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ABSTRACT

The experiment was conducted to develop and evaluate surge irrigation
under different slopes and discharges against continuous irrigation under
traditional levelling in terms of irrigation and water use efficiencies to
produce wheat crop in clay soil under short field conditions. It was
carried out at the experimental farm, Faculty of Agriculture, Kafrelsheikh
University, during the winter season 2013/2014.The furrows with blocked
ends were 50 m long and 1.1 m center — center spacing furrows and the
wheat was planted on beds with 0.8 m width(7 rows of wheat per bed with
0.10 m spacing between rows).The treatments for surge irrigation
consisted of factorial combination of three slopes S;= 0.0%, S,= 0.1%
and Sz= 0.2%, three discharges Q;= 0.4 I/s, Q, = 0.55 I/s and Q3 = 0.75
I/s and two — cycle ratios (T; = 1/2 and T, = 2/3), in addition, treatments
of continuous flow for the same discharges under traditional levelling. To
monitor the advance time, five points were established along the furrows
at 0, 12.5, 25, 37.5 and 50 m from the inlet. Soil moisture content was
measured with gravimetric methods at 0 - 0.15, 0.15 — 0.30, 0.30 — 0.45
and 0.45 — 0.60 m depths at the beginning, middle and end of the furrows.
The discharge was measured using control valve and flowmeter which
manufactured to measure and control the applied irrigation water to each
treatment. Results indicated that surge irrigation under three different
slopes 0.0, 0.1 and 0.2% reduces amount of irrigation water applied,
increases advance time, irrigation uniformity, water application
efficiency, grain yields and water use efficiency compared with
continuous flow irrigation under traditional levelling. The best treatment
is the discharge of 0.55 I/s with 1/2 cycle ratio under three different slopes.
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It saved and decreased amount of water irrigation applied by 27, 33.4
and 37.4 % and increased the yield by 15.1, 17.7 and 12.7 % under slope
of 0.0, 0.1 and 0.2 % respectively compared with continuous flow
irrigation under traditional levelling for the same discharge. It had the
maximum water use efficiency values of 1.39, 1.56 and 1.59 kg/m® for
surge flow irrigation under slopes of 0.0, 0.1 and 0.2%, respectively.

INTRODUCTION

urface irrigation methods are extensively used throughout the

world. However, unfortunately these methods often have lower

application efficiencies and distribution uniformities. High runoff
and deep percolation losses are cited as the main problems. Therefore,
minimizing deep percolation and runoff while meeting irrigation
requirements of crops can increase irrigation performance. For these
reasons, several management techniques have been developed to reduce
water losses during the irrigation event. Some of these are the cutback
stream method, the runoff recovery system, and the intermittent
application of water (Stringham and Keller 1979; Walker and Skogerboe
1987 and Valipour 2013).
Surge irrigation, also known as intermittent irrigation or surge flow
(Stringham and Keller, 1979), has emerged over the last 30 years as one
of the most efficient strategies for use of irrigation water. Surge flow
irrigation is the intermittent application of water to furrows in a series of
relatively short on and off time periods. It is one of the famous methods in
irrigation management and has been studied in many articles, which some
of them will be described in the following.
Kanber et al. (2001) compared surge and continuous furrow methods for
cotton in the Harran plain. Surge flow reduced the water intake of a
surface soil loosened by tillage by 13-23% as compared to continuous
flow, thus manifesting an incomparable advantaged to the level furrow
systems. Jensen and Shock (2001) considered surge irrigation or at last a
modified surge program on the first irrigation as a strategy for furrow
irrigation. Rodriguez et al. (2004) compared surge irrigation and
conventional furrow irrigation for covered black tobacco cultivation in a
Ferralsol soil. The surge flow furrow irrigation with variable time cycles
increased the application efficiency by more than six fold, and the water
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volume was reduced by more than 80% compared to continuous
irrigation. The largest rises in distribution uniformity and reductions in
percolation losses were obtained with a furrow length of 200 m and a
discharge of 1 liter per second, respectively. Mostafazadeh-Fard et al.
(2006) developed and evaluated an automatic surge irrigation system in
furrow irrigation. The results showed that the system was able to
accurately and automatically irrigate the furrows by surge method based
on information were given to the system. For the same discharge and
volume of water applied to the furrows the water advance along the
furrows were faster for surge flow as compared to the continuous flow.
Sial et al. (2006) studied performance of surge irrigation under borders.
Keeping in view different parameters like volume of water, distribution
uniformity, application efficiency« deep percolation losses, and yield of
wheat, the surge mode of irrigation was convincingly better compared
with conventional/continuous irrigation even under the border irrigation.
Horst et al. (2007) assessed impacts of surge-flow irrigation on water
saving and productivity of cotton. The best irrigation water productivity
(0.61 kg/m®) was achieved with surge-flow on alternate furrows, which
reduced irrigation water use by 44% and led to high application
efficiency, near 85%. Results demonstrated the possibility for applying
deficit irrigation in this region. Popova and Periera (2008) scheduled
surge irrigation for furrow-irrigated maize under climate uncertainties in
the Thrace plain of Bulgaria. The results indicate that vulnerability to
climate change is higher for non-irrigated crops and that coping with
possible rainfall decreased requires adopting less sensitive crop varieties
including when deficit irrigation would be applied for water saving.
Valipour (2013) studied different types of inflow regimes include
continuous flow, cutback, fixed surge, and variable surge, and showed
that surge irrigation methods was able to increasing irrigation efficiency
to the amount of 28.37% and reducing inflow to the amount of 16.6 m*
water saving.

Although studies conducted in Egypt (Ismail et al. 2004; Mahmood et al.
2003; Amer 1998 and Zaghloul 1988) under cropped condition have
indicated that surge irrigation improves irrigation performance and
irrigation water use efficiency, it is imperative to test its validity under
different soil and crop conditions. The specific objective of this study was
to develop and evaluate surge flow irrigation under different slopes and
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discharges in heavy clay soil under short field conditions and compare it
with continuous flow under traditional levelling, and also to define the
best cycle ratio, discharge and slope for optimizing the water use
efficiency.

MATERIALS AND METHODS
1 - Experimental Site:
The field experiments were conducted at the experimental farm, Faculty
of Agriculture, Kafrelsheikh University, Kafrelsheikh Governorate, Egypt
during the winter season 2013/2014. Wheat (Misrl variety) was planted
on the 1% of December, 2013 on beds at the rate of 45 kg/fed by using bed
planter. Bed planting in 1.10 m (center - to -center of furrows). The width
of the beds was 0.80 m (7 rows of wheat per bed with 0.10 m spacing and
50 m length) at alternated by 0.30 m furrows. The wheat crop was
harvested after 160 days of the planting date. The experimental site was
ploughed four times by using chisel plough (9 shares). MIKROLASER
ML 4 self — levelling rotary laser was used to level the soil at three
different slopes namely 0.0, 0.1and 0.2%.The meteorological data were
obtained from Sakha Weather Station, Kafrelsheikh Governorate, Egypt
during the growing season for wheat crop as shown in Table 1.

Tablel: Monthly mean values of some meteorological data during
wheat growing season 2013/2014.

Reference evapotranspiration ETo according to Penman — Monteith
Country: EGYPT Meteo Station: Sakha
Altitude: 20 meter Coordinates: 31.11 N.L 30.95E.L
Q [ —_ —
) 5 3 3 2> |5 =
€ ﬁ S o 9 29 38 o8| T < E S
S o ET ES | s | 2| SE|EE| E
= 3 X £¥ 5 |gElsc| =2 || =
> = T |87 |g |£2|58 |¢¥
a %) = w
Dec. | 294.5 (21.5) 281.2 (8.2) 84 95 5.9 104 | 77.1 | 1.54
Jan. | 292.3 (19.3) | 279.0 (6.0) 84 112 62 | 114 | 11.7 | 154
Feb. | 293.5 (20.5) 279.2 (6.2) 82 121 6.9 142 | 165 | 2.03
Mar. | 296.0 (23.0) 280.8 (7.8) 73 147 7.8 18.1 | 26.2 | 3.04
Apr. | 300.0 (27.0) 283.3 (10.3) 62 130 8.7 216 | 20.2 | 4.15
May | 304.1 (31.1) 287.1(14.1) 54 130 9.6 241 | 00.0 | 5.23
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The soil type of the experimental site is clayey with field capacity,
permanent wilting point, and bulk density of 40.61%, 21.81%, and 1.2
glem®, respectively.
2 - Experimental design and field layout:
The experiment area was about 3550 m® (50 * 71m).The water was
applied through PVC gated pipe for giving equal discharge to the
experimental furrows via a centrifugal pump. The length of the PVC
gated pipe was almost 71m, and its diameter was 63 mm. A pair of T
shape valves with a diameter 16 mm was located at the beginning of each
furrow to control the surge irrigation by adding the required discharge to
furrow. The present study was used to improve the surface irrigation
using surge irrigation and included on the following factors (Fig.1):

a) Furrow slope (S): Three different soil slopes were used namely 0.0
(S1), 0.1 (S2) and 0.2% (S3).

b) Discharge (Q): Three different discharges (Flow rate) were used
namely 0.4(Q1), 0.55 (Q) and 0.75 I/s (Q3).

c) Cycle ratio (T): Two cycle ratios have been chosen, 1/2 (T;) and
2/3(T,) for 24 minutes cycle time.
The traditional irrigation was used as a control treatment.

I 50m |
T2
T Qs
T2 S
® Ta Q
>
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s < T1
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E £ 8 S
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Ss
Traditional levelling

Fig.1: Layout of the experimental plots for surge and continuous
irrigation.
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3 - Water consumptive use:
It was calculated according to the climate data as presented in Tablel
using the following formula (Doorenbos and Pruitt, 1977):-

ETcrop = ETo*Kc oo ei v e (1)
Where:

ETcrop = Crop water consumptive use, (mm/day),

ET,=Reference evapotranspiration, (mm /day), and

K. = Crop coefficient, (dimensionless).
A crop coefficient values (Kc) for wheat crop was used according to Allen
et al.,1998 at different growth stages. Reference evapotranspiration of
wheat crop was calculated using FAO CROPWAT program depending on
the average of climatic data according to Penman —Monteith methods, and
tablet in Table 2.

Table 2: Calculated water consumptive use for wheat crop.

Growth stages ETo (mm/day) K. | ETcrop (mm/day) ETcrop (mm/stage)
Initial
01/12/2013 - 21/12/2013 1.54 0.7 1.08 22.64
Mid — season
22/12/2013 - 31/12/2013 1.54 1.15 1.77 17.71
01/01/2014 - 31/01/2014 154 1.15 1.77 54.90
01/02/2014 - 28/01/2014 2.03 1.15 2.33 65.37
01/03/2014 - 31/03/2014 3.04 1.15 3.5 108.38
01/04/2014 - 18/04/2014 4.15 1.15 4.77 85.91
End/ Late
19/04/2014 - 30/04/2014 4.15 0.4 1.66 19.92
01/05/2014 - 09/05/2014 5.23 0.4 2.09 18.83
ETcrop (mm/season) - - - 393.66
Total rainfall = 151.70 mm /season
Total ETo after adding rainfall = 241.96 mm / season

4 - Discharge measuring:

Control valve and flowmeter was manufactured using the local materials
(Fig.2) which installed on irrigation main line at the pump outlet to
measure and control the water flow rate. The control valve and flowmeter
consists of the following components as shown in Fig.3 and Table3.
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Fig.2: Photograph of control valve and flowmeter for controlling and
measuring the water flow rate.

Table 3: Components of control valve and flowmeter and its functions.

No. Component Function
DC servo DC servo motor is used to control motion and it connected to
2 motor with | gearbox which utilized to increase output torque and change
g gear box the rotational speed (RPM) of a motor. Every revolution of the
1 S motor shaft is equal one revolution for the stem of the gate valve.
*E Rotary It converts the mechanical movement of motor to voltage, because
S | potentiometer | it uses as a transducer. It outputs a voltage telling the control unit
where the motor is and how fast it is moving.
Flowmeter The length of the PVC pipe is almost 25 cm, and its inner diameter
o pipe is 63 mm. It represents the body of flowmeter.
£ Flowmeter It was installed in the middle of the flowmeter pipe from inside
§ fan and consists of two blades. Magnet was installed on each blade
2 | 2 in order to maintain a balance during the rotation of the fan.
§ It was installed in the middle of the flowmeter pipe from outside.
g Reed switch | Every revolution for the flowmeter fan gives two pulses and it
happens when reed switch is located in magnetic field of the
magnet.
The control unit is responsible for controlling the opening and
3 Control unit closing the control valve, in addition to measuring the water
flow rate which passing through the flowmeter.
4 Display unit Digital multimeter was used as a display unit to read the
output voltage from the control unit as a calibrated discharge.
Battery 12V, 14 A.h was used as a source of electrical power
5 Battery .
and connected to the control unit.
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Fig. 3: Schematic diagram of experimental set up, control valve and
flowmeter for controlling and measuring the water flow rate.
5- Soil moisture:
Three locations were chosen to measure the soil moisture content namely
at the beginning, middle and end of the furrows. In each location four
points were measured along the depth; 0 - 0.15, 0.15- 0.30, 0.30 - 0.45
and 0.45 - 0.6 m .The samples were collected before and after 48 h of
irrigation by Auger and immediately transferred in tightly closed cans of
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Aluminum to laboratory to estimate the soil moisture content using the
Gravimetric method.

6- Advance time:

The length of the furrows used for the experiments was 50 m and their
width was 0.30 m. The furrows had a blocked end. To monitor the
advance time, five monitoring points were established along the furrow
namely at 0 , 12.5 , 25, 37.5 and 50 m from the inlet. The distance
between two consecutive points was 12.5 m.

7 - Determination of performance indicators.

The following performance indices were used to evaluate the surge and
continuous irrigation:

(@) Application efficiency was calculated according to Kruse (1978) as:

D
Ey==-225100 wcoeeooe oo e e e e (2)

ap
Where:

Ea = The application efficiency (%),

Dag = Depth of water added to the root zone (mm), and

Dap = Depth of water applied to the furrow (mm).
(b) Distribution uniformity was calculated according to Kifle et al.,
2007 as:

min

DU—D
D

£100 o eee e e e e e e (3)

av

Where:

DU = The distribution uniformity (%),

Dmin = The minimum infiltrated depth (mm), and

Dav = The mean infiltrated over the furrow length (mm).
(c) Irrigation water use efficiency was calculated according to Mclndoe
(2000) as:

Y
IWUE = — %100 .cc i v v e e e (4)
Dap
Where:

IWUE = The irrigation water use efficiency (kg/m®),
Y = Crop yield (kg/ha), and

D, = Irrigation water applied (m®ha).
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8 - Statistical analysis:
The analysis was performed on the grain yield for all irrigation
treatments using MSTATC statistical software. The data of the
experiment were analyzed in factorial randomized complete block design
(RCBD), and the mean difference was estimated using the least
significant difference (LSD) comparison.

RESULTS AND DISCUSSION
1 - Advance time:
The average value of advance time at different soil slopes, inflow rates
and cycle ratio was shown in Fig.4. The results showed that, soil slopes
had a highly significant effect on advance time where the average values
of advance time were 59.2, 53 and 48.2 min , for 0, 0.1, 0.2% soil slopes,
respectively. Cycle ratio 2/3 gave the lowest values of advance time
comparing with 1/2 cycle ratio. Results indicated also that, the advance
time decreased by increasing in flow rate. The obtained results were in
agreement with those obtained by Ismail et al. 2004 and Horst et al. 2007.
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Fig.4: Advance time for continuous under traditional levelling and
surge irrigation at different slopes, inflow rates and cycle ratios
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2- Moisture content distribution:

The results illustrated in Fig.5 indicated that surge irrigation treatments
distributed the water uniformity along the furrow compared to continuous
irrigation under traditional levelling. The obtained results showed that the
discharge of 0.4 I/s with 2/3 cycle ratio and the discharge of 0.55 I/s
with1/2 cycle ratio gave a high distribution uniformity under slope of 0.0,
0.1 and 0.2 %, but a discharge of 0.55 I/s with 1/2 cycle ratio is better
than the other one.

—#— Continuous —3-51=0.0%,TLl=1/2 —A—-5S1=00%,T2=2/3
——52=01%,T1=1/2 —&—52=01%,T2=2/3 --&--53=02%,T1=1/2
--@--53=02%,T2=2/3

13.5 g

Avg.change in MCin vol, %

Avg.change in MCin vol, %

Avg.change in MCin vol, %

Length along furrow in m

Fig.5: Average of change in soil moisture content for continuous
flow under traditional levelling and surge flow irrigation
under different slopes.
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3 - Applied irrigation water:

The obtained results in Fig.6 indicated that all surge irrigation treatments
under different slopes of 0.0, 0.1 and 0.2% used less amounts of total
applied water than the continuous irrigation under traditional levelling.
The total amounts of applied irrigation water for continuous flow under
traditional levelling were 3190.3, 3012.2 and 2827.4 m®/fed. for the
discharges of 0.4, 0.55 and 0.75 /s, respectively. The corresponding
values for surge flow irrigation technique varied from 1774.1 to 2998.5
m® fed.
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P O.D(\l 055“ 5 Ojs\\ —(4’&‘ S—(JL‘ S—‘;X‘ S.‘;Ll S,‘;;l S_‘;;_l
o o 0r > gmler o ‘055“ ‘0‘55“ '0’15\‘ '0’15\‘ '
oF oz o= oz oz oFY

Irrigation treatments

Fig.6: Amount of applied irrigation water for treatments of surge
flow irrigation at different slopes compared with continuous
flow under traditional levelling.

4 — Water saving:

The results illustrated in Fig.7 indicated that surge flow irrigation under
slope of 0.0, 0.1 and 0.2% reduced the quantity of applied water from 6 to
41.1% compared with continuous irrigation under traditional levelling
according the slope, discharge and cycle ratio. The obtained results
indicated also that, the best treatments in the saving of water were that
using the discharge of 0.55 I/s with 1/2 and 2/3 cycle ratio.
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Fig.7: Water saving for treatments of surge flow irrigation at
different slopes in relation to continuous flow under
traditional levelling.

5 - Application efficiency (Ea):

Application efficiency was determined using Eq.2.The obtained results
showed that, the surge flow treatments under three different slopes 0.0,
0.1 and 0.2% had appreciable increase in water application efficiency
compared with continuous flow irrigation under traditional levelling for
the same discharges as shown in Table 4 .This may be due to a good
irrigation distribution for surge flow than continuous ones. The results
also showed that the average values of irrigation application efficiency for
a discharge of 0.55 I/s gave higher values than discharges of 0.4 and 0.75
I/s under the three different slopes for all treatments. WAE values for the
discharge of 0.55 I/s with 2/3 cycle ratio were 82, 82 and 85 % under
slope of 0.0, 0.1 and 0.2 %, respectively. Also, WAE values for a
discharge of 0.55 I/s with 1/2 cycle ratio, were 81, 80 and 82 % under
slope of 0.0, 0.1 and 0.2 %, respectively. This result is

in agreement with those obtained by Ismail et al. 2004 and Kifle et al.
2007.

6 - Distribution efficiency (DU):
Distribution uniformity was computed using Eq.3.The obtained data
revealed that all surge irrigation treatments under three different slopes
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0.0, 0.1 and 0.2 % lead to increase the water distribution efficiency
compared with continuous irrigation under traditional levelling for the
same discharges. The average values of DU for continuous flow under
traditional levelling were 75, 75 and 73% for the discharge of 0.4, 0.55
and 0.75 |I/s, respectively. The corresponding values of the same
discharges for surge irrigation under different slopes of 0.0, 0.1 and 0.2%
varied between 91 to 97 % as shown in Table 4. This result is in
agreement with those reported by Ismail (2006).

7 - Yield and water use efficiency:

7.1- Wheat yield:.

The obtained data revealed that surge flow irrigation significantly affected
grain yield. All surge flow treatments under slope of 0.0, 0.1 and 0.2 %
gave higher yields than continuous irrigation under traditional levelling as
shown in Table 5. The grain yield increased with the decrease of cycle
ratio and by the increase of the off — time. Mean values of the grain yields
for continuous irrigation under traditional levelling were 2758, 2665 and
2472 kg/fed. for the discharges of 0.4, 0.55 and 0.75 I/s, respectively. The
corresponding values under surge irrigation treatments varied from 2643
to 3137 kg/fed. In other words, surge flow treatments under slope of 0.0,
0.1 and 0.2% increased the yield between 2.8 to 17.7% compared with
continuous flow under traditional levelling. The discharge of 0.55 I/s with
1/2 cycle ratio recorded the highest yield of 3067, 3137 and 3004 kg/ fed.
under slope of 0.0, 0.1 and 0.2 %, respectively. The trend of these results
is similar to that found by Mahmood et al. (2003).

7.2- Wheat water use efficiency:

The obtained data showed that surge flow treatments under three different
slopes 0.0, 0.1 and 0.2% recorded the highest values of WUE compared
with continuous flow irrigation under traditional levelling. Mean values
of WUE for continuous irrigation under traditional levelling were 0.86,
0.88, and 0.87 kg/m® for the discharges of 0.4, 0.55 and 0.75 I/s,
respectively. The corresponding values under surge irrigation treatments
varied from 0.97 to 1.59 kg/m® as shown in Table 4. These results are in
line with the results reported by Kifle et al. 2007 and Horst et al. 2007.
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Table 4: Values of water application efficiency, distribution

uniformity, water use efficiency and grain yield for
continuous flow under traditional levelling and surge
irrigation under different slopes, inflow rates and cycle
ratios.

- = 3

2 X °

2. g | = | 3

2| T2 3 o =

% g - © S o g >

@ 3 S g 2 £5 ; it 2 £

» e 2 > |1 8 €2 ©) 5 @ 5

= = O @ = = c c

) S == © =} S

2| £ = g | g

= = 2

=3 ‘T

3 3 2‘ A%

m°/fed kg /fed kg/m o

c_cs o (o)} 0.4 | cont. 3190.3 2758 0.86 68 75

2= Q, |055]| Cont. 3012.2 2665 0.88 70 75

S g

g 0.75 2827.4 2472 0.87 73
= Q3 Cont. 69
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Q.T,| 04 2/3 6 2998.5 2921 0.97 64 96

X Q,T, | 055 1/2 4 2198.7 3067 1.39 81 96

8 Q,T, | 055 | 2/3 3 2161.9 2811 1.30 82 91

QsT, | 075 | 1/2 3 2313.1 2790 1.21 68 95

QsT, | 0.75 | 2/3 2 2262.7 2716 1.20 70 91

Q.T,| 0.4 1/2 6 2334.4 3114 1.33 76 95

Q.T,| 04 2/3 6 2684 3086 1.15 67 96

X Q,T, | 055 1/2 4 2005.2 3137 1.56 80 96

; Q,T, | 055 | 2/3 3 1931.2 2847 1.47 82 92

QsT, | 0.75 | 1/2 2 2065.6 2801 1.36 74 95

QsT, | 0.75 | 2/3 2 1964.8 2713 1.38 77 92

Q.T,| 0.4 1/2 6 2100 2987 1.42 81 95

Q.T,| 0.4 2/3 5 2315.1 2893 1.25 74 96

S | QT,|055]| 12 | 4 1885 3004 1.59 82 97

g Q,T, | 055 | 2/3 3 17741 2679 1.51 85 91

QsT, | 075 | 1/2 2 1918.6 2712 1.41 78 95

QsT, | 0.75 | 2/3 2 1817.8 2643 1.45 81 91
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Table 5: The effect of slope, discharge and cycle ratio on yield

(kg/fed.).
o Slope Cycle Discharge (I/s)
Irrigation method .
% Ratio 0.4 0.55 0.75
1/2 29539 3067¢ 2790™
0.0
o 2/3 2921" 2811% 2716°
Surge irrigation
1/2 3114 3137° 2801'
0.1 _
2/3 3086° 2847 2713°
1/2 2987" 3004° 2712°
0.2 _
2/3 2893' 2740° 2643"
Continuous irrigation 1 2758" 26659 2472°
L.S.D.(0.05) = 6.90

Figures followed by similar letter are not significantly different.
CONCLUSION
Results indicated that surge irrigation under three different slopes 0.0, 0.1
and 0.2 % reduces amount of irrigation water applied, increases advance

time, irrigation uniformity, water application efficiency, grain yields and
water use efficiency compared with continuous flow irrigation under
traditional levelling. The best treatment is the discharge of 0.55 I/s with
1/2 cycle ratio under different slopes 0.0, 0.1 and 0.2 %. It saved and
decreased amount of water irrigation applied by 27, 33.4 and 37.4 % and
increased the yield by 15.1, 17.7 and 12.7 % under slope of 0.0, 0.1 and
0.2 % respectively compared with continuous flow irrigation under
traditional levelling for the same discharge. It had the maximum water
use efficiency values of 1.39, 1.56 and 1.59 kg/m® for surge flow
irrigation under slopes of 0.0, 0.1 and 0.2 %, respectively.
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