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Abstract

An economic evaluation of the effect of irrigating tomato plants with agricultural drainage water remediated with DHS technology was
conducted in a field experiment at Rahawy, Giza governorate. According to the findings, Egypt's reuse of agricultural drainage water meets
around 15% of its irrigation needs, while the overall expenses of remediating one cubic metre of agricultural drainage water using DHS
technology reached LE 1.03. The volume of irrigation water used to grow tomato plants decreased by 5% in non-remediated soil ecosystems,
14% in soil ecosystems remediated by microbial inoculation and fortified by bentonite clay mineral, and 22% in soil ecosystems receiving
a mix of clay minerals, rock phosphate, and sulphur and inoculated by Thiobacillus sps and phosphate dissolving bacteria PDB. the
productivity of one feddan of tomato crop irrigated with non-remediated agricultural drainage water reached 11.31 tons per feddan, irrigation
with agricultural drainage water increased tomato crop by about 31%, all studied indicators of the economic efficiency of tomato production
grown in remediated soil ecosystem and irrigated with remediated agricultural drainage water were higher than their counterparts grown in
non-remediated soil ecosystem and irrigated with non-remediated agricultural drainage water, total tomato yield increased under irrigation
with remediated agricultural drainage to LE 31.668, reaching 47% over its counterpart grown in non-remediated soil ecosystem irrigated
with non-remediated agricultural drainage water, the net yield per feddan increased by 716% under irrigation with remediated agricultural
drainage water over its counterpart irrigated with non-remediated agricultural drainage water. When irrigated with remediated agricultural
drainage water, the cost of one tonne of tomato fruits harvested from non-remediated, remediated with bacteria, or remediated with clay
minerals soil ecosystems decreased by 11%, 40%, and 44%, respectively, when compared to its counterparts irrigated with non-remediated
agricultural drainage water. The profitability of one pound spent on tomato fruits harvested from non-remediated, remediated with bacteria,
or remediated with clay minerals soil ecosystems decreased by 598 percent, 1010 percent, and 163 percent more than its counterpart irrigated
with non-remediated agricultural drainage water, respectively, under irrigation with remediated agricultural drainage water. The net return
of the water unit increased by 761 percent, 1367 percent, and 282 percent in tomato fruits harvested from non-remediated, remediated with
certain microorganisms, or remediated with clay minerals soil ecosystems under irrigation with remediated agricultural drainage water,
respectively, over its counterpart irrigated with non-remediated agricultural drainage water. The estimated profitability of each pound spent
on agricultural drainage water remediation was LE 2.36 for tomato plants growing in an unremediated soil ecosystem, LE 10.07 for those
remediated with specific microbes, and LE 33.43 for those remediated with clay minerals. The economic valuation of irrigating tomato
plants with agricultural drainage water remediated with DHS technology was good, which will support farmers' social acceptance and
sustainability of DHS use.
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INTRODUCTION

Nowadays, water resources management is a top priority in Egypt with regard to the expected problems that the country would
face in the next few coming years as a result of the steady supply of water resources, adverse impacts of climate change and the

.Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 6 | 2022 m




escalating demands on water associated with the high rate of population increase. Moreover, there are many expected adverse
consequences related to the expected reducing Egypt's share of the Nile waters due to the operation of the Grand Ethiopian
Renaissance Dam. Hence, the expected gap between supply and demand for water will reduce the annual per capita share of
water. At the time being, it is an urgent issue to remediate all available low-quality water resources in Egypt by the proper
technology to suit their reuse, after being economically valuated. The present study aims to economically evaluate the DHS
technology used in low-quality remediation from an economic perspective.

MATERIALS AND METHODS
EXPERIMENTAL

The experimental site at Rahawy was ploughed, leveled and divided into enough numbers of plots with an area of 12.2 m2,
each containing rows of 3.5x0.7 meter. Tomato seedlings (Solanum lycopersicum var Ajyad 7) were obtained from a private
nursery at Giza governorate and sown on the 5th September. Tomato plants were irrigated with either non-remediated or
remediated agricultural drainage water from Rahawy agricultural drain and were grown in three different soil ecosystems, i.e.,
un-remediated control soil ecosystem, remediated soil ecosystem inoculated with certain microorganisms or furnished with soil
conditioners. The experiment was set in split plot design with three replicates. The main plot included the different remediated
soil ecosystems. Water treatments were arranged in sub-plot, raw or reclaimed drainage water. All field plots were irrigated
every three days or when needed.

METHODS
REMEDIATION OF POLLUTED ECOSYSTEMS
AGRICULTURAL DRAINAGE WATER ECOSYSTEM

A pilot-scale DHS reactor (Fig 1) was conducted to worth the quality of the drainage water at Rahway agricultural drains under
continuous mode and different HRT. The DHS reactor consisted of four segments connected vertically and was randomly filled
with sponge media as the packing material.
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Fig (1) Systematic diagram of down flow hanging sponge system (DHS)
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A distributor was set at the top of the DHS reactor. The DHS reactor volume (vessel volume) and the sponge media volumes
were 148.4 L and 113 L, respectively, corresponding to sponge media occupancy of 75%. The sponge media is composed of a
polyurethane sponge cylinder (33x22 mm) packed inside a cylindrical plastic net ring (33 mm diameter, 25 mm length). The
sponge media volume was calculated as a cylindrical shape. Finally, a clarifier was set at the bottom of the DHS reactor with a
working volume of 25 L.

Raw agricultural drainage water samples were monthly collected from Rahway & Belbeis agricultural drains in polyethylene
containers (25-L capacity). Drainage water samples were analyzed on the day of their collection to avoid the any biological
decomposition of their solids according to the standard methods for wastewater analysis (Eaton et al. 2005). The investigated
parameters included BOD5, COD, TSS, dissolved oxygen (DO), pH and turbidity. Got results were compared to the water
quality criteria specified in Egyptian guidelines (law 48 for 1982).

SOIL ECOSYSTEM

Two clay mineral mixtures were used to remediate the soil ecosystem at Rahawy, the first composed of bentonite mixed with
elemental sulfur and rock sulfate in a ratio of 1:1:1, and the second is composed of equal proportions of bentonite, kaolinite,
Aswan clay, and Ball clay mixed in equal portions (Wahba and Zaghloul, 2007; Zagloul and Saber, 2019; Saber eta al., 2019).

MICROBIAL CULTURE COLLECTION

A microbial culture collection was established for the sake of preserving the isolated remediative microorganisms. The
microorganisms were preserved in the form of lyophilized strains. The following microorganisms were isolated and used to
remediate the trailed soil the ecosystem, Acidithiobacillus ferrooxidans, Acidithiobacillus thiooxidans, Acinetobacter sp,,
Bacillus megatherium var phosphaticum, Trichoderma sp., Pseudomonas putida, Pseudomonas fluorescence.

ISOLATION AND CULTIVATION OF MICROORGANISMS:

Acidithiobacillus ferrooxidans: DSMZ medium 882 (Atlas, 2005) was used to isolate and grow Acidithiobacillus ferrooxidans.
The medium is composed of 959 ml of solution A and 50 ml of solution B and 1.0 ml trace element solution and with a pH
value of 1.8. Solution A is composed of 147 g CaCl2.2H20, 132 g (NH4)2504, 53 g MgCI2.6H20, 27 g KH2PO4. Solution
A was prepared by dissolving its components in one liter of distilled water and the pH was adjusted to 1.8 with 10 n H2SO4
before being autoclaved for 30 min at 112 C and cooled to room temperature. Solution B was prepared by adding 20 g
FeS04.7H20 to 50 ml H2SO4 (0.25 n) and the pH was adjusted 1.2 before being autoclaved for 30 min at 112 C and cooled to
room temperature. The trace element solution is composed of 68 mg ZnCl2, 67 mg CuCI2.2H20, 64 mg Col2.6H20, 62 mg
MnCI2.2H20, 31 mg H3BO3 and 10 gm Na2FmoO4 in one liter of distilled water and adjusted to pH 1.8 before being
autoclaved for 30 min at 112 C and cooled to room temperature. DSMZ medium 882 was prepared by aseptically mixing 950
ml of solution A and 50 ml of solution B and 1.0 ml trace elements solution and thoroughly mixed and adjusted to pH 1.8.

The pure culture of the isolated Acidithiobacillus thiooxidans pre-incubated in the medium for 3 days was inoculated at 10%
(v/v) concentration in a large container containing 4 L of the medium. The container was continuously aerated by compressed
air during 8 to 10 days of incubation. The culture was then centrifuged for 3 min to remove residual sulfur. The supernatant
was again centrifuged for 20 min and the cells were harvested. After washing the harvested cells with inorganic salt medium,
the cells further suspended within the same medium to obtain the concentrated cell suspension, which is used as an inoculums'.
To investigate effects of initial pH on the sulfur oxidation rate of the isolate, the pH values of the medium was adjusted to 2, 3,
4,5,6,7and 8 by 0.2 to 2 M NaOH and HCI solutions. The concentrated cell suspension previously inoculated into the pH-
adjusted medium was incubated at 30°C and 180 rpm. Initial optical density (OD) after inoculation was 0.05 at 660 nm. The
culture broth (10 ml) was sampled every 1 or 2 days during incubation to determine pH, OD, and sulfate concentrations. When
OD of the cell suspension of the isolated bacterium reached 1 at 660 nm, the actual concentration of the microorganisms
corresponded to 0.47 g dry cell weight/L_1.

Acidithiobacillus thiooxidans: A pure culture of the sulfur-oxidizing bacterium Acidithiobacillus thiooxidans, active in a wide
pH range was isolated from -soil moistened and enriched with elemental sulfur and incubated at 30°C for 15 days. Five gram
portions of the sulphur enriched soil was placed a 250-ml Erlenmeyer flask containing 100 ml of modi-fied Waksman medium
(Ryu et al. 1998 and Cho et al., 1999) and incubated for three weeks at 30°C. Modi-fied Waksman medium is composed of 3.0
g/l K2HPO4, 0.1 g/l, MgS04-7H20, 0.3 g/l CaCl2-:2H20, 0.01 g/l FeSO4-7H20, and 10 g/l S as an energy source and with a
pH of 4. The mixed culture obtained in this enrichment medium was re-inoculated in fresh modi-fied Waksman medium and
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was again incubated under the same conditions. From the culture broth, 10 ml aliquot was sampled every 7 days during
incubation to determine its pH until reaching 2. The obtained cell suspension of Acidithiobacillus thiocoxidans was used in
inoculating the soil irrigated with sewage effluent..

Pseudomonas sp: Vanillate medium (Atlas, 2005) was used to isolate and grow Pseudomonas sp. The components of the
medium are 1.0 g (NH4)2 SO4, 0.4 g KH2PO4, 0.1 g yeast extract, 0.01 MgS04.7H20, 10 ml trace element solution, 10 ml
vanillic acid solution in one liter. The trace element solution contains 0.4g MnSO4.4H20, 0.5mg H3BO3, 0.4mg ZnS0O4.7H20,
0.2mg FeCl3, 0.1mg KI, 0.04 mg CuS04.5H20 in one liter distilled water. The vanillic solution contains 1.5 g vanillic acid per
one liter distilled water. The components of Vanillate medium were dissolved in 980 ml distilled water and heated to boiling
, autoclaved for 15 min at 1.5 psi pressure at 121 °C and cooled. The vanillic acid solution and trace element solution were
warmed to 50-55 °C, then 10 ml sterile solution portion of both vanillic acid solution and trace element solution were aseptically
added to the medium and thoroughly mixed.

Acinetobacter sp.: A mineral medium with crude oil (Atlas, 2005) was used to isolate and grow Acinetobacter sp. The
components of the medium, except crude oil, were weighed and added to one liter distilled water and thoroughly mixed. The
medium was autoclaved for 15 minutes at 1.5 psi pressure at 121°C. Five ml portions of filter sterilized crude oil was therefore
added and thoroughly mixed with medium. The medium was then inoculated with a soil suspension and incubated at 30 °C for
15 days and microscopically examined every week to follow the growth intensity of the bacterium. The medium is composed
of 0.45 g K2HPO4, 0.1 g (NH4)2S04, 0.02 g MgS04.7H20, 0.01 g NaCl, 0.01g CaCl2, 0.002 g FeCl2 and 5 ml crude oil per
liter and with a pH of 7.2.

Bacillus megatherium var phosphaticum: Phosphate dissolving bacteria (PDB) were isolated on Bunt and Rovira medium
(1955) as modified by Lauw and webley (1959). The medium is composed of 0.40 gm KCI, 0.50 (NH4)2S04, 0.50 gm
MgS04.7H20, 0.01 gm FeCI3.8H20, 0.10 gm CaCl2, 1.0 gm peptone, 1.0 gm yeast extract, 5.0 gm glucose, 20 gm agar, 250
ml soil extract and 750 ml water and with a pH of 6.8. To 10 ml portions of the melted medium 0.5 ml sterile 10% K2HPO4
solution was added and followed by 1.9 ml of sterile 10% CaCl2 solution and thoroughly mixed directly before pouring in
plates. PDB was detected by clear zones, isolated and grown on nutrient broth.

Trichoderma sp.: Trichoderma sp was isolated by the method described by Kubicek and Harman (2002) and grown on potato
dextrose agar (PDA) medium at at 25-30°C.. The medium is composed of 200 gm portions of potatoes suspension, prepared by
boiling 200 gram potions of potato tubers for one hour in one liter of water, sieved, completed to volume one liter and
supplemented with 20 gram glucose and 18 g agar. The fungus conidia appeared as compact or loose tufts in shades of green
or yellow or less frequently white color with a yellow pigment secreted into the agar (Azin et al 2007).. The main branches of
the conidiophores produced lateral side branches that might be paired or not, the longest branches distant from the tip and often
phialides arising directly from the main axis near the tip.

CULTIVATION AND FORTIFICATION: All microorganisms used in the bioremediation trails were grown in Bioflo &
Celligen fermentor/bioreactor, each in its specific medium, to reach 106 CFU. Each microbial suspension was impregnated on
a proper mordant at the rate of 20 ml microbial suspension per 100 gm mordant oven-dried soil. Sewage soils were solely
inoculated with a single microorganism at the rate of 100 gm impregnated mordant / 400 gm soil.

RESULTS AND DISCUSSION

The economic valuation included current water resources status in Egypt, water resources balance and demand, costs of
establishing the DHS unit used in agricultural drainage water remediation, costs of the remediation per a cubic meter of
agricultural drainage water, the economics of tomato production under irrigation with agricultural drainage water, the
productivity of one feddan of tomato irrigated with agricultural drainage water before and after remediation, economic
efficiency of tomato crop farmers irrigating their tomato plants with remediated and non-remediated agricultural drainage water,
total and net tomato yield per feddan as well the profitability of one pound spent.

Water resources, balance and demand: Water resources are considered one of the most significant imperative economic
resources in Egyptian farming. The main source of water in Egypt is river Nile representing 72.63% of the total available water
sources (Table 1). Nearly 80% of this share is used in farming, and the rest covers all other needs for all sectors. Other significant
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water resources in Egypt are groundwater in Nile valley and delta (9.38%), reuse of low-quality water (14.9%) rain (1.31%),
and seawater desalination (0.1%).

Table (1): Average water balance in Egypt from 11/2012-19/2020

Sources of water Annual % Growth | Water uses Annual % Growth
quantity rate quantity rate
billion m?3 billion m3

Nile water 55.5 74.22 0 Farming 61.21 81.42 0.31

Groundwater in the 6.87 9.05 0.99 Drinking and health 9.23 1297 41

Nile valley and delta use

Agricultural low Industry

quality water 9.87 13.22 6.09 24 3.2 11.68

recycling

Low _quallty water 198 171 0.57 Waste _ by

recycling evaporation  from 23 3.06

Rain 114 153 0 river Nile and 1.25
canals

Seawater desalination 0.14 0.18 13.42 Rlvgr . Nile 0.2 0.27 0
navigation

total water resources 74.67 100 0.8 Total water use 75.18 100 1.31

Source: Compiled and calculated from: Ministry of Water Resources and Irrigation, unpublished data

After the establishment of the high dam, Egypt secured an abundance of water resources sufficient to fulfill its needs for
agricultural, industrial and drinking water as well. Data given in Table (1) show the average status of water balance in Egypt
between 2011/2012-2019/2020. The total available water resources are estimated at 76.41 billion m3, while the total uses of
water are estimated at 77.96 billion m3 that confirm a deficit in the water balance reaching 1.54 billion m3 during the study
period.

It is clear from the data given in Table (1) that the agricultural drainage water satisfies around 15% of the irrigation water used
in Egyptian farming, yet its use might be associated with some adverse impacts such as lowering harvest quality and injury
consumer health. Namita Maharjan (2020) stated that economic sustainability of agricultural drainage water remediation refers
to the economic factors affecting social, environmental and cultural aspects of such technology. Therefore, it is urgent to
conduct intensive R&D studies on remediating low-quality water to ensure their safe and sustainable reuse.

Remediation costs per cubic meter: Agricultural drainage water collected from Rahawy agricultural drain was remediated with
the DHS technology. Results given in Table (2) show that the total costs of remediating one cubic meter of agricultural drainage
water by the DHS technology reached LE 1.03 including the manufacturing costs of the device, LE 14 thousand, and considering
that the life time of the device is expected to reach 20 years and its actual capacity is estimated at 100 liters/hour coasting LE
0.8 pounds, and the costs of electricity consumption is estimated at LE 0.21, and the cost of maintenance reach LE 0.02.

Table (2) Items of remediation costs per cubic meter of agricultural drainage water using DHS unit with an actual capacity of
100 liters / hour

Item Value (pound)
The cubic meter share of the cost of the device 0.80
Electricity 0.21
Maintenance 0.02

1.03

Source: collected and calculated from the data of researchers responsible for designing and operating the device
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Economics of tomato production irrigated with remediated and non-remediated agricultural drainage water: The costs of the
productive of tomato crop irrigated with Rahawy agricultural drainage water before and after remediation were estimated.
(Guerrini et al 2017) stated that economic efficiency of agricultural drainage water remediation presents the scenario of
investments in terms of input and effluent quality as the output. The costs of one feddan cultivated with tomato crop at Rahawy
during the season 2021/2022, and irrigated with agricultural drainage water fortified with either microorganisms or modified
clay minerals compared to those irrigated with non-remediated drainage water. The trailed remediative amendments facilitated
nutrient absorbing and raised roots efficiency particularly during the early stages of tomato growth. The average value of the
variable costs of tomato crop irrigation with remediated agricultural drainage water increased over its non-remediated
counterpart in all the studied soil ecosystems up to 19% in the non-remediated soil ecosystem and to 15% in soil ecosystems
fortified with microorganisms and clay minerals, and reached 17%, and 13% in the case of total costs respectively. Balkema et
al (2002) mentioned that the economic indicators of agricultural drainage water remediation generally represent the costs
associated with the construction and the operation of treatment management during its life time. These are driving factors for
decision making while selecting a technology in a practical situation. Namita Maharjan (2020) stated that for the economic
assessment, the two most common indicators are capital expenditure (Capex) and operational expenditure (Opex) are calculated
using the equations provided by Sun et a. (2929). The capital expenditure includes construction and life cycle costs. Operational
expenditure included number of mechanical equipment, skilled workers, power consumption, labor, chemicals, and
consumables.

The volume of irrigation water used for growing tomato plants decreased by 5% in non-remediated soil ecosystem, by 14% in
the soil ecosystem remediated by microbial inoculation and fortified by bentonite clay mineral and by 22% in soil ecosystems
receiving all clay minerals, rock phosphate, and sulfur and inoculated by Thiobacillus sps and phosphate dissolving bacteria
PDB which was the best trailed treatment (Fig 1) .
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Fig (1): Effect of soil ecosystem remediation and type of water applied on water consumption by tomato plants

The costs of remediating agricultural drainage water used in tomato irrigation are estimated at 2785 pounds/feddan in the non-
remediated soil ecosystem, and reached 2205 pound/feddan in the soil ecosystem remediated with microorganisms and reached
1864 pounds / feddan in the best trailed treatment remediated with clay minerals. .

Productivity of one feddan of tomato irrigated with agricultural drainage water before and after remediation: The productivity
of one feddan of tomato crop irrigated with non-remediated agricultural drainage water reached 11.31 tons per feddan. However,
irrigation with remediated agricultural drainage water increased crop production by about 31%. The yield of one feddan of
tomato grown in a soil ecosystem remediated with bentonite, sulfur, rock phosphate and inoculated with PDB and Thiobacillus
sp. and irrigated with treated agricultural drainage water reached 16.9 tons/feddan with an estimated increase of 89% over that
irrigated with raw agriculture drainage water (Fig 2)
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Fig (2): Effect of soil remediation and type of water applied on productivity of tomato plants per one feddan

In the soil ecosystem remediated with a mixture of clay minerals, rock phosphate, elemental sulfur and inoculated with PDB
and Thiobacillus sp yielded the maximum crop per feddan reaching 41.69 tons with an estimated increase of 101% over its
counterpart irrigated with non-remediated agricultural drainage water. In general, got results showed an increase in the
productivity of one feddan of tomato irrigated with remediated agricultural drainage water compared to those irrigated with
non-remediated agricultural drainage water, regardless being grown in remediated or non-remediated soil ecosystem, a positive
effect was recorded under the influence of irrigation with remediated drainage waters on the soil health status and crop quality.

Economic efficiency of tomato crop farmers using agricultural drainage water before and after remediation: The effect of
remediating agricultural drainage water and soil ecosystem on the most important indicators of economic efficiency of tomato
farmers during in season of 2021/2022 season. The values of all studied indicators of economic efficiency of tomato production
grown in remediated soil ecosystem and irrigated with remediated agricultural drainage water were higher than their
counterparts grown in non-remediated soil ecosystem and irrigated with non-remediated agricultural drainage water.

Total tomato yield: The estimates of total tomato yield given point to an increase under irrigation with remediated agricultural
drainage reaching LE 31.668, representing an increase of 47% over its counterpart grown in a non-remediated soil ecosystem
irrigated with non-remediated agricultural drainage water. The total yield per feddan of tomato is estimated at LE 47,320 under
irrigation with remediated agricultural drainage water and grown in remediated soil ecosystem receiving bacterial inoculation,
with an increase reaching 111% over its counterpart production in the same soil ecosystem irrigated with non-remediated
agricultural drainage water. The total return reached its maximum under irrigation with remediated agricultural drainage water
and grown in a soil ecosystem remediated with clay mineral by LE 116,732 per feddan, an increase reaching 125 percent over
its counterpart yield produced in the same soil and irrigated with non-remediated agricultural drainage water.

Net tomato yield per feddan: The net yield per feddan was increased by 716% under irrigation with remediated agricultural
drainage water over its counterpart irrigated with non-remediated agricultural drainage water. The increase in net tomato yield
grown in soil ecosystem remediated with certain types of bacteria and irrigated with remediated agricultural drainage water
reached 197% over its counterpart irrigated with non-remediated agricultural drainage water and grown in soil ecosystem
fortified with clay minerals. Such increase in the net yield of tomato per feddan might be ascribed to an increase in feddan
productivity and an increase in the farm price as a result of the higher quality of the harvest.

Cost of the unit produced: Results given Table (3) indicated that by the cost of one ton of tomato fruits harvested from non-
remediated, remediated with bacteria or remediated with clay minerals soil ecosystems decreased under irrigation with
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remediated agricultural drainage water by 11%, 40% and 44% compared to its counterparts irrigated with non-remediated
agricultural drainage water respectively.

Table (3) Measures of the economic efficiency of tomato growers at Rahawy site during the agricultural season 2020/2021
(cost of net production)

Treatment Un-remediated soil Soil remediated with Soil remediated with clay minerals
microorganisms
Drainage | Reclaimed % Raw Remediated % Raw Remediated %
water drainage Drainage drainage Drainage drainage
water water water water water

Seedlings 4500 4500 100 4500 4500 100 4500 4500 100
Chemical 4880 4880 100 4880 4880 100 | 4880 4880 100
fertilizers
Pesticides 3200 3200 100 3200 3200 100 3200 3200 100
Workers 2800 3500 125 2800 3800 136 3000 4100 137
Machen’s 2800 2800 100 2600 2100 81 2100 1700 81
Processing 2785 2205 1864
costs - - - - - -
I:;?sl variable 18180 21665 | 119 | 17980 20685 115 | 17680 20244 115
Rent 2500 2500 100 2500 2500 100 2500 2500 100
Total costs 20680 24165 117 20480 23185 113 20180 22744 113
Unit cost 2394 2137 89 2286 1372 60 973 546 56

Source: collected and calculated from the data of the research experience in Rahawy area in Giza season 2021/2022

Profitability of one pound spent: Results given in Table (4) confirm that the profitability of one pound spent on tomato fruits
harvested from non-remediated, remediated with bacteria or remediated with clay minerals soil ecosystems decreased under
irrigation with remediated agricultural drainage water by 598%, 1010%, and 163% more than its counterpart irrigated with non-
remediated agricultural drainage water, respectively (Fig 3).

Table (4) Measures of the economic efficiency of tomato growers at Rahawy site during the agricultural season 2020/2021
(Profitability of one pound spent)

Item Un-remediated soil Soil remediated with Soil remediated with clay minerals
microorganisms
Drainage Reclaimed % Raw Remediated % Raw Remediated %
water drainage Drainage drainage Drainage drainage
water water water water water

Profitability of
the pound spent
on agricultural 2.36 10.07 33.43
drainage water
remediation

Source: collected and calculated from the data of the research experience in Rahawy area in Giza season 2021/2022

Reached results point to that the combined effect of remediating Rahawy soil ecosystem with bentonite, sulfur, rock phosphate
and certain microorganisms associated with irrigation with remediated agricultural drainage water decreased irrigation water
consumption and increased both yield productivity and overall net return.

Such results confirm the remediation with T2 was the most efficient when associated with irrigation with reclaimed agricultural
drainage water as it decrease the irrigation water consumption to 1250 m3/feddan compared to 1610, 2100 and 2800 m3/feddan
under remediation with T1 or in control soil irrigated with non-remediated agricultural drainage water. Moreover, both yield
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productivity and net return increased under the action of T2 treatment irrigated with remediated agricultural drainage water to
41.69 tons and 93988 per feddan compared to 20.74, 8.96- and 8.64-tons crop productivity and 31670, 1920 and 920 net returns
under the action of T2, T1 and control non-remediated soil ecosystem irrigated with non-remediated agricultural drainage water.

Net return per unit water unit: Gained results show that the net return of the water unit increased in tomato fruits harvested from
non-remediated, remediated with certain microorganisms or remediated with clay minerals soil ecosystems under irrigation
with remediated agricultural drainage water by the rate of 761%, 1367% and 282% over its counterpart irrigated with non-
remediated agricultural drainage water respectively (Table 5 and Fig 3).

Table (5) Measures of the economic efficiency of tomato growers at Rahawy site during the agricultural season
2020/2021(net return per unit water)

Treatment

Un-remediated soil

Soil remediated with
microorganisms

Soil remediated with clay minerals

Drainage Reclaimed % Raw Remediated % Raw Remediated %
water drainage Drainage drainage Drainage drainage
water water water water water
Net revenue per
unit of water 0.32 2.78 861 0.91 13.41 1467 19.67 75.19 382

Source: collected and calculated from the data of the research experience in Rahawy area in Giza season 2021/2022
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Fig (3): Effect of irrigation with remediated and non-remediated agricultural drainage water on tomato net return per feddan

Profitability of the pound spent on the remediation of agricultural drainage water: The estimated profitability of the each pound
spent on remediating agricultural drainage water is given in (Table 6) was estimated at LE 2.36 for tomato plants grown in non-
remediated soil ecosystem, and at LE 10.07 for those remediated with certain microorganisms, and at LE 33.43 for those
remediated with clay minerals. Such gained results confirm the feasibility of remediating agricultural drainage water before
being used in irrigating tomato crop, especially in light of the scarcity of the irrigation water, whether as a result of the
construction of the Renaissance Dam or the adverse effects of expected climate changes.
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Table (6) Measures of the economic efficiency of tomato growers at Rahawy site during the agricultural season 2020/2021
(productivity of one feddan)

Item Un-remediated soil Soil remediated with Soil remediated with clay minerals
microorganisms
Drainage | Reclaimed % Raw Remediated % Raw Remediated %
water drainage Drainage drainage Drainage drainage
water water water water water
Productivity of | g 6, 11.31 131 8.96 16.9 189 | 20.74 41.69 201
one feddan

Source: collected and calculated from the data of the research experience in Rahawy area in Giza season 2021/2022

Previously, various research studies reports the role of microbiological amendments in enhancing the beneficial soil living
consortium with elimination of organic and inorganic contaminants that eventually reflects on general soil health and crop
productivity ((Kabary et al, (2021a,b), Saber and Zaghloul (2021), Zaghloul, 2016; Zayed et al, (1971), Monib et al, (1971),
Abd-el-Malek et al, (1972), Guirguis et al, (1972), Taha et al, (1973), Zayed et al, (1973), Saber et al, (1973), Zanati et al,
(1973), Saber et al, (1974), Saber et al, (1975a,b), Kabesh et al, (1975), Saber (1976a,b,c,d), Badr EI-Din et al, (1976), Saber
(1977), Saber et al, (1977), Khalafallah et al, (1982), EI-Din et al, (1983), Saber (1986), Hagag and Saber (2007), Saber et al,
(2011), El-Ashry et al, (2011), Abouziena et al, (2012), Hoballah et al, (2014a,b), Saber et al, (2014), Abouziena et al, (2014),
Saber et al, (2015a,b,c,d), Haggag et al, (2015a,b), Haggag et al, (2016), Saber et al, (2016a,b,c,d,e,f,g,h), Saber et al, (2018),
Mansour et al, (2019), Hassanain et al, (2021), Saber et al, (2021), Mansour et al., 2022, Saber et al., 2022)). Our present study
exhibit that, the combined application of water remediation using DHS as well as soil remediation using microbial amendments
has profound effects on soil yield productivity with the less agricultural demands needed that usually used during the traditional
agriculture process. Consequently, the gained results confirm the feasibility of the remediation of agricultural drainage water
before using it to irrigate green bean crops.

CONCLUSIONS

The state-of-art of DHS technology is based on sustainability indicators (Namita Maharjan 2020). Yet, the self-sustainability
of DHS system has not been explored. From the retrospection of the state-of-art of DHS technology, it has always been
considered a sustainable system for developing countries. Even though few efforts have been exercised to test and validate the
sustainability of DHS system. Conceptualizing the sustainability assessment framework will encourage and support data
collection for better and more quantitative analysis to ensure the applicability and usefulness of DHS technology. Considering
the outcomes from sustainability assessment, regardless of data insufficiency, the DHS system fulfilled the criteria of self-
sustaining agricultural drainage water remediation to a greater extent.

Many key aspects related to social sustainability such as community management, satisfaction and opinions of users, service
quality, materials and personnel management, etc. have to be profoundly analyzed before and after the establishment of
agricultural drainage water remediation (Cossio et al 2020). In this light, social indicators are rapidly becoming the preferred
tools for policymakers and public communicators for disseminating information on the advantages and disadvantages of
agricultural drainage water remediation. However, societal indicators are generally difficult to quantify and often their meaning
and relevance is based on the local stakeholders (Padilla-Rivera et al 20116). Caution should be exercised that all the data for
social assessment do not represent any generic weighting. The chosen indicators for this assessment are simplicity of the system,
aesthetics, and public acceptance of the technology.

Always, one of the major problems faced during the establishment of agricultural drainage water remediation is its location.
Very often resistance and protests from the local people significantly impact the implementation of any social infrastructure
plan. Therefore, public acceptance is a key component when it comes to establishing a new agricultural drainage water
remediation. Further studies need to be undertaken to analyze local conditions in a stepwise manner towards the acceptance of
these technologies.
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