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ABSTRACT: Aquaculture has become an important economic activity in many countries, so the
main aim of the present research is to study the effect of using aquaculture drainage as non-traditional
source for promoting sesame crop yield. Experiments were carried out on sesame crop in sandy soil of
Wadi El-Natroon using two water resources (well and aquaculture) with different nitrogen fertilizer
ratios (20, 60 and 100%) under drip irrigation systems (surface and subsurface). The effect of previous
parameters was evaluated in terms of the amount of applied water, water use efficiency, nitrogen use
efficiency, crop characteristics (capsule number/plant, plant length, total seed yield) added to
economic analysis. Experimental results revealed that aquaculture drainage gave the best results in all
aspects compared to the use of well water. Water use efficiency was increased by increasing nitrogen
fertilizer rate, while vice versa was observed with nitrogen use efficiency. The optimum obtained
conditions for sesame crop were noticed by using aquaculture drainage with 60 % nitrogen fertilizer
rate resulting in 40% fertilizer saving comparing with well water. These previous conditions gave
(0.21 and 0.2 kg/m’) water use efficiency, (5.11 and 4.61 kg/kg) nitrogen use efficiency, (465.33 and
418.33 kg/fad.) crop yield with (10983 and 10093 LE/fad.) net return and (5.01 and 4.91 LE/m’) water
productivity for surface and sub-surface irrigation systems, respectively.

Key words: Aquaculture drainage, sesame crop, drip irrigation systems, water use efficiency, nitrogen
use efficiency, crop yield.

INTRODUCTION

Water security as an indicator of food
security is the biggest challenge facing world
and it is an important strategic goal that all water
policies seek to achieve. Nowadays, water
resources are limited in many regions; so the
irrigation systems are applied under stress in
order to improve water use efficiency. Using
modern irrigation systems to develop the
irrigated agriculture lands depends not only on
shortage water being available, but also the
appropriate use of that water. Drip irrigation is a
more efficient irrigation method to improve
irrigation performance because of its high
uniformity. The drip irrigation system may have
application efficiencies between 70-90% as
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surface runoff, added to deep percolation losses
and evaporation are minimized (Postel, 2000).
The net crop yield increased under drip system
as compared to that obtained from surface
irrigation system. Abdel-Moneim and Salem,
(2014) found that, the subsurface drip irrigation
caused a significant increase in growth and yield
of potato crop comparing with surface drip
irrigation system. Gaafar et al. (2014) reported
that the highest seed, oil and straw yield (403,
244.2 and 1815 kg/fed.) were obtained using
surface drip irrigation. Actual irrigation water
requirement under surface and subsurface drip
irrigation systems for sesame was 2005 and
1892 m’/fad., respectively. Eid et al. (2017)
found that applied subsurface drip irrigation was
saving the water by of 535 and 7.3% in
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comparison with using surface drip irrigation
system, under nili and summery seasons,
respectively. The water productivity and
production for subsurface drip irrigation
treatments gave the highest values comparing
with surface drip irrigation treatment. Yesim et
al. (2018) found that subsurface drip used
slightly less water than the surface drip due to
reduced evaporation losses from the soil surface.
Results showed that surface drip resulted in
higher eggplant yield than subsurface drip.

With regard to the effect of reuse aquaculture
drainage in irrigation, Edwards et al. (2002)
suggested that poor farmers are generally not
early adopters of aquaculture technologies and
that aquaculture only becomes an option given
certain predisposing conditions. Reuse drainage
water of fish farming as a new resource for
irrigation and rich with organic matter can
improve soil quality and crops productivity. In
addition to reduce the total costs of fertilizers by
adding minimum doses from minerals fertilizers
and reduce the pollution in soil. Hamoda (2004)
stated that water reuse is a cost-effective
alternative in the development of water
resources, since it can be provided at less than
half of the cost of producing desalinated water.
Abdelraouf and Hoballah (2014) found that
potato yield and water use efficiency were 8§
Mg/fad. and 2.9 kg/m® under drainage water of
fish farms compared to 7.8 Mg/fad. and 2.9 kg/
m’ under traditional irrigation water. Okasha et
al. (2016) concluded that drainage water of fish
farms increased soybean yield and water
productivity comparing with canal fresh under
sprinkler irrigation system. Motaka et al. (2016)
mentioned that Nitrogen such as proteins and
nucleic acids is the essential nutrient for many
vital processes. Abdelraouf and Ragab (2017)
stated that use of drainage water of fish farms
instead of fresh water for irrigation of wheat
could help to achieve higher yields while using
less irrigation water and less chemical fertilizers.
Attafy and Elsbaay (2017) found that using
fish effluents and drip irrigation system under
different nitrogen fertilization levels and fish
drainage water led to higher lettuce yield,
nitrogen productivity.

A relationship was found between the
nitrogen fertilizer dose and the yield of any crop,
Noor (2017) mentioned that before making

recommendations for the nitrogen fertilizer dose
for any crop, one should evaluate the efficiency
and optimum rate for different application levels
for better growth and yield performance. Belete
et al. (2018) showed that the optimum grain
yield (6060.04 kg/ha) was recorded when 240
kg N/ha was applied and it showed no
significant additional response to N fertilizer
above this rate. Higher N level (360 kg N/ha)
always increased N content in the grain and
nitrogen uptake by wheat crop. The best
recovery of nitrogen (59.74%) by wheat was
found when 120 kg of nitrogen was applied (%4
at sowing, Y% at tillering and % at booting). The
nitrogen use efficiency traits decreased with
increasing N rate (120-360 kg N/ha). The split
application of nitrogen (% at sowing, > at
tillering and % at booting) produced the highest
nitrogen use efficiency traits. Gewaily et al.
(2018) observed a linear increase in grain yield
with continuous rate increase of nitrogen from 0
to 220 kg/ha, while 220 kg N/ha treatment
showed maximum grain yield followed by 165
kg N/ha with control as minimum. Moursy
(2018) found that the highest net return and the
maximum value of water ?roductivity were
8427 LE/Ad. and 3.53 LE/m” with using agri-
aquaculture, while the lowest value was 6144
LE/fad. and 2.32 LE/m’ with using well water.

Egypt has still no clear strategy for using
non-traditional sources of irrigation. Drainage
water of fish farms (aquaculture) is one of these
sources, which is rich with organic matter and
nitrogen fertilizer. So, the objectives of the
present study are to

1- Study the effect of aquaculture as non-
traditional resource on sesame yield.

2- Compare the performance of non-traditional
source (aquaculture water) with traditional
source (well water) to determine their
impacts on water and fertilizer use efficiency.

3- Evaluate the used surface and subsurface drip
irrigation systems from the economic point of
view.

MATERIALS AND METHODS

Materials

The present study was conducted at the
experimental station of National Water Research
Centre, Wadi El-Natroon, El-Behira Governorate,
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Egypt. Field experiments were carried out
through the period from 5" June 2018 to 5™
October 2018 to find out the effect of using
nontraditional source of irrigation (Agri-
aquaculture) on the efficiency of surface and
subsurface drip irrigation systems and sesame
yield. Experiments were executed on sandy soil,
the soil properties were 1.56 g/cm’ bulk density,
9.3% field capacity, 3.1% permanent willing
point and 6.2% available water.

Crop

Sesame (Sesame indicum L.) crop was sown
manually on 5" June 2018 at the rate of 4
kg/fad., while harvesting was occurred on the 5"
October 2018. Fertilizer needs for sesame crop
were added as follow: 200 kg/fad. (15.5% P,0s)
Superphosphate was added at the beginning of
soil preparation, 50 kg/fad. (48% K,O) Potassium
sulfate was divided in two doses as one after
thinning and the other after 15 days of thinning
and 150 kg/fad. (20.5% N) Ammonium was
divided into three doses and added after
thinning, 30 and 60 days of thinning.

Water Resources

Well water and Aquaculture drainage were
used as water resources under the present study.
Aquaculture contains Tilapia fish type with
about 10000 fish quantity. The period of
experimental aquaculture was started from 15"
April to 15™ Oct. Water amount in aquaculture
system was in the range of about 10-25% of
total water amount every day depending on fish
age. While, well water as a second water
resource was 144 m in depth with discharge rate
of about 85 m’/hr. The properties of two water
resources were shown in Table 1.

Drip Irrigation Systems

Surface and sub-surface drip irrigation
systems were used under this study. The drip
irrigation system consisted of control head
(centrifugal pump, pressure regulator, pressure
gauges, flow meter and filters) as shown in
Fig. 1. The used PVC pipes were 110, 75 and50
mm in diameters for main, sub-main and
secondary lines, respectively. Laterals drip GR
lines made of polyethylene pipes with 16 mm
diameters, 30 cm emitters distance with 4 1/hr.
emitter’s discharges. The used emitters type was
GR, either placed on soil surface for surface

irrigation system or buried approximately 15 cm
deep directly under the soil beds for sub-surface
irrigation system. The sub-main line was
equipped with a valve, meter and a pressure
gauge. The lengths of laterals and spacing
between them were 20 and 0.7 m, respectively.
The irrigation system was connected with
combination of screen and sand filters to
maintain the system from impurities. The screen
filter was 135 cm length and 25.4 cm tank
diameter with 100 m’/hr. maximum discharge.
While, the used sand filter media treatments
contain sand media with 1.89 bulk density g/cm’
and 43.2% porosity.

Methods
Experimental Setup

A split split plot experimental design was
used, with three replications. Field experiments
were carried out under the following variables:

- Two water resources (Aquaculture drainage
and well water).

- Two drip irrigation systems (surface and sub-
surface).

- Three nitrogen fertilizer rates (20, 60 and
100% N).

Measurements

The following measurements were done to
evaluate the effect of previous experimental
parameters as:

Amount of applied water

Amount of applied water was calculated
under each irrigation system using the following
equation:

((ch —0y)x d)"‘ Ly
E .

S

Ay = (1)

Where:

Aw: Amount of applied water, mm/intervals,
Orc: Soil moisture content at field capacity (%)
by volume, 6,: Soil moisture content (%) under
soil condition by volume, d: Depth of soil layer
(25 cm), Es: System efficiency, % and Lg
Leaching factor under drip irrigation system,
this factor was calculated using the following
equation:
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Table 1. Properties of the used water resources under study

Resource pH TDS (mg/l) Total phosphate (mg/l) NO; (mg/l)

Aquaculture 7.52 1750 0.17 66.4

Well 7.78 1450 0.1 2.6
Fish farms

[ Fresh water (Well) | ;
-_:n'ru filter

ﬁﬁ [ Aguaculture drainage ]
F @ 75 mm @ 75 mm
[Sereen fiter] x T oom ¥ Vi, o e oy x
- .E s & s la ..Jff‘-“..- = e E"'_ = .*"’.E""
W0m =4
Surfsce drip Sub surface drip Sub surface drip Surface drip
Fig.1. Schematic of the used drip irrigation systems
L= & ...... () Sesam yield [fk(gJ
2maxEC, NUE = ac. (%)
. . . kg
Where: Nitrogen fertilizer application (fadj

EC,: Salinity of the applied irrigation water,
dS/m and Ec.: Average soil salinity tolerated by
the crop as measured on soil saturation extract,
dS/m.

Water use efficiency

Water use efficiency (WUE, kg/m’) was used
to evaluate the effect of various treatments. It
was calculated according to (Pene and Edi,
1996) using the following equation:

Sesam yield (kgj

WUE = fad.

e .3
Amount of water applied| —
fad.

Nitrogen use efficiency

The nitrogen use efficiency (NUE, kg seeds/
kg of nitrogen fertilization) was determined
according to Vites (1965) as:

Yield and its components

Some properties of sesame crop were
determined under different treatments as capsule
number/plant, plant length (cm) and total seed
yield (kg/fad.).

Economic analysis

Economic analysis was conducted to
determine the optimum economic conditions of
water productivity for sesame crop of two water
resources under different drip irrigation systems
with different nitrogen fertilizer rates.

Total production costs (PC, LE/fad.) was
calculated with the following equation:

PC= Fish farm costs + Irrigation system costs +
Agricultural operation costs ... (5)

Total return (TR, LE/fad.): was calculated with
the following equation:
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TR=Total return of crop+Total return of fish..(6)

Total return of crop = Crop price (LE/kg) x
Grain yield (Mg/fad.). ...(7)

Total return of fish = Fish price (LE/kg) x
Fish yield Mg/fad.)....(8)
Net return (NR, LE/fad.) was calculated by:
NR=TR-PC ......ccooin.. ©)
Water productivity (WP, LE/m’) was calculated

as:
WP = NR (LE/Fad.) : (10)
Amount of water applied [mJ
fad.
RESULTS AND DISCUSSION

Amount of Applied Water

Comparing the effect of using two water
resources under drip irrigation systems, obtained
results in Fig. 2 illustrate that aquaculture
drainage gave higher amount of applied water
than well water. This may be due to the increase
in salinity concentration of aquaculture drainage
and thereby, the leaching factor was increased,
resulting in high amount of applied water of
aquaculture drainage than well water.

With regard to the effect of drip irrigation
systems, obtained results showed that surface
irrigation consumed more amount of applied
water than subsurface irrigation system. By the
use of well water and aquaculture drainage, the
values were 2083 and 2190 m’/fad., for surface
irrigation system, while 1957 and 2057 m*/fad.,
for subsurface irrigation system, respectively.
These results are in agreement with those
obtained by Kassab et al. (2005) and Gaafar et
al. (2014).

Water Use Efficiency

Fig. 3 showed the effect of using water
resources with different fertilizer rates under
surface and subsurface irrigation systems on
water use efficiency (WUE).

Results clarified that aquaculture drainage
gave higher values of WUE than well water.
Because the rate of increase in sesame yield was
higher than the increase rate in amount of water
applied using aquaculture drainage. At 60% N

with well water and aquaculture drainage, WUE
values were 0.20 and 0.21 kg/m’for surface
irrigation system, while valued as much as 0.19
and 0.20 kg/m*for subsurface irrigation system,
respectively.

Respecting to effect of drip irrigation
systems under different fertilizer rates, results
explained that subsurface irrigation system gave
lower values of WUE than surface irrigation
system due to the decrease in the amount of
applied water with subsurface system. In addition,
WUE was increased by increasing fertilizer rates
from 20 to 100%. This increase was attributed to
the increase in sesame yield. Using surface
irrigation, the values were 0.17, 0.20 and 0.22
kg/m’for well water, while they were 0.18, 0.21
and 0.22 kg/m’ for aquaculture drainage under
20, 60 and 100% N fertilizer rates, respectively.
These results are in agreement with those
obtained by Kassab et al. (2005) and Gaafar et
al. (2014).

Nitrogen Use Efficiency

Effect of different treatments on nitrogen use
efficiency (NUE) was illustrated in Fig. 4.
Obtained results indicated that aquaculture
drainage gave higher results comparing with
well water resource. The NUE values were
11.48, 4.56 and 3.09 kg/kg for well water as
well as 13.00, 5.11 and 3.31 kgkg for
aquaculture drainage for surface irrigation under
20, 60 and 100% N, respectively. However,
using subsurface irrigation, the values were
10.36, 4.11 and 2.78 kg/kg for well water as
well as 11.66, 4.61 and 3.01 kgkg for
aquaculture drainage under the same previous
conditions, in that order.

Results explained that surface irrigation
outperformed on subsurface system in NUE.
This is regarding to the highest obtained sesame
seed yield under surface irrigation comparing
with subsurface irrigation system. These results
are in agreement with those obtained by Noor
(2017) and Gewaily et al. (2018).

With increasing the fertilizer percentage,
increased the quantity, which reflected on
decreasing NUE and thereby the highest NUE
was obtained by 20% N.
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Sesame Crop Yield and its Components

Table 2 show sesame crop yield and its
components under different treatments. Results
revealed that the use of aquaculture drainage
enhanced all sesame crop characteristics
compared to well water. At 100% N, the highest
conditions of capsule number (48.67 and 53.67),
plant length (156.67 and 167.67 cm) and seed
yield (463 and 482 kg/fad.) were obtained for
well water and aquaculture drainage under
surface irrigation system, while capsule number
(45.33 and 50.33), plant length (145.33 and
154.33 cm) and seed yield (417.33 and 434.67
kg/fad.) were obtained under subsurface
irrigation system for well water and aquaculture
drainage, respectively. These results are in
agreement with those obtained by Attafy and
Elsbaay (2017), Moursy (2018) and Elmetwalli
and Amer (2019).

Concerning the effect of irrigation systems, it
was cleared that surface irrigation system gave
the highest sesame characteristics than subsurface
irrigation.

Increasing nitrogen fertilizer rate to be 100%
of recommended dosage boosted all sesame
characteristics comparing with other percentages.
These findings coincide with those stated by
Noor (2017) and Gewaily ef al. (2018) who
found that increasing nitrogen fertilizer rate was
advantageous for crop production.

Economic Analysis

With evaluating the economic analysis of
different treatments, Table 3 showed that the
highest net return with water productivity was
obtained under surface irrigation system
compared to subsurface irrigation system. The
highest values of net profit of 10983 and 10093
LE/fad., with water productivity of 5.01 and 4.91
LE/m’ were obtained under using aquaculture
drainage with fertilizer rate of 60% for surface
and subsurface drip irrigation systems,
respectively. These results are in agreement with
those obtained by Moursy (2018).

Table 2. Yield and its components of sesame crop under different treatments

Treatment Sesame crop characteristics
Capsule Plant length  Seed yield
number/plant (cm) (kg/fad.)

20% N 37.67 132.67 344.33

Well 60% N 42.67 141.67 410.33

Surface o 100% N 48.67 156.67 463.00
irrigation

system resources 20% N 42.33 140.33 390.00

Aquaculture 60% N 48.33 149.33 465.33

100% N 53.67 167.67 482.00

20% N 35.33 127.33 310.67

Well 60% N 39.33 134.33 370.00

Sub-surface 100% N 45.33 145.33 417.33
irrigation

system Water 20% N 40.67 133.33 349.67

resources - s quaculture  60% N 4533 140.67 418.33

100% N 50.33 154.33 434.67
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Table 3. Economic analysis of sesame crop under different treatments

Treatment Economic analysis
Total Total Net Water
production return return productivity
costs (LE/fad.) (LE/fad.) (LE/fad.) (LE/m’)
20% N 2460 6887 4427 2.13
Well 60% N 2960 8207 5247 2.52
Surface 100% N 3460 9260 5800 2.78
irrigation
system ' CoOourees 20% N 12224 22200 9976 4.56
Aquaculture 60% N 12724 23707 10983 5.01
100% N 13224 24040 10816 4.94
20% N 2410 6213 3803 1.94
Well 60% N 2910 7400 4490 2.29
Sub-surface 100% N 3410 8347 4937 2.52
irrigation
system Water 20% N 12174 21393 9219 4.48
resources A quaculture 60% N 12674 22767 10093 491
100% N 13174 23093 9919 4.82
Conclusion and 4.61 kg/kg nitrogen use efficiency,

Water security as an indicator of food
security is the biggest challenge facing world, so
reuse of the aquaculture drainage comparing to
traditional source of well water for promoting
sesame crop yield is the main objective of the
present study.

Experimental results revealed that:

1- Aquaculture drainage gave best results in all
aspects compared to well water.

2- Water use efficiency was increased by
increasing nitrogen fertilizer rate, while vice
versa was observed with nitrogen use
efficiency.

3- The optimum obtained conditions for sesame
crop were noticed by using aquaculture
drainage with 60% nitrogen fertilizer rate and
so, 40% fertilizer saving compared to
traditional methods.

4- Using aquaculture drainage with 60% N gave
0.21 and 0.2 kg/m’ water use efficiency, 5.11

465.33 and 418.33 kg/fad., crop yield with
10983 and 10093 LE/fad., net return and 5.01
and 491 LE/m’ water productivity for
surface and sub-surface irrigation systems,
respectively.
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