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SURGE IRRIGATION OF MAIZE UNDER HEAVY CLAY
SOIL CONDITIONS AT KAFR EL-SHEIKH
GOVERNORATE, EGYPT
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ABSTRACT

Field experiments were carried out during 2001 and 2002
summer season at Sakha Agricultural Research Station. Katr El-
Sheikh, Egypt, to improve the furrow irrigation system for better
efficiency and, water saving by trying to use the relatively new
surface irrigation technique (surge flow irrigation), and compare it
with the conventional continuous furrow irrigation in clay soil at
Kafr El-Sheikh, Egypt. The experiment was arranged in split plot
design with three replicates. The main plots were assigned to furrow
length (60 m, 80 m and 100 m), while the subplot treatments were
the continuous flow imigation and three cycle ratios of surge flow
irrigation. These treatments were continuous (A). 10 min. on and 10
min. off (B). 10 min on and 15 min off (C), 10 min. on and 20 min
off (D). The data obtained showed that, all tested cycle ratios of
surge flow tmrigation gave lower water advance times, lower
amounts of applied water, higher water application efficiency and ,
higher field water use efficiency, than that continuous flow
irrigation. Advance in flow times were rediiced in the case of surge
flow to 29.7% of the time required for continuous flow. Amounis
for applied water were reduced using surge flow irrigation by
27.6%, 31% and 30.6% for cycle ratio 10 on and 20 off, under
furrow length 60 m, 80 m and 100 m, respectively. The average
values of water application efficiency (WAE) varied from 66.9 to
81.1, 67.4 to82.6 and from 63.6 to 78.0% for surge flow irrigation,
under furrow length 60 m, 80 m and 100 m, respectively. The
corresponding values for continuos flow irrigation were, 61.4%.
599% and 58.9 under furrow length 60 m, 80 m and 100 m
respectively. The average values of water utilization efficiency, for
continuous flow irrigation were 1.0, 0.95 and 0.85 kg/m’. The
corresponding values for surge flow treatments varied from 1.03 to
130, 1.22 to 1.44and 1.10to 1.31 kg/m’ under 60 m. 80 m. and
100 m, furrow length respectively. For all the studied parameters the
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surge flow irrigation with cycle ratio of 0.33 (10 min. on and 20 min
off, and furrow length of 80 m, gave the best results.

INTRODUCTION

A primary aim for good irrigation management is to
minimize deep percolation of water (infiltration exceeding the
irrigation requirements). Deep percolation losses depend directly on
irrigation system performance, which in turn, depends mainly on
how evenly water infiltrates across the field. Eid et al. (1999)
showed that surge flow system seemed to be better than continuous
irrigation, because it caused less run off, less deep percolation, less

. opportunity for loading of nutrients chemical mirerals in the.
ground. Mattar (2001) studied the effect of surge furrow irrigation,
compared with continuous irrigation on water management at
different ploughing methods, he showed that, surge flow treatments
required less time for completion the advance phase than with those
continuous flow treatments at different ploughing treatments Varlev
et al. (1995) found that surge irrigation required 20.25% less water
than continuous irrigation; whereas, 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; whereas, water advance
time and amount of water applied were less than those of
continuous one. Surface flooding irrigation by furrows is the most
widely used irrigation method in clay woils ai Kafr Ei-Sheikk
governorate, Egypt. Many researchers have been carried out to
improve the efficiency of surface irrigation. Surge irrigation is used
to allow further advance of water to reduce. water losses and
increasing water use efficiency.

Yonts et al. (1991) mentioned that surge irrigation reduced
advance inflow time with an average of 20%, compared to
continuous irrigation. The aim of this present study is to improve
the furrow irrigation system using the surge flow irrigation, for
maize cultivated in heavy clay soil, in order to save water and to
increase water application and utilization efficiency.

MATERIALS AND METHODS
The current study was carried out at Sakha Agricultural
Research Station Farm in Kafr El-Sheikh Governorate. during the
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two successive seasons 2001 and 2002. Soil physical characteristics.
determined according to Klute (1982), are presented in Table (1).
Maize crop was sown on July 1 and 3 and was harvested on
November 3 and 6 in the 2001 and 2002 seasons, respectively. The
experiment was arranged in split plot design with three replicates.
The main plot represented furrow length of 60, 80 and 100 m.
respectively. While the subplot treatments represented surge
irrigation with different cycle ratios, on and off as follows: (A} a
continuous flow, (B) Surge irrigation ratio of 0.50 (10 min. on and
10 min. off) (C) Surge irrigation ratio of .40 (10 min. on and 13
min. off) (D) Surge irrigation ratio of 0.33 (10 min. on and 20 min.
off). Width of each plot was 2.4 m. wooden markeds were placed at
regular intervals 10 m each, to serve as station along the furrow and
used during measure of water advance. The irrigation intervals
duration was fifteen days after the first, planting and first (El-
Mohayaa). Irrigation water was applied to furrow of each irrigation
treatment, through a plastic pipe of 10 cm inner diameter, and 80
cm length, submerged in the irrigation channell used to apply
jirrigation water to each treatment. One spile per plot was used to
convey water for each treatment. The temporary dam was used to
keep the water level constant, which measured several times during
irrigation. The discharge to all treatments was 5.345. All cultural

practices were the same as recommended for the area except the
treatments under study.

Table (1): Some physical properties of experimental site.

Soil | Particle size distribution %] Texture F.C. PWP. | Available Bulk
depth Sand Silt Clay | Yo Yo water % | density rem’
0-> 15 1508 1 1895 | 6597 Clay 4750 254 221 J.10
15->30 19.00 1470 | 6630 | _ Clay 44 30 21.8% 48.42 1.17
30->45 | 1650 | 17.06 | 66.24 Clav 3940 21.19 18.21 1.25
45-60 120 15.89 | 67.17 Clay 3830 | 20.81 17.49 1.27

Soil water relations:
1. The advance time:

The advance time of water flow for each treatment was
recorded, when the water front was reached at station along the
furrow. The number of surges were recorded when the irrigation
water reached about 95% of the furrow length.
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2. Applied water (Wa):

The quantity of applied irrigation water was measured using
the submerged orifice formula, according Israelson and Hansen
(1962).

Q=0.0226D’h'?-
Where: .
Q = Discharge of irrigation water (L/sec).
D Inside diameter of the pipe (cm).
h = Average effective head (head causing flow).

]

3. Soil moisture depletion (SMD):

Soil moisture content was determined gravemetrically as an
average of three sub-samples, at four depths (0-15, 15-30, 30-45 and
45-60 cm, just before and two days after each irrigation. as well as.
just before harvest time, for all treatments, to determinc soil
moisture depletion (SMD) according to the following equation:

SMD = D, -D, x D x Bd
Where:
SMD = Soil moisture depletion in cm
D =Soil depth in cm
Bd  =Bulk density gm/cm’
D, = Soil moisture (%), by weight after irrigation,
Dy = Soil moisture (%) by weight before irrigation.

4, Water application efficiency (WAE):
The ratio of the average depth of irrigation water mﬁltrated

and: stored  in the root zone, to the average depth of iriigaiion waer ~ °

applied. was calculated according to Michael (1978) as follows:
(WAE) = WS/WF x 1000
Where:
WAE= Water application efficiency, %
WS = Stored water in the root zone.
WF = Water delivered to each treatment -

High application efficiencies mean less deep percolation and
less tail water.
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5. Field water use efficiency (WUE): ‘
Field water use efficiency, as measure to clarify variations in

yield due to imigation water, was calculated according to Michael
(1978) as follows:

WUE =Y/Wa
Where:
WUE = Field water use efficiency (kg/m’)
Y = Total yield produced kg/fed. and

Wa = Total applied water m*/fed.

RESULTS AND DISCUSSIONS
Advance time:

Data obtained for the advance rates along the furrow, for the
different treatments in each irrigation run, were presented in Table
2. Data revealed that, in general term, the continuous flow
treatment, (A) required more time, to €omplete the advance phase.
than the other treatments of surge flow (B, C and D).

The average advance time of water applied to reach the end
of the furrow (60 m), were 52.5, 46.1, 43.6 and 38.0 min. for A, B,.
C) and D, treatments, respectively. While, the furrow length (80
m), were 74.8, 61.5, 58.4 and 51.0 min. for A,, B,, C; and Ds.
respectively. The corresponding values of the furrow length (100
m), were 94.8, 84.2, 75.0 and 65.6 min. for Ai, B;, C;and D;
treatments respectively. These results indicate that surge flow
reduced the total irrigation time by, 29.7%, as compared to
continuous treatment, in general.

Such faster water advance rate under surge flow irrigation,
may be attributed to the following causes, according to Izadi ef al.
(1991).

1. The decrease of furrows roughness, thus. more stable cross-
section duting infiltration of water between pulses.
2. Redistribution of water during the time that water is turned ofT.

which causes decrease in the hydraulic gradient, in the top soil
layer for the next surge. -

3. Hysteresis vs. pressure head relationship.
4.  Air entry and entrapment occurring between pulses.



Table (2): Irrigation time (min) and amount of applied irrigation water m’/fed. for different irrigation

treatments. _
Scason Irrigation {60 m {2} 80 m (3) 100 m
date A B C I A B C D A B C b]
117 AT 59 59 59 59 80 80 80 80 110 60 110 110
AW 5475 5475 547.5 547.5 552.0 5520 5526 5520 616.0 616 616.0 616.0
16/7 AT 30 28 25 20 60 46 40 KX/ 80 70.0 55 52
AW 27184 239.8 2320 t88.6 414 3174 276.0 2217 392.0 392.0 3083 319.2
28 AT 60 42 40 15 75 60 55 44 90 75 70 64
AW 5566 3897 3712 1243 517.0 414.0 379.0 303.6 504.0 420 392.2 31584
2001 18/8 AT 65 55 50 45 80 13 70 60 10 90 83 70
AW 603.2 5104 464.2 417.6 552.0 5175 483.0 414.0 560.0 §04.0 464.8 392.0
59 AT 60 52 50 45 75 65 60 50 105 85 80 65
AW 550.0 482.0 464.0) 417.6 517.0 448.5 414.0 345.0 560.0 476.0 448.0 384
20/9 AT 50 45 40 35 71.0 60 35 45 95 a0 70 63
AW 464.0 417 a2 3248 4899 414.0 37195 3i0.5 504.0 4488 3920 3528
5110 AT 40 7 35 30 70.0 55 50 42 85 83 60 45
AW 371.2 3434 3248 278.4 483.0 3719.5 3450 289.8 448 420.0 136 2520
Average of AT 520 454 42.7 384 73.0 63.0 58.6 50.6 96.4 835 754 67.0
Total amount al AW 3377.00 | 20484 | 27747 [ 2496.3 3528 30429 | 28299 | 24426 3780 3276.0 | 2961.0 | 2626.0

AT = Advance time
AW = Applicd water

P
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/
Table (2): Continued. .
Season | lrrigation (1) 60 m ()80 m {(3) 100 m
date A B C D A il C D A B C D
37 AT 60 60 60 60 85 85 85 25 105 105 105 105
AW | 5568 | 5568 | 5568 | 5568 | 5865 | 35865 | 5865 | 5565 ) s8kon | 5880 | 3880 | 5880
18/7 AT | 40 350 35.0 20 65 40 35 30 775 60 50 43
AW | 3712 | 3248 | 3248 | 1856 | 4485 | 2760 | 2415 | 2070 | 4340 | 3360 280 2520
41 AT $0 40 35 30 75 60 58 50 % 80 15 65
AW 1 4640 ) 3712 | 3248 | 2784 | 5175 | 4140 | 3795 | 2450 | 532.0 | 4480 | 4200 | 364.0
2002 19/8 AT | 650 43 40 35 80.0 70 65 60 100 95 82 70
Awl s032 [ 4176 | 3712 § 3248 | 5520 483 4485 | 45140 | s600 | 5320 | 4592 | 3920
59 AT | 60 54 53.0 45 78.0 65 60 50 9s 90 7 65
AW { 5568 | 5104 | 4918 | 4176 | 5382 | 4485 | 4i40 | 3450 | 5320 | 35320 | 4032 364
AT 57 52 47 42 75 60 56 43 95 85 62 55
209 AW /| 5280 | 4825 | 4362 [ 3897 | %175 | 4140 | 3864 | 3105 | 5320 | 4762 | 3472 308
AT 40 40 35 kY 65 52 52 40 90 80 55 45
S0 {awg 3712 | 3702 | 3248 | 2876 | 4485 | 3588 | 3588 | 2760 | s320 [ 4480 | 3080 | 2520
Average of AT (min) $3.0 46.7 43.6 176 748 61.7 S1.1 514 93.1 85.0 718 643
Total amount of AW (m’) | 3444.0 | 30408 | 28300 | 24423 | 3612.0 | 29820 | 28152 | 2484 | 3654.0 | 33320 | 28056 | 2538
NAverage AT(min) . | 3235 461 43.1 38.0 73R 61.5 58.4 51.0 948 84.2 75.0 65.6
of iwo seasons) AW (m') | 34100 | 29%4.6 | 28024 | 2469.3 | 3570.0 | 30124 | 2822.85 | 24633 | 3717 | 3304.1 | 2042.8 | 2577.0
Saved waler 0% 12.1% | 17.8% | 27.6% 0% 156% | 209% | 31% 0% 11.0% | 208% | 30:6%

AT = Advance {ime (min,)

AW = Applicd water (m’)

(] DJuD] ‘S2Y 8y [
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5. Surface sealing and consolidation of the soil matrix near the
soil surface, which decrease the hydraulic conductivity of the
top soil layer.

6. Changes in the hydraulic properties of the soil profile between
pulses.

The best treatment was that of .33 cycle ratio (10 min. on
and 20 min. off) had the lowest advance time of 38.0, 51.0 and 65.6
min. for furrow length of 60, 80 and 100 m, respectively. This
means that surge flow cycle of 10 min. on and 20 min. off under the
condition of the present study, reduced the irrigation time by about
27.6%, 30.8% and 30.8% compared to the continuous irrigation for
60. 80 and 100 m furrow length, respectively. Gererally, using the
same on times with different off times (different cycle ratios),
revealed that increasing the off time resulted in greater water
advance, and reduced total irrigation time. On the other hand.
mcreasing furrow length tended to increase the total irrigation water
for continuous, and increase water losses due to deep percolation.

As for furrow length, the amount of water decreased by
increasing furrow length from 60 to 100 under surge irrigation,
because the number of pulses increased by increasing furrow length
and improved irrigation method specification. The same trend of

advance time were obtained by Ghalleb, 1987 and Osman er al.,
1996.

2 Applied 1rr1gat:on water (Wa):

Number of irrigations during the whole season were seven.
including planting and the first irrigations, as shown in Table (2). all
tested cycle ratios of surge treatments used less amount of water
than that in continuous one. Results indicated that surge irrigation
saved about 27.6%. 31.3% and 30.6%. for cvcle ratio 10 on and 20
off. under furrow length 60, 80 and 100 n1. respectively. Such
results 1ndicate that surge flow irrigation used less amount of water
than continuous one. The trend of the abovementioned results are in
accordance with those obtained by Ghalleb (1987), Eid er al. (1999).
Eid (1998). On the other hand, increasing furrow length tended to
increase the amount of water/fed. for continuous flow and to
increase water losses due to deep percolation. While, the ratio of
application water decreased by increasing furrow length, from 6C o

-~
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80 m; under surge urngation. The late of irrigation water increased
by increasing furrow length over 80 m, since number of pulses
increased by increasing furrow length, improving irrigation method
specification. Also, increasing furrow length more than 80 m tended
to increase the lateral movement.

Soil moisture depletion:

Values of soil moisture depletion, for the 60 ¢cm depih as
determined by monitoring soil moisture depletion, gravemetrically.
for both sites are 'shown in Table (3). Results indicated that SMD
values are higher for continuous irrigation than surge rrigation
treatments. The surge treatment (D) recorded the lowest values of
fotz] <ol meictore depletion 37.3, 46.5 and 45.9 for D). ) and Da.
while the continuous treatment had the highest values 48.7, 49.5 and
51.2 for A;, A; and Aj, respectively. This might be attributed o the

increase of evaporation at high moisture content in continuous
treatment (A, As and Ajz).

Water application efficiency (WAE):

Water application efficiency (WAE) 1s one of the most
important criteria that used to describe field irrigation efficiency.
High water application efficiency means, less deep percolation
below the crop root zone, and less tail water of furrow Samani ¢ al.
(1985).

The overall average of WAE values, of continuous iimigation
were, 60.0 during the two growing seasons, while, the
corresponding values of surge flow nrigation treatments, varied
from 65.9 to 80.5% in the average.

The averages of WAE values for continuous irrigation 61.4,
59.9 and 58.9 for 60m, 80 m and 100 m furrow length respectively.
The corresponding values for surge flow irrigation treatments were
81.1, 82.6 and 78.0% for 60 m, 80 m and 100 m furrow length.
These results indicate that WAE under surge flow irrigation exceed
the continuous flow irrigation; whereas, surge irrigation with about
19.7, 227 and 19.1% for 60 m, 80 m and 100 m furrow lengih.
respectively. The high efficiency of surge flow can be attributed to
the surface sealing that caused by the intermitied wetting and the
surizce hydraulic roughness of the wet advance, Guirguis (1988).
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Table (3): Soil moisture depletion in cm (SMD), storted water in
cm (WS), applied water AW. in cm and water
application efficiency WAE in (%) for different

irrigation treatments for maize crop (2001 and 2002).

Furrow | Irrig. 2001 2002
length ftreat.

Average of Twa scusons
)

SMD| WS | AW IWAE|SMD| WS | AW |WAE SMD | AW | WAF
cm % om %o

[1)] A 483501 |804;622|1490|498 | 820 60.7] 487 81.2 64
&0m B [456 473|702 1673 1476|482 (724|665 466 713 669
) C [462 ]| 484|660 733|485 [ 493|674 731 | 473 667 PRI
D [4752)] 483 |5942} 81,3 1 47.1 [ 472 |5815] 81.2 ] 473 587 81.1

(2) A 18014938401 5861510)5281860]|613] 493 850 9.9
80m | B [724 | 468|724} 6461491499 |71.0 | 702 ] 475 71.7 674
C | 6741470674 ]1697 | 4971503 |670([7511 473 67.2 724

D 1581489581 1807490500 59.) | 846} 465 YA 82.6

[€))] A {504}520)]900]578)|520]530]|87.0]603| 512 8835 389
100m} B |} 48041492 ) 780163.0]505])510| 73643 ]| 492 786 | 636
C |460]473 1705|671 35001506608 | 8324705 | 63.6 752

D | 450|462 (6252 73.0 | 469 [ 500 | 602 1 8301 459 1 612 8.0

The highest value of water application efficiency was 82.6%
for surge irrig. of 10 min-20 min off and 80 m furrow length,
meanwhile, the worst value was 58.9% for continuous irrigation
method, and 100 m furrow length. WAE increased with the decrease
of the cycle ratio (i.e. increase of off time). The best treatment was
that of 0.33 cycle ratio 10 m in on and 20 min. off. Goldhamer ¢/ /.
(1987) showed that the application efficiency was higher for surge
flow than continuous flow. '

Field water use efficiency (WUE):

Filed water use efficiency is one of the most important water
economy criteria. It is the ratio of crop yield to the'total applied
amount of water.

Data presented in Table (4) showed that surge flow
treatments, recorded the highest values- of WUE, compared with
continuous flow, either under 60, 80 and 100 m furrow length. The
overall average of WUE values, for continuous flow were 1.0. 0.95
and 0.85 kg/m® for 60, 80 and 100 m furrow length. respectively.
The best surge flow treatment was 10 m. on and 20 min. off under
80 m furrow length, having the highest WUE value of |.44.
Explanation of such results, is that surge flow irrigation leads to .
higher water distribution uniformity, less water losses by decp
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percolation, and less amount of applied water during the irrigation.
These results are similar to those obtained by Osman 1991, Ghalleb,
1987, Eid, 1998 and Osman, 1999.

Table (4): Field water use efficiency of maize in kg/m’ under
different irrigation treatments.

Cvele ratio Season 2001 Season 2002 Avermge of
On | OFF | Yield | WA | WUE | vicd | WA | WUE o
ke/fed. | m’/fed. kem kegffed. | m/fed. kegm SCasOn
Conl. 3410.5 } 3376.8 1.0} 34096 | 34440 0.99 Loy
10 10 3066.3 | 29484 1.04 31016 | 30408 1.02 103
&0 10 15 ] 36036 | 2772.0 130 | 3113.8 | 28308 1.10 1.20
10 20 3369.1 | 2495.6 1.35 30528 { 24423 1.25 1.30
Cont. 3528.0 | 3528.0 1.00 | 32508 [ 3612 0.90 095
10 10 37705 | 3040.8 1.24 35789 2982 120 1.22
80 10 15 | 39065 | 28308 138 | 36582 | 2314 1.30 1.34
10 20 ] 36)1.5 ) 24402 ) 148 | 34750 ] 24822 130 | _ 144
Cont, 3G24.0 ¢ 37800 ;- 580 | 32856-1 3004 GO T U8
10 10 ;36036 | 32760 | 1.10 | 3663.6 | 3330.6 1.t0 1.10
ol 10 15 | 35532 1 396101 120 | 34789 [ 2805.6 1.24 1.22
10 20 | 3466.i | 26258 132 732924 § 25326 | 1.30 1.31
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