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ABSTRACT

Irrigation scheduling in terms of frequency rate and duration expresses how water is used on the
farm. The technique involves two decisions: - when to irrigate (timing) and how much to apply (quantity)
Ideally, they are planned so that adequate water can be delivered to the farm during the peak crop water-
use period. This research aims to comparison two irrigation systems the drip irrigation and open furrow
irrigation. Split area of 36m? was designed for both irrigation systems. Onions were planted in these are-
as. Three moisture content levels were selected for this study namely 100 % (M1), 75 % (M2), and 50 %
(M3) of the available water. The results show that the generally, the moisture content decreases at deeper
soil layers or being far from the dripper or furrow systems. The electrical conductivity (EC) value in-
creases in horizontal and vertical directions and so chloride. The data indicated that salts are accumulated
according to direction of water flow. Generally, the EC and chlorides concentration increased by decreas-
ing the quantities of water applied rates. The salinity increased in the following order: drip and furrow
irrigations. Comparing the three different applications water under irrigation systems, a significant rela-
tion was remarked. Meanwhile, when the two systems irrigation is compared due to the application wa-
ter, no significant relation obtained. Under drip irrigation, each k watt of power produced 273 kg of yield
in the first season increasing by 73.55 and 64.56 % than the furrow system respectively.

Keywords:_Moisture; Salinity; Crop yield; WUE; Power requirement; Wadi EI- Natrun and Dakahlia

Area; Egypt.

INTRODUCTION

To determine the proper amount of water, the plan-
ner should thus know soil-plant-weather relationships. Al-
s0, the conveyance and application efficiencies should be
known. The new lands had their own undesirable condi-
tions and to the shortage of water and harmful salts existing
in soil component and wells water, severe weather condi-
tions. Accurate data for consumptive use are required in
irrigation system design for improving water use efficien-
cy. Ideally, they are planned so that adequate water can be
delivered to the farm during the peak crop water-use peri-
od. Other advantages include the minimizing of water and
energy as well as deep percolation losses. EI-Nashar and
Elyamany (2017) found that small water quantity is needed
for drip and subsurface irrigation than for surface or sprin-
Kler irrigation less water is lost by direct evaporation and
deep percolation. Eid et al., (2013) reported that under
sprinkler irrigation salt content within soil was mainly af-
fected by the amount of water added components of soil
and type of irrigation water. Generally the higher moisture
content reduces the EC values of the soil indicating the
casiness of leaching the soil. Thus, the salt concentration
increases as the moisture content decreases. Rafie and El-
Boraie (2017) found that; water use efficiency significantly
increased with 100% irrigation water requirements and
4L/n dripper discharge rate when applying surface drip
irrigation system. Wazed et al. (2017) described the study
about solar-powered irrigation technologies that have de-
veloped significantly in the past decade assisted by the
development of higher efficiency, low cost solar Photovol-
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taic panels. The technology has come so far as to be able to

elapse diesel-powered irrigation systems in terms of the

payback period and reduction in greenhouse gasses.

The objectives of this work were as to:

1.Selecte the proper irrigation system in new and in respect
to water use efficiency, total yield and cost.

2.Comparing the effect of water system on salts and water
distribution through soil layers.

3.Evaluate the consumed power under each system.

MATERIALS AND METHODS

The study area consists of two farms, the first was
the El bana farm in Wadi EI Natrun district, Al Behera
governorate, The second was El-Gamil farm, Bin Obeid
District, dakahlia governorate.

Physical and chemical properties of soil

Soil samples taken randomly from each different
planted soil in the two studied farms (El bana, and El-
Gamil farms), ten soil samples were randomly collected
and taken by shovel at (0-35 cm depth), and were mixed
then one representative sample (field average sampling)
was taken. Thus, two surface soil samples (0-35 cm) were
collected samples were from EIl banna farm and sample
were from EI-Gamil farm. The obtained soil samples were
air-dried, crushed, and passed through a 2-mm sieve. The
physical and chemical properties for studied farms were
obtained.

Soil moisture and soil salinity distributions

In Drip irrigation, irrigation was carried out in three
stages, as we explained previously at (50, 75 and 100%) of
the total amount of water consumed and moisture was de-
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termined after irrigation but the salinity it was determined
in the end season, was determined by using an electrical
conductivity meter in 1:5 soil-water extract, in four differ-
ent locations at different horizontal distances of (5, 10, 15
and 20 cm) from the dripper, and depths (0-10, 10-20, 20-
30, and 30-40 cm ) from the soil surface.

As for Furrow irrigation, soil moisture determina-
tion and determination were done in the same way as drip
irrigation, but soil samples were taken differently, which
are in four locations at different horizontal distances (10,
15, 20, and 25 cm) and depths (0-10, 10-20, 20-30, and 30-
40 cm ) from the soil surface.

Chloride distribution on soil

Chloride distribution was determined in four differ-
ent locations at different horizontal distances of (5, 10, 15
and 20 cm) from the dripper, (10,15,20, and 25 c¢cm) from
the center of the furrow, and depths (0-10, 10-20, 20-30,
and 30-40 cm ), chloride distribution was determined in
using Silver nitrate (Hesse, 1971). Each treatment was
performed through the successful agricultural season for
onion in 2019-2020.

Amount of applied water

Three treatments of 100, 75 and 50 percent of the
maximum available water were investigated. Each treat-
ment was replicated two times under. Drip, and furrow
irrigation systems through the successful agricultural sea-
son for onion in 2019-2020.

The amount of irrigation water were calculated as
the follows equation (Black et al.,1965):

FC-wp

ekl R ——

Where: D is the depth of available water (cm), and BD is the bulk
density, and FC is the field capacity, and WP is the wilting
point, and DR is the depth of root (cm).

The applied amount of irrigation water was calcu-
lated with the following equation.

Where: Q is the applied irrigation water, (m*fed), and (q ) is the

discharge, m*min, and t is the total irrigation time
(min/Fed).

The experimental field parameters of irrigation sys-
tems and a total of irrigation water for onion and time of
irrigated are listed in Tables (1, and 2).

Table 3. Soil physical properties of the experimental samples

Table 1.The experimental field treatments of irrigation

systems
Treatments Drip Furrow
Irrigated area (Plot) 6x6m 6x6m
No. of rows/plot 7 rows 7 rows
No. of plants/plot 2520 plants 2520 plants
discharge 4Lit/h. 6.635 m¥/h.
Table 2. Time and a total of irrigation
Treatments Drip Furrow
Application time
M1 (100%) 3h.+15min 11 min
M2 (75%) 2h. +26 min 8.5 min
M3 (50%) 1h.+38 min 6 min
Water irrigation depth
M1 65.0 cm/season 65.0 cm/ season
M2 48.8cm/season 48.8 cm/ season
M3 32.6 cm/season 32.6 cm/ season
No. of onions plants/fed. 294000 plants 294000 plants

Method of analysis and measurements

1- Particles size distribution according to (Piper 1950).

2- Bulk density according to (Black et al., 1965).

3- Calcium carbonate according to (wright 1939).

4- Organic matter according to (Black et al., 1965).

5- Field capacity according to (Thorne and Peterson
1954).

6- Permanent wilting point was obtained depending on
sunflower method as described by Dastane (1967).

Water use efficiency, (WUE)

Water use efficiency values as grain yield (kg) m=
of the applied water were calculated for different treat-
ments after crop harvest according to Eq. (3) (Jensen,
1983).

_ Onionyield (kg fed')

Water applied [m3 fe d'l)
Power requirement for producing onion (kg/kW)
PxQ
. O]

Where: P, is the power required per treatment (kW), and P is the
pressure (bar), and Q is the discharge (m?/sec).

ceeereeneenend5)

v
Power requ.irement=p—kgfk“'......................
o

Where: Y is the onion yield (kg/treatment).
RESULTS AND DISCUSSION

Soil physical properties

The analyzed soil samples appear some soil physi-
cal properties such as particle size distribution (coarse
sand, fine sand, silt, and clay), organic matter, calcium
carbonate content, texture, field capacity, and saturation
percentage of the investigated soil samples at depth (0-35
cm) as shown in table (3).

Farm name Depth Sand (%) Totalsand  Silt Clay CaCO3 oM FC SP
(cm) Coarse Fine (%) (%) (%) (%) (%) (%) (%)

El banna 0-35 24.1 50.0 74.1 14.2 117 1.65 0.50 15.24 30.48

El-Gamil 0-35 15.10 5.00 20.1 31.2 48.7 4.00 1.40 35.0 70.00

El banna farm, it was found that the coarse sand in
the studied soil was 24.1%, fine sand was 50.0 %, total
sand (TS) was 74.1%, silt percentage was 14.2 %, clay
percentage was 11.7%, accordingly, the majority of soil
textures were sandy. Saturation percentage (SP) was 30.48

%. Organic matter was very low in the studied soil, it was
and 0.50%, and calcium carbonates were 1.65%. In El-
Gamil farm, it was found that the coarse sand in the studied
soil was15.10%, fine sand was 5.0 %, total sand (TS) was
20.1%, silt percentage was 31.2 %, clay percentage was
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48.7%, saturation percentage (SP) was 70 %. SP values
were associated with higher clay content, organic matter
content was medium. OM was 1.40%, and calcium car-
bonates were 4.0%.

Table 4. Soil soluble cations, anions, pH and EC values

Soil chemical properties

The analyzed soil samples appear some soil chemi-
cal properties of the investigated soil samples taken from
depth (0-35 cm) in saturation soil extract as shown in table
(4). These properties include pH, electrical conductivity
(EC), soluble cations, and soluble anions.

Depth Soluble cations (meq 100g-1 soil)

Soluble anions (meq 100g-1 soil) pH EC1:5

Farm name (cm) Cart Mo+

Na* K*

HCOs Cl S04~ 1:25 dSm-1

0-35 1.52 0.93
0-35 0.67 0.31

4.73
3.69

El banna
El-Gamil

0.50
0.09

161 452 155
0.69 3.01 1.06

8.13
8.05

1.50
0.93

Calcium ions (Ca2*), was 1.12 meq 100g-1 soil
in El banna farm, while it 0.67 meq 100g* soil in El-
Gamil farm. Magnesium ions (Mg**) was 1.69 meq
100g*? soil in Elbanna farm, while it was 0.31 meq
100g? soil in EI-Gamil farm. Sodium ions (Na*), was
4.07 meq 100g* soil in El banna farm, 3.69 meq 100g™
soil in EI-Gamil farm, and potassium ions (K*) she was
0.92 meq 100g™ and 0.09 meq 100g™ soil in EI Gamil
farm.

Carbonates ions (CO3~) were null in soil paste
extracts of the studied soil samples in the two farms,
bicarbonate ions (HCO3) from 2.89 meq 100g? soil in
El banna farm, while it was 0.69 meq 100gsoil in EI-
Gamil farm, chloride ions (CI-) she was 2.71 meg100g™*
soil in El banna farm, while it was 3.01 meq 100g-1soil
in EI-Gamil farm, sulfate ions (SO4~) was 0.53 meq
100g™* soil in El banna farm, while it was 1.06 meq
100gsoil in EI-Gamil farm, soil pH she was 8.18 in El
banna farm, and it was 8.05 in El-Gamil farm, and elec-
trical conductivity (EC) was 1.18 in El banna farm, and
it was 0.93 in El-Gamil farm. This indicates that the
studied soils in the two investigated farms are non-
saline, which could be contributed to the good manage-
ment practices in the studied area.

The Effect of Irrigation System and Amount of Applied
Water on Soil Moisture Distribution

Figs. (1 and 2). Indicate that the moisture content
generally decreases in horizontal and vertical directions
under the two irrigation systems. Under drip system the
moisture distribution is increases through the surface
layer of (0-30 cm) than the furrow system this may be
attributed to the short irrigation in case of drip irriga-
tion. The average values of moisture was the lowest of
11.27, 10.79, and 8.61 % under the furrow system
through 30-40 cm under three treatments compared with
the drip system (11.71, 10.27, and 9.86%). Figs. 1 and
2. shows that the moisture content decreases by decreas-
ing the amount of applied water. The higher value of
moisture contents was obtained under the drip system
comparing to furrow systems. The drippers supplied
water from a point source, the soil is saturated close to
the point source with a gradual decrease in moisture
content in the soil in all directions away from the
sources.
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Fig. 1. Water distribution under drip irrigation system,

at (a) 100, (b) 75, and (c) 50 %, soil moisture of
total applied water
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Fig. 2. Water distribution under furrow irrigation sys-
tem, at (a) 100, (b) 75, and (c) 50 %, soil mois-
ture of total applied water

The Effect of Irrigation Systems and Amount of Ap-
plied Water on Salt Distribution

Figs.( 3 and 4) indicates that the soil salinity content
increased through deep soil layers due to the moisture
movement, figs. 3 and 4 reveal that the concentration of
salts increased horizontally and vertically through soil lay-
ers under drip system in the boundaries of the wetted
zones. The highest salinity was accumulated at 20 cm dis-
tance from drippers for all irrigation water. The salinity
content at any location is subjected to rate of flow, the
quality of irrigation water and the amount of irrigation
water.

As to the furrow irrigated area, the salts were dis-
tributed at zones near the furrows; Figs. 3 to 4 reveal that
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the salts concentration under furrow system increased in
both vertical and horizontal direction dealing with the dy-
namics of water. The effect of irrigation systems on the salt
accumulation can be arranged in the following deciding
order: Drip > furrow systems. Generally, this may attribut-
ed to the fact that the salts concentration increased by de-
creasing moisture content.
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Fig. 3. Electrical conductivity distribution under drip
irrigation system, at (a) 100, (b) 75, and (c) 50
%, soil salinity of total applied water
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The Effect of Irrigation Systems and the Amount of
Applied Water on Chloride Distribution, %

Figs. 5 and 6 indicate that the chloride increases in horizon-
tal and vertical directions under the two irrigation systems.
Under the drip system, the chloride distribution is de-
creased through the surface layer of (0-10 cm) than the
furrow system this may be attributed to the short irrigation
in case of drip irrigation. The average values of chloride

were the lowest of (13.40, 14.60, and 11.10 %) under the
drip system through (0-10 cm) under three treatments
compared with the furrow system (11.50, 12.80, and 9.27
% ). Figs. 5 and 6 show that the chloride value increases by
decreasing the amount of applied water. The higher value
of chloride values was obtained under the drip system
comparing to the furrow system. Decrease in chloride val-
ues in the soil in all directions away from the sources.
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Fig.5. Chlorides distribution under drip irrigation sys-
tem, at (a) 100, (b) 75, and (c) 50 %, soil chloride
of total applied water
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Effect of Irrigation Systems and Amount of Applied

Water on Crop Yields and Water Use Efficiency,

(WUE)

It is noticed that the yield obtained under drip irri-
gation increased by 14.15% than the furrow system, re-
spectively from the table (5). The values of water use effi-
ciency investigated differences between all of the treat-
ments as shown in Table (5). The highest values of WUE
were obtained under the drip irrigation system in all treat-
ments M1, M2, and M3 through the season. The average
values of WUE under drip irrigation were 10.96 kg/m?,
increasing by 14.14% than the furrow system. It is interest-
ing to know that the maximum values of WUE are ob-
tained under the amount of applied water 14.30 kg/m®.

Table 5.Crop yield obtained under different treatments

Irrigation sys- Amount of applied  Yield, ton ~ WUE,
tem water (m®/Fed.) /Fed. kg/m?®
M1 (%) 2730 23.22 851
Drip M2 (%) 2050 24.18 11.80
M3 (%) 1370 20 14.60
Mean 2050 2247 10.96
M1 (%) 2730 19.35 7.09
Furrow M2 (%) 2050 20.92 10.20
M3 (%) 1370 17.60 12.85
Mean 2050 19.29 941

Power Requirement
a. Drip
Pressure, (1.2 bar).
No. of dripper, (2520).
Discharge, (4 liter / hr.).
n=90%.
1.2x4x1000x2520

~ =2.09 hp/Fed.
0.9%3600x75x102
Power requirements = 2.09x0.7355 = 1.54 kW/fed.
b. Furrow
Pressure, (2.2 bar).
Discharge, (6.635 m®/hr.).
n="70%.

Power requirements =

5.635%2.2x10%

~ =0.8 hp/Fed.
0.7x3600x75x102
Power requirements = 0.8x0.7355 = 0.59 kW/Fed.

Amount of applied water on one irrigated/Fed.
M1 (%) = 136.5 m3/Fed.

M2 (%) = 102.48 m3/Fed.

M3 (%) = 68.46 m3/Fed.

The time of operating applied irrigation water for
field treatments was computed with the equation (Black et
al.,1965): as shown in Table (6, and 7), and as previously
ex-plained has been calculated power requirement operat-
ing for producing onion (kg/kW) as shown in Table (8, and
9).

Table 6. Time of operating, one irrigated / fed
Irrigation systems

Power requirements =

Treatment

Dr. Fu.
M1 (%) 3.25 20.6
M2 (%) 244 15.44
M3 (%) 1.63 10.32

Table 7. Time of operating, h / season
Irrigation systems

Treatment

Dr. Fu.
M1 (%) 65 412
M2 (%) 48.8 308.8
M3 (%) 32.6 206.4

Table 8. Power requirement, one irrigated, kW / fed
Irrigation systems

Treatment Dr. Fu.

M1 (%) 5.01 12.15
M2 (%) 3.76 9.11
M3 (%) 251 6.09

Table 9. Power requirement, kW / season
Irrigation systems

Treatment

Dr. Fu.
M1 (%) 100.20 243.08
M2 (%) 75.2 182.19
M3 (%) 50.20 121.78

Under drip irrigation, each kW of power produced
298.8 kg of crop yield the increasing ratio was 74.25 and
63.65% than the furrow system, respectively as shown
Table (10).
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Table 10. Crop yield and power requirement for two seasons as affected by irrigation systems and amount of ap-

plied water.
L Operating time, Power requirement, Amount of applied  Crop yield, k Cropyield, k

Irrigation system P h. d k?N water, m%p F;I%led. ; P )/lkW ;

M1 (%) 65 100.2 2730 23220 231.74
Drip M2 (%) 48.8 75.20 2050 24180 321.54

M3 (%) 32.6 50.20 1370 20000 398.41
Mean 75.2 2050 22470 298.8

M1 (%) 412 243.08 2730 19350 79.60
Furrow M2 (%) 308.8 182.19 2050 20920 114.83

M3 (%) 206.4 121.78 1370 17600 14452
Mean 182.19 2050 19290 105.88

CONCLUSION REEFRENCE

The three treatments of amount of applied water
were 100% D (3.25 c¢cm), 75 % D (2.44 cm), and 50% D
(1.63 cm). The distances between rows 100 cm and be-
tween plants 40 cm in rows.

The moisture content decreases at deeper soil layers
or being far from the dripper or furrow systems. Compar-
ing the three different applications of water under each
irrigation system, a significant relation was remarked.
Meanwhile, when the two systems irrigation is compared
due to the application no significant relation obtained.

The electrical conductivity (EC) value increases in
horizontal and vertical directions and so chloride. The data
indicated that salts are accumulated according to the direc-
tion of water flow. Generally, the EC and chloride concen-
tration increased by decreasing the quantities of water ap-
plied rates. The salinity increased in the following order:
drip> furrow irrigation. Comparing the three different ap-
plication water under each irrigation system, a significant
relation was remarked. Meanwhile, when the two systems
irrigation is compared due to the application water, no sig-
nificant relation obtained.

The effect of irrigation systems on roots distribu-
tion. The roots distributed through the surface layer under
drip irrigation more than furrow irrigation, while the distri-
bution of roots increased in the vertical direction for furrow
irrigation more than drip irrigation.

Yield and water use efficiency. The results clearly
showed that the highest yield obtained under the drip irri-
gation system.
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