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ABSTRACT

Due to the serious water shortages the saving of irrigation water is very
important, particularly in countries with limited water like as Egypt. A
field experiment was conduct during the summer season of 2012 at El-
Karada Water Research Station, Water Management and Irrigation
Systems Research Institute, Kafr EI-Sheikh, Egypt. This research aims to
study the effect of new method of mulching on water saving and yield of
maize. Four treatments were tested : no mulch (control) (A); straw mulch
(B); 30 % plastic mulch (C), and 60 % plastic mulch (D). Mulching was
performed with 30 and 60 % furrows preimeter, along 50 % furrows
length. Applied irrigation water (AIW), water advance time (WAT), soil
moisture content (SMC), water use efficiency (WUE), application water
efficiency (Ea), ground water level (GWL), and grain yield (GY) were
computed.

Results showed that both treatments D and C decreased AIW about of
24.65 % and 21.65 %, while straw mulch treatment increased AIW about
of 3.37 % compared with control treatment. Both treatments of C and D
reduced (WAT) with 20.9 and 21.3 %, while treament of B increased it
with 19.1 % compared with control treatment. Plastic mulch had
siginficantly effect on SMC which the minimum values were recorded
under treatments of D and C, respectively. On the other hand, highest
values of SMC were obtained under straw mulch treatment. It was
observed that WUE had the highest value under treatments C and D,
respectively. While, the lowest value was obtained under straw mulch
treatment. Application water efficiency invistegated the highest values
under treatment of C and B, respectively. But, it had the lowest values
under control treatment. Results of GWL indicated that the highest values
were obtained under treatments D, A, B and C, respectively. Mulching
affected grain yield non-significantly, but the highest grain production
was observed in treatment of C (3034.2 Kg/fed.), and minimum in
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treatment of B (2401.1Kg/fed.). It was concluded that plastic mulch is the
best method to save water under surface irrigation system.

INTRODUCTION

ile River is the main source of fresh water in Egypt. It supplies

55.5 BCM/yr of freshwater every year, which represents 97% of

all renewable water resources in Egypt (Minsitry of Water
Resources and Irrigation, 2005). One of the main objective of the
Egyption sustainable agriculture development is increasing crop
productivity per unit of water use and to improve on farm irrigation
effciency. Recent studies indicate that, by year 2025, severe water
scarcity will effect one-third of the population in development countries
as there will be insufficient water resources to cover agriculture,
domestic, indusrtial and environmental needs. Surface irrigation is the
traditional method (about 80% of the irrigated area in Egypt), and it
generally has a lower application efficiency (about 50 %) than other
method mainly because of water loss due to deep percolation, which lead
to rising ground water tables and leaching of nutrients (Swelam and
Atta, 2009). Consequently, deep percolaction has a negative effect on
crop vield, fertilizer requitrements and efficient water use ( Donahue et
al. 1977). Farmers commonly over-irrigate their fields, with greater
losses. Therefore, the compination among mulching, cutting-off , and
irrigation scheduling methods is one optimal method to save water and
allivate water scarcity. The practice of spreading plastic sheet or any
other material like straw on the soil surface to reduce water losses is
called mulching. Furrow irrigation in combination with plastic mulch is a
highly efficient water-saving irrigation technology (Chen and Feng,
2013). Soil mulching with plastic film, which results in reduced water
loss and more even regulation of soil temperature, has been widely used
in agriculture (Zhang et al., 2005). While, Rathore et al. (1998) reported
that more water conserve in the soil profile during the early growth
period with straw mulch than without it. Morever, straw mulching (SM)
systems can conserve soil water and reduce temperature because they
reduce soil disturbance and increase residue accumulation at the soil
surface (Baumhardt and Jones, 2002; Zhang et al., 2009). Irrigation
scheduling minimizes water-logging problems by reducing the drianage
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requirements and control root zone salinity problems through controlled
leaching. Enviromental irrigation benefits of irrigation scheduling e.g.
reduced losses of fertilizers resulting from a decrease in seepage increase
in the soil (Mao, 1996); Nevertheless, in recent years there has been a
wide range of proposed novel approaches to irrigation scheduling which
have not yet been widely adopted; many of these are based on sensing the
plant reponse to water dificits rather than sensing the soil mositure status
directly (Jones, 1990).Optimal length of irrigation run at which watering
should be stopped instead of irrigation till the tail end of the furrows .
Such procedure resulting in reducing amounts of water pathways and
the advancement movement of the accumulated water after stopping
irrigation used in watering the remaining un-irrigated area. Soares et al.
(2000) declared that for continuous and cutting-back irrigation, the
application efficiency increased with the discharge, reaching a
maximum value and decreased thereafter, the runoff loss increased and
the deep percolation loss decreased as the discharge increased.
Puustinen et al. (2005) found that mulching contributes to decrease
runoff flow and enhance infiltration. While, Garcia-Orenes et al. (2009)
observed that time to ponding was delayed after straw mulching
treatment respect to other types of management, as systemic herbicide or
ploughing. Under field conditions, water is generally supplied to
individuals furrows via siphon tubes or gated pipes, with the intent being
to set inflow rates uniformly on a set of equal length furrows. Trout and
Mackey (1988) measured inflow rate variability of 15%for siphon tube,
25% for gated pipe, and 29% for feed ditch water application techniques.
Mulches improve both irrigation efficiences of water use and water
application. Deng et al. (2006) reported that mulching with crop residues
improve WUE by 10-20% where straw mulching increased WUE of
maize from 1.55 to 1.84 Kg.m™. Which, Awan and Ali (1988) evaluated
that application efficiency at farmers’ field and reported that the
application efficiency ranged from 34 to 95 percent.

MATERIALS AND METHODS
1- Location and soil analysis
Field study was conducted during Summer season of 2012 at El-Karada
Water Research Station, Water Management and Irrigation Systems

Misr J. Ag. Eng., July 2013 - 725 -



IRRIGATION AND DRAINAGE

Research Institute, Kafr EI-Sheikh, Egypt which located at Latitude of
31°03'N and Longitude of 30°57' E. The soil was totally clay, with
physical and chemical properties as shown in table (1).
2- Experimental Design
Experimental field consistes of four treatments as follow:
(1) No mulch (control) (A)
(2) Straw mulch (B)
(3) 30 % plastic mulch (C)
(4) 60 % plastic mulch (D)

Table (1) Some soil physical and chemical properties:

L Bulk Field Wilting Awaliable

Depth Sand Silt  Clay 7% density Capacity point water EC

em) % % % & (gemd) (%) (%) (%) (@S.m?) pH
00-20 16.50 23.60 59.90 1.19 38.00 18.00 20.00 1.75 7.80
20-40  10.00 25.00 65.00 1.29 39.54  19.00 20.54 1.88 8.00
40-60  10.00 20.00 70.00 & 1.31 40.50  20.50 20.00 220 7.90
60-80  09.00 24.00 67.00 1.36 41.00  21.00 20.00 223 8.10
Average 11.38 23.15 65.48 1.29 39.76  19.63 20.14 202 7.95

Each treatment contains of four furrows. The length of furrows was 60 m
with spacing 0.70 m as shown in Fig. (1). Mulching was performed in the
cross sectional of furrow channle (furrow perimeter) along 50 % of
furrows length. Two different materials were used under experimental
treatments; rice straw and plastic sheet. Rice straw was added with a rate
of 50 gram.m™ of furrow. On the other hand, plastic sheet (PS) was
applied with different dimintions under two treatments were C and D as
shown in table (2).

Table (2) Calculation of Total applied plastic sheet for experimental
treatments:

Furrow nmlched percentage of ~ Mulched Total amount

perimeter furrow perimeter  furrow length of PS
Treatments (m) (%) (m) (mZ. furrow!)
30 % plastic mulch (C) 0.7 30 30 6.3
60 % plastic mulch (D) 0.7 60 30 12.6

Misr J. Ag. Eng., July 2013 - 726 -



IRRIGATION AND DRAINAGE

3- Irrigation scheduling

3-1- Applied Irrigation Water (AIW)

Irrigation water was applied using for each treatment with a spile. Actual
applied irrigation water was calculated by the following equation ( Eid,
1998).

Q = Applied irrigation water, m*/fed

9 = Discharge m*/min,

U = Total irrigation time, min/fed, and

N Number of irrigation per season.
The gross irrigation water depth was estimated for each treatment and
was calculated by the following equation (Brouwer et al 1989).

dy - Gross irrigation depth, cm
n = Net application depth, cm

Ei - Irrigation water efficiency, %
LR = Leaching requirements, %

3-2- Irrigation intervals

Tensiometers were used to schedule irrigation at three depths 10, 20 and
40cm for each treatment. Irrigation water was supplied when
management allowable depletion (MAD) approached 50 %. Maximum
depth of maize root zone was 0.70 m. Tensiometers on depths 10 and 20
cm were installed in intial stage, while, the other depth 40 cm was
installed in the mid season stage.

4- Advance time and cut off

Water advance time (WAT) was measured at each treatment every 10 m
along furrows length. On the other cutting off was perfomed when water
reaches 85 % of furrow length.

5- Soil Mositure Content (SMC)

Soil moisture content (SMC) was measured for each treatment at depths
0 — 20, 20 — 40, 40 — 60cm and 60 -80 cm using gravimetric method. It
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was measured at three locations X, Y and Z along cross sectional of
furrow channel as shown in Fig. (2).
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Fig. (1) Schematic diagram of experimental field treatments in detail.

6- Irrigation water efficiencies
6-1- Water Use Efficiency ( WUE)
Water use efficiency was calculated for different treatments after crop
harvest according to Eq. (3) (Jensen, 1983).

Grain vield (ke fod 1)
Water applied (m3 fed )

WUE =
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Fig. (2) Locations of measuring moisture content.

6-2- Water application efficiency
It was calculated according to Eq. (4).
E = (CW/W X100, ... 4)

Where:
E. = Water application efficiency (%)
cu = Irrigation water stored in the root zone ( mm)

W, - Irrigation water delivered to the farm or field (mm).
7- Ground Water Level (GWL)
It measured at each treatments at three location as shown in Fig. (1) . The
locations were X,Y, and Z . It located on 12, 30, and 48m along
treatments length respectively.
8- Grain yield (GY)
Three plants within three replications at each treatment were randomly
selected. Total grain yield was calculated using multiplied by a number
of the plants in feddan (24000 plant/fed).

RESULTS AND DISCUSSION
1- Irrigation scheduling
1-1- Applied irrigation water
Results in table (3) showed that the highest amount of applied irrigation
water was obtained under treatments of B, A, C and D, respectively. It
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was observed that both treatments of D and C reduced irrigation water
with about of 24.65 % and 21.65 % compared to the treatment of A,
respectively. On the other hand, the treatment of B increased the applied
irrigation water with about of 3.37 % than the treatment of A, as shown
in Fig.(3).

1-2- Irrigation intervals

Results of soil water potential (SWP) were obtained as shown in the
following figures 4, 5, 6 and 7. Results showed that five irrigation
applications were added to the field. It was observed that SWP was
significantly affected by mulching under depths 10 and 20 cm because
most of maize roots concentrate under this layer which leads to increase
Evapotranspiration and increase infiltration. On the other hand, SWP had
non-significantly changes under depth of 40 cm due to the rising of
ground water tables which leads to increase soil water content under this
layer.

2000
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400

Applied irriagtion water, m? fed-!

No mulch (A) Straw mulch (B) 30 % plastic mulch 60 % plastic mulch
© (43))]

Treatments

Fig. (3) Diagram showing percentages of applied irrigation water to main
experimental field.

As can be seen in the following figures 4, 5, 6 and 7 that highest values
of SWT at 10 and 20 cm depths were obtained under treatments of A, D,
B and C, respectively. While, the highest values of SWT at 40cm depth
were obtained under C, A, B and D, respectively.

Misr J. Ag. Eng., July 2013 -730 -



IRRIGATION AND DRAINAGE

Elapsed days after installation
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Fig. (4) Soil water potential under treatment of no mulch (A).
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Fig. (5) Soil water potential under treatment of of straw muich (B).
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Fig. (6) Soil water potential under treatment of 30 % plastic mulch (C).
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Elapsed days after installation
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Fig. (7) Soil water potential under treatment of 60 % plastic mulch (D).

1-3- Relationship between estimated and actual applied irrigation
water

Applied irrigation water (AIW) was estimated from irrigation scheduling
data, and also actual AIW was measured with a spile. Results indicated
that there is a big difference between estimated and actual values of
applied irrigation water as shown in Fig. (8). It was observed that
treatments A and B invistigated the highest values of actual AIW, but
lower than values of estimated AIW under the same treatments due to
the performance of cutting off. On the other hand, treatments C and
D invistigated the lowest values of actual AIW due to the
performance of cutting off and plastic sheet leads to prevent water to
infiltrate into soil.
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Fig. (8) Relationship between estimated and actual applied irrigation water
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2- Advance time

Results indicate that both treatments 30 and 60 % plastic mulch reduced
advance time with 20.9 and 21.3 % compared to control treatment,
respectively. While, the treatment of straw mulch increased the advance
time with 19.1 % compared to control treatment as shown in figures
(9,10,11 and 12). This is in agreement with other findings reported by
several authors. Puustinen et al. (2005) found that mulching contributes
to decrease runoff flow and enhance infiltration. Garcia-Orenes et al.
(2009) observed that time to ponding was delayed after straw mulching
treatment respect to other types of management, as systemic herbicide or
ploughing.
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Fig. (9) Effect of mulching on advance time during first irrigation
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Fig. (10) Effect of mulching on advance time during second irrigation
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Fig. (11) Effect of mulching on advance time during third irrigation
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Fig. (12) Effect of mulching on advance time during fourth irrigation

3- Soil Mositure ontent (SMC)

Results in Fig. (13) showed that both treatments D and C reduced SMC
at locations Y and Z, while, the highest values of SMC were obtained
under straw mulch treatment. These results agree with the findings of
several authors, for example, Ji and Unger (2001) reported increases in
soil moisture storage by using straw mulch.
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Fig. (13) Effect of mulching on mositure content variation before and
after irrigation.

4- Irrigation efficiencies
4-1- Water Use Efficiency (WUE)
Water use efficiency investigated significantly differences among whole
experimental treatments. Value of WUE were (2.23, 2.09, 1.69 and 1.34
Kg. Fed™) under treatments of C, D, A and B, respectively as shown in
Fig. (14). Straw mulch treatment had the lowest value of WUE due to the
increasment of ground water table which rises upward and compine with
rice straw. Basically, straw is an organic matter which absorbed
irrigation water under the rooting system of maize which leads to reduce
plant transpiration.

4-2- Application water efficiency (Eg)

Mean values of application water efficiency were estimated for whole
applications of irrigation. Results indicated that values of E, were (63.62,
59.15, 56.10 and 53.10 %) under treatments C, D, A and B, respectively
as shown in Fig. (15). These results agree with the findings of Wolters
and Berisavljevic (1991), reported that field application efficiency is
influenced by factors such as soil type, irrigation application method.
Values of application efficiency are mostly similar to results were
obtained by Awan and Ali (1988) who evaluated application efficiency at
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farmers’ field and reported that the application efficiency ranged from 34
% to 95 %.

5- Ground water level (GWL)

Ground water level was measured at three locations per treatment X, Y
and Z for both of two stages ( experimental test and main experimental
field).
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Fig. (14) Effect of mulching on water use efficiency of maize.
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Fig. (15) Effect of mulching on application irrigation water efficiency of
maize.
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According to location X, it was observed that GWL investigated the
highest values under treatments of A, D, and B, respectively. On the
other hand, the lowest values were obtained under the treatment of C, as
shown in Fig. (4.16).

According to location Y, in experimental test (before sowing), the
highest values of GWL were obtained under treatments of B, A, D, and
C, respectively. During intial and mid stages, GWL invistigated the
highest values under treatments of A, B, D and C, repectively.
Moreover, in late stage, the highest values of GWL were obtained
under treatments of A, D, C, and B, respecively, as shown in Fig. (4.17).

According to location Z, values of ground water level during (
experimental test, intial and mid stages) were the highest under
treatments D, C, B, and A, respectively. On the other hand, in late
stage, the highest values of GWL were obtained under treatments of
D, A, C, and B, respectively, as shown in Fig. (4.18).

6- Grainyield (GY)

Mulching affected grain yield non-significantly as shown in table (3).
Highest value of grain yield production was observed in treatment of C
(3034.2 Kg/fed.), while, the lowest value was obtained under treatment
of B (2401.1 Kg/fed.). This is due to increase soil water storage under
straw mulch treatment to trigger the accumulation of salts in root zone
with negative effects on crop productivity.

Table (3) Effect of mulching methods on maize grain yield.

Treatment Grain yield (Kg/fed.)
No mulch (A) 2936.7
Straw mulch (B) 2401.1
30%plastic mulch (C) 3034.2
60% plastic mulch (D) 2733.9
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Elapsed days after installation
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Fig. (16) Effect of mulching method on ground water level at location X
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Fig. (18) Effect of mulching method on ground water level at location Y
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CONCLUTION
Plastic mulch is effective method on irrigation water saving. It can be
control weeds as observed during the experimental test. It saves the
applied irrigation water and control erosion. It conserves soil moisture
content within soil profile. It controls ground water table so reduces soil
salinity. It improves both irrigation water use and application
efficiencies. Also, it increases grain yield production of maize.
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