect, vallee and
is an

stated that zinc

3




RESULTS AND DISCUSSION

essential component of some enzy

require zinc for their activityl

by Kamel et al. {1986) and Kabe

The average values of oil
increased by increasing the lev
up to 0.3% in the combined analy
These recuits may be due to the

and oil contents,

3.

Al Effect of water stress:

The resuits in Table (18§

average values of zinc content
by increasing soil
over the three seasons. The higi
was 40.78 ppm,
moisture depletion. While, th
obtained from exposing maize
depletion. These results may
between zinc element absorptio
the water deficit.

B. varietal differences:

Data presented in Table {1

Zinc content in graf

3 )

moisture depletion

obtained from

e

mes and DNA polymerase, which
The same trend was obtained
sh et al. (1988).

yield kg/feddan significantly
el of zinc sulphate as foliar

=is between the three seasons.

increase in grain yield/feddar

indicate clearly that the
in maize grains was decreased

in combined analysis

hest mean value of zinc content

irrigation after 40% soil

jowest one was 38.81 ppm,
plants to 80% soll moisture

pe due to the relationship

h as well as translocation and

8) show that T.W.C.310 cultivar

gave the maximum content of zinc in grains 40.76 ppm. Whereas,

the minimum content was 3%.33 ppm,

1

obtained from Giza 2

14




Table 18: The average values of | crude protein %, protein yield
kg/feddan, oil percentage, 0il yield kg/feddan and zinc
content in maize grains (ppm)} as affected by water
stress, maize cultivars and foliar application of zinc
sulphate in combined analysis over the three seasons.

Characters Crude Protein Oil 0il yieldlZn content
protein yield % kg/fed. in maize
% kg/fed| grains
Treatments (ppm)
Water |stress
40% ASMD 8.58 324a 5.70 214 .8a 40.78
60% ASMD 9.20 303%hb 5.46 183.9b 40.08
80% ASMD 9.51 265c 5.04 140.7¢C 58.81
Irrigation x N.S. N.S.
years
Cultfivars
Giza 2 8.88 270c 5.13 158.7¢ 39.33
T.W.C.310 9,15 345a 5.50 209.1a 40.76
Karnak 9.26 282b 5.57 171.8b 39.568
Cultivars x * K * K
years
Zinc |(levels
0.0% 8.87 285c¢ 5.27 171.3c¢C 37.86
0.3% 9.25 311a 5.49 187.2a 40.70
0.6% 9.186 303b 5.44 181.2b 41.12
Zinc x years ¥k *x%
Interactions
Ir.x C. N.S. 3.3
Ir.x C.x Y N.S. N.S.
in x Ir. * ¥,
Zin x Ir.x Y b 3 3 *k
Zn x C. * % *%K
Zn x C.x Y * K T
Zn x C.x Ir %K * %
Zn x C.xIr.x Y N.S. N.S.

Ir. = Irrigation
C. = Cultivars.
Y = Years.
ASMD =

Avaijlable soil moisture d

115
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cultivar. The differences betwee

due to genetical constituents.

C. Effect of zinc levels:

The average values of zinc
increased by increasing level

application up to 0.6%. The high

obtained from applied 0.6% zing

n maize cultivars were mainly

content in maize grains was
of zinc sulphate as foliar
est mean value was 41.12 ppm,

sulphate. Similar trend was

repcrted by Awad (1976), E1-Beshbeshy (1983), Abd El-Aziz et

al. (1986) and Badr (1987).

D. Effect of the interactions:
i. Interaction effect between water stress and cultivars:

The effect of the interaction between water stress and

maize cultivars was significant

on the average values of oil

yield kg/feddan in the combihed analysis over the three

seasons as presented in Table ¢

It is obviously clear that

19).

the maximum mean value of oil

yield/feddan was 243.58 kg, obtained from irrigation after 40%

soil moisture depletion with T.W.C.310 cultivar. Whereas, the

minimum one was 129.33 kg/feddan, obtained when irrigation

after 80% soil moisture depletipn with Karhak cultivar. On the

other hand, the average values pf protein yield/feddan was not

significant as affected by the interaction between water

stress and maize cultivars.
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ii. Interaction effect between

water stress and zinc levels:

There was a significant dif

of protein yield and oil/feddan

ference of the average values

in the combined analysis due

to the interaction between water stress and zinc levels as

shown in Table (20).

The highest values of protein and oil yield/feddan were

342 kg and 225.83 kg/feddan,

exposing plants to 40% so0il mg

0.3% zinc sulphate as foliar. On the other hand,

respectively, obtained from

isture depletion and applied

the lowest

ones were 254 kg and 131.17 kg/feddan, respectively, obtained

from irrigation after 80% soill

application of zinc sulphate.

The interaction between water stress,

years were significant on the a

moisture depletion without

zinc sulphate and

verage values of protein yield

and oi1 yield/feddan. These resyilts may be due to meteorologi-

cal factors between years,

iii. Interaction effect between maize cultivars and_zinc

levels:

The data illustrated in Table (21) show that the average

values of protein and oil yiel
affected by the interaction be

levels in the combined analysi

d kg/feddan were significantly
tween maize cultivars and zinc

s over the three seasons.

17




Table 19: 0i1 yield kg/feddan as| affected by the interaction of
water stress and maize cultivars in the combined analysis
over the three seasons,

Character 0ifl yield kg/feddan

Cultivars

Water stress

Giza 2

T.W.C.310 Karnak

40% ASMD
60% ASMD
80% ASMD

195.42d
157.7569
122.671

205.67¢C
180.67e
i28.33h

243.58a
213.67b
170.25F

ASMD: Available soil moisture depn

Table 20:

The average values of

Jetion.

protein yield and oil yield

kg/feddan as affected by the interaction of water stress

and zinc sulphate in the combined analysis of 1988,

and 1990 seasons.

1989

Characters

Protein yield kg

/ Teddan 01l yield kg/feddan

Zinc

9

=

ulphate concentration

wWater stress

0.0% C.3%

0.6% 0.0% 0.3% 0.6%

40% ASMD
60% ASMD
80% ASMD

303e
2997
2547

342a
322c
270h

329b
309d
271g

202.99c¢
180.08F
131.17i

225.83a
188.08d
147.33g

215.,83b
183.92e
143.75h

ASMD

Table 21:

The average
kg/feddan

values of
as affected

Available soil moisture depletion,

protein yield and oil yield
by the interaction of maize

cultivars and zinc sulphate in the combined analysis over
the three seasons.

Characters

Protein yield kg/fe

ddan 0i1 yield kg/feddan

2Zinc su]

phate concentration

cultivars

0.0%

0.3%

6% 0.0% 0.3% 0.6%

Giza 2
T.W.C.310
Karnak

2551
287e
270h

328¢c
346D
362a

129

yef

143.751
168.83g
163.25h

198.92¢
218.25a
210.33b

171.58e
174.17d
169.92f

Did
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It

yield/feddan was 362 kg, obtai

applied zinc sulphate at 0.3%. A

0il yield/feddan was 218.25

cultivar with applied 0.3% zin

tion. Whereas, the minimum me

yield/feddan were 255 kg and 14

Giza 2 cultivar without applic:

The
and years were significant on
yield and o0il yield/feddan.
meteorological factors between

iv. Interaction effect betweer

is clear that the ma

interacticn between m

ximum mean value of protein
ned from Karnak cultivar with
\1so, the maximum mean value of
kg, obtained from T.W.C.310
c sulphate as foliar applica-
an values of protein and oil
t3.75 kg/feddan, obtained from
ation of zinc sulphate.

aize cultivars, zinc sulphate
the average values of protein

These results may be due to

years.

y water stress, maize cultivars

and zinc levels:

The data presented in Tab
values of protein and oil yi

affected by the interaction

cultivar and zinc levels in t

1989 and 1990 seasons.

The 1interaction between 1
soil moisture depletion with T
sulphate as foliar gave the h
yield and oil1 yield/feddan (39%

tively. On the other hand, the

11

i

e (22) show that the average
e1d/feddan were significantly
between water stress, maize

he combined analysis of 1988,

rrigation after 40% available
.W.C.310 and applied 0.8% zinc
ighest mean values of protein
.25 kg and 262.75 kg), respec-

minimum mean value of protein
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yield/feddan was 224 kg, obtaing
soil moisture depletion with

application of zinc sulphate. A

:d from exposing plants to 80%
Karnak cultivar and without

1so, the lowest mean value of

011 yield/feddan was 99.00 kg, ¢btained from irrigation after

80% soil moisture depletion with Giza 2 cultivar and without

application of zinc sulphate.

The interaction between mai

ze cultivars and years as well

as between zinc sulphate and years were significant on the

average values of protein yield and oi]l yield/feddan (Table

i8). These results may be dye to meteorological factors

between years.




Table 22: The average values of protein yield and oil vyield
kg/feddan as affected by the interaction of water stress,
maize cultivars and |zinc sulphate 1in the combined
analysis over the three seasons.

Characters Protein yield 01l yield kg/feddan
kg/fleddan

Water Culti- Zinc sulphate concentration

stress vars 0.0% | olax | o0.6% | 0.0%x | 0.3% | 0.6%

40% ASMD Giza 2 268.50| 312.75(299.25| 183.25{204.50|188.50
T.W.C.310| 243.50]| 366.50} 395,25| 208,75 259.251262.75
Karnak 297.00{ 345.501 293.25|217.00{213.751186.25
60% ASMD Giza 2 271.60|304.25! 273.501149.001162.75!161.50
T.W.C.310]| 332.75! 355.50| 360.00{224.001217.50]199.50
Karnak 294,251 307.00]292.75|1167.251184.00,190.75
80% ASMD Giza 2 227.50]244.25|1236.75] 99.00; 139.25|129.75
T.W.C.310}310.25{ 315.00| 329.50| 164.00: 178.00168.75
Karnak 224.,00] 252,001 247.00,130.501124.75,;132.75

L.5.D. at 5% 12.0 6.0

at 1% 15.0 9.0

ASMD: Available so0il moisture depletion.
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Table 23: Seasonal consumptive use {cm) and its rate cm/day for
maize as affected by water stress, maize cultivars and

foliar application of zinc sulphate over the three

seasons.
¥ater stress 40% ASHD 80% ASHD 80% ASMD Tetal
. . , . mean
Seasons |[Cultivars| ! Zinc suiphate consentration
cm

0.0 00,351 0.6% | Mean | ©0.0% | €.3% ! 6.5% | Mean | 2.0% | 0.3% 3 C.6% | Mezn

+998 | Giza 2 163.23063.92164.70| 63,95 | 57,05 { 57.19 | 57,39 | 57,21 | 48,38 ; 46,55 | 48,73 | 48.55 56.57
TH.C.3100 64.15|64.67] 84,261 64.37 | 57.50 | 57.7% | §7.62 | 57.64 | 48,17 | 48,88 | 48,53 | 42,46 [ 56,42
Karnak |63,55164.17(64.01] §2.99 [ 67,57 | 57.30 ] 57.48 | 57,45 [ 48.10 | 48,25 | 43.38

1989 | Giza 2 |64.52164.580 64,45 64.52 | 58.52 1 58,67 | 56.62 | 56.60 | 48,27 [ 49,16 § 43,00 | 43,47 16143
T.H.C.310 64.55154,67] 65,34 64.85 | 58,36 | 58,34 | 58,57 | 58.42 | 4042 | 49.24 | 43,30 43.32|57.82
Karnak | 64.78164.83]64.54| 64,72 §57.62 | 58.29 | 56.37 | 53,00 [ 49.18 | 43.08 | 49.11 | 43,12 | §7.3

1990 | Gizz 2 | §4.24(64.45]64.36 64.35 | 58,95 | 56.89 | 59.13 | 58.99 | 49.64 ; 49,56 | £9.50 } 43,57 | .04
T.9.C.3000 65.16164.771 64,751 64,89 | 55,59 | 58.45 | 68,30 | 58,85 | 49.90 | 49.51 ; 5¢.12 | 43.84 157,79
Karnak | 64.12{64.25| 64,691 64,35 | 66,23 | 58,41 | 58,30 | 54.3% | 49,79 | 43,96 | 49,66 | £3.30 | §7.4%

Total mean cm | 64.25 64,48 64,57| 64,43 | 58,04 | 56,15 | 58.26 | 58,15 | 49,09 | 48,11 [ 43,96 | 42,12 157.23

Seasanal 0.531 0,521 0.53) 0.53 | 0,48 | 0.48 | 0.48 | 0.48 | 0.41 | 0.41 ] 0.41 5 Z.&1
consumptive use

rate ¢m/day

No. of irrigation 10 10 10 4 19 6 £ § b 4 4 4 1 4

ASMD : Available soil moisture depletion.
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RESULTS AND DISCUSSION

in between. This trend shows that the increment in water
consumptive depends on the availability of soil moisture in
the root zone. In other words, when soil was Kkept wet by
frequent irrigations, higher seasonal consumptive use was
obtained. These findings resulted in ascribed to high avaii-
ability of soil moisture to the plants as well as high
evaporation opportunity from a wet rather than a dry condi-

tion.

In this respect, Doorenbos and Pruitt (19877) gave an
extensive explanation of the effect of available soil water on
evapotranspiration, they stated that after irrigation or rain,
the soil water content will be reduced primarily by evapo-
transpiration. As the soil dries, the rate of water transmit-
ted through the soil will reduce. The effect of soil water
content on evapotranspiration varies with crop and soil type,

as well as water holding characteristics,

Regarding to maize cultivars and zinc application, it is
clear that there was a slight inconsistent affect on the
values of consumptive use. So, it could be seen that maize
cultivars and zinc application had no obvious effect on this

trait.

The average values of seasonal consumptive use rate in
cm/day for maize during the three seasons were 0.53, 0.48 and

0.41 cm/day under the different jrrigation treatments equal to
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40%, 60% and 80% depletion in availabie water. It was observed
that 1irrigation levels exhibited the large difference 1in

consumptive use rate.

Regards to maizs cultivars and zinc application, the

average value for both was 0.47 cm/day.

It is clear that the availability of soil moisture is the
most effective facto~ influencing seasonal consumptive use

rate cm/day.

The previous results are in full agreement with those
obtained by Downey (-971), Ibrahim (1874), Metwally (1977},
Ainer (1983), Jana and Puste (1985), E1-Refaie et al7. (1988),
Nissen et al. (1988) and Meleha (1992)., They mentioned that
more frequent irrigations provided a chance for more luxuriant
use of soil moisture, which ultimately resulted in increasing

transpiration.

B. Daily rates:

The daily water consumptive use by maize as a function of
soil moisture stress, maize cultivars and foliar application
of zinc sulphate is presented in Tables (24, 25 and 26) and

Figure (1).

Resuits indicated that the daily consumptive use started

with small value at initial stage because soil moisture loss
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is only by evaporaticon from the time of seed sowing until
plants emerge. Then, transpiration ensues and the daily
consumptive use increase as plant foliage develops. Soil
moisture depletion in this phase is due to both evaporation
and transpiration. The daily consumptive use reaches its peak
value in the middle of the growing season, which consider the
critical period in the demand of water by maizé. Then, it
declines at the en( of the growing season as the crop becomes
mature and the consumptive use losses are due to evaporation

from soil surface only.

The average valuzs of the daily consumptive use in the
three growing seascons at the initial, mid season and full
maturity were 0.34, 0.70 and 0.39 cm/day, respectively when
irrigated at 40% soil moisture depletion. The corresponding
values were 0.34, 0.43 and 0.35 cm/day when watering at 80%

depletion in availabl: water.

Regarding to tha effect of maize cultivars and zinc
sulphate it could be s=2en that they had no obvious effect upon

daily rates,

It is clear that the daily water used reached maximum
value at pollination stage because the majze needs largest
guantities of water in this period and this in turn affected

the generative parts which are the basis of the yield. The
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Table 24: Daily consumptive use in cm as affected by foliar
application of zinc sulphate and maize cultivars at 40%
available soil moisture depletion (comined three seasons
1988, 1989 and 1990).

Cu1t1var4 Giza 2 T.W.C.310 Karnak Total
: mean
Zinc sulphate concentration cm/day
Months 0.0%0.3%0.6% mean| 0.0% | 0.3% | 0.6%| mean|0,0% 0.3% 0.6% mean
June |0.34(0.34/0.34/0.34]0.34{0.34]|0.34} 0.340.34/0.34,0.34,0.34 0.34
July 0.41/0.41]0.41]0.41]0.41]0.41|0.42; 0.410.42 0.42]0.42]0.42 0.41
Aug. 0.70l0.70/0.70/0.70l 0.70] 0.7010.71| 0.70]/0.70{0.71/0.70/0.70 0.70
Sept. |0.61{0.62{0.6110.62| 0.62! 0.62 0.621 0.62|0.6110,61(0.61/0.61 0.62
Cct. 0.2810.39/0.3910.39/ 0.40{0.40|0.40| 0.40|0.39/0.39/0.39{0.39 0,39

Table 25: Daily consumptive use in cm as affected by foliar
application of zinc sulphate and maize cultivars at £0%
available soi” moisture depletion (combined three seasons
1988, 1988 and 19980).

Cultivarsg Giza 2 T.W.C.310 Karnak Total
: mean
Zinc sulphate concentration cm/day
Months 0.0%0.3%0.6%mean 0.0%| 0.3%| 0.6%] mean 0.0%0.3%0.6% mean
June 10.3400.34/0.34/0.34 0.3410.34|0.34] 0.34{0.34/0.34/0.34/0.34| 0.34
July [0.41/0.41/0.44{0.41. 0.41{0.410.41| 0.41,0.41/0.41 0.410.41 0.41
Aug. 0.62/0.62{0.62/0.62 0.61]|0.61]0.62] 0.61{0.610.61/0.62/0.62 D.61
Sept. 0.53/0.530.53/0.53 0.52|0.52;0.52; 0.52;0.52.0.52/0.52 0.52 0.52
Oct. 0.35/0.36/0.36/0.36 0.38| 0.37,0.37; 0.37|0.36;0.37 0.36/0.36) 0.36

Table 26: Daily consumptive use in cm as affected by foliar
application of zinc sulphate and maize cuitivars at B80%
available soil moisture depletion (combined three seasons
1988, 1989 and 1990).

Cu1tivaré Giza 2 T.W.C.310 Karnak Total
mean
Zinc sulphate concentration cm/day

Months |0-0%0.3%0.6%mean 0.0%]0.3%) 0.6%| mean|0.0%0.3% 0.6% mean
 June |0.34/0.34/0.34{0.34, 0.34]0.34|0.34| 0.340.34/0.34/0.34/0.34 0.34
July |0.37/0.37{0.37/0.37{0.37(0.37)0.37}0.37{0.37/0.37,0.37{0.37] 0.37
Aug. |0.47|0.46/0.46/0.4€] 0.46 [ 0.46| 0.47| 0.46|0.46{0.46/0.46{0.46] 0.46
Sept. [0.44{0.44{0.44/0.44/0.44]0.44]0.44] 0.44{0.44{0.44/0.44{0.44] 0.44
Oct. |0.35(0.35/0.35/0.35/0.35]0.35]0.34] 0.34]0.34{0.35/0.35{0.35 0.35
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RESULTS AND DISCUSSION

daily consumptive use affected by moisture content, climatic

conditions and growth stage of plants.

These results are in accordance with those reported by
Ainer (1983), Jana and Puste (1985), E1-Sabbagh {1988) and
Meleha (1992), who found that dajly water use has the same

direction with the available so1l moisture,

In this respect, Lemon et al. (1958) reported that the
gradual increase 1in evapotranspiration from planting to the
maturity can be explained on the basis of percent cover. The
decrease in evapotranspiration, after maturation is probably
resulted from the plant development factor. However, in many
studies the soil water is not maintained at a high level

condition after maturation.

C. Monthly rates:

Monthly consumptive use by maize under the different
treatments is illustrated in Tables (27, 28 and 29). The
average values of the monthly consumptive use for maize in the
three seasons were 0.79, 12.83, 21.77, 18.43 and 10.61 cm for
the months June, July, August, September and October, respec-
tively when irrigation was practiced at 40% available soil
moisture depletion. The corresponding values were 0.79, 11.45,
14.32, 13.19 and 9.37 cm when watering was at 80% soil
moisture depletion. The results indicate that the higher

monthly vaijues of evapotranspiration were recorded during
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RESULTS AND DISCUSSION

August and September which represent the period of maximum
demand for water by maize. This trend was found to be true in
the various treatments. Such trend could be explained on

percent cover basis.

The previous results are in harmony with those reported
by Metwa]!y.(197?), Ainer (1983), Ali (1984), el-Refaie et al.
(1988) and Meleha (19982).

Finally, it could be concluded that:

1. Seasonal consumptive use amounts increased as the
availability of soil moisture increased in the root zone.
The highest values of consumptive use was 64.43 cm when
plants were irrigated at 40% depletion 1in available
water, while the lowest ohe was 49.12 cm when watering at
80% soil moisture depletion.

2. Maize cultivars and zinc application had no obvicus
effect on water consumptive use.

3. The highest value of seasonal consumptive use rate was
0.53 cm/day accompanied by irrigation at 40% depletion in
available water, while the lowest value was 0.41 cm/day
related to irrigation at BO% soil moisture depletion.

4. The daily consumptive use increased gradually as plant
growth increased and reached its maximum at about silking
and seed formation.

5. Monthly consumptive use reached its maximum values during

tugust when sowing in June.
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Table 27: Monthly consumptive use in cm as affected by foliar
application of zinc sulphate and maize culitivars at 40%
available soil moisture depleticn (combined three seasons,

1888, 1989 and 1990).

Cultivars Giza 2 T.¥.C.310 Karnak Tota!

: : mean ¢a
Zinc sulphate concentration

Nonths

0,05 0.3% 0.6% | mean | 0.0% | 0.3% i 0.6% | mean) 0,08 % 0.3% §.6% | nean

dune 0.79] 0.79) 0.789F ©0.7%| 0.7%) &.78] 0.7370.7%| 079 0.7%} 0.7%; 0.79; Q.72
July 12,78 | 12,74 | 12.82% 12,78 (12,81 12,78 112,85 12,81 | 12.92 | 12,96 : 12.86 | 12,90 12.83
Aug. 21,82 21,681 21,820 20.77120.89( 21,70 21,90 [21.76 | 21,50 21,93} 21.82] 21,78 | 21,77
Sept. 19,34 1 18,46 18,42 18.41]16.48| 18.64 §16.47 18.53 118,37 | 18,36 | 16.35 | 18,36 18.43
et 10.27 | 10.64| 10.65| 10,52 10,851} 10.80{10.78 10,81 {10.48| 10,40} 10.53 | 10,481 10.61

Total cm |64.00 | 64,31 64,50 B64.27|64.62]84.71 84,79 r4.76 §4.167 64,43 64,41 64,33 B4.43
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Table 28: Monthly consumptive use in cm as affected by foliar
application of zinc sulphate and maize cultivars at 60%
available soil moisture depletion (combined three seasons,

1988, 1989 and 1890).

6u1tivar4 Biza 2 T.4.C.310 Karnak Total

, _ mean o
Zinc sulphate concentraticn

Hanths

0.0% | 0.3% 0.6% | mean | 0.0% 1 0.3% 1 0.6% | mean! G.0% | 0.)% C.8% ¢ mean

June 0.79) €.79) ©G.79) 0.7%| 6.794 0.79| 0.7910.7%; 079} 079 9,79} H.79] &.79
July P72 12,72 12,80 1275 (12,610 12,71 {12,701 12.68 § 12.69 | 12.70 | 12.70§ 12.8%| 12.7¢
Aug. 19200 19,20 19,31 19.24 18,83 19,03 | 19,47 [19.01 [ 18,92 | 18,92 13.24 | 19,03 | 19.09
sept, 16,007 15.88 | 15.86| 15.9115.58 ) 15,80 ;15,72 18,63 (15,73 95,71 15,72 ] 15,72 | 15.75
Oct. §.461 9,67| 9,80 9.56110.34)10.07| 9.98 ['C.13] 9.6} %8.88¢ 9.3%) &.72) 9.81

Total cm | 58,18 58.26| 59,36 58.27)53.15(68.20188.37 r8.24 57,821 58,90 58.04% 57,951 58,15

132




Table 29: Monthly consumptive use in cm as affected by foliar
application of zinc sulphate and maize cultivars at 80%
available soi! moisture depletion (combined three seasons,

1988, 1989 and 1890).

Cultivars giza 2 T.9.0.310 Karnak Total

. . medan cm
Iinc sulphate concentration

Months

0.0%| 0.3% §.6% 1 mean ! 0.0% | 0.3% | 0.5% | mean 0.0% | 0.3% 0.6% | mean

Jung 0.7¢ | 0.799 0.79) ¢.79( 6.79] 0.79§ 0.7940.73 ) 0.79] 0,781 0.79| 0.79; 0.79
July (.46 ] 11,46 | 11,46 10,46 11,441 115 | 11,46 11,45 111,46 ) 11,43 | 11461 11.48) 11,45
hug. 14,40 14,24 14390 14,34 1434 | 14,27 [ 14,22 [14.28 [ 14,30 | 14,27 14,48 1434 14,32
Sept. 13,041 13,131 13,00 13.0913.04 | 13,26 | 13,28 13,19 113,27} 13.30| 13.28] 13.28) 13.18
ct. 941 0.47] 9.38| .42} 9.55| §.38 9.5619.50 1 8.21| 9.31} 9.09) §.20; 9.3

Total cm [45.10] 49,09 49,117 43.10 [49.16 ] 43,18 I49.31 r9.21 43,03 48.10| 45.06 | 49,06 49.12
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RESULTS AND DISCUSSION

2. Water use and yield relationship:

It has been mentioned previously that s0il moisture
jevels comprise the main constrain in maize production. Thus,
it seems advisable to find out the relationship between actual
consumptive use and maize grain yield. Chang (1971) concluded
that when the actual evapotranspiration falls short of the
potential, the actual yield will also be less fhan the

max imum.

Therefore, it is possible to correlate the yield of maize
in each soil moisture levels with actual water consumed by the
crop. Linear regression has generally proved to give the best
description of crop to water use. The relation between
consumptive use in cm (X) and maize grain yield kg/feddan (Y)
for all soil moisture stress was linear and could be described
by the following linear equation:

Y = Y + b (X-x7)

Where:

Y : Predicted maize yield in kg.

Y~ Observed mean yield.

X : Seasonal consumptive use of maize in cm.
b The linear regression coefficient.

X : Mean consumptive use of maize in cm.

The association between response of yield and seasonal
consumptive use of maize used to illustrate the simple linear
regression analysis as follows:

Y :-420.68 + 65.24 X
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RESULTS AND DISCUSSION

The correlation coefficient for the Ltwo variables was

significant positive and equal (0.999).

Thus, the results indicates the goodness of a prescribed
relationship to the two variables, The linear coefficient
value (by.X) was significant and equal to (65.24 kg/feddan).
Thus, increasing one unit (cm) of seasonal consumptive use of

maize increased 65.24 kg of grain yield/feddan.

3. Water uptake by maize roots:

Data of soil moisture extraction percentage in the soil
tayers are listed in Table (30) and illustrated in Figure (2).
The data reveals that most of the consumed water by maize was
removed from the surface soil layer. The highest percentage of
moisture uptake occurred at the surface 15 cm of the soil
profile. Less water was extracted from the successive depths.
The moisture extraction pattern was similar for all different

irrigation levels in the three growing seasons.

For the upper 30 cm soil layer the average percentage
values of water extracted by maize roots in the three seasons
were 83.33%, 76.54% and 73.56% when irrigation was practiced
at 40%, 60% and 80% soil moisture depletion, respective1y;
while the respective values were 16.67, 23.46% and 26.44%

withdrawn from the Jower 30-60 cm.
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RESULTS AND DISCUSSION

These values indicate that when the soil is kept wet as
adopted in 40% depletion in available water, more water is
extracted from the upper 30 cm soil depth. Whereas, increasing
soil moisture stress as adopted in 80% soil moisture deple-
tion, plants tended to extract more water from lower 30-60 cm
in spite of less root distribution at the lower layvers of the

soil and more energy must be required for extraction.

In this respect, Israelson and Hansen (1982) reported
that, in arid regions, more water was extracted from the first
foot of soil, whenever it is kept moist by frequent irriga-

tions,

Regarding to the effect of maize cultivars and zinc
application on water uptake from different layers of soil
profile, The results show no effect of such factors in the

removal of moisture and the values were about the same.

From the previous results, it could be conciuded that
about of 83.00% of the storage water used by maize was
obtained from the upper foot and about 17.00% from the second

foot when maize irrigated at 40% depletion in available water.

Drought stress i.e. 80% soil moisture depletion reduce
the rate of moisture extraction in the upper soil layer to
about 74.00%, while more moisture was extracted from Tlower

soil depths (26.00%).
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Table 30: Percentages of so0il moisture extraction by maize roots
from different soil layers as affected by water stress,
maize cultivars and foliar application of zinc suiphate

(combined three seasons, 1988, 1989 and 990).

fultivars Giza ? < T.HCLH0 karaak Total
_ . mean
Water Depth Zinc sulphate concani-zlien
stress 4

0.0¢ | 8.3 | 0.6%| mean | 0.0% | 0,3% | 0.6% | mean 0.0% | 0.3%¢ 0.6% ! mpean

40% ASHDL 0-15 | 54.87153,80 | 53.50% 54,08 ;53.38 | 55.50 | §3.81 54,23 | 54.32 154,91 53,99 544115424
15-30 | 29.06|29.43 ) 28.92] £3.14 | 29,40 | 29,53 [ 28,07 [29.00 ; 29,29 29.09 ) 29.01} 29.13]28.08
20-45 1 15.07115.63 | 16.24% 5,65 1 15,75 14,95 | 15,80 {15.50 | 15,321 15,18 15.61 15.36 115,50
$5-60 | 1,00 | 1.t4l 125|113 ) 147 1,02 133 )T | LT 0,847 1,38, 10 b7

60% ASMD| 0-15 | 47,56 | 47.79 | 47.87| o7.74 | 47,56 47.76 | 48,05 r7,79 47,83 (47,731 48.35) 48,30 {47. 4
15-30 | 26.58 126,96 | 28,34 18,63 | 28.83 | 28.60 | 28,50 [28.64 | 28.75 ) 28.47 28,38 28.53128.60
30-45 | 17,710 78,31 | 18.08] 18,03 | 17,71 18,10 | 18.25 118,02 { 17.82 18,191 17,004 17.70 417,92
45-60 ' 6150 4.94| 5.701 5.50| 5.80| 5.54 | 5.20|6.55 5.33| 5.6 5,061 5.47¢ 5.54

80X ASND | 0-15 | 45.36 | 45.67 1 45.69| 45.57 | 45.97 | 45.55 | 44.80 48,44 1 46.26 45,301 46.00 | 46.22 |45.74
15-30 | 28.12 | 27.71 ] 28.21] 28,01 126,82 | 27.77 | 28.42 27.67 | 27.62 | 27,85 28,02 27.7627.82
30-45 | 18.76 | 18,04 1 18,12 18,31 16,80 | 18.14 | 18,37 [18.44 1 18.24 1801 18,031 18.13)18.29
45-80 | 7.76| 8.58] 7.98) 8.1t} 8.411 8,54 8.418.45) 7.88| 7.54 7.861 7.89 ) B8.15

ASMD: Available soil moisture depletion.

137




aWSY %08 ¥ voiebiu) GWSY %09 18 uoyubiu| ANSY %0t 1e uoneBul|

<
—

(& ]
o

o
™

o
or s

138

o
9]
abriusdiad uolnoelixse ainis|ow (109

08

* 09-5b [[] SP-OERY 0E-§+[] SHO[7]
Y

syosess BuimolB ssalyl a8yl Ussmlad PauIqUIOd 8y} Se S|aA9) uonebiill JusIalip
10} 8U0Z-1004 8U1 JO Yidap yoes wolj ezrew Ag psjoeilxe I81em 2 ‘Bi4




RESULTS AND DISCUSSION

These results are in good agreement with those obtained
by Ibrahim (1974), Ainer (1983), Jana and Puste (1985), Shaviv
and Hagen (1991) and Meleha (1992). They concluded that a
relatively high water uptake from the top layers occurred when
compared with deep layers, as a resuilt of the concentrated

roots in the upper depth.

4. Water use efficiency.

water use efficiency has been used to evaluate various
agronomic practices with respect to water consumptive use,
Water use efficijency can be fincreased by increasing crop
production and or by decreasing evapotranspiration. Crop
production can be upgrade by the best high yielding cultivars,
adaptation to the environment as well as by effective water
management, air and nutrient supply to the roots and of both

light and Co, to the foliage.

Table (31) illustrates the water use efficiency values of
grain yield kg/m3 of consumed water as influenced by soil
moisture stress, maize cultivars and foliar application of

zinc suiphate.

Soil moisture levels induced a great response on water
use efficiency by maize. The highest water use efficiency
value was 1,40 kg/nﬁ of consumed water scored from the
treatment which irrigated at 40% soil moisture depletion

fol owed by the medium level i.e. 60% depletion in available
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RESULTS AND DISCUSSION

water 1.38 kg/m3 of consumed water, whereas the least value
was 1.358 kg/m3 of consumed water produced from the dry one

i.e. 80% soil moisture depletion.

These results could be attributed to the highly signifi-
cant differences among the maize grain yield values as well as

differences between the consumptive use.

Regarding to maize cultivars the mean values were 1.27,
1.58 and 1.28 kg/m3 of consumed water for Giza 2, T.W.C.310
and Karnak cultivars, respectively. It is clear the T.W.C.310
cultivar is the highest in water use efficiency among other

cultivars.,

The mean values of water use efficiency for zinc applied
as foliar i.e. 0.0, 0.3% and 0.6% were 1,34, 1.40 and 1.38
kg/m3 of consumed water, respectively. It is evident that
applying zinc sulphate at 0.3% resulted 1in producing the
highest water use efficiency than other concentration due to

high yield production.
The previous results are 1in accordance with those

reported by Musick and Dusek {1980), Ainer (1983), Jana and

Puste (1985), Miseha et al. (1988) and Meleha (1892).
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Table 31: Water use efficiency by maize kg/grains/nﬁ of water
consumed as affected by water stress, maize cultivars and
foliar application of zinc sulphate (combined three

ceasons, 1988, 1989 and 1990).

Water 40X ASMD §0% ASHD 80% ASMD Total

55resy i ) pean
Zinc sulphate concestration

Lultivars

¢.0%] 0.3% 6.6% | mean | 0.0% | 0.3% ) 0.6% | mean p.0x t 0.3% 0.6% | mean

Giza 2 1241 1.04] t.3e) 10 ta23 133 W rogl 18] 128y 22 123 v
TALC10 T LB 182} 18D 1574 1.E2 $.50] 1,60 11,550 1.80] 1.81] 1.83) 1.8 1,58
Karnak .32 1.40| t.2el 132 1.30) 1,34 1,28 1,301 1,18 1.23) a1l na 1,28

Mean sag] 1.45] 1,381 1,46 1.35] 1.39) 1.4011.38 1.82] 1.37] f.3( 1.35 1.38

ASMD : Available soil moisture depletion.
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RESULTS AND DISCUSSION

5. Crop coefficient (Kc):

Amounts of irrigation water can be calculated with the

aid of climatological elements. The following two steps can be

handled:

1. Determination of potential evapotranspiration (ETp).

2. Estimation of the convenient crop coefficient (Kc)
values.

Crop coefficient (Kc) is presented to account for the
effect of crop characteristics on crop water requirements. It
relates potential evapotranspiration (ETp) to crop consumptive
use (C.U.) or to soil moisture depletion (S.M.D.) by crops.
Factors affecting the value of the crop coefficient (Kc) are
mainly crop characteristics, crop planting or sowing date,
rate of crop development, length of growing season, climatic

conditions and frequency of irrigation.

Vvalues of crop coefficient (Kc) are listed in Table (32)
and illustrated in Figure (3). The values were calculated
according to the actual evapotranspiration (ETc) of maize that
derived from the treatment which irrigated at 40% soil

moisture depletion to potential evapotranspiration (ETp).

In this study, potential evapotranspiration has been
estimated by four methods namely modified Penman, Radiation,
modified Blaney-Criddle and the class A pan during the growth

pe- - . of maize. Values of (ETp) are presented in Table (32)
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RESULTS AND DISCUSSION

and illustrated in Figure {(4). The results indicated that
estimation of potential evapotranspiration by Blaney-Criddle
and the class A Pan methods were 1ower than those obtained by
penman and Radiation methods. These findings can be attributed
to that Blaney Criddle and the class A pan may not be enough
to give accurate estimate of evapotranspiration. These results
are in full agreement with those obtained by Meleha (1992) who
concluded that Blaney-Criddle and the class A pan methods gave

lower values of potential evapotranspiration.

The average values of seasonal crop coefficient (Kc) for
maize in the three seasons were 0.88, 0.89, 1.07 and 1.12 for
Penman, Radiation, Blaney-Criddile and the class A pan methods,

respectively.

1t is clearly that (Kc) values for Penman and Radiation
methods were lower than those obtained by Blaney-Criddle and
the class A pan methods. This is mainly due to lower estimated
value of potential evapotranspiration obtained by the last two
methods. Seasonal (Kc) values calculated by Penman or Radia-~
tion methods were similar to the value of (0.75-0.90) recom—

mended by Doorenbos and Pruitt (1977).

Results indicated that crop coefficient (Kc) was reached

the least value at earlier stages of growth, then increased

gradually and reached its maximum in the mid season since
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RESULTS AND DISCUSSION

pollination and seed formation, and then decline to reach

lower value at maturity.

The previous results had been explained by Jensen (1968)
who concluded that seasonal evapotranspiration for most common
crops will be less than potential because the soil may be
completely bare for some time after sowing and the effective
resistance to transpiration increased when the crop started to
mature. Burch et al. (1978), found that the rate of actual
evapotranspiration to the potential evapotranspiration,
increased from 0.2 in the early period of the season to about

1.2 at later stages for well watered plants.

It could be concluded that the calculated value of 0.88
for (Kc) could be used in calculating the consumptive use of
maize in North Delta area as estimated by the aid of Penman or

Radiation methods.
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Table 32: Crop coefficient (Kc) and potential evapotranspiration

(ETp) mm/day at different months (combined three seasons,

1988, 18839 and 1980).

Hanths Actiéal evapo- Potential ET. (ETp) an/day Crop coefficient (ke)
transpiration
(ETc) mnjday Penman {Radiation| Blansy Pan Penman ;Radiation] Blaney Pan
Criddie |evaporation Criddle |evaporation
fene 3.40 7.88 7.78 5.99 6.61 0.43 0.44 0.45 0.51
Huly .10 .82 6.34 4,90 5,58 0.80 0.64 0.84 0.74
Aug, 1.00 5.95 5.483 4.55 4,17 1.18 1.20 1.54 1.47
Sep. §.20 5.15 5.09 4.4 4.01 1.20 1,22 1.39 1.55
Jct. 3.90 3.99 4,02 3.57 2.88 0.98 0.87 1.09 1,35
Seasonal crep 0.89 0.49 .07 1.12
coefficient
(Ke)
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RESULTS AND DISCUSSION

V. Simple phenotypic correlations

The simple correlation coefficient between grain
yield/feddan and each of other characters studied were

computed over the three growing seasons, (Table 33).

" significant positive correlation  values were detected
~stween grain yield/feddan and each of strew yield
(ton/feddan), grain yield/plant, plants carry over one sar
percentage, 100-grain weight, ear length, ear weight, number
of grains/row, plant height, ear height, stem diameter and dry
matter/plant, leaf area/plant, leaf area index at 75 days from
sowing, Grop growth rate, relative growth rate and nhet
assimilation rate. This result indicates that selection for
one or more of these characters would be accompanied by high
grain yield/feddan. The present resuits are in agreement with
those obtained by Eraky et al. (1983) who found that dry
weight, leaf area, crop growth rate, plant and ear height were
positively correlated with grain yield and 1its compohents,
i.e. number of grains/row and 100-grain weight. Nawar et al.
(1984), El-Hosary et al. (1989) and Sary et al. (1990) found
that number of grains/row and 100-grain weight were positive
correljated with grain yie1d. Kuldeep et al. (1987) found that
yield was positively and significantly correlated with some
yield components. Rizk et al. (1987) indicated that plant
height, leaf area/plant, leaf area index and dry weight/plant

was rositively associated with the available soil moisture
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content of irrigation time. Tya Gl et al. (1988) indicated
that plant height, ear length, number of grains/row and 100-
grain weight significantly affected grain yield. Foliar
application of zinc had a positive effect on plant growth
through its effect on plant metabolism. In this connection,
Takaki and Kushizaki (1870) reported that zinc has a possibie
role in plant metabolism involved in tryptophan and starch

formation.,

Insignificant positive correiation coefficients were
detacted between grain yield/feddan and each of chlorophyl]
a,b, (a+b) and carotenoids indicating that the increasing of

these traits had no effects of grain yield/feddan.

Insignificantnegativephenotypiccorre1ationcoefficient
was found between grain yield/feddan and number of days to 50%
silking. The same trend was also realized by Eraky et al.
(1983), Rizk et al. (1987), A1i (1985) and Tya Gl et al.
(1988) who indicated that number of days to 50% silking were

negatively correlated with grain yield and its components.

significant negative phenotypic correlation value was
found -between grain yield/feddan and late wilt disease
percentage. This result indicates that a high grain
yield/feddan may be accompanied by a 1ow percentage of late
wilt disease. Similar trend was obtained by Kassem et al.

(1977) and El1-Sabbagh (1988}.
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Table 33: Correlation coefficient values Dbetween grain yield
kg/feddan and other characters studies 1in combined
analysis over the three growing seasons 1988, 19889 and
19390.

Characters Grain
yield

Straw yield (t/fed.) .« « « « + o+ = = 0.893%%

Grain yie1d/pﬁant (g) . « « « o - - 0.999%%

pPlants carry over one ear (%) 0.760%%

100-grain weight (g) 0.837%x

Ear length (cm) . . . 0.817%x%

Ear weight (@) . - + « « « = = « = = ¢ 0.881%%

No. of grains/row . . . - « « « « « - 0.786%%

plant height (cm) 0.806%¥

Ear height (cm) . . . + - « = « « = 0.823%x%

stem diameter (cm) . . . . o o e 0o 0.849%x%

Dry matter/plant (g) at 75 days from sowing 0.853%x

Leaf area/pltant (dmﬁ at 75 days from sowing 0.804%%

Leaf area index at 75 days from sowing 0.806%x%

Crop growth rate (g/#/day) e . e e 0.810%%

Relative growth rate (mg/g/day) 0.552%%

Net assimiiation rate (g/m@day) 0.571%x%

Days to 50% silking -0.276

Chlorophyll a (mg/dm! LA) 0.350

Chlorophyll b (mg/dm! LA) . . « + « - 0.312

carotenoids (mg/dmf LAY . . . < .« .« = s - 0.248

Chlorophyll (a+b) (mg/dm LA) . . . . 0.370

Late wilt disease % . . . . « « o =+ = = o=orrr 00T ~0.767*%x*
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