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ABSTRACT

Two field experiments were carried out during two suminer scasons of (2005 and 2006) at Sakha
Agricultural Rescarch Station, Kafr El-Sheikh Governorate to investigate irrigation scheduling of maize
cultivars using class A pan evaporation in North Delta, Egypt. Irrigation water was applied at 1.2, 1.0 and 0.8
of accumulative pan evaporation (A.P.E), whilc maizc cultivars used were hybrid single crosses (8.C.) 10,
122 and 124. The results showed that irrigation scheduling at 1.2 of accumulative pan evaporation (A.P.E)
significantly increased plant height by 4.4%, car length by 4.6% number of rows/ear by 16.7%, number of
grains/row by 7.3%, 100-grain weight by 6.6%. vieid of plant by 17.1% and grain yield./fed. by 18.1%
compared to irrigation at 0.8 of A.P.E.Maize cv. S.C. 10 signilicantly surpassed maize cvs. S.C. 122 and S.C.
124 in the mean values of plant height, car length, number of grains/row, 100-grain weight, yield of plant
and grains yield/fed. However, maize cv. $.C. 122 was superior in the number of rows/ear to maize cvs. 5.C.
10 and S.C. 124.Seasonal water use values were 57.74, 52.16 and 47.60 cm for irrigated maize plants at 1.2,
1.0 and 0.8 of A.P.E,, respectively. Irrigation at 1.2 of A.P.E. resulted in higher amount of irrigation water
applied to be 74.3 cm distributed on 7 irrigations, fcllowed by irrigation at 1.0 to be 67.2 cm distributed on 6
ones, and irrigation at 0.8 of A P.E. was 57.1 cm distributed on 5 ones. It was also found that the intervals of
irrigation were 21, 14, 14, 13, 14 and 16 days for irrigation at 1.2 of AP.E. and 21, 16, 18, 18 and 19 days
for irrigation at 1.0 of A.P.E. and 21, 21, 22 and 25 days for irrigation at 0.8 of A.P.E,, respectively. Lower
frequent irrigation due to irrigation at 0.8 of APE resulted in a significantly higher water use efficiencies
compared 1o the other two irrigation treatments. Maize cv. 5.C. 10 significantly increased water use
efficiencies compared to maize cvs. S.C. 122 and 124 due 1o higher yielding. Most of the consumed waler
was removed from the upper layer (0-15 cm) of the scil profile because of root concentrations and its
activity. At the same time, soil moisture extraction pattern by maize roots was not affected by the cultivars.
Linear equation slopes between irrigation water applicd and grain yield, water use efficiency and water
utilization efficiency were 44.0, -0.20 and -0.41, respectively. It was concluded that irrigation scheduling in
maize based on 1.2 of accumulative pan evaporation produced high yicld in North Delta, Egypt.
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yield (Majumdar, 2002). Irrigation applied before

1. INFRODUCTION

In Egypt, maize is a major cereal summer crop
and it has a special importance because the national
production is not enough to meet the increase of
local demands. One of the important factors 1o
increase crop production is a successful water
management through when to irrigate and how
much water amount applied each time.

Proper  irrigating management  demands
application of water at the time of actual need of the
crop with just enough water to wet the cfiective root
zone depth. The interval belween two irrigations
should be as wide as possible to save irrigation
water without any adverse effect on the growth and

the time of actual crop need encourages only losses
of water through higher evapotranspiration and deep
percolation. On the other hand, delayed irrigation
causes plant water stress that depresses the growth
activities and yield (Majumdar, 2002). Water stress
all over maize growing season, or only at
reproductive stage significantly reduced plant
height, ear length, number of grains/row, number of
grains/ ear and grain yield/fed. (Oraby et al., 2005).
Mahfouz (2003) indicated that water stress
(irrigation every 25 days) caused severe reduction
in yield and yield components of ten hybrids. Grain
yield of maize was significantly increased with the
decreasc in irrigation period (Kamara et al, 2003,
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Kefale and Ranamukhaarachchi 2004 and lbrahim
et al, 2005). El-Sabbagh et af.,(1997) found that
irrigation at 80% of the field capacity gave the
highest values of ear length, ear weight, number of
kernel/row,  100-kernel  weight and  grain
yield/feddan. They also found that the valucs of
water consumptive use were 69.41, 5830 and 46.68
cm for treatments irrigated at 80%, 65% and 50% of
field capacity, respectively. Seif et al. (2005) found
that the highest yield was obtained when maize
plants were irrigated at 40% of the available soil
moisture depletion, whereas the lowesl yield was
recorded at 8(% of the available soil moisiure
depletion. Mite and Zamfir (2004) found that
prolonged drought throughout the growth period
resulted in higher yield losses (76-77%) comparad
with parttal drought experienced in the second part
of maize growth (62-65%) or in the first part of
maize growth (26-30%). Abdel Mawly and
Zanouny (2005) found that the recommended
evaporation pan coefficient (EPC) for scheduling
irrigation was 1.0 for maize (hybrid 310 cv.) in
Upper Egypt, Khalil (2001) and El-Atawy (2007)
revealed that irrigation at 1.3 accumulative pan
evaporalion significantly recorded the highest grain
yield and yield components of maize compared with
1.0 and 0.7 accumulative pan evaporation.
As for maize hybrids, Oraby er al.,, (2005)

revealed that the single cross 10 significantly
surpasscd the other hybrids ie. S.C. 10 and
T.W.C.310 in plant height, number of grains/row,
100-grain weight, and grain yield/fed. Single cross
5.C. 10 was more sensitive to water stress during
the late growth stage than S.C. 18 and T.W.C.310.
Khalil (2001) revealed that the S.C. 10 cultivar,
produced higher grain yield (15.7%) and waler
consumption (452.5 mm waler/season) compared to
T.W.C. 310 (consumed 417 mm water/season). Seif
et al (2005} showed that maize cultivar cv. S.C. 10
surpassed the other four cultivars (TWC310, Giza 2,
5.C. 152 and T.W.C.352) in ear weight, ear length,
number of grains per row, 100-grain weight, and
grain yield.

2. MATERIALS AND METHODS

Two field experiments were conducted at Sakha
Agricultural Research Station, Kafr El-Sheikh
Governorate, during the two successive seasons of
2005 and 2006. A split-plot design with four
replicates was used. The main plots were devoted to
irrigation treatments ie. 1.2, 1.0 and 0.8 of
accumulative pan evaporation (A.P.E.) while sub-
plots were assigned to maize cultivars ie. hybrid
single cross (8.C.) 10, 122 and 124. Sub-plot area
was 42 m” including 10 rows, 7 m long and 70 cm
apart. Plots were isolated by ditches of 1.5 m in

Table (1): Sakha meteorological data of Agricultural Research Station during 2005 and 2006

Seasons.
Seasons 2005 Pan 2006 Pan
Air temperatore Relative humidity | evapor- Alr tesaperature Relative humidity evapor-ation
°C (%) ation °C (%)
Intervals| Max. | Min. | Mean | Max. | Min. |Mean imm/day); Max. | Min. | Mean | Max, Min. [Mean | (mm/day)
1-10/6 30.8 16.2 238 | 801 450 { 626 7.24 332 {1653 249 69.0 46.0 57.5 840
11-20/6 320 18.0 25.0 80.4 430 1 61.7 8.13 205 1159 227 79.0 46.0 62.5 8.08
21-30/6 | 317 18.4 25.1 86.0 | 53.0 | 695 3.00 327 1191 ] 259 86.3 50.0 68.2 8.41
1-10/7 325 19.0 258 88.6 533 | 72.0 775 323 185 254 87.0 58.6 72.8 7.03
11-20/7 34.1 19.3 267 909 514 | 712 7.61 325 | 186 256 86.2 60.1 73.2 7.41
21-31/7 | 335 207 | 271 927 | 56.6 | 147 7.49 32.2 1170 ] 2406 90.5 60.4 75.5 7.64
1-10/8 336 | 2310) 273 90.5 } 555 | 730 7.23 328 | 184 | 23.6 95.0 62.0 78.5 6.91
11-20/8 34.0 20.0 27.0 923 521 722 .10 343 1198 271 96.0 62.0 79.0 6.86
21-31/8 32.7 19.0 259 912 360 | 73.6 6.51 343 (196 ] 27.0 93.0 58.0 75.5 6.25
1-10/9 310 176 | 243 85.7 3.7 | 69.7 6.6U 327 1165 246 85.0 56.0 70.5 6.19
11-20/% | 330 | 204 26,7 | 90.5 533 | 719 65.43 330 (170 250 91.4 49.0 70.2 6.10
21-30/9 | 325 170 | 248 | 86.0 | 536 | 69.8 (.27 33.0 | 165 248 85.0 53.0 69.0 5.54
1-16/10 30.2 16.0 231 810 550 {6804 4396 312 145} 229 82.0 52.0 67.0 6.15
11-20/10) 28.1 13.7 | 209 | 81.0 | 550 | 68.0 4.58 310 | 147 229 76.0 51.0 63.5 4.56
21-31/10] 26.0 13.4 19.7 74.2 514 1628 1.62 283 1221 20.3 78.0 51.0 64.5 3.79
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width to avoid lateral movement of water. Planting
was in hills 30 cm apart, seeding rate was 15 kg/fed.
Maize hybrid grains were planted in June 157 and
13" in 2005 and 2006 seasons, respectively. Planis
were thinned to onc plant per hill before the first
irrigation. The preceding crop was clover in both
seasons, Nitrogen fertilizer was added in the form
of urea (46.5% N) at the rate of 120 kg N/fed.
Phosphorus fertilizer was applied in the form of
calcium superphosphate 15.5% P,O; at the rate of
30 kg P,Os/fed. during tillage operation. Al
recommended agricultural practices were followed
through the growing seasons according o Minpistry
of Agriculture (2005). The soil of the experimental
sitt was clayey in texture. The electrical
conductivity of soil (0-60 cm layer), irrigation
water, and pH of the soil in the saturated soil paste
were 2.03 dS/m, 0.48 dS/m and 8.10, respectively
(Page, 1982). Water table level was 121 cm by
using observation well.

Maize planis were harvested at 120 days from
planting in both seasons. Ten guarded plants were
randomly taken from the fourth inner rows (o
determine yield components. Grain yield was
obtained from the central area of each plot (1/300
fed.} to avoid any border effect. Maize grain yield
was adjusted to 15.5% moisture content. The
following traits were measured i.e. plant height in
cm, ear length in cm, number of rows/car, number
of grains/row, 100-grain weight in gm, yield of
plant in gm, and grain yield in kg/fed.

Sakha meteorological station data, during 2005
and 2006 seasons, were recorded. Mcteorological
data having air temperature, rclative humidity (%),
and pan evaporation from class A pan arc presented
in Table (1).

Data were subjected to the combined analysis as
described by Snedecor and Cochran {1980}, The
treatment means were compared according to
Duncan’s multiple range test (Duncan, 1955).
Soil-water relation:

Soil moisture content was gravimetrically
determined in soil samples taken from consecutive
depths of 15 ¢m down to a depth of 60 cm. Soil
samples were also collected just betore each
irrigation, 48 hours after irrigation and at harvest
time. Field capacity, permanent wilting point and
bulk density were determined according to Klute
(1986) to a depth of 60 cm (Table 2).

Time of irrigation

The available soil water was converted (o water-

depth in mm (Table 2) and it was 116.5 mm. As
every irrigation, the equivalent amount of
evaporation that can occur was estimated, while this
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amowt of available soil water is being used.
Irrigation was timed when accumulative pan

Table (2): Soil mwisture constants foy the experimental site.

Sail Field |[Wilting| Bulk Available soil
depth water

(cm) | capacity | point | demsity % mm

(%) (%) | (g/em)

0-15 46,52 2571 1.10 20.81 | 3434
15-30 40.13 23.90 1.16 16.23 | 28.24
30-45 37.20 2232 1.21 14.88 | 27.01
45-60 34.16 20.59 1.32 13.57 | 26.87

evaporation (A.P.E.) amounted to 116.5 mm for
cach ftrcatment of 1.2, 1.0, and 0.8 of AP.E.
Scheduling of irrigation starled after applying the
first  irrigation. Monthly accumulative pan
evaporation (A.P.E) during 2005 and 2006 seasons
is presented in Table (3).

2.1. Irrigation water applied (IWA):

Irrigation  water was  calculated by the
summation of the daily records of class A pan
evaporation. Submerged flow orifice with fixed
dimension was used to measure the amount of water
applied, as the following equation (Michael, 1978).

Q=CA 4/2gh

Where:
Q = discharge through orifice, (1/sec).
C = coefficient of discharge, (0.61).
A = cross-sectional area of the orifice, cm’.
g acceleration due to gravity, cm/sec.” (981
em/sec,’).
pressure head, causing discharge through the
orifice, cm.
2.2. Water consumptive use

Water consumptive use was calculated using
the following equation (Hansen et al., 1979).

- - PW
CU:Z;=14 D, * D, * PW, - PW,

100
Where:
CU = water consumptive use (cm) in the effective
root zone (60 cm).
D; =soil layer depth (15 cm).
Dy = soil bulk density, (g/cm”) for this depth.
PW; = soil moisture perceniage before irrigation.
PW; = soil moisture percentage, 48 hours after
irrigation,
i = number of soil layers (15 cm).
2.3. Water use efficiency (WUE)
It was calculated according to Jensen (1983).
WILUE = Y/CU
Where:

H

i
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‘Table (3); Monthly accumulative pan evaporation (A.P.E) as affected by the irrigation
treatments during 2005 and 2036 seasons.

Seasons 2005 2006

A.P.E. | Irrigation at AP.E.of | AP.E. | Irrigation at A.P.E, of

Intervals of AP.E.] mm 0.8 1.0 1.2 mm 0.8 1.0 1.2
1-10/6 72.4 57.9 724 86.9 844 67.2 84.0 100.8
11-20/6 81.3 65.0 £1.3 G7.6 £0.1 64.1 80.1 96.1
21-30/6 79.3 63.4 793 Q5.5 84.1 67.3 84.1 100.9
Total 2333 | 1863 | 2330 | 2800 ¢§ 2482 | 198.6 | 2482 | 297.8

1-10/7 7.5 62.0 775 95.0 70.3 56.2 70.3 84.4
11-20/7 76.1 60.9 76.1 91.3 74.1 593 74.1 88.9
21-31/7 74.9 59.9 749 80,9 76.4 61.1 764 91.7
Total 228.5 182.8 228.5 274.2 220.8 176.6 220.8 265.0

1-10/8 72.3 578 723 86.8 69.1 553 69.1 82.9
11-20/8 71.0 56.8 1.0 85.2 68.6 549 68.6 823
21-31/8 651 | 521 ; 651 | 781 | 625 | 500 | 625 | 75.0
Total 208.4 166.7 208.4 250.1 200.2 160.2 200.2 | 240.2

1-10/9 66.0 52.8 66.0 79.2 61.9 495 619 74.3
11-20/9 64.3 51.4 64.3 77.2 60.9 48.7 60.9 73.1
21-30/9 62.7 502 627 75.2 55.4 44.3 554 66.5
Total 193.0 154.4 193.9 2316 178.2 142.5 178.2 213.9
1-10/10 49.6 39.7 49.6 59.5 61.5 492 61.5 73.8
11-20/10 45.8 36.6 458 55.0 45.6 36.5 45.6 54.7
21-30/10 46.2 37.0 46.2 55.4 37.9 30.3 37.9 45.5
Total 141.6 113.3 141.6 169.9 145.0 116.0 145.0 174.0

Y= seed yield in kg/fed.
CU= seasonal water consumptive use in ¢m
2.4.Water utilization efficiency (WUtE):

It was calculated according to Jensen (1983).
WUE= _Y

WA

Where:
Y = Seedyicld in kg
IWA = Irrigation water applied in cm.
2.5. Soil moisture extraction pattern (SMEP):

It was calculated according to the following
equation (Hansen et af., 1979).

SMEP = CU. (layer) x 100/CU (seasonal)
Where:
CU. (layer) = sum of extracted soil moislure in

each soil layer (15 cm).
CU (seasonal) = total sum of moisture extracted in
all soil layers (60 cm).

3. RESULTS AND DISCUSSION

3.1. Grain yield and its attributes

The resulis in Table (4) show that irrigation
scheduling at 1.2 of accumulative pan evaporation
(A.P.E.) significantly increased plant height by
4.40, ear length by 4.6%, number of rows/ear by
16.7%, number of grains/row by 7.4%, 10C-grain
weight by 6.6%, yield of plant by 17.1% and grain
yicld/fed. by 181% compared to irrigation at 0.8 of

APE. A higher grain yield for irrigated maize
cultivars at 1.2 of A.P.E. owing to the higher yield
componenls such as ear length, number of rows/ear,
number of grains/row, 100-grain weight, and yield
of plant as shown in Table 4. These tesults are in
agrcement with those obtained by El-Sabbagh ef al.
(1997), Abd El-Hafez et al. (2001), Ghadiri and
Majidian (2003), Abdel Aziz and El-Bialy (2004),
and Galbiatti et al. (2004) who concluded thart yield
and its attributes of maize plants were gradually
increased as a result of increasing in the availability
of soil moisture content because the availability of
water is an important factor in the growth of maize
plants which incrcase grain yield. Maize is a crop
with  high production potential when its
requirements for growth and reproduction are met
{Pierre et al., 1966). The reduction in yield could be
atiributed to water shortage that causes stomatal
closure and this in turn prevent CO, diffusion into
the air inside the tissue of the plants and
conscquently the photosynthetic efficiency becomes
low (Vasic and Videnovic, 1980 and Passioura,
2006).

The data in Table (4) reveal that maize cv.
8.C. 10 significantly surpassed cvs. S.C. 122 and
S.C. 124 in the mean values of plant height, ear
iength, number of gains/row, 100-grain weight,
yield of plant and gains yield/fed. However, maize
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Table (4): Mean values of yield and its aitributes as aflected by irrigation and maize
cultivars in the combined analysis over both seasons

Treatments Plant Ear No. of | No.of |100-grain| yield of | Grain

height | length |rows/ear] grains/ | weight | Planat yield
{cm) {em) row {gm) (gm) | (kg/fed) |

Irrigation at:

1.2 of APE 308a 25.2a 140a | 453a | 4842a | 3074a | 4989a

1.0 of APE 360b | 246ab i 12.0b | 43.7b | 46.72b | 284.8b | 4605b

0.8 of APE 295 ¢ 24.1b 120b | 42.2c¢ 1 4541 c ) 2624c | 4224 ¢

Maize cultivars:

5.C. 10 307a 252a 120b | 453a | 48.73a ] 319.0a | 5188a

S.C. 122 265 ¢ 243 b 140a | 422c¢ | 4495¢c § 2569¢c | 4132c

S.C. 124 301 h 24.7b 120b ! 438b | 46.88b { 278.5b { 4499b

Interactions:

frrig. x year NS N.S N.5 N.S N.S N.8 N.S

Irrig. x maize cultivars N.S N.S NS NS N.S i **

Irrig. x maize cultivars X year N.S N.S NS N.S N.§ N.S N.8

Means designated by the same letter at each cell are not significant at the 5% level according to Duncan's multiple

range test. N.S: Indicate not signiticant

cv. S.C. 122 surpassed maize cvs. S.C. [0 and i24
in the number of rows/ear. These differences may
be due to the genetic differences among maize
cultivars. The results are in agreement with those
obtained by El-Sabbagh (1993), Khalil (2001)
Oraby et al.,(2005), Seif et al., (2005). and Neill et
al., (2006) and Richards (2006).

Insignificant effect of irrigation and vear
interaction was obtained on all traits (Table 4). Such
results indicate that irrigation treatments showed
similar effect from year to year. All the interactions
among the two factors studied were not significant
except the interactions between irrigation and
cultivars on yield of the plant and grain yield/fed.

Interaction between irrigation treatments and
maize cultivars

Data in Table (5) show that the average values
of yield of plant and grain yield were significantly
affected by the interaction between irrigation
scheduling and maize cultivars in the combined
analysis over both seasons. It is clear from Table 5
that the highest mean values of vield of the plant
and total grain yield were 343.5 gm and 5605
kg/fed., respectively, obtained from irrigation at 1.2
of A.P.E. with maize cv. S.C. 10. On the other hand,
the lowest value of yield of plant and grain yield
were 232.5 gm and 3716 kg/fed., obtained from
irrigation at 0.8 of APE using maize cv. 5.C. 122.
Similar results were reported by Mitu and Zamfir
(2004), and El-Atawy (2007) who concluded that
low available soil water content resulted in a
significant reduction in kernel yield due to disparity
in flowering and the frequency of sterile plants.

Reduction percentage in yield of the plant and
total grain yield due to irrigation scheduling from

2

-

6

1.2 to 0.8 of A.P.E. was lower with maize cv. 8.C.
10 to be 13.0 and 13.6% respectively, while it was
higher with maize cv. S.C. 122 to be 17.2 and
18.1%, :aspectively, while the reduction in maize
cv. S.C. 124 was in between. It was 14.1 and 14.8%
for the yield of plant and total grain yield,
respectively. It means that maize ¢v. S.C. 10 was
less affected by water deficit than maize cvs. §.C.
124 and S.C. 122. These results could be attributed
to the varietal differences (El-Sabbagh, 1993,
Khalil, 2001, Oraby et al., 2005, and Seif et af,
2005).

Tsble (5): Interaction between irrigation and maize cultivars on yield
of the plant and grain yield, over both growing seasons.

Yield of plant in gm Grain yield in
kg/fed.
Variables Irrigation treatments at
1.2 of 1.0 of 0.8 of 1.20f 1.0 of 0.8 of
AP.E, APE. ADE. AFPE. A.PE. A.PE.
Maize
cultivar
s 34353 ) 3148b | 2988¢ | 5605a | S5115b | 4843 ¢
SC e ) 2808d | 2575¢ | 23251 | 4537¢ | 41421 | 37162
5122 2978¢ | 2820d | 2558e | 48264d 4558 e 4112 1
50,124

Means designated by the same letter at each cell are not significant at the

3.2. Soil-water relations
3.2.1. Water consumptive use (CU)

Seasonal rates of water consumgption by maize
plants under various treatments are presented in
Table (6). The results show that seasonal water use
values were 57.74, 52.16 and 47.60 cm for irrigated
plants at 1.2, 1.0 and 0.8 of APE, respectively.
These results demonstrate that water consumption
increased as soil moisture was maintained high by
frequent irrigations. The probable explanation of
these results is that higher frequent irrigations
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provide chance for more consumption of water
which ultimately resulted in increasing transpiration
and evaporation from the soil surface,

Monthly water consumptive use value started
low at the beginning of maize plant growing season
and increased gradually to reach its maximum valve
in August, as a result of the increase in vegeiative
growth and higher water consumption by piants,
then it declined at maturity. These results indicate
that water consumptive use values gradually
increased as the available soil moisture increased in
the root zone of the plant. These resuits are
confirmed with the data reported by Abd El-Itafez
et al., (2001), , Abdel Aziz and El-Bialy (2004),
Abdel Mawly and Zanouny (2005} and El-Atawy
(2007)

and 5 irrigations including seeding irrigation,
respectively (Table 7). Seeding and first irrigation
were the same for all irrigation treatments. It is
obvious that the amount of irrigation water applied
was gradually increased as a result of growing up of
maize plants that required higher amount of
irrigation to meet its water requirements, and then it
decreased again. It means that the depth of
irrigation water applied was affected by so many
factors ie growth stages and meteorological
variables.
3. 2.2.1.Frequency and interval of irrigation

Data in Table 8 show that the means of the
interval between two irrigations for 1.2 of A.P.E.
were 21 days after seeding, 14 days after the first, 14
days after the second,13 days after the third,14 days

Table (6): Monthly and seasonal water ceasumptive use (cm) as affected by irrigation freatments

and maize cultivars, over both seasons,

Irrigation Maize Monthly rates (cm) Seasonal water
treatments at coltivars | June July August | Sept. { Oet, | consumption (cm)
S.C.10 215 12.42 21.44 1732 | 4.51 57.84
12 of APE. S.Co122 4 215 12.38 21.36 17.24 | 4.50 57.63
S5.C. 124 | 215 12.40 21.4! 17.29 | 4.50 57.75
Mean 2.15 i2.40 21.40 17.28 | 4.50 57.74
SC. 10 2.15 11.88 18.73 15.22 ] 4.33 5231
[0 of APE. 8.C. 122 | 215 174 18.68 15.14 } 4.30 52.01
S.C.124 | 2.15 11.81 18.70 15.18 § 4.31 52.15
Mean 2.15 11.81 18.70 [5.18 | 4.31 52.16
S.C. 10 2.15 10.02 17.21 13.78 | 4.09 47.25
0.8 of A.P.E. S5.C. 122 1 2.15 9.96 17.11 13,54 | 4.02 46.78
SC. 1241 215 3.94 17.18 13.63 | 4.07 46.97
Mean 2.15 9.97 17.17 13.65 | 4.06 47.60
S.C.10 2.15 it.44 19.13 1544 | 4.31 52.47
Mean of A.P.E. S.C. 1221 215 11.36 19.05 1531 1 4.27 52.14
5.C. 124 | 215 [1.38 19.10 1537 1 4.29 5229
Mean 2.5 11.39 19.09 1537 | 4.29

The data listed in Table (6) indicate that the
seasonal amount of water consumed by maize cv.
S.C. 10 was slightly higher than maize cvs. S.C. 122
and S.C. 124. This may be atiributed to that cv. 8.C.
10 has a higher growth and photosynthetic aciivity
more than other cultivars.

3.2.2. Irrigation water applied (TWA):

Amount of irrigation water applied was
calculated by summation of daily evaporation
records from class A pan evaporation for each
treatment. Results in Table 7 indicate that watering
at 1.2 of AP.E. resulted in higher amount of
irrigation water applied to be 74.3 cm (3120.6
m’/fed.) due to frequent irrigation, foliowed by
watering at 1.0 and 0.8 of APE to be 67.2 cm
(2822.4 m'/fed.) and 57.1 cm (2398.2 m’/fed.).
respectively. Amount of irrigation water applied at
1.2, 1.0 and 0.8 of A.P.E. was distributed on 7, 6

Table (7):Seasonal water applied (cm) as affected by
irrigation treatments, over both seasons.

Ne. of irrigation Irrigation treatments at
1.2 of 1.0 of 0.8 of
APE. APE. A.P.E.
Seeding irrigation 10.8 10.8 0.8
¢ 79 1.9 79
g 9.5 0.8 i3.6
M 12.0 15.5 13.0
4 14.5 129 11.8
5 10.6 93
ot 90
Total 743 cm 67.2cm 57.1em
(3120.6 (28224 (2398.2
m'/fed.) m'/fed.) m'/fed.)

after fourth and 16 after the fifth. While irrigation
the intervals for 1.0 of A.P.E. were 21 after seeding,
16 days after the first, 18 days after the second and
the third, and 19 days after the fourth, however,
irrigation intervals for treatments irrigated at 0.8 of
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Table (8): Number and irrigation intervals as affected by irrigation treatments and maize cultivars during the two growing seasons.

Seasons 2005 2006 Mean of irrigation
Irrigation Maize |No.of Irrigation intervals, days No. of Irrigation intervals, days intervals in days
treatments cvs. immig. | 1 2 3 4 5 6 |imig. | ] 2 3 4 5 6 1 2 3 4 5 6

5.C. 10 7 21 | 14 | 14 ¢ 13 ) 15 ] 16 7 21 14 131131141521 14 | 14 | 13 | 14 | 16
120of APE |S.C. 122 7 21 4014 | 13 ¢ 15[ 16 7 21 7 141 13 313 [ 14 | 15| 21 14 | 14 | 13 | 14 | 16
S.C. 124 7 20414 114 113 ] 15 | 16 7 21 14 P13 | 131014 115 (21114 | 141311416

S.C. 10 6 21 16 18 | 18+ 19 6 21 15| 17 | 181 19 21 [ 16 | 18 } 18 | 19
1LOof APE [S8.C 122 6 21 |65 | 18 | 18 | 19 6 20 18 | 17 ¢ 18 1 19 2V | 15| 18 | 18 | 19
§S.C. 124 6 21 | 16 | 18 | 18 | 19 6 21 315 1 17 1 18 | 19 21 1 16 {18 [ 18 | 19
S.C. 10 5 20 ] 211 22| 25 5 21 1 20 | 21 | 24 21121 22 25
0.8of APE [S.C. 122 5 21 ] 21} 22| 25 5 2120 | 21| 24 21 | 21 | 22| 25
S5.C.124 5 21 121 | 22 | 25 5 21 1 20 ] 21} 24 21121 1 221 25
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AP.E. were 21 days after scedling, 21 days after
the first and 22 days after the second, and 23 days
after the third. It means that the frequency of
irrigation and interval of irmrigation are closely
related and are often imlerchangeable (Majumdar,
2002).

3. 2.3. Water use efficiency (WUE)

Waler use efficiency expressed in kg of grain
yield/cm of water consumed is preened in Table (9).
Results obtained show that WUE increased as the
soil moisture deficit increased. Maize culiivars
irrigated at 0.8 of A_P.E. had the highest value of
WUE to be 89.83 kg of grain yield/cm of water
consumed, while the lowest one was 85.73 kg of
grain yield/cm of water consumed, resufted from
watering at 1.2 of A.P.E. These findings cou'd be
attributed to the highly significant differences
among grain maize yield as well as differences
between water consumptive use. The present resulls
are in line with those reported by Ghadiri and
Majidian (2003), Abdel Mawly and Zanouny
(2005), Yang er al, (2005) and El-Atawy (20607},
who mentioned that the efficiency of water use
decreased as the soil moisture was maintained high
by frequent irrigation.

Concerning maize cultivars, Table (9) shows
that maize cv. 5.C. 10 significantly increased WUE
by 24.97 and 16.76% wompared to matze cvs. 5.C.
122 and S.C. 124 respectively. It attributed to
higher grain yield for maize cv. S.C. 10 than the
other cultivars. In this respect, Yang er al,(20605)
indicated that water use efficiency significanily
varied among the cultivais. Results in Table 10
show that the highest WUE was 102.50 kg grain
yield/lcm of water consumed, resujted from
irrigation at 0.8 of A.P.E. usng maize cv. S.C. 10
while the lowest one was 78.73 kg sced yield/cm of
water consumed, resulted from irrigation at 1.2 of
APE using maize cv. §.C. 122.

3.2.4. Water utilization efficiency (WULE)

Mean values of water utilizaion efficiency as
affected by irrigation scheduling and maize
cultivars are shown in Table 10. Resulis indicate
that the highest values of WULE were recorded from
the irrigation at 0.8 of APE whereas the lowesl ones
were obtained from irrigation at 1.2 oi APE. These
results could be attributed to the significant
differences  among  maize  grait  yield,
evapotranspiration and water applied valus.

Data in Table 10 reveal that maize cv. S.C. 10
significantly increased WULE by 25.89 and 15.42%
than maize cvs. S.C. 122 and S.C. 1234,
respectively. Data illustrated in Table 11 indicate
that irrigation scheduling at 0.8 of A.P.E. with
maize cv. S.C. 10 produced the highest WULE to be

229

84.85 kg grain yield/cm of water applied but the
lowest valuc resulted from irrigation scheduling at
1.2 of A.P.E. using maize cv. 5.C. 122 to be 61.07
kg grain yield/cm of water applied.

Table (9):Average water use efficiency (kg grain yield/om
of water consumed) as affected by irrigation and
maize cultivars, over both growing seasons.

Variables Irrigation treatments at Mean
1.2of | 1.00f | 08af
A.PE A.PE A.P.E
Maize cultivars:
S.C. 10 9690b 197.79b | 102504 |99.00 A
5.C 122 7873el179.63e) 7944e |179.27C
S5.C. 124 81.57d18541c) 8754c |84.84B
Mcan 85.73C18761B| 8983 A

Means designated by the same letter at each cell are not significant at
the 5% level according to Duncan's multiple range test.

Tabie (10): Average water utilization efficiency (kg grain
vield/em of irrigation water applied} as
affected by irrigation and maize coltivars,

aver both growing seasons.
Variables Irrigation treatments at _| Mean
1.20f | 1.0of | 0.80of
APE | APE | APE
Maize cultivars:

S.C g 7543 ¢ }176.20b ] 84.85a)7883 A

S5C. 122 61.07h | 61.70h | 65111 |62.62C

5.C. 124 64.96g | 6790e | 72.04d [68.30B

Mean 67.15C | 68.60B | 74.00 A

Means designated by the same letter at each cell are not
significan! at the 5% Ievel according to Duncan's multiple

3.2.5. Seil moisture extraction pattern (SMEP)
Data of soil moisture extraction percentage in
the upper 60 ¢m of soil depth are presented in Table
11. It can be observed that most of the water
coiisumed by maize cultivars was removed from the
upper 30 cm. Dala indicate that maize cultivars
extracted about 76.14, 71.22 and 64.24% soil water
from (-30 cm soil layer for irrigation scheduling at
1.2, 1.0 and 0.8 of A.P.E., respectively. However,
the remainder values were 23.86, 28.78 and 35.76%
withdrawn from the lower 30-60 cm. These values
show that when the soil is kept wet due to multiple
irrigation, more water is extracted from the upper
30 c¢m soil layer. On the other hand, when soil
moisture content of the surface layers were
subjected to water deficit, as a result of irrigation
scheduling at 0.8 of A.P.E., maize plants tended to
exiract its water requirements from deeper soil
layers. These findings could be attributed to the fact
that most maize plants roots are concentrated in the
upper soil layers and those roots are the most
effective in waler extraction. Similar results were
found by Chimenti et al.,(2006) who showed that
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crops extracted significant more waler from desper
in the soil profile during the stress period.

As for maize cultivars, data in Table (11) show
no effect on this trait, and the values were about the
same.

Table (11); Percentage of soil meisture extraction by roots
for different layers as affected by irrigation
treatments and maize cultivars, over both
seasons,

[rrigat Percentage of soil moisture
ion Maize extraction in different soil | Mcan of SMEP
treatm | cultivars depths (cm)
ents 0-15 115-30]30-45} 45-60 | 0-30 [ 30-60
S.C.10 | 50.81 |25.87]18.10] 3.22 | 7668 | 2332
120f ] S.C. 122 ] 50.59 | 2511 {17.88] 642 | 75.706 | 24.30
APE] 5.C 1241 50.73 | 2531{1805{ 591 | 76.04 : 2396
Mean 50.71 12543 [18.011 585 | 76.14 ¢ 23.86
S.C. 10 | 45770 [25.91 (1950 8.89 | 71.61 § 2839
1.00f| S.C. 12214551 [2533 118961 10.20 | 70.84 ; 29.16
AP.E| S.C. 124 | 45.66 [25.54119.45]1 935 | 71.22 | 28.78
Mean 45.62 [25.59119.30] 948 | 71.22 1 2878
S.C. 10 [ 3861 [25.98(21.35] 14.06 | 64.59 | 3541
DBof| 5.C. 12213842 12547 121.20] 1491 | 63.89 { 3611
AP.EJ S5.C 124 | 38.54 125.70}21.31] 14.45 | 64.24 | 35,76
Mean 38.52 125.72121.29] 14,47 | 64.24 { 35.76
Mean S.C10 {4504 {2592719.65] 9.39 | 7096 { 29.04
of S.C. 1220 44.84 | 2530 119.35) 10,51 | 70,14 | 29.86
APE. S.C. 1244496 |25.52(19.60] 990 | 70.48 | 29.52
Mean 44,95 |25.58{19.53} 9.93 | 70.53 | 2047
3.2.6. Regression slopes and correlation
coefficients

A linear equation is presented in Table 12
indicates that each one cm of water applied
increased the productivity by 44.0 kg/fed. as shown
in (Eq. [1]). However, each one cm of water applied
decreased water use efficiency (WUE) by 0.20 kg
grain/cm of water consumed (Eq. {2]) and decreased
water utilizalion efficiency (WUIE) by 0).41 kg/cm
of water applied (Eq. [3]). Irrigation water applied
is sirongly positively correlated with grain yield
(Omran, 2005) and negatively to water use
efficiencies as shown in Table 12.

This means that perfect irrigation water

Table(12): Regression slopes and correlation coefficients
between irrigation water applied (IWA) and
grain yield (GY), water use efficiency (WUE)
and water utilization efficiency (WULE).

Variables Equation Correlation
(r}
Grain yield
in kejfed. |OY = 1692+ 440 IWA)... (1) 0.78
Water use ]
efficiency WUE = 101-0.20 (IWA) .....(2) -0.70
Water _
utilization WULE = 97-0.41 (IWA) ...... (3) -0.68
efficiency

requirements are a necessity to develop a large plant
canopy which increases the maize productivity.
However, water use efficiencies were reduced as a
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result of frequent irrigation. This result could be
attributed to a large fraction of irrigation water
applied to the soil that are lost either through
leaching, evaporation, or both.
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