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ABSTRACT

Two field experiments were camied out during 2001 and 2002 growing
seasons, to study the effect of surge irrigation, under three different irrigation intervals
7, 14 and 21 days, on sunflower yield, advance time, water applied {(WA), crop water
consumptive use (CU), water application efficiency (WAE) and water utilization
efficiency (WULE), in clayey socil at North Nile Delta in Egypt. Four irrigation
treatments were implemented, as follows: (1) continuous irrigation {control), (2} surge
irrigation with cycle ratio of 0.5 (10 min., on-10 min. Off), (3} surge irrigation with cycle
ratic of 0.4 {10 min. On-15. Off), (4} surge irrigation with cycle ratio of 0.33 (10 min.
On-20 min. Off). Resulls indicated that, the advance tune rates for surge flow
technique, were highly shorter i.e. faster than rates under continuous flow. Data
revealed that surge irrigation with 0.33 cycle ratio resulted in a significant reduclion in
total applied irrigation water, with an average of 27.7, 38.3 and 38.0% less than
continuos watering at irrigation intervals 7, 14 and 21 days respeclively. Data also
showed that, surge irrigation treatment with cycle ratio of 0.33 (10 min. On-20 min.
Offy recorded the lowest values of C.U. 42.9, 37.75 and 31.05 ¢cm for 7, 14 and 21
days intervals respectively. On the other hand, the highest WA vaiues 45.5, 41.4 and
33.3 were resulted from the continuous irrigation (controt) applied at 7, 14 and 21
days respectively. The results revealed that surge irrigation treatment with cycle ratio
0.33 {10 min. On-20 min. Off), recorded the highest values of (WAE) 84.2 and 91.6
for 7, 14 and 21 days respectively. In addition surge irrigation treatments recorded the

highest vaiues of WULE.
INTRODUCTION

Surface irrigation is the application of a controlied stream of water, to
an infet of the field and its subsequent gravity distribution, over the field.
Generally, surface irrigation efficiency is averaging 50 to 60% percent,
developing surface irrigation aims t¢ increase irrigation efficiencies, by the
following means; improving water application efficiency, providing good water
distribution uniformity, increase the rate of water advance time, and water
saving by trying to use surge flow technique. Many authors and investigators,
such as Stringham and Keller (1979), Bishop et al. (1981), ismail et al. (1985),
Ghalleb (1987), Osman et al. (1996}, Osman (1991) and Varlev ef al. (1995)
found that surge irrigation required 20-25% less water than continuos
irigation. Deep percolation decreased from 12-15% to 6-8%, while run off
losses reduced from 25-30% to 10-12%, by using surge irrigation. Osman et
al. (1996) stated that, surge flow irrigation gave better results, regarding to
water advance time, and amount of water applied, than in continuos one.
Main objectives of the present study are:

1. To evaluate the furrow surge irrigation system of sunflower under different
irfigation intervals.

2. Toimprove efficiency of the surface irrigation and water saving.

3. To define the best surge flow irrigation practices for sunflower crop owing
to optimize the water utilization efficiency.
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MATERIALS AND METHODS

Two field experiments were carried out at Sakha Agricultural
Research Station, Kafr El-Sheikh Governorate, during the two successive
seasons 2001 and 2002. The station is situated at 31° N latitude, 30°-75° E
longitude. It has elevation of about 6 meters above mean sea level (MSL). It
represents the conditions and circumstances of the middle northern part of
the Nile Delta.

Soil samples for different depths at the experimental site were
collected; 15 cm for each, depth down to 60 cm, and analyzed for some
chemical and physical properties.
a.Chemical properties:

Total soluble salts (EC), acidity reaction {pH) and soluble cations and
anions were determined according to the methods described by Jakson
(1962).

The resuits are given in Table (1) in general, soil is non-saline.
b.Physical properties:
1.Soil texture:

The particle size distribution was determined according to the
international method, Klute (1982), to the soil texture. The obtained results
indicate that the soil is clayey in texture and the soil profile is uniform without
distinct change in texture.
2.Builk density:

Bulk density was determined using cylindrical sharp edge samples
Vomocil (1957). Each cylinder was pressed gently into the soil to the desired
depth, to obtain a known volume of the undisturbed soil. Samples were oven
dried at 105°C, and the bulk density was calculated as Mg/m®. All values are
presented in Table (1).
3.Field capacity (F.C.):

Field capacity was determined by the field method.
4.Permanent wilting point (P.W.P.):

Wilting point was calculated as field capacity/1.84 for the clayey soil
textured, according to Garcia (1978).
5.Available water (AW):

The following equation is used to compute available water {(James,

1988).
AW = Dr; (F.C- PW.P)100
Where:
AW = Available water (cm).
Dry = Depth of a soil layer that restricts water movement.
F.C. = field capacity in percent by volume.
PW.P. = permanentwilting point in percent by volume.

I.Experimental layout:

Sunflower (Helianthus annuus L.) as summer crop, was sown on 1%
July 2001 and 5™ July 2002, harvesting tock place on 1* November 2001 and
5™ November 2002. All cultural practices were the same as recommended for
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the area except, the irrigation treatments under study. Each plot was 3.5 x 80
m = 280 m? {(1/15 feddan). Eight stations {S,-Ss) were arranged every 10 m
along the furrow, to measure the water flow advance pattern,

Ill.Statistical analysis:

The experiment was arranged in split plot design, with four replicates

as follows:
Main treatment (irrigation intervals).
A lrrigation every 7 days
8 lrrigation every 14 days.
C. lIrrigation every 21 days.
Subtreatments: surface irrigation methods:
1. Continuos irrigation.
2. Surge irrigation with cycle ratic of 0-5 {10 min. On and 10 min. On and 10
min. Off).
3. Surge irrigation with cycle ratio of 0.4 (10 min. On and 15 min. Off).
4. Surge irrigation with cycle ratio of 0.33 (10 min. On and 20 min. Off).
V.Data collection:
1.The water from advance time: )

The advance lime of the water flow for each irrigation treatment was
recorded, when the water front was reached each station along furrow. The
numbers of surge were recorded, when the irrigation water reached at about
95% of the furrow length. To evaluate the flow advance rate for different
treatments, the approach equation of Christiansen et al. (1966 was used as
follows:

L=at
Where
L =Length of advance
i =Time of advance and

a, b =Empirical constants.
2.Applied irrigation water:
In each experiment, the volume of water applied for each plot was
calculated, using the following equation:

a=qgxT
Where
a = Water volume Liplot
g =irrigation flow rate per furrow, L/min., and
T =Total recorded time/min. of irrigation per furrow.

The irrigation flow rate per furrow was calculated according to
Israelson ang Hansen equation (1962).
q=0.0226 D* h'?

Where:

q = Irrigation flow rat, cm”.

h =Average effective head (the effective head of water above the
center of irrigation). The waler in the canal was controiled to
maintain a constant head by means of fixed gate = 6 cm.

D =Inside diameter of the pipe, cm.
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3.Water application efficiency (Ea): was calculated for the 60 cm soil depth,
according to Michael (1978) and James (1988) as follow:

WS
Ea= —— x100
WF

Where:

Ea =Water application efficiency, %

WS =Amount of water stored in the root zone m® and

WF  =Amount of water added to each plot, m”
4 Water utilization efficiency: WUtE:

The water utilization efficiency as a measure to clarify variations in

yield, due to irrigation water, was calculated according to Michael (1978} as
follows:

WULE = Y/Wa

in which
WULE = Water utilization efficiency kg/m®
Y = Total yield produced kg;ffed., and
Wa = Total applied water, m“/fed.

RESULTS AND DISCUSSION

1.Advance time:

Data reveled (Table 2) that, the continuos flow A,, B; and C; required
more time, to complete the advance phase than surge flow, under different ali
studied irrigation intervals; 7, 14 and 21 days. Equations relating the average
values of length of advance (L), time of advance (1) and values of constants a
and b are shown in Table (2). Data showed that, both constant a and b have
been affected by surge and continuous flow treatments, under different
irrigation intervals. Under surge treatments, symbol (b) which reflects the
slope, was increased with decreasing of cycle ratic (or with increasing off
time)} and in general it has relatively higher values under surge irrigation.
These results indicated that surge flow has faster advance rate, with longer
off time, due to the effect of wetting and drying cycles, on soil infiltration
characteristics (Goldhamer et al., 1987). Increasing the off time in surge flow
reduces infiltration rate, and results in a greater advance on wetted area,
{Guirguis, 1988). The same trend was obtained by Ghallab (1987), Osman ef
al. (1996), Moustafa (19992) and Ibrahim and Eid (1999).
2.Applied irrigation water; Wa:

The average amounts of water applied to different irrigation
treatments, for the three stated irrigation intervals, during the two growing
seasons are given in Table {2). The number of irrigations applied were 11, 6
and 5, during the growing season of sunflower, including the first two common
irrigations of sowing and the recorded following one (El-Mohaiaa for watering
each 1, 2 and 3 weeks respectively). It is obvious that, the amount of irrigation
water applied, directly affected by cycle ratio. The total amount of applied
water varied according to the differences in irrigation treatments. All tested
cycle ratios of surge treatments, used less amount of water, than that
continuos one. Average values of applied water, for the continuos flow
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treatments, A;, B; and C, (control), were 71.8, 68.0 and 58.0 cm, respectively
While these vaiues of surge flow treatment, {tt. 2 = 10 On-10 Off}, A, B, and
C, were 64.4, 55 and 40 cm respectively. In the same direction, values of trt.
3 (10 On-15 Off) Ay, Ba and C; were 57.5, 45.8 and 38.0 cm and that of trt. 4
(10 On-20 Off) A,, B, and C, were 51.9, 42.0 and 35 9 cm, respeciively. The
surge flow irrigation reduced the applied water by 27.7, 38.3 and 38.2%, for
the treatments A,, B, and C, respectively. In other words, surge flow irrigation
saved water, for all treatments, by about 20%, 30% and 34%, compared with
the continuos flow irrigation Under irrigation intervals 7, 14 and 21 days
respeclively.

These results indicate, that surge flow (10 min. On, and 20 min., Off)
B, was the best treatments, and hence it could save water with an average of
38.3% (1092 m/fed.) of the applied water to sunflower crop, under irrigation
intervals (14 days). Increasing the off time in surge flow irrigation, resuited in
greater water saving. The trend of the above mentioned results is in
accordance with those obtained by Eid et al (1999), Osman ef al. (1999),
lorahim and Eid, 1899.

3.Water application efficiency (EA);

Water application efficiency values, for the different irrigation
treatments, are presented in Table (3). Dala revealed that, surge irrigation
had the highest values of EA compared with the conlinuos irrigation. The
overall average of EA values, for continuos irrigation A, B, and GC,, had the
lowest values of 65.0, 61.7 and 59.6%, respectively. The surge treatments,
with cycle ratio of 0.33 (10 min. On and 20 min. Off), recorded the highest
values of EA 84.2, 91.6 and 86.6 for As, B, and C,, respectively. These results
indicate that EA under surge irrigation exceeded the continuos flow irrigation,
with 18.2, 29.9 and 27.0%, under irrigation intervals of 7, 14 and 21 days,
respectively. The higher water application efficiency values of surge irrigation,
can be attributed to the surface hydraulic roughness of wefting advance,
(Guirguis, 1988). These results are more or less in close agreement with the
results of many warkers, such as Eid ef ai. (1999), who stated that the EA
were 64.8, 70.5, 74.6 and 83.3% for continuous irrigation and for surge
irrigation 2045, 20/10, 20/15 and 20/20 On/Off min., respectively. Osman
(1991) found that the EA values were 60, 73.7, 74.4 and 77.7% for continuous
flow and for surge flow of 5/5, 5/10 and 5/15 On/Off min., respectively at
Sakha (Kafr EI-Sheikh).

These results are in accordance with that of Zein El-Abedin (1988), whe
stated that EA was over 80% by surge irrigation, while it was about 40% for
continuous irrigation. Also, Podmare et al. (1983), showed that surge irrigation
had significant higher apglication efficiency than the continuous irrigation.
Generally, it could be concluded that, surge irrigation techniques considered
as a suitable method, to optimize water use, and increase the irrigation
efficiency in scils at north Nile Delta.

4.Water utilization efficiency (WULE):

Water utilization efficiency (WULE) of sunflower seed yield, for the
different irnigation treatments, under irrigation intervals of 7, 14 and 21 days
are tabulated in Table (4).
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Data revealed that, surge irrigation recorded the highest values of (WUIE),
compared with continuous irrigation. Regarding irrigation intervals effect
WULE values were higher under irrigated every 21 days, than under both 7 or
14 days. The overall average of WULE values, for continuous flow were
0268, 0.368 and 0462 kg/m® for A, B; and C, respectively. The
correspondmg values of surge irrigation treatments varied from 0.348 to
0.465, 0.525 to 0.776and 0.696 to 0.831 kg/m®, for irrigation intervals 7, 14
and 21 days respectively. The best treatment was that of 0.33 cycle ratio (10
min. On 20 min. Off), which had the highest WULE value of 0.485, 0.776 and
0.831 kg/m® for 7, 14 and 21 days respectively.

The explanation of these results is that, the surge irrigation leads to
higher water distribution uniformity and less water losses by deep percolation,
which resulted in less amount of applied water, during the irrigation. The
above mentioned results are similar to those obtained by Osman (1991), who
found that surge irrigation leads to mcrease water use efficiency by 0.69
kg/m® at Sakha farm, and by 0.9 kg/m® at Abies farm, than that water use
efficiency for continuous irrigation. Ghalleb (1987) compared continuous
irrigation, with three different surge irrigation treatments, hawng cycle ratios of
1/2, 1/3 and 1/4. He reported that WUtE was 0.58 kglm for continuous flow
and varied between 0.79 and 1.0 kg!m for surge irrigation treatments.
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